


THE
NEW
NATURAL
HISTORY

BY

PROFESSOR
J ARTHUR THOMSON

VOLUME THREE

L O N D O N
GEORGE NEWNES LIMITED

SOUTHAMPTON ST. STRAND W.C.2 Bt




o




THE NEW NATURAL HISTOL:

CONTENTS OF VOLUME THREE

CHAPTER LX PAGE
ANIMALS OF THE SEA" . . . . : B i R

The Shore of the Sea—The Open Sea—The Deep Sea—Shore-Crabs—The Hermit Crab—Star-
fishes—Sea - urchins—Sponges—Sea - horses— Jetsam— Jellyfishes—The Herring—Flving
Fishes—The Storm-Petrel—The Gannet—Porpoises—Flotsam —The Skate

CHAPTER LXI
ISLANDS . , : . AL . : . ; : . ; : « . Bz0

Continental = Islands--Oceanic  Islands—Coral Islands—Corals—Floating  Islands—Natural
History Cluestions—Tortoises—The ** Sheltie "—Seals on the Shore ; the Friendly Seal
Shells on the Shore—History of Guano

CHAPTER LXII
CAVE ANIMALS ; y : . . - 3 . : : . . Bh2

Cave-Dwellers—The Story of Protens—Blind Animals— Bats

CHAPTER LXIII
ELUSIVE ANIMALS . ‘ : ; . . ! A ) : - . BB1

Cockroaches—Earwigs—Silver-Fish and such like —Hundred-footers and Thousand-footers—

As Hegards Mites— Death-watches

CHAPTER LXIV
RIVERS AND FRESHWATERS : : : : . - : " . 004

Animal Life in Rivers—Children of the River—The Beaver Story of the Dabchick—Ways
of the Water-Lizard —Concerning Dragon-Flies—The Story of Mayfliss—The Freshwater
Crayfish—"" Merrows from the Coag "—Sticklebacks—Concerning Leeches—The Hydra—
The Ammba—In Praise of Swans—The Bittern of the Marshes—Salamanders—The Toad

CHAFTER LXV
ANIMAL COURTSHIP : ; ; . ; : : : : . - 970

lﬂll!’l‘ﬁflill among Birds—Courtship among Mammals—Courtship among Reptiles and Ame-

phibians—Courtship among Fishes—Courtship among the Lower Animals—Strange Cases

CHAPTER LXVI
ANIMALS AND MAN . . . : . : . . : : - 955

The Oyster—Oyster-culture—Fisheries—The Haddock—Multplying Salmon—The Tuorkey—
Domestication and Coltivation—0Origin of the Domestic Dog—The Natural History of the
Cat—The Donkey—Sheep and Lambs—The Pig and the Boar—The Goose—The Robin

Sparrows—Sparrows in City Streets—Mother-of- Pearl—Man's Natural Enemies—The
Serpent—The Fly on the Wheel—The Nimble Flea—Shipworms—Other Timber Borers

Slugs and Snails—Cobwebs—The Case against the Kea

[ Y

]




'

ﬂ

CONTENTS OF VOLUME THREE

CHAPTER LXVII
THE ACTIVITIES OF THE ANIMAL BODY . . . . . . .
The Fundamental Chemical Processes in Life—Simple Cells—Specialised Colls—Chemistry of

the Cell—Up-building and Down-breaking—The Living Fire—Rdéle of Water—Ferments
— The Chemistry of the Food—Digestion—Steps in Digestion—Kinds of Food—Caleium
and Phosphorus—Vitamins—The Circulation of the Blood—History of Discovery—Blood
Corpuscles—Functions of the Blood—Breathing—The Muscles—Levers of the Body—
The Nervous System and the Senses—Reflex Actions—Scout-Cells, G.H.Q.-Cells,
Executive Officer-Cells—Sense-Organs—The Ear—The Hearing Ear—The Eye—The
Sense of Smell—Balancing Organs—Senses of Plants—Filters and Glands—Internal
Defences of the Living Creature—Calour-Change—Inclined Plape of Behaviour

CHAPTER LXVIII
EVOLOTION. .. . - : o iaT ik SR L i ;
The Abundance of Life—The Multitudes of Individuals—The Passenger Pigeon—The Spreading

of Weeds—A Visit to a Crowded Bird-Hill—The Great Variety of Different Kinds—Fossil
Animals and Lost Races—Whit is a Species 7—The Peopling of Sea and Land—The
Changing Stage—The Appearance of Living Creatures—The Primitive Vegetation—The
First Animals—Beginnings of Animal Life in the Sea—The spreading of Life in the Sea
—The Colonising of the Fresh Waters—The Invasion of the Land—The Conquest of the
Air—The Progress of Life—Changes Going on Still—The Rock Record—Great Steps in
the Ascent of Animals— Ascent of Plants—What is meant by ** Higher “—The Story of
the Egg-eating Snake—Freedom of Mind—Factors in Evolution—New Departures—
ENVOL

PAGE

1077

1126




COLOUR PLATES TO VOLUME THREE

HERMIT CRABS (Eupagurus bernhardus) FIGHTING i 3 : : . . Frontispiece
' FACING PAGE

. M SEA-HORSES (Phyvllopleryx eques) ¢ - g . . . 3 . Bog
o . n;:ﬁnm:. FISH OF A CORAL REEF . . . . . . . . . . Bi6
THE GREY SEAL (Halicharus grypus) . ; : . : : : . X . 848
| wmu 'COCKROACHES (Blatta orientalis) . . . . . . . . . G896
: nm—m& .mw:;mﬂ ABOVE THE POOL . : i . . : 3 . . 912
MR OF TREGTICKLEBACK .. . - s & & @ s s W s OM
THE BITTERN (Botaurus stellaris) . . . : . . ; . : s . gbx

COURTING OF THE BUBBLE-FISH (Macropodus viridi-awratus) . . . . . . 084

THE ONAGER (Equus onager) 3 . . . 2 . ; - - : . 1008
m ROBIN . i . - i i . . i ; 2 . . . Io4o
e e G P R T I RO B SRER
COLOUR CHANGE IN PTARMIGAN

PFICTORIAL REPRESENTATION OF THE GENEALOGICAL TREE OF ANIMALS



L — g ——

ANIMALS OF

59109
THO
Vi

THE SEA

LX
ANIMALS OF THE SEA

successful living creatures lived in the pri-

meval seas that were formed after the earth’s
crust cooled. Perhaps they were able to feed, as
green plants do, by utilising some of the energy
of sunlight to build up carbon-compounds out of
carbonic acid gas and water. They were prob-
ably free-swimming units of living matter, some-
what like the simplest of the minute green
Infusorians which are found to-day in large
numbers in the openocean. Itislikely that they
were, to begin with, very short-lived—perhaps
creatures of a day, growing in the sunshine,
multiplying in the evening, and dying in the
night.

When bucklings of the outer part of the earth’s
critst led to the establishment of continents,
another great step may have been taken. In the
inshore waters, shallow enough to be well-lighted,
some of the primeval forms of life may have
begun to anchor themselves on the rocks, growing
out into green threads and plates—beginning the
great race of fixed seaweeds or Algae,

But from among these there probably emerged
4 new kind of life—minute predatory creatures
that fed not on air and water, but on the seaweeds
and their fragments, and by and by on one
another. They stole the plant’s munitions and
exploded them. They were the first animals, and
it is very unlikely that their appearance could be
less remote than five hundred millions of years
ago. About these beginnings we must speak very
guardedly, for certainties are few and far
between, but all naturalists are agreed that the
animals of the sea began from very simple and
minute forms of life. It is also probable that
there were many millions of years of slow pro-
gress in the sea before the freshwaters began to
be colonised. Thus if we take the two lowest
groups of many-celled animals, the Sponges and
the Stinging Animals, we find one family of
freshwater sponges and scores in the sea, perbaps
a dozen kinds of freshwater polyps and medu-

49

IT is highly prn!:n.:i.hlu that the first really

soids and thousands of kinds in the sea. This
practically proves that these two large groups
had a marine origin, and the same conclusion
holds in many other cases. We must therefore
think of the sea as a great cradle of animal life,
and also as a great school. Before giving some
particular instances of marine animals, we wish
to say a little about the conditions of life,in each
of the three great haunts which the sea includes.
These are (1) the shore of the sea, (2) the open
sea, and (3) the depths of the sea. More tech-
nically we speak of the littoral, the pelagic, and
the abyssal faunas,

The shore or littoral area includes the whole of
the comparatively shallow, well-lighted, seaweed-

growing area round the margin of a
thmssh::f continent, or of an island that once

was part of a continent. Itis peopled
by a very large and very representative fauna.
Let us run down the list of classes —Mammals
represented by seals, birds represented by gulls,
reptiles by the unique giant lizard of the
Galapagos Islands, amphibians by the also
unique frogs on the Manilla shore, fishes by
gunnels and father-lashers, sea-squirts in large
numbers, molluscs represented by octopus, dog-
whelk, and mussel, crustaceans by hermit-crabs,
worms almost innumerable, Echinoderms repre-
sented by starfishes and sea-urchins, numerous
stinging animals like sea-anemones, sea-fans, and
zoophytes, numerous sponges like the Bath
Sponge, and then a large contingent of almost
microscopic or quite microscopic single-celled
animals or Protozoa. The shore roll-call would
take a long time,

What marks the shore is its combination of
difficulties. It is a hard school of life. Diffi-
culties are raised by the tides, by the storms, by
the freshwater floods, by the smothering jetsam,
by the driven and shifting sand, by the grinding
of stones. There is much struggle—for food,
which tends to be swept out to sea, for standing-
room, and for oxygen. There is struggle against

p
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the risks of dislodgment, smothering, and
drought, and against the appetite of enemies.
The shore is an arena in which to study not only
the struggle between fellows, but the answers-
back that animals make to the thrusts and arrows
of an outrageous physical environment. The
shore abounds in illustrations of * shifts for a
living," such as " masking,” and peculiar life-
saving fitnesses like protective colouration. On
the other hand, the shore is rich in examples of
devices and arrangements that are not self-
regarding, but serve to secure the welfare of the
offspring. We must think of the shore as a
school of life where lessons have been learned for
untold ages, and where good qualities became
engrained in many a race of animals. What
were these good qualities? ** They included the
quality of holding tight, which leads on to
endurance ; the quality of biding their time—
even till the tide comes in—which leads on to
patience ; the quality of push, which leads on to
endeavowr ; and the quality of seizing a good
opportunity, which leads on to alertness and
power of initiative ” (Thomson, * Haunts of
Life,” 1921, p. 63).

Very different from the shore-area is the open

ERITIGH GOHRIES |Gobius).

sea, the pelagic realm. It includes all the well-
lighted surface zones well away from the shallow
shelf where the fixed seaweeds grow
and where the water is often thick
with fine particles in suspension.
Unlike the shore the open sea has almost limit-
less room, very abundant floating food, and great
uniformity of physical conditions, The pelagic
animals live, as usual, to some extent on one
another, but they depend fundamentally on the
floating sea-meadows of simple Alge which some-
times make the sea “ as thick as soup.”

Let us call the roll from below upwards, taking
representatives of the different classes. There
are the Night-Light Infusorians (Noctiluca) that
make the summer seas luminescent, and there are
many chalk-forming Globigerinids ; there are
jellyfishes and Portuguese-men-of-war viru-
lently stinging; there are transparent " arrow
worms "' and other worms, all sorts of active
crustaceans, a family of insects (the sea-
skimmers), and such delicately built molluscs as
the sea-butterflies and the Argonaut. Just across
the borderline separating the backboneless from
the backboned, there are free-swimming members
of the sea-squirt class, such as the Fire-Flame

The
Open Sea,

Gobdes ooeur kn all scas except Arctie and Antarctle, and there are also freshwater forms vﬂlrtsfdlﬂnlumd_ They ure mosily cumivorous
and small in sze, indeed the minute Migichibys huomencin is only about half an inch long, and 8 believed to be the smallist of known Vertehrates,
Bome of the British Gobies are common on e shote and are inleresting in their breeding habits.  The male mounts guard over the cggs which

are lald under a stone or ehell o in & sort of nest.

g } ‘
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Photo : W. 8, Berridge, F.2.5.

GUNNEL OR BUTTER-FISH |Pholis pumuelfus).
This slippery fish, often found in shore-pools, deserves its onme of Butler-fish, for it ecapes through one’s fiagers in an extmordiniry
way. - It is well adapted to making its wiy among loose stones and through narmow cfevioes.  The female rolls ibe cges into a little ball, puts
ihem into a bole in ihe rock, and colls bersel] roand (sem as if she were brooding.

and the Salps. Then there are open-sea fishes
like mackerel and flying gurnard, open-sea
reptiles like the loggerhead turtle, open-sea birds
like the storm-petrel, and open-sea mammals like
the whales. It is important to distinguish two
very different modes of life—that of the energetic
swimmers or Nekton, and that of the easy-going
drifters or Plankton,

For the drifters it is important to be lightly
built and to have a great capacity for flotation.
Thus there may be long delicate processes that
project into the water and make sinking almost
impossible ; or there may be reservoirs containing
gas ; or there may be accumulations of light fat
or oil ; or the specific gravity of the animal may
be about the same as that of sea-water, The open
sea is a safe cradle for young life, especially when
there is a power of sinking below the surface
when * white horses "' appear, but there are
some fine examples of arrangements that secure
the safety.of the young. Omne of the most
beautiful is the cradle-shell made by the female
Argonaut or Paper Nautilus. And here it must
be remembered that the voung stages of many
shore animals, such as shore-crab and sand-star,
are found in the relatively safe nursery of the

open sea, often far from their birthplace and

from their future home.
In many ways the strangest of all the haunts
of life is the deep sea, by which naturalists mean
the floor of the great abysses and the

The layers of dark water near the floar.

Deep Sea. h :
It is separated from the pelagic haunt

by what are sometimes called the mid-waters,
say between 250 and 500 fathoms, where light-
rays are practically, yet not quite, absent. Not
very much is yet known in regard to the animals
of the mid-waters, but there seems to be a dis-
tinctive population. There are the mid-water
angler-fishes, for instance—sluggish, dark-col-
oured creatures that seem to attract other fishes
by means of a luminous lure, In three of these
mid-water Anglers the males are dwarfs and are
carried about elosely attached by their snouts to
the larger females. In two cases the attachment
is so close that the blood-vessels of the male's
snout join those of the female’s skin, and that is
how the male is nourished !

The deep sea in the strict sense occupies more
than a half of the surface of the plobe, and it
includes ' deeps " that would engulf Mount
Everest and show nothing of the mountain
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Fivodn ;

W. 5. Herridge, F.L.5.
TUNKY OR ALBACORE (Thumnus thymmus),
The largest of the mackere] tamily, reaching o length of ten foet, firiarnd im the Atlnatic, Paciiic,

and Indian Ooeans, an importunt food-fish in Froce and Taly,
turn preyed upon by the Killer Whale.

protruding. The "' Swire deep,” off Mindanoa, is
actually over six miles in depth. There is neces-
sarily enormous pressure owing to the immense
weight of water—two and a half tons on the
square inch at 2,500 fathoms. There is eternal
winter, with a temperature varying but little on
each side of the freezing-point of fresh water,
There is eternal night relieved only by the fitful
gleams of * phosphorescent * light. There is
absolute calm and silence. There is no scenery,

5. Derridge, FEL.5

Fhot W
BURR-FISH [(Chilowmyterns spamannn),

In =otme Bony Fishes, such a8 the Porcupine Fish or D
prolonged into hard erectile splocs, like thces shown in this
eifective

SEIOOLIT,

It devours other fish and s in
It is a awilt swimmer nnd s said 1o be "' worn-blooded, ™

photograph, which form a very

but a succession of dreary
undulations like those of
sand-dunes. What an eerie
picture this—a deep, dark,
cold, calm, silent, monoton-
ous, and plantless world !
But there is no depth-limit
to: the distribution of animal
life, and the abyssal fauna
includes simple microscopic
creatures—Foraminifers and
Radiolarians ; many horny

and flinty (but no cal-
CATEOLS) SPONEEs |  Sed-anc-
mones and corals ; worms

of many kinds in abundance ;
starfishes, brittle-stars, sea-
urchins, sea-cucumbers, and
many sea-lilies ;
crustaceans and quaint
creatures called sea-spiders; lamp-shells and
moss-animals ; all sorts of molluscs; degen-
erate sea-squirts ; and strange fishes, often
luminous.

Many deep-sea animals have long stalks raising
them up out of the treacherous, smothering
“ooze." Others that prowl about have greatly
elongated, delicate, stilt-like legs. There is in
many cases an exquisite tactility, for in a world
of darkness, where sight counts for little, touch
becomes a very important
sense. Another fitness is the
delicacy of build associated
with the permeability of the
bodv with water. This cir-
cumvents the great pressure,
for when the water gets
through through
animal the pressure inside
and the pressure outside are

NumeTon:=

and an

equal. It seems likely that
the bulk of the fauna of the
Deep Sea was established
in comparatively recent
times, and that it owes its
origin to migrants from the
shore-area, which followed
the down-drifting food and
sea-dust. The fauna is more

the abundant at 2,000 fathoms

onlinnry sciles e

than deeper down, and it
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varies considerably according to the nature
of the fine deposits that form the ooze. But
‘deep ™ without its tenants,
and it is noteworthy that in this remote
world of darkness

there is no
there is the same order,
the same fitness, the same finished perfection,
and the same beauty that we find everywhere
vlse, . .

So much for the general conditions of marine
life in each of the three great haunts.
now consider a number of representative types

Shore-Crabs

Some

Let us

amimals are s=safe
because of their armour

hedgehogs, for instance

but have little in the way of
weapons.  Others
because of their weapons

cuttlefish, for instance, with
their grappling
parrot-beak-like but
have little in the way of
armour. But crabs illustrate
an admirable combination
of offensive and defensive
equipment. Their forceps or
great effective

are safe

arms and

Jaws

claws are

weapons, giving a shrewd

nip ; their shell of lime and
chitin i3 effective armour.
They have their enemies,
such as cuottlefishes, but

their foothold in the struggle  Fhote: W

for existence is very secure
The seashore is no place for
the ungirt loin, no place for
" slackers,"" and we get a glimpse of the keenness
and subtlety of the struggle for existence when
we notice how crabs, well-equipped as they are,
add to their security of tenure by many inven-
tions.

In the case of the common shore-crab (Carci-
nus menas) we often find in the young stages a
remarkable harmony of colour between the shell
of the animal and the surface on which 1t creeps.
According to the nature of the rocks and the
encrusting calcareous Alga that grow on them,
different shore-pools have different hues—
reddish, greenish, greyish, and so on ; and the
voung crabs, no bigger than the nail of our little

bt o I R e

This kind of Globe-Fish or
mowvable spines, nmd it can inflate jts belly with air
life, often Boating near the surface.

finger, that live in those pools, often defy
detection. Until they move they are part of the
scenery of the pool, and we do not see them
easily even when we stoop down and stare. The
exact manner of the colour-change is not as vet
very clear,

It must be understood that the small, vet
fully formed, crabs we catch on the shore, and
return to their pools, have a long history behind
them. The eggs which the mother-crab carries
about underneath her tail hatch out into pin-

5. Merrndge, F.£.5,

GLOBE-FISH (DNoden marulsfus)
* Porcupine Fish * is found in Tropbeal seas, Tt is cov
Being well protected, it lives o

efeil with
letsurely

head larve which are swept out into open
waters. They are too delicate for the rough-and-
tumble life among the rocks. They pass frgm
stage to stage, and when they have at length
crabs, cease to be

miniature they

surface-swimmers, and creep up the slope on to

become

the shore.

In the case of the Sand-crab (Hyas araneus)
and the Narrow-Beaked Crab, we often see what
is called ** masking ' or disguise. It tempts one
to think generously of the crab’s brain The
creature takes pieces of seaweed, nibbles at them
a little, and then rubs them on the back of the
shell, where they catch on tiny bristles. Thus
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THE EKING CTRAB [Lomisbia oy fhe s
it animols, sole survivors of an ancient moe of jolnted foote
s, T burrow iz
feeding muinly
g

rded as distant relatives of scorplons and
preferring water of two o six
ries of “short swimming
Jderside

for o momeni between two hog
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the crab practises the “ Walking Wood of
Birnam " trick, and goes about well-disguised
with a little garden on its back. Sometimes it
uses pieces of sponge and zoophytes and other
animals, always cloaking its reputation, for the
crab must have something corresponding to a
reputation on the seashore. In an aquarium,
crabs sometimes put ona garment which makes
them more conspicuous, such as pieces of brightly
coloured silk which are given to them to play
with. They have to obey the instinet to cover
themselves, and we must not make too much of
the fact that in quite artificial
conditions their instinct
times leads them astray.
A common accident on the
seashore 1s that an animal pets
pinned down by the dislodgment
of a stone, This
happens to a starfish, which may
*then escape death by surrender-
ing an arm, The erab in the
same way has organically learned
the lesson that it is better that
one member should perish than
that the whole life be lost, When
a shore-crab or an edible crab
gets a leg badly broised, it
presses the tip against a stone or
against its own shell, and then
breaks it off, In the swimming-
crab and the sand-crab no poeint
d'appui is required for the self-
amputation. What is it that
happens ¥ Across the second
joint at the base of the limb
there is a preformed line of
weakness, and the breakage is due to the very
forcible contraction of antagonistic muscles,
This is neat surgery, but the touch of perfection
is to be found in the stump of the limb where two
prearranged membranous flaps fold together
when the breakage occurs. This bandage pre-
vents bleeding, and it also forms a scar under
which a new leg can be grown in miniature—to
be shot out by-and-by like a jack-in-the-box.
But we must not think of the crab practising
clever surgery on itself. Whatever be the history
of the neat device, it is now of the nature of an
ingrained reflex, similar to our involuntary with-
drawal of our finger from an over-heated plate.

S0Ine-

sometimes

The crabs on the shore do not flaunt them-
selves, but their elusiveness is rather to secure
good hunting ‘than because of personal risks.
When full grown they have an air of com-
petence and confidence ; they show fight when
attacked ; they are successful beasts of prey.
But there is a recurrent crisis that taxes their
resources, and that is moulting. All these
well-armoured jointed-footed animals have to
cast their shell periodically, as long as they go
on growing. As there is no life in the shell, it
cannot expand as the animal grows bigger.

Photo : E. Step, F.L.S.

SPONGE-COVERED CRABR (Dromia vulgeris).

This small crab, not uncommon on Britsh coasts, 8 often coversd and mssked by o
growil of sponge. The last two pairs of walking legs are small and turned backwards
and upwards. Aboul an inch & o common length for the entire carmpace.

The crab is like a knight shut up in armour
which has become too small for him, and the
only relief is to get a new suit. The crab’s body
has to be withdrawn from the protective encase-
ment ; the muscles have to be drawn through
the narrow joints, which would be impossible
did they not first lose much of their watery
content and become a fraction of their ordinary
size. In the moulting process the covering of the
eve comes off and the lining of the ear. Even the
hard grinding teeth inside the gizzard have to be
cast out and the tendons of the muscles left
behind. The shell splits along a pre-established
line of weakness, and the crab comes out as soft
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Photo : W, 5, Berridge, F.L.5,

THE STONE CRABR [Lifbodes mwida)

This handsome crnb ocoars in the North Sea, bul the geous L
nlmost universal representation both in shallow and deep waters, 1t
crals,

as a wet rag. For several days it keeps very
quiet—all its confidence gone. It cannot even
stand on its legs. But it grows quickly on re-
serves previously accumulated in its soft body,
and it soon has a new hard shell. Moulting is a
disadvantage attendant on a great advantage,
It is the tax crabs have to pay for their armour,

Many a one watching a seashore pool for the
first time has had the pleasant and unforgettable
surprise of seeing what looked like an empty

Photo :

W. 5. Berridge, F.2.5

THE STONE CRAD (Lithodes marial.

The tail-reglon of abdomen s benl ap umder the thomx a8 in an ondisery orab, but the plates
Indeed the relationsbips of the Stone-crab
ancestors probably gave up living in shells, nmd the toil became hard

covering it are complicated, as the pholograph shows
are with the hermit crabs. 15
and less lopsided

Jdies o which It belongs has an
s not nearly related to ondinary

shell of a whelk or a
periwinkle suddenly un-

frald 1t=elf in-
The Hermit

Crab. to a hermit
crab and
scuttle awayv. It is

indeed that a

of a

curions
well-ar-
-

should

member
moured class—that
the Crustaceans
have acquired the habat
of borrowing the de-
fences of an entirely
different kind of animal

a Mollusc. The pre-
sent-day need for the
plain

wo

borrowing is
encugh when

the hermit crab’s tail,
for it is soft and flabby,

SEC

without the usual number of limbs, and very
much in need of protection. And just as the
caddis-fly larva in the stream encase themselves
in cleverly built tubes of cemented pebbles or
tiny pieces of stick, and just as some crabs mask
themselves with sea-weeds and sponge and such-
like things, so the hermit crab makes up for what
is much more than *“a joint in its armour
by borrowing the substantial shell of some
sea-snail, which serves at once for protection
and for disguise.

The habit must he of
very old standing, for
there is hardly a part of
the hermit’s body that
has not been changed in
other so
better

Thus

some way or
that it suits the
the hermit’s cell.
the rather ungainly tail
has a peculiar banana-
like twist which suits
the shell's coil ; of the
six posterior limbs which
the tail ounght to bear,
none areé strong save
the two last, which grip
the central pillar of the
shell =0 that it is not
easy to pull the hermit
out ; on the right side
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of the tail only one limb remains. One of the
great forceps, which are so important in seizing
food, in fighting, and in guarding the door of
the retreat, is in many hermit crabs much larger
than its fellow on the other side. We must not
go further, but it is important to understand
that the hermit's body is sunited in a through-
and-through way to the shell which he carries
with him,

Let us turn to the animal's habits, and
especially to those of the “ soldier " hermit crab
(Enpagurns bernhardus), which have been care-

Plioto = E. Siep, F.L.5,

Every now and again the hermit has to leave
his cell, for he has become too large for it, and
he is very nervous at the time of flitting. Some
one has compared him to " a bather whose
clothes have been stolen,” and Mr. Gordon
Jackson contrasts his nervous anxiety before he
finds a shell to vault into (for he is quick about
it) with his * sleek impudence on safely reaching
the desired covering.”

The hermit crab has a large and varied
appetite. There seems to be almost nothing—
animal or vegetable—that is not grist to its

SHORE CRAB (Carrims manag),

This is one of the commonest animals of Use seushore, an active, sggressive crentsre with a keen appetite,  The young siages are free-
ewlmming in the open sem and there |5 an intricate ife-history before the small ceabe seitle down in shallow water., The photogrph shows
wery clearly the feclers, the stalked eyes, the forceps, amd the walking-legs.,

fully studied by Mr. Gordon Jackson, One of
the eld naturalists, Swammerdam, who wrote a
great book called ' The Bible of Nature,” was
very positive that the hermit crab made the
shell in which it lives, but this was a big
mistake, for the shell is either found or stolen.
Some say that the hermit crab does not hesitate
to oust the rightful tenant from a coveted
mollnse shell, but this has not been clearly
proved. It is possible that it sometimes
cleans up the remains of a whelk whose
head and foot have been bitten off by a cod
or some other voracious fish.

mill. The great forceps are important in seizing
the food and carrying it to the jaws and the
foot-jaws, which shred it or pound it. Thence
the food passes into a wonderful internal mill
or gizzard, almost the same as the corresponding
piece of machinery in the crab or lobster.

When we watch hermit crabs in a shore pool—
an entertaining way of spending an afternoon
—we cannot but form a high opinion of their
capacities as alert and nimble creatures—nimble
in spite of the heavy burden which they have to
carry about with them. They are notoriously
combative, always on the outlook to find a
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Photo : F. W. Bowd.

HERMIT CRABR IN SHELL
This karge Hermil Crab, Fupapurus Sernhardus, wsumlly lves when full-grows in the bortowed shell of the large whelk, Buccimum wndation

and it i often found in external partnership with o sea-anemone, Sagartia parasitica,

claws serves (o ehmt the door of the shell

neighbour rather too far out of his shell. The
thrust is usually parried, there is instantaneous
withdrawal into the recesses of the shell, and
the bars of the door go home with a click.
Sometimes, however, one combatant succeeds in
pulling the other right out of its shell. In
encounters with one another and with enemies
bevond their kin, a limb is sometimes lost or
badly damaged, but this matters little, since, as
in many other Crustaceans, there is more or less
perfect regrowth at the next " mounlt.” By
the *" moult ' is meant, of course, the casting-off
of the hermit crab’s own shell, whenever that
has become too big for it. For, as we have seen,
in all jointed-footed animals this happens, that
whereas the animal itself grows, the shell does
not, so that the animal is always becoming too
big for its clothes. The inconvenience that
results is remedied by moulting : the creature
creeps out of its old husk, leaving it behind like
a ghost of itself ; and before the new suit of
armour has become set the creature has a spurt
of growth. In leaving its old clothes, the hermit
crab first gets its head and breast disengaged,
then its front limbs, and finally its tail. The

The photograph shows how the larger of the twa big

whole business is one of the strangest in the
amimal kingdom, and is often attended with the
It is the tax
that the animal has to pay for its armour—a
disadvantage attendant on a great advantage.
It must be remembered, also, that the soldier
hermit crab which ends by being big enough to
fill the great whelk or ** Roaring Buckie " has,
in the course of its life, experience of a con-

loss of a limb or even of life itself.

siderable wariety of lodgments—such as the
turret shell (Turritella), the top shell (Trochus),
the periwinkle and the dog-whelk,

The hermit crab enters into association with
a number of other animals in addition to the
Mollusc, whose empty or emptied shell it tenants.
Thus there is often on the surface of the shell a
colony of interesting zoophvtes, called Hydrac-
tinia, and not infrequently a growth of sponge.
Round about one of the hermit crabs (Espagurs
prideauxit), common in the Firth of Clyde,
there is always a sea-anemone (Adamsia palliata),
and the two creatures are never found apart
The hermit crab is cloaked by its partner, and
probably profits also by its stinging power ; the
sea-anemone has the benefit of being carried
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about and of feeding on the crumbs from the
crab’s table. It is a mutually beneficial partner-
ship, and it is interesting to note that when the
crab leaves its shell to enter a new one, it takes
its partner with it. In the case of the soldier
hermit crab there is often a rather quaint
partnership which is beneficial on one side only.
A many-legged bristle-worm, called
Jucata, shares the hermit's cell. Mr. Gordon
Jackson writes: " It usually remains out of
gight in the back whorls of the shell, but it
appears at meal-times, thrusting its head out
between the crab’s foot-jaws to appropriate the
very morsel on which its host is engaged.”

As to the hermit crab's life-history, the
mother carries thousands of eges (12,000-15,000)

Nereis

fastened to the bristles of the tail appendages.
There they develop into tiny free-swimming
larvee, called Zoemx, which live in the open sea.
After several moults and changes, they become
what are called Glaucothoes that prowl about
at the bottom of the sea during the day and rise
to the surface at night. It is during this stage

that they seek out houses and begin to become

Photo : F, W. Bond.

" hermits ""—though that is anything but a
good name for them, for the hermit crab is a
born hustler.

A fish out of water is miserable indeed, unless
it be one like the mud-skipper that climbs on the
S rocks and _mangroves on tropical

shores, or like the lung-fish that lies
low for half the year breathing dry air in a hole
in the floor of the empty pool. But even more
miserable is a starfish out of the sea. It collapses
like a punctured tyre, and as the water passes
out of it the life goes also. Especially in regard
to such-like creatures is it true that the activity
we call life is a very watery business. It is a
remarkable fact that living matter contains about
80 per cent. of water. Therefore the starfish
must be studied at home in the shore-pool.

It is interesting to watch a starfish hauling
itself up the face of a submerged rock. It moves
by means of a hydraulic system. Water is sucked
in at a perforated dorsal plate, like the rose of &
watering-can ; it passes through a set of water-
pipes to hundreds of suctorial tube-feet in a deep
groove on the underside of each of the five arms.

HERMIT CRAR MOVING OVER THE SAND

From the mouth of its borrowed shell the Hermit Crab protrad
rate, drawing {15 howse with it.
be shell ancd shuls the door

it forceps
Whest It encounters something obooxious or dongerons there 2 a sadden reflex et

A walking-legs and levers itselfl along the ground ot o great
m it jerks itself beack into
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Photo ; E. Step, F.L.5, Photo : E. Step, F.L.5.

THE HUTT-THORN STARFISH (Asiropecion ireegularis). THE BRITTLE STAR (Ophiothrix fragilis),

A oopupon gpecies on British codsts, In which the tube-feet Che of the commonest Hritish Britile-atam or Ophioroids, often
lmve no suckers, It cammot climb up rocks Hke the common swarming in shallow water, Compared with o starfiah, there is
starfish, bot moves with its pointed tube-feet on hard samd. It much less in the ceutral body, and much more in the mascular
ls very moscular nrma and can right itself if tormed on its back pyimnastic irms, by menns of which it poshes itsell abng e sl

Phole ; E. Slep, F.LS, Phelo : E. Step, F.LS,
THE SUN STARFISH (Seloster papposus) THE BIRD'S-FOOT STAR (Palmipes wembranacesis),

This common " Sun-star,” found on both sides of the Ablantic A poculiar starfish, flat and thin like a pancake, lives off Hritish
has thirteen or fourteen amms of o beantiful ormnge o roloy-red copsts in deeplsh water.  The pentagonal forsm B duae b o shorten-
colour. The dorsal surface, shown fn the pho ph, = covered ing down ond broadening out of the arms. The dorsal sarface
with bumndles or sheaves of spines ; and btween these there §5 & Is covered with everlapping plates, with few spines

network of rmods,
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[hese tube-feet become tense, like a hose-pipe
when water flows into it, and they are pressed
against the rock, like so many firm fingers Then
the water flows out of them into little bladder
like reservoirs (ampulle) arranged in rows in the
inside of the arm, and the result of this is to make
the starfish adhere to the rock. The fact is that
a partial vacuum is formed between the tip of the
!'Ii e LA :II1|l Itl-' SUriace |r| I,hl' T k_ i ;:':1]I' Elt'il.‘
th ]l.ll[i.-.' which

gtreet ]lll'-. )

vacuom

make on the pavement with a leather

sucker and a string The starfish then
contracts the muscles in the wall of the
tube-feet, so that they become shorter

This draws the creature up to the place
of its attachment, just as the shortening
of a hawser draws the ship close to the side
pier. The next
water with some forc

ol the Step 15 10 IN)ect
from the contractile
tube-feet,

the partial vacuum and setting the tubi

reservoirs mmto the obliterating

feet free.  The starfish would then fall
down again, were it not that mean
while another half hundred tube-feet on

another part of the arm, or on another
arm altogether, have been fixed higher uj

as fun kly

=0 the starfish climbs the rock
as a snail !

seashore that
then
anmimal

It often happens on the

the waves dislodge a stone, which

Hns down some unfortunate
When a heavy stone imprisons a starfish's
arm, or when a sea-slug gets on to an arm
ind begins to secrete sulphuric acid from
its. mouth, why, then there i1s awfolomy,

This curious word, meaning self-mutila
tion, is the technical term for surrendering
And it works

very well, for the starfish that has escaped

VARIATIONS OF

a part to save the whole

from deadly peril can regrow another arm i

it its leisure. Along the ventral groove of g

cact there 15 a strand” of nerve

arm
cells, thi

around the

five strands being united in a pentagon
: and then there are scattered
But the starfish has

no brain, not even a single nerve-centre or gan-

month
nerve-cells here and there

13rsm1
rion

e that when it gives off a limb to save its
life, it does not know what it is doing, as we count
knowledge.
forceful contraction of muscles at the base of the

What happens is due to a wvery

arm, o forceful that the arm breaks off ; but

Phole

Among sturfish

is an action comparable to ours when we draw
away our finger from something very hot, without
willing, almost without knowing ; it is a reflex
without under
standing, just as many people do in mastering
some dexterity. They get the “ hang of it,"" but

action. Ammals can learn

not the idea of it. The fact remains that in the

course of time the starfish has learned in its con-

stitution, if not in its mind, that it is better that

W. 5. Berrddge, F.IZ.5.

THE WEST INDIAN CUSHION STARIPISH
[ Pemiace riduculatnr

gruph shov

sevell i

pumber belng five
nimnl puts on th

i mrm (Al has beer -1

s TRYE, the mo
rom the time wi

tion with

one member should perish than that the i
should be lost

Unlike most soft-mouthed or jawless animals,
the starfish is a carnivore, and it is very fond of
the

twin

mussels and small ovsters. It gets abovi
mussel and fastens an arm to each of the
valves of the i

shortens its

shell ; it hunches its body up and

tube-feet so that the wvalves are

steadily pulled asunder. It goes on doing this for
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Photo ; H. Bagin.

A GIANT STARFISH
A large Indion Ocean starfish, whose size may be inferred from the Sorin phet

a pelwork pattern. The amms are of modemte length. There are

some time using successive relays of tube-feet, till
the mussel becomes fatigued (for keeping the
valves firmly closed is an effort
Whereupon the starfish insinuates between the

and gapes.

gaping valves its capacious protrusible stomach,
rich in digestive juice. In dealing with ovsters it

favours small ones, over which it can outinld its

smothering stomach. Some starfishes will even
It 15 said
r the
starfish they catch into five parts and throw these

eat the bait off the fisherman's lines.

that the fishermen in revenge sometimes teg

into the sea. But this is not a wise thing to do,
for each arm may, in favourable circumstances,
grow a new starfish. We often get what are
called ** comet " forms of starfish, where one arm
15 just beginning to regrow the lost four.

A starfish, as large in appetite as it is small in
For it will tackle a

small sea-urchin in the -h:_-_':;-]u_-:_;:_ It lavs an

wits, has some resoluteness.

arm on the hedpehog-like surface, and it gets its

soft tube-feet nipped by hundreds of little

stalked snapping-spines (pedicellariz) which pro-

Penlnceros).

gmphed beneath, The dorsal surface s very decorafive, with

nenr relatives in British waters.

ject among the big spines like so many minute

three-bladed scissors. But when these snappers
have gripped the soft tube-feet they cannot
quickly let go, and when the starfish moves away
The star-
fish does the same with another arm, and with
rest, till it has dis

Here we

its arms they are wrenched off with it.

another, without haste or

armed the sea-urchin, see o brainless

creature following a line which is not the line of

least resistan = .Illl[ W I-.|r|;_: steadily towards a

d This 15 the threshold of Endeavour,

1Istant goal

As another type of coast-amimals we take the

ea-urchins, admitting as before that many of

them have long since left the shallow

Sea-urchins.

water and explored the great depths.
Strange prickly balls, they got their name from
their resemblance to hedgehogs in the old days
when it was believed that the creatnres of the
But the

and

sea were counterparts of those on land.

hedgehop and the sea-urchin—Mammal

Echinoderm—ar

could well be

as far apart as two animals

Ihey agree only in their prickliness,
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At the south pole of this living globe thereis a
small mouth throngh which five strong teeth
project. Around this there are ten large tube-
feet used in tasting the food. Further out there
is a broad, soft circle bearing many spines, and
where this joins the hard shell there are ten
branched gills, only visible when the animal is
in good condition and in the water. At the
north pole of the globe there is a complicated
apical disc, best studied by rubbing the spines
off a dead sea-urchin. The food-canal ends in the
middle ; around this are five plates, through aper-
turesin which the germ-cells are shed into the sea ;
between these are five smaller plates through
which a sensitive tentacle-like tube-foot is pro-
truded. One of the five inner plates is larger than
the other four, and is covered like the rose of a
watering-can with minute pores, through which
water is ceaselessly wafted in to work the
hydraulic system of water-tubes used in loco-
motion and also in respiration,

Now, to cat a long story short, there extend
from the " north pole " to the " south pole " five

Fhote ; E, Step, F.L.5,

broad meridians bearing spines and five narrow
meridians bearing not only spines but locomotor
tube-feet, As the sea-urchin grows, new plates
are added round the circumference of the apical
disc; but each plate can also be added to by
the adjacent living tissue. -

There are three ways in which a sea-urchin
moves, It uses its spines like stilts which can be
swayed in any direction. Like a starfish, it uses
its tube-feet for climbing up the rock, attaching
them, shortening them, releasing them after
fixing others, But on a level stretch of firm
mud, the sea-urchin protrudes its five teeth and
hobbles along on their tips, tumbling a little from
side to side. The curious mechanism should be
studied by breaking open a dead sea-urchin. It
is called Aristotle’s lantern, for he saw it more
than two thousand yearsago. Besides levering the
animal along, it is a chewing apparatus, crunch-
ing up seaweed and small animals, and it also
helps in breathing, In the golden-yellow heart-
shaped sea-urchin which burrows in the sand, the
spines are the onlylocomotor structures : the tube-

THE COMMON SEA-URCHIN [(Eckieus ciculendus)

‘The glholmlar shell or fest is covered with spines which work

the sew-urchin can creeps

m ball and »
structores are the soft tnbe-feet which can e protroded far beyond the spines, and can be frmly at

et joints gl help in locomotion. Bal the chisf locomotor
toched o the surfeess of rocks ap which
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P H. Hi
BEA-URCHIN
From part of this sca
to show the litt
In the ceulre,
hesi, thete 5 an el ks
of the food-cannl. One
sorves for i

WITH SPINES REMOVEL

1 the spines have been muibebed off

i the sockels of fhe

le opposite to that at which the oouth
of ten plat midkng ke end

these ten plates, called ' maulrepx

water that works the hydmailic tiilee-

pircs work

oot system used (o loocomobion

feet are used for collecting microscopic organisms,
which are transferred to other tube-feet round the
mouth, and pushed by them into the for il-canal.

Talking of the
numerous glassy spheres of lime which may be

movement reminds us  of

seen on the surface of the shell among the spines.
When the animal is moving on a slope the heavy

FPhoto ; G. H. Hewiso

BEA-UTRCHIN, WITH

ARISTOTLE'S LANTERX DRAWN OUT
ks

5 [or chewing,
are five teeth in
atiort illatn

the photograph I8 quile ar

which =1

heads of these transformed spines droop towards
the lower side, and they thus serve to give the
animal information in regard to its position. In
other words, they are balancing organs, with a
function somewhat like that of certain " gravity
in connection with our ears which enable
us quite automatically to keep our erect posture
in running,

When we
witer, we see a great activity all over its surface,
The spines sway on their ball-and-socket joints ;
the translucent tube-feet search about for some

5acs

watch a sea-urchin in a basin of

support ; and among the spines there are minute
snapping-blades or pedicellarizz, mounted on
stalks. Some of these snapping blades give

P st L
CROSSSECTION OF SPINE OF SEA-URCHIN [Magnifled 26 tnies

The interior of the gpine of o seq-archin shows o soned strocture, ke
the trunk of & tree col o The circle near the centre shows the
slze ol a voung spine © the rings are th fithoms that are made seaston
after poimom.  The dark spaces i by, 80 1hat there s consbder
atde economy of materind-—strength without too much welght

N, Hewiron

poisonous bites, and one bite has been known to
make a frog's heart stop beating, Others catch
and kill minute creatures which might anchor on
the shell ; capture small
animals which the tube-feet afterwards pass to

sea-urchin’s athers

the mouth : and others again seize a particle of
grit with two of the blades and hammer it into
powder with strokes of the third,

There is quite a bustle of activity all over the
sea-urchin, and we know that the whole of the
delicate’  transparent tissue-paper-like skin is
covered with microscopic cilia which are always
wafting, just like those in our air-passages. Each
snapping-blade can act on its own, and each
spine likewise, for the sea-urchin has no brain in
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Phala » E, Step, FL.S

BHARP-SPINED SEA URCHIN [Eckimuss aculn)

but is there any animal less
vulnerable ? The fact is that
the sea-urchin’s struggle for
existence is mostly in its
early yvouth, which is spent
-as+a free-swimming pinhead
larva in the open sea, away
from the rough-and-tumble
life of the shore, There are
immense numbers of these
delicate, transparent larvae
—each like an inverted casel
with many legs—and there
is great mortality among
them, for they form part of
the edible dust of the sea.
As examples of coast
animals, characteristic of
comparatively

Sponges,
shallow water,

This gpecies of sea-urclin is closely related to the common Eckimus esculentinn, but seems to

b guite distinct, One of the difercnces b8 the presence of longer and sharper spines, It is not

uncominon i e Xorth Sea

the ordinary acceptation of the term. The move-
ments of the snapping blades and spines are
“reflex actions,” taking place amtomatically,
like our coughing when a crumb threatens

“ to go down the wrong way.” There are so
many ofithese automatic reflexes in a sea-
nrchin that the animal has been called ' a
republic of reflexes,"” and the wonder is that
the multitudinous movements of spines and
snappers and tube-feet work out so har-
moniously.

¢y There is a loose network of nerve-cells and
fibres beneath the =kin, by which news can be
passed from one part of the animal to the
other. There is also a nerve-ring round the
mouth and a branch running up each of the
five areas through which the suctorial tube
feet are protruded, but though this helps to
make the different sections of the body work

in umison, it cannot be called a controlling
centre. ""In a dog the animal moves its
legs; m a sea-urchin the legs move the
animal.”

Sometimes a gull lifts a sea-urchin from
among the low-tide seaweeds and lets it fall
from a height so that the shell is hroken.
Sometimes a starfish disarms a small sea-
urchin and smothers it by protruding its
elastic stomach,

50

There are other dangers,

we take Sponges, although
there are many of them that
live on the floor of the sea at great depths. At
first sight thev do not look like animals at all,
and we cannot wonder that early naturalists

Phate : E, Siep, F.L.5,

WHEEIL, URCHIN (Rotula) FROM AFRICAN COASTS.

In the family Scutellide there are numerous peculinr sei-urching
marked by o greatly fSattened body, the indemtation of the outline, and
the branching of the tube-fool (or ambalacml] groowves oo the under
surface, In this cuse the margin is produced inlo finger-like processes.
The photograph shows the dorsal sarface with fve tube-fool (or
smbulactil) areas, madiating around the apical dise,
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Flado

W. 5. Bervidpe, F.X.5,

FLORIDA CUF SPONGE (Ewpongia oficinaliz, varicly fanciala).
e of the pmay varcties of the Bath Sponge, here taking the form of & cap,.  The
finest Hath Spounges are from the Adrintic ; ocoamser wvarietics nre fished off Dalneatian
and North African coasis, from the Greck Archipelago, from the West Indies, and from

Austrakia.

ranked them among the plants. They are
fixed, they have no readily visible way of feed-
ing, they bud and branch. Certainly they
are what we should call vegetative animals.
Dr. Nehemiah Grew regarded them in 1686
as corresponding to " one half of a plant ™
—the pithy part. A century later there were
many who held that sponges were but the
houses of worms, a misinterpretation probably
due to the fact that worms are sometimes
found burrowing in the interior, Gerarde, in his
famous Herbal, figures sponges along with sea-
weeds and mushrooms, and wriggles away from
the problem by saying: ' There is found growing
upon rockes near unto the sea a certaine matter

wrought together of the foame or
froth of the sea which we call
Spunges . . . whereof to speak
at any length would little benefit
the reader (a warning to us),
seeing the use thereof is so well
known." But much more in-
teresting than these errors is the
extraordinary fact that Aristotle
(384-322 B.Cc.) had reached the
conclusion, characteristic of his
lucidity, that sponges were ani-
mals, though with some likeness
to plants.

An English naturalist, Ells,
had pointed out in 1765 that
sponges showed their genuine
vitality by ** sucking and throw-
ing out water "' ; but the first
fundamental observation on
sponges is to the credit of a
Scottish naturalist, Robert
Grant, who had the satisfaction
of seeing small particles in the
sea-water disappearing into the
sponge through minute pores and
reappearing at the large exhalant
Openings. He tells us how,
about 1835, he put a little
branch of a living sponge in a
watch-glass under a microscope,
and reflected through the sea-
water the light of a candle. "1
beheld, for the first time, the
splendid spectacle of this living
fountain vomiting forth from a
circular cavity an impetuous torrent of lignid
matter, and hurling along, in rapid succes-
sion, opaque masses, which it strewed every-
where around.” It is plain that Dr. Robert
Grant had the proper spirit, and his wvivid
drawing of the inflowing and outflowing currents
is often reproduced in books of to-day. He
guessed rightly that the currents were kept
agoing by ciliary action, but he was not able to
find the cilia.

If a student of zoology were asked nowadays
why sponges are not to be regarded as plants,
he would answer that they feed on in-wafted
solid particles ; that the cells of their body are
not in the least like those of plants, e.g., in not
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having cellulose walls; and that the f{ree-
swimming juvenile stages of sponges are in a
general way like those of many other marine
anmimals.

A living body is often compared to a dity,
which seems to us a better comparison than
likening it to an engine. The quarters of the
city, where certain things happen, the marketing
and administrative quarters, for instance, are
argans ; streets of similar houses or shops, like
the old Paternoster Row, are tissues: the
houses or shops are the cells; and the in-
habitants are the vital units of different kinds
that co-operate in a cell-irm, If we compare an
ordinary animal body to a city, we must compare
a sponge to a city like Venice, where everything
depends on the canal system. The canals bring
in food and freshness ; they
sweep away débris and waste;
they bring the different parts
of the body (or city) into
communication

with one
another.
When we ask Robert
Grant's :lm'.i.tiun: What

keeps up this two-fold set
of currents, inhalant and
exhalant, we can now give
the the
lashing of energetic internal

ANSWEr ceaseless
cells situated on the canal
and whipping the
water past. Sometimes the
outgush from an exhalant
opening is so forcible that
it makes a distinct disturb-
ance on the surface of the
water a foot overhead. 1t is
possible to fix a glass tube
neatly into one of these
openings, which often look
like the craters of volcanoes,
and then one can see the
height of the column of water
that the sponge's vigorous

svsiem

activity can support.

This shows
how careful we should be
not to judge by first im-
pressions, It
obvious that a sponge is a

once  more

Fhoto ; W, 5, Hi

SMONGE
SHms 543

firm framework.

[ perocalli ke

A deep-sea flinty sponge in which o fundamental cup form has been mach modifi
outgrowih of lnteral shelves

sluggish creature, and yet it is the very reverse.
Day and night it is lashing through its body
a prodigious quantity of water, and this means a
great expenditure of energy. From the water it
captures the microscopic organisms and particles
on which it feeds, and from the water it captures
the oxygen which keeps the fire of its life burning,
[t is not what you would call a fussy animal,
but it does a great deal of work.

Sponges occupy an interesting position in the
animal kingdom. They were the first animals to
be successful in having a body, and, though they
have no organs in the strict sense, they show the
beginnings of tissue, especially muscular tissue.
When an inquisitive worm pokes its head into
an exhalant opening of a sponge, it sometimes
happens that the opening is quickly narrowed,

rridge, F.Z.5,

t pasiwr), FROM BAGAMI BAY, JAPAN
ed by the
itrst Into &

The six-ruyed spicules are bound tegether from the
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Phota : Joks f. Wand, F.E.S,

SPONGE

This photograph shows a * Ben-fir

for the individunl polyT= But the bases of the hydrodd colo
slgnificance. Instead of belag of advintage, the growih of

though not closed. This means that a ring of
muscle-cefls has contracted. There is a peculiar
interest in this—namely, that the sponge has no
In sponges, the lowest many-celled

amimals, division of labour is only beginning :

nerve-refls.

and the muscle-cells are not stimulated by
nerve-cells as is usually the case, They are
directly provoked to by
outside. Everything has its

themselves action

messages from
beginning, and in sponges the contractile cells
are also wrritable.

some idea of the relative simplicity of sponges
may be suggested by the fact that a sponge may
be cut inte pieces, which all survive, They can
be bedded out like potatoes,
farmers sometimes take advantage of the fact,
But the sponge's defiance of death goes much
further, A picee of sponge may be minced, and

and the sponge

the mince forced through a straining cloth; a
small quantity of this mush will in appropriate
conditions pull itself together and develop into

AND EZOOPHYTE GROWING
' or Sertuluriin Foophyle, whose brunches, with saow-like edges, bear numerous oupe of hydrotheos
are overgrown with sponge—an ep.zokc asocintion without masch, i any,

ponge ks

TOGETHER

apt to smother the sooplivie.

a tiny sponge ! This means that division of
labour has not gone far in the sponge body,

We often hear of the skeleton in the cup-
board, but there is more reality about the
skeleton in the bathroom. No other skeleton
has entered into such intimate relations with
human life as the bath sponge. It is a labyrinth
of fibres, tough and vet soft, said in a general
way to be " hornv,” but perhaps nearer silk,
In association with the spongin there is iodine.
The fibres are products of the hving cells in the
interior of the sponge, and their function i1s to
support the soft tissues. The sponge fishermen
expose their captures till the soft flesh begins
to decay ; then they are beaten or trodden in a
stream of water till all the cells are washed out.
After the eleaning, which must be done very care-
fully, the sponges are dried in the sun. When a
sponge in domestic use becomes unpleasant and
slimy, that is due to gelatinous masses of
bacteria which are multiplving in the recesses
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of the labyrinth. The remedy is to use hot water

and a disinfectant, and then dry thoroughls
When we say ' sponge "' we always think of
the familiar Bath Sponge,

ll-l]:wi'llrllgj:'l,. courss, many

skeleton of the
But there are, of
hundreds of different kinds.
like the

name

some are on the
Sponge (Grantia),

Grant, the
Crumb of Bread Sponge, covered with crater-like
exhalant apertures, that forms familiar encrust-
ations on the rocks.

seg-shore, Purse

whose recalls Robert and

some are anchored farther
out, like the Mermaid's Gloves, often tossed up
on the beach and the large Cup-
Sponges, and the spherical Sca-Apples. Others,
again, are fastened on the floor of the true Deep
Sta, like the Glass-Rope Sponge,

after storms

which is
a long stalk of flinty
together in a firm bunch by a
erowth of small sea-anemones.

raised out of the voze on
threads, tied
Then there is
Venus's Flower Basket (Euplectella), which has
a flinty skeleton like a fairy campanile. It is an
extraordinarily beautiful picee of architecture,
but during the life of the sponge it is wrapped up
in a garment of cells, The skeleton of a sponge
may consist of flint, or of lime, or of spongin
(as in the Bath Sponge), or of both spongin and
flint. Many British sponges have a large skeleton
of spongin, but they cannot be used instead of the
tath Hpr'ﬂlg:-_ the reason being that then spongin
15 associated with myriads of flinty spicules.
The effect on thehumanskin would be disastrous!
The spicules often form an internal support, but
they also make their possessors practically in
edible. There are animals that burrow in sponges,
but hardly anv animal tries to eat them. In

many cases there 1s also a strong odour, some

times like iodoform, which is probably repellent
Like most other animals, sponges may become
linked to other lives,

Thus there 15 a bright

orange-coloured sponge |Suberiles doninncula)
that grows right over the whelk shell that a
hermit-crab has borrowed. [t serves as a very

Several different kinds of crab,
I|||' ]I.l}'i|

effective mask.
suich as the common Sand Crab, are in
of sticking pieces of sponge on to their carapace
and legs, thus disguising their predatory char-

Within
i micro

acter under a camouflape of innocence,
SOME SPONges there occur thousands
scopic Alge, plants and animals living together in
a mutually beneficial partnership or symbiosis

In the family of freshwater sponges (Spongil

lide), which have migrated from the original

home in the sea, to which all the other families
are restricted, the minute Alpoid partners are
inimal
Another curious linkage is
that

in the substance of a

sometimes so numerous that the whole
15 coloured green,
illustrated by one of the cuottle-fishes
deposits its eggs in pockets
flinty sponge. Interesting alse is the habit of
the little boring sponge, Cliona, which manapes
to ]ulj-;l'.|tr' -n\.ni-:'rw]':r”H and !]LIIH ||1'IJ]'I:-: 1o
reduce a massive hivalve to the level of sand
Some of the boring sponges remain dwarfed like
Cliona when they assume the burrowing mode

of life, but grow almost unrecogmisably large

when. they live in freedom,

which things are like

Fholo : W, 5. Herridge
CHLEBE § P challengre
A T triking Jdeeprs= Zponge, which has evolved (n
tl & of the abysses I o wih nmd o mew
L symmeiny I n shallow 1t 10w

il brregnbar slipes,
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Photo : W. 5, Révvidge, F.X.5

LEVANT LAPPET-SPONGE (Ewspongis oficinalis, variety lomeila).

Une of the many varicties of the Bath Bpongr

The skelbirton, familior to all, comsists of o oolserent

felt work of solid fboes, These ore composed of an onganic sulstance, culled spongin, which is
chumeteristic of the class of sponges, but |8 wsually sccompanied by spleules, which are absent in

the Buath Sponge

a parable. Our concluding remark must be that
sponges represent a cul-de-sac in evolution.
They are very successful ; there are hundreds of

different kinds ;
great complexity at a low level ;

thev often show

many of them are wonderfully
beautiful, but they do not lead
on to anvthing else. Thev are
off the main line, and in a blind
alley. Omne reazon may be that
when the wvery young stages
settle down after a short time of
free-swimming, they fix them-
selves by the mouth—eertainly
not a progressive thing to do.
Another reason may be that they
have no nerve-cells, for without
these we cannot expect an animal
to go far

In the early days of Natural
History the discoverer of 'a
strange animal in the
sea had to face the
difficulty that he could not get
his friends to belicve his story

Sea-horses.

o ; W. S, Berridge, F.Z.5.

BAHAMAS SPONGE (Ewsposgie canalcul

Another vaticety of the Bath Sponge, marked by itz mode of growth and fine texture,
It consists of & large numbser of tubalar hranches
wiler passing oul

One way of winning
conviction was to pro-
duce the specimen, but
that was not always
Another method
was to submit a draw-
ing.  Another method
was to say : * After all,
what I saw is not so
incredible ; it was sign-
ply the sea's counter-
part of what you are
familiar with on land.”
Thus grew up the notion

easy,

that there were marine’
* doubles " of many of
the terrestrial types.
This is seen in many of
the names given to sea
animals in many differ-
ent languages—sea-ane-
mones, sea-butterflies,
sea-cucumbers, sea-
devils, sea-eaples, sea-
fans, sea-gulls, sea-
horses—and so on down

to sea-urchins and further.
The sea-horse (Hippocampus) is one of those
animals that provoke a smile. 1t borders on the

sifi, vatlely slegans),

The large openings or cecula scrve for
The waler enters by very numemus pin-prick openings in the skin.
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ridiculous—with the head of a horse
and the prehensile tail of a monkey.
Dr. Theodore Gill compared it to a
knight on the chess-board mounted
on the dainty coiled shell of the little
cuttlefish called Spirula; and the
second half of the technical name
Hippocampus is Greek for a curled
up caterpillar or worm

Ordidary fishes move their body
from side to side, jerking out masses
of water to right and left ; but the
sea-horses have a very stiff bucklered
body and their coiled tail moves up
and down like a
Another element in the quaintness 15
the independent movement of the
two eyes, a peculiarity which is also
exhibited by the lizard we have just
mentioned. That in itself is a curious

point.
Sea-horses are widely represented

chamzleon's,

by various kinds in most warm and
temperate seas, and they are familiar,
though fastidions, inmates of aquaria
It is a great pleasure to watch their
quaint movements, whi h are never
hurried. There to be
adjustment of the gas in the swiim
bladder to the specific gravity of the
sea-water that the
requires little or no effort to keep
afloat. A favourite resting pose 1s
bolt upright with the tail coiled round
a stalk of seaweed

Sometimes the creature sinks slow-

SIS Al

sea-horse

80

Iy downwards as if on a hinge. Then
it lets go and moves in the water by

thl‘.‘ E’xtl’i'rﬂl']‘- I'-lp]{| 1Ir|l:ll.l].'|.ti.ll'_\' Photo : W, 5. Berridge, F.Z.5,
Py . 4 SILICEOUS S8PONGE (Kha )
movements of the ""”LH]"' dorsal fin, A beautiful Flinty Spoage with six-raved n iliceons spicules, It

is distantly

helped by the quick strokes of the
delicate paired pectorals. It always tends to
fall forwards in the water, but quickly recovers
itself and is vertical once more. The movements
are too slow for hunting and we
belicve that the sea-horse uses its little mouth
in a somewhat pipette-like fashion to suck up
young crustaceans and other small fry from
the fronds of from the
stratum Excepting kinds that

among floating seaweed in the open ocean, the

purposes,

sith-

live

the seaweed or
those

k- rmy
related to Vemiss Flower Basketl (Euplectelia).

in  well-ilumined,
shallow

sea-horses at home

relatively

are
seaweed-bearing, in-shore
waters

A careful observer has noticed that sea-horses
make
noise,”’
rapid quivering movements associated with

at intervals " a sharp little snapping

which seems to be modoced by very

opening and shutting the lower jaw. They must
not be thought of as chattering, for the sound in
our British species is slender and monotonous |



792 THE NEW

NATURAL

HISTORY

but it is interesting to know that one sea-horse
answers another, that the sounds are made by
both sexes, and that they are more {requent
and intense at the breeding season. It is comical,
somehow, to think of the delicate ** neighing "'
of the sea-horse. But we must turn to something
much more remarkable than conversation,

On the under-side of the front of the male’s
tail there is a capacious pocket.
the fusion of iwo folds of skin and has an
anterior opening. Into this opening the female
presses a few eggs at a time and it is apparently
in the course of the transfer that they are ferti-
lised by the male. After a short time the female
comes back again to lay more eggs in her
pariner’s pocket! What several

It is formed by

15 more,

Photo : John J. Ward, F.ES,

RED SEAWEHRD (Folysiphenial, FRODUCING SPORIS (Highly magnified).

FPolyeipbonia is a larpe genus of red scaweeds whose thread-liks
scverul pamllel tobes, hence the nome " many #iphons.'*

females may take advaniage of one male. All
this is very quaint.

The cggs develop in the water-tight pocket
and they seem to be fixed and partly nourished
by the spongy internal lining, which becomes
very rich in blood-vessels, As is usual in fish
eggs, there is a considerable amount of yolk
which is gradually used up as development
goes on,

After a while the minute sea-horsbs have
taken shape and become restless within their
cradle, The father-fish presses his monkeyish
tail up against his pocket, and a few young ones
are expelled at the anterior opening which has
begun to gape, Or it may be that he presses
the pocket against a winkle-shell and thus
secures the expulsion of the fry,
This is a very strange occur-
rence for it looks as if the male
fish was giving birth to voung
ones.  According to one ob-
server, each effort is followed
by a few minutes’ rest, three to
sixX youngsters are set frec at a
time and the whole business
may last for about six hours,

The newly liberated young
ones swim away and are Jost
among the seaweed. In the
common  Mediterranean
horse they are towards half an
inch long, and are like minia-
tures of the parent except
that the big scales have not
developed and the snout is
relatively shorter, It is not the
case that they pgo back into
their father's pocket when
danger threatens. Some people
expect too much, and as the oid
naturalist, Topsell, wrote in his
" Apologia " (1607): * God
needeth not the lies of men.”

Many of the sca-horses are
coloured like the seaweeds
among which they live, and the
Zosterasea-horse that frequents
the sea-grass (a flowering plant)
on the Florida Coast has a
very inconspicuous dress of
mottled olive-green,

S0~

Ironds are made wp of
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But protective resemblance
reaches a climaxin the Austra
lian Phyllopteryxin which the
£ pines anid knobs of the head
and body are drawn out into
frond-like tags, often branched
and wavy., Never was there
a more betasselled horse ! This
form is also interesting from
an evolution point of view,
for the pouch is represented
by a groove underneath the
tail, a condition seen also in
some of the pipe-fishes, which
are not very distant relatives
of the sea-horses,

What one would most like
to. understand 1s why the
parental care is palernal, es-
pecially as the
smaller than the females,

males are
CUne
can understand that parental
care is highly advantageous,
but why such emphatic di-
vision of labour should have
been insisted on is beyond us
at present.

Jetsam

The
“abundant progeny,” to use

s¢a has such an
Spenser's phrase, that even
the jetsam, fortuitously toss-
¢d up on the beach, 15 olten
multitudinous. Sometimes the
organic wreckage is
mixed

VETY .

Phato ¢ John J
--l'i|'l.'|.'l'l.'l.!-'- .||'||! H15-:'§|-'_
battered birds and far-travell-
ed  fraits,

phytes

wrenched-off zoo- waler mark, @

ji 11v- lie flaments
’ Appearee

and stranded
fishes, empty eggshells, and

Another
verv rich in a fewkindsof things, as if the scouring

of the floor of the sea had been restru ted to

clean-bleached skeletons. day 1t 15

some particular line or to some parti ular depth
Sometimes the sand is strewn with delicate, well
wort shells of the heart-urchin (Echinocardium) |
another day it is littered with the brown, plant-
like fronds of the sea-mat (Flustra), the subject
of Darwin's first scientific paper. On another

occasion a great fleet of jellyfishes has come

HED SEAWERED, (Dawya coccine
I'hils beuwantlilul scarlet
Clmens
s from @ disc-like aochor, amd gives all alesds

Ward, F.ES

MECHARGING ITS SPORES

e Hritlsh
elram % thickish
I L

aweed is nol upCOMImMONn O
dlen tossed up in the

aste, uboul the low-
tem, with lair

nchies with 4 feallery

achore, or again there are hundreds of scallops
making the extraordinarily beautiful,
Next week there are no scallops, but their place

beach

is taken by clams. There are times and seasons,
no doubt, determining the character of the
jetsam ; but the diversity is to a considerable
extent fortuitous, depending on the changing
currents and winds. This diversity makes the
strewn beach very interesting (One never knows

what will turn up.
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Pholo : E, Step, F.L.5
LOBSTER-HORN ZOOPHYTE (Aatennnlaria anls
This is a common roophyvie or hyvdmoid ook ny, belonging 1o ibe
Each of the fixed stems, somewhat like a lobater's fecler or anteana

polys in small cups, The apponrance of the whole = 5

The jetsam often includes traces of man's
handiwork, in most cases ugly, but sometimes
appropriate, and now and then with a suggestion
There lies an ugly old shoe,
bt

of the drama of life
quite out of the picture there is a float-
cork from a fshing-net which we recognise as
not out of pl.u-
broken oar

But what we wish to do is to take a few =.I.]“||||--

and there again 1s part of a
that makes our imagination tingle
of the non-human jetsam

In the autumn especially a very characteristi

mewhat pls

feature of the jetsam is the
abundance of whelk or * Buc-
kie * They occur
in clusters from the size of an

egg-capsules

orange to the size of one’s head,
ol
on the floor of

and have been wrenched

rocks or stones

the sea. Each capsule is a
tough vellowish bag, and con-
tained, to begin with, about

00 egEs. But for some reason

or other one embryo out of a

hundred develops more quickly

than the rest, and proceeds to

fr':"l.] "”I"
1

devour the laggards, and

on  them leaders
are
thus enabled to continue their
development within the cap-
sule without food

any from

outside They continue de-

veloping and pgrowing from
autumn till spring, and by that
time the whelk-shell is formed
in miniature. In the course of
years this shell becomes large
encugh to be held to the child’s
ear, forming what is called a
" sympathetic resonator,” that
is to say, selecting and rever-
the

most

berating with certain of

sound-waves which in
|f|..'1'.'4"‘-- anrg .lJ'\'..I'I."- 'il.i.'\‘-IIIH ITHRr e
or less unnoticed throueh the
The of egp-

capsules that are torn off and

air. clusters

thrown on the shore in autumn

i show the vellowish eggs inside,

family ol

Fhusalarians but those that are tossed up in

b o large mimls=t of

spring are empty and so light
that the wind them
If we look sUr-
face of one of these capsules, we see that
This
cut through the
Wi then, that

rI‘II'Ii' ' Iy '||I'III||'-'I: inferest 1n Itll.‘llilllill'illl

ant-Ilke
bilows
along the sand to the inner
an
aperture has been made is where the
the

capsule-wall and escaped

SUrvivors or SUrvivor

S0,

item of the jetsam, but its sharpest point is in
crudest ol
namely, cannibalism

illustrating the sternest and modie
the struggle for existence
in the cradle

Another kenspeckle object is a four-cornered
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black purse—the so-called ** mermaid’s purse *
—which is the empty shell of a skate's egg. It
is made of the same material as our finger nails
(horm or keratin), and is formed by the coales-
cence of fluid jets from a large gland in the
middle of the oviduct, The eggs of skates are
laid on the floor of the sea, and as they develop
with extreme slowness, sometimes for a year in
an aquarium, they require to be well protected.
Hence the mermaid's purse, When the young
skate, fully-formed in miniature, has exhausted
its legacy of yolk and is ready to emerge, some
secretion acts as a solvent on one end of the
egg-shell, and the little creature struggles out
through a gaping aperture. Thus the purses we
find among the jetsam are almost invariably
empty. It is interesting to learn that the egg-
cases of the various species of skate differ from
one another in detail. Those of dog-fishes are
yellowish, and have a long tendril at each
corner, by means of which they become attached
to zoophytes and other fixed objects in the sea.

It is interesting to sit down on the dry sand
at high water mark, andname a dozen * common

objects of the seashore,” which we can find
within arm’s length. There we see the skull
of a guillermot with its sharp-pointed bill, the
lower jaw of an angler-fish with its hinged
inward-bending teeth, a fish vertebra shaped
like a double egg-cup and showing very beauti-
fully at its ends the ripple-marks of growth as
concentric lines in the substance of the bone,
the transparent pen of a squid, which seems to
be the last relic of an ancestral shell, a crab’s
moult falling into an upper and a lower half
when we lift it and disclozing the tendons which
the tenant has left behind, the iridescent sea-
mouse (technically Aphrodite), which we know
to be an Annolid worm with a felt-work of
bristles like rainbow splinters covering its back,
a rope of sand which another of these annelids
{Lanice conchilega) forms as a protective encase-
ment, a dainty little building of lime, like a coral
in miniature, which is made by one of the Moss-
animals or Bryozoa, among which the sea-mat
is also ranked. Much lower in the scale is a
zoophyte or Hydrozoon colony, that deserves
its name of ** bottle-brush " ; that strange,

Pl : F. W, Bomd

CLUSTER OF EGG CAPSULES OF THE LARGE WHELK [(Huccimum wadalum].
Commaon on the seasbore are the empty egg-cupsule of the Large Whelk or ** Bockie,” the shell of which may be six inches Jong. 1t

is 1he shell that clhilldren bold to their ears,

reach the stnge of having a small shell they file thelr way oul.

Ench capsule may contain o0 eggs and the chester of capsales may be a5 large a8 a turnlp, Buot
anly a few of the egimdevelop, s those larve tht are quickest in development devour Lhe laggards

When the young whelks in the capsule
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dried object with many little apertures is a
shrivelled colony of Dead Men's Fingers,
distantly related to corals ; there is a big piece
of sponge of the kind known as * mermaid’s
gloves'"; and that oyster-shell is riddled with
little cylindrical holes which are bored (or
perhaps we should say dissolved out) by a
minute sponge called Cliona. The substantial
shell will gradually crumble to pieces and add
to the sand on which we are sitting.

From the cleanest stretch of shore in Britain,
where for weeks and weeks at certain seasons
there is not even a piece of seaweed to reward
the eve, we have collected vyear after year
representative samples of the sparse jetsam.
We have thrown them into a large hexagonal
horizontal case with a glass top, and the result
in the course of time has come to be surprisingly
interesting and at the same time beautiful, It
is only a fortuitous concourse of disjecta membra,
crumbs from the sea’s richly-spread table, but
it is strangely c¢loquent. The contrast with
man's jetsam is striking, and so is the frequent
snggestion of Nature's way of reducing materials
to their lowest common denominator and then
using them over again,

It is just a game, not leading to anything,
but it is fascinating to try to track down some
of the fragments of the unsifted sand, letting it
trickle through our fingers. We do not mean
the very clean sand, for the identification of its
particles is a geologist's husiness, and very
interesting too ; we are referring to the mixed
sand in which there are many fragments of
animals not vet dissolved or worn out of recogni-
tion. What do we see 7 The fluted spine of a
sea-urchin with just a glimpse of a beautiful
zoned structure internally, some flinty spicules
of a sponge quite big enough to be seen without
a lens, a fragment of the paddle of a swimming-
crab, the beautiful spiral shell of one of the
Foraminifera (Polystomella), curiously sug-
gestive of a microscopic Nautilus, delicate
platelets which seem to hail from the test of our
smallest sea-urchin ( Echinocyamus), which is
never over an inch long and is often not bigger
than half a pea, minute fragments of zoophytes
and moss-animals, tiny mollusc shells that we
cannot lift except on a moistened finger, one of
the little plates that make the rampart of an
acorn-shell, and so on for hours. As we admitted,

it is only a play, but it gives one a very deep
conviction of the finish of Nature's workmanship
and of the universal penetration of that quality
we call beauty,

Speaking of beauty, we would rank the jetsam
high. The shore is an unending beauty-feast,
and of beauty there is never any surfeit. There
is something floral in the red seaweeds, especially
when we float them in a pool to see the branching
of the fronds, and then in the opposite direction
there is the stable architecture of all sorts of
shells, with beautiful shapes, with pleasing lines
of growth, with colours which often look like
fixed flushes But between the pliant seaweeds
and the firmly built molluscan shells what a
gamut of beauty there is in the diversified jetsam
of the sea. ** So fertile be the floods in generation,
5o huge their numbers, and so numberless their
nation,"

There are no more beautiful Open Sea
animals than jellyfishes, but to appreciate their
beauty one must see them swimming,
The disc pulsates thythmically ; the
tentacles and frilled lips float out behind with
graceful, twisting movements ; the translicent
colours—such as blue, violet, red, and orange—
are often very fine. When jellyfishes are stranded
on the flat beach, they have lost most of their
charm, and those preserved in museums are
seldom attractive. In spite of their name,
Medusa, which refers to the snaky tresses and
suggests something terrifyingly Gorgon-like,
jellyfishes are extraordinarily decorative.

The great majority of jellyfishes are pelagic,
that is to say, they frequent the surface waters
of the open sea, but a few have colonised the
abysses, and some live near the bottom in
shallow water. There is an unusual kind, called
Cassiopea, common in harbours in the East
Indies, that lies on dts back on the sea-floor,
remaining for hours or days at one place. It
has a very stiff bell, which in some specics
bears a sucker-like dimple where it touches the
ground, The concave surface of the bell is
turned upwards, and instead of a proper mouth
there are numerous pinholes on the eight or
more branched and frilled lips. As these lips
are often greenish or reddish, they are sug-
gestive of seaweeds. But we do not dare to say
that this resemblance is of any use.

Our commonest jellviish, Awrelia anrita, of a

Jellyfishes.
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FPhoto : W, 5. Bervidge, F.Z.5.
MEDITERRANEAN JELLYFISH (Carmarina),

This beautiful jellyfish, one of the Teachi fuse, commnn
in the Mediterranean and other sems, shows four long tentncles
and a centml mouth hanging down like the clupper of o beil
It swims by contmeting the dise or umbrelln omd driving the
wiler oul. 1L lives in the open sea Bear the surface.

blue-violet colour, is often about the size of
a soup-plate, but it is small compared with
many. Thus the amber-coloured Cyanea,
sometimes so0 common that it breaks down
stretches of salmon stake-nets in the shallow
water along the shore, often has a disc a
vard in diameter—quite big enough for a mer-
maid to sit on. The tentacles float out behind
for a distance of many yards, and they are to
be avoided by bathers, since their myriads of
stinging threads are strong enough to pierce
the human skin. The beautiful blue * corn-
lower jellyfish,” Cyanea lamarchi, is perhaps
just a colour variety of the amber-coloured
* hair-jellyfish," f:&mm capillata, but it
never grows s0 large. On the other hand,
an Arctic variety or species, Cyanea arciica,
must be the longest of all backboneless
amimals, for one has been measured with a
disc seven and a half feet in diameter and
tentacles 12o feet long | It is plain that the
only possible home for such an animal is the
open sea, where its huge bulk is supported
buovantly and where there is nothing to

This b= a besutilal colony, helon

knock against. We may notice here that one
of these enormons jellyfishes, with its tenta-
cles swaying in the water, might readily form
the basis for a sea-serpent story.

All jellyfishes are carnivorous., They depend
a good deal on small open-sea crustaceans,
which are present in inexhaustible abundance,
but some devour the floating eggs of fishes
and also the fry. Many feed greedily on smaller
meduse, and also on swimming-bells or
medusoids, which are not nearly related.
There is undoubtedly a wide range of possible
food, including, in the case of the mouthless
Rhizostomes already mentioned, very minute
organisms. It is of interest to notice that the
largest jellyfishes are those of the cold seas, a
fact to be connected with the increasing
abundance of minute swrface creatures as we
get further away from the Equator. One
reason for this seems to be that life is less
intense, more drawn out, in the colder waters,
and thus more generations are represented

: W. 8. Barridge, F.I.5.
MEDITERRANEAN BIPFHONOPHORE |(Phywophora kydroaiativa)
mE 1o U siiEe onder as Lhe Portuguese

Mon of War Below o finat or bludder at the ppex there are rows of swims
ming individuals. Helow these there are crowded whorls of other kinids
of indbdidnals, alfonding o fine instance of division of labour
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simultaneously. Hence our
northern fisheries, for they
depend in the long run
on the abundant supply
of wvery small - open-sea
organisms.

When a jellvfish is rigor-
ously starved it is able to
live for a month or six
weeks on its own jelly.
Though most of the jelly
is water, there is a small
percentage of .al-|||--l||j:|;_"
organic, allied in composi-
tion to gristle or to chitin,
and that something kl'l.‘]"‘!‘
life agoing. Of course the
creature must pet lighter
anid lighter every day and
this happens according to
a very regular law, that
the loss of weight each day
is proportional to the weight
of the animal at the be-
ginning of that day. Thus
the less jelly there is the
longer it lasts !

This seems an appro-
priate moment for noting
that the Japanese eat jelly-
fishes—a dainty kind of
repast. They take a kind
of medusa called Rhopi-
lema, and cure it with

alom and salt, or between Phota : W, 5, Beveidge, F IS

|l.'-.1.\'1..“ ol a sort ol |i-'ll,k_ NORTH
This Atlantic jellyilsh is o

Before being placed on the 1y fou
table the dried jellvfish is
soaked in water, cut into strips, and flavoured

e Hps

according to taste,. What chances we miss !

In capturing their prey, jellyfishes are helped
by the seuntless stinging-cells on the tentacles
and lips. When one of these cells is touched by
an appropriate stimulus it explodes and jerks
out a long lasso, which can often penetrate the
victim's skin. The function of these * nettle-
threads " is partly grappling and partly paralys-
ing. According to some authorities the poison
is formic acid, but the effects in certain cases
suggest something more subtle. An interesting
point is that a medusa may kill a fish of con-

ATLANTIC JELLYFISH

v Tz off D CiisLs It ling a lafge moulh guarded
# round the droumierence of the disc
position eight stalked balascing orgons or * statorhabe, ™

siderable size, and yet other fishes much smaller
may enjoy immunity. They swim about under
the shelter of the umbrella, in and out among
the tentacles. Thus young whitings are often
puests of the amber " hair jellvfish,” and a
hundred horse-mackerel may hide under a
IKhizostome, The common companions are to
be distinguished from predatory little fishes
that nibble off pieces of the medusa, and often
get caught in so doing. The stinging is some
times virulent and the members of the Charyb-
deid family are popularly called * sea-wasps."
They swim with unusual vigour and capture
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fishes inconveniently large for their stomachs.
In our vellowish or bluish Rhizostome, which
may have a disc-diameter of a foot and a half
to two feet, a shelter is given to small Amphipod
crustaceans as well as to fishes. Here we may
notice that besides the cosmopolitan Aurelia,
which is found from pole to pole, the amber
and blue Cyanea, the wyellowish or bluish
Rhizostome, there is another readily recognisable
jellyfish in British waters, the Compass Medusa
or Chrysaora. It occurs in a variety of colours,
especially reddish-brown, and owes its popular
name to sixteen radiating lines which split into
thirty-two about halfway across the disc. It is
peculiar in being male and female at once, or
male when it is young and female when it grows
older, for the rule among jellyfishes is to have
separate sexes,

The fertilised eggs of a jellyfish are sheltered
for a time in the niches of the frilled lips; in
typical cases they become free-swimming ciliated
embryos, which soon settle down on rocks as
fixed polyps. By a strange transverse budding
the polyp or hydra-tuba forms " a pile of
saucers,” and one saucer after another tumbles
off, growing rapidly into a perfect jellyfish.
Thus the typical life-history of a jellyfish ex-
hibits what is called alternation of generations.

How beautiful the mode of swimming—by
increasing the curvature of the umbrella and
driving out a mass of water. Dr. A. G. Mayer
says that sodinm oxalate forms as a waste
product in the pinhead sense-organs round the
margin, that caleium chloride in the sea-water
soaks in and precipitates calcium oxalate,
setting free sodium chloride (common salt),
which is a powerful stimulant for the nerve
cells, causing them to command the muscles on
the under-side of the bell to contract. How
very interesting the sense-organs are, which we
see so clearly in eight niches on the margin of
Aurelia. Each is just a speck, but each includes
a part sensitive to light-waves, a part sensitive
to chemicals in the water, and, thirdly, a
balancing organ. If the sense-organs are injured
the jellyfish is no longer able to swim rightly,

The Herring
All fish is not the same fish ; they differ in

temperament as they do in taste, And one
of the most marked individualities is the

herring, so familiar in its various disguises
on the breakfast table, Perhaps the herring
has not much of an inner or mental life, but
it is an alert creature with keen senses.
Compared with easy-going fishes like the carp,
it is nervous and high-strung. It is not easy to
keep the herring in captivity, for it will dash
itself against the sides of the aquarium or jerk
itselfl clean out of the water on to'the floor of
the room. Thus it has been found impossible,
we believe, to transport living adults to distant
seas, such as those that wash the coasts of New
Zealand.

One cannot rightly appreciate the herring with-
out seeing it alive, which means an excursion
on a fishing boat. To see the net drawn in is a
feast to the eyes—the meshes seem to be full
of broken rainbow. There is silver and gold,
steel-blue and lustrous green, and hints of other
colours. Many of the herring, caught by their
gill-cover, are dead—drowned indeed—when
the net is drawn in ; but this is not true of all,
and the live herring is unforgettable. Another
feature that strikeg us is the litheness of the
body. As in other fishes of active habits, the
portion of the body given over to locomotion is
a very large fraction of the whole. It is well
known that the paired fins of fishes are almost
always balancing organs, and that the posterior
half of the body, which is mainly sheer musele,
is the organ used in the rapid sculling by which
most fishes swim. The herring's body is stiff
indeed on the fishmonger's slab, but in the water
it is even more than what Ruskin called " a
twisted arrow.” We cannot find any comparison
save with some other consummately active
creature, like a bird. The creature's stream-
lines, so well adapted like those of a vacht, for
swift movement through the water, are quite
unsurpassable. Beauty of colouring, beauty of
form, beauty of movement—we have them all
in the herring |

When herrings play about in a shoal near the
surface they " make a ripple,” as the fishermen
say, as if there were a slight breeze ; and the
sound of their going can be heard for a short
distance when everything else is still. Their
movements in the darkness are marked by bright
light, which many fishermen and some naturalists
believe to be due to the herring itself. For our
part, we do not think that the herring has any

L
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luminescence of its own, The light is surely due

either to reflection, or to contact with small

open-water animals, many of which are " phos-
phorescent," The glowing light seen on herrings
hung up to dry is, of course, produced by
luminiscent bacteria,

There are over fifty different species of the
herring genus ; and of #he herring of the North
Sea -and the North Atlantic there are several
races, which are as much disputed about as the
races of mankind.

diffusive, exploring every niche of opportunity,

The herring, like man, is

and in the various quarters of the fenceless sea

EARLY

T The fertilised egg that hos begun to dey
digmeter, 2 The developed six davs alter [
twisted round what rematns of the voli 3. A
It will sooa rise to the mid-waters and then to the stirface

wlop | much m
tation, with

or races have established
themselves. Thus the dwarfish Baltic herring
are very different from the splendid fish from
the West of Scotland, which are sometimes over
a foot long. But they are all fertile with one
another, just like human races ; and as they are
given to wandering, there have arisen baffling
But there
seems to be a well-marked distinction in certain
for

spawners '

different wvarieties

racial mixtures, just as in mankind.

instance between the °' summer

of the open sea and the " autumn

CASES,

spawners,” which keep nearer shore. Those
Rip van Winkles who do not believe in evolution
should study the splitting up of the genus
Herring or Clupea into species (like herring,

51

DEVELOPFMENT OF THE

i larva siill living near the

sprat, pilchard or sardine, and shad), and the
splitting up of the herring species (Clupea
harengus) into its sub-species or races. Evolution
5 going on,

Herrings have no armour or weapons ; they
have a multitude of enemies who enjoy their

palatability—cod and coalfish, shark and rorqual,
seal and cormorant: they have no great
equipment of brains; how, then, do they hold
their ouwn in the strugele for existence 7 Part of

the answer may be found in their alertness and
swiftness, but a great part is to be found in their

capacity for prolific multiplication. They suc-

HERRING
It |5 a transsparent f
hiel embryo, showing the
bottom of the sen

ilter Hock

v, about ope-sixteenth of an inch in
eyes on the head and the hody

ibont two-fifihs of an fach lo length

TR L

ceed not because they are strong or clever, but
because they are many. A female herring may
[.-:'t_]l:}l.p:'g' 20,000 10 4|:-.1|1|-!|1'EL:-. not "p'i'."l':'.' many as
:_'4-||.-'||.:J':'-:] with cod and conger, which run to
millions, but enough. There is a considerable
margin for safety. Moreover, the eggs do not
float, like those of most of our food-fishes ; they
sink when they are liberated, and they are glued
to stones and the like on the floor of the sea,
There is great excitement at the spawning time,
when shoals of herring seck shallower and
sometimes less briny waters, Gregarions in its
feeding habits, the herring 15 gregarious likewise
in its multiplying. In a frenzy, lasting for five
or six hours, the females liberate their ova, and
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SOME STAGES (5-5) IN THE GROWTH OF THE HERRING
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the males the fertilising milt. The sea becomes
greyvish and a rank smell of herring rises from
the surface.

Enormous crowds of herring often

frequent inshore and estuarine waters, where

VOuUng

food is abundant ; and these furnish a preat
part of the toothsome dish known as “ white-
bait.” Of course that sometimes includes, very
naturally, young fishes belonging to other
species, e.g., sprat ; and there is a well-known
tale of one of the British Museum ichthyologists

who distinguished eight species on his dinner
plate | The herring is a dainty feeder, depending

on the deck or dashes in at a port-hole. In
some cases there is a swarm of these beautiful

creatures, reminding us of insects

Flying

: rising i ont o s when we walk 1
Fakes: 1sing in front of us when we walk in

a meadow in a warm country like
[taly. When the sun shines on them they look
like big dragon-flies, and there is much point in
what Ibanez says in his novel, ** Mare Nostruom ™
(Our Sea) : " Before the prow hissed the silken
wings of flying fish, spread out in swarms, like
little squadrons of diminutive aeroplanes.”
After much discussion most naturalists have
come to the conclusion that in the ordinary

HERRING

Three scales of a herfing showing lines of summer growth
anterior part of the scale with an even contour 1

laps ihe next one behind, has o fringed contour and lacks the fine

mainly on small open-sea crustaceans—hence
the delicious flesh. It 15 a gregarious creature,
fond of company. It is intensely alive, and
sometimes leaps into the air. Following its food,
it roves far and wide, and up and down; it
also ** migrates "' in search of suitable spawning
ground, or because of many enemies, or because
the waters have become oily and foul. The
herring is a nomad and one of the most successful
of fishes. We wish we knew it more intimately.

On a voyage to the Cape or India or even
America, it is no uncommon sight to see flying-
fishes rising in front of the steamship’s bows
and skimming to either side high above the

waves., Now and again one of them lands

mnd winter
rmbedded In a skin-pocket
siriped pattern

SCALES,

mge of the fsh cun be determinsd The
scale which protrodes and over-

check, from which the
the posterior part of the

Flying Fishes of the sea (Exoceetus and Dacty-
lopterus) the enlarged fore-fins serve as para-
chutes not as wings. They may vibrate a little
in the first case, and futter a little in the second,
but they do not in the strict sense strike the air.
The impetus is due to strong strokes of the tail
before the fish leaves the water, and it may be
increased by the force of wind and wave. When
the fishes sink to the surface of the water again,
they may lash out afresh with the tail and make
another start without the body being immersed.
They may repeat this performance at short
intervals. Itshould be noted that the muscles of
the pectoral fins, though somewhat more deve-
loped than usual, are not very strong, and that in
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ordinary fishes the paired fins are not for swim-
ming but for balancing the body.

Some recent observations by Dr. E. H. Hankin
throw a fresh light on the agrial locomotion of
Flying Fishes. Much depends on the atmospheric
conditions. In the Arabian Sea on a very still
evening after sunset he noticed that the Flying
Fishes did not glide in the air for more than a
yard. They were also very liable to lateral
instability or side-slip, On other occasions when
there was sunshine and a light breeze the flight
extended for zoo-4o0 yards. As with ** sailing *'
birds, a breeze is essential for successful ** flight.”
The fore-fins are usnally held "' flat,” thatis,ina
horizontal plane. Sometimes they are slightly
inclined upwards. Now the soaring vulture has
its wings in the " up " position for slow-speed
flight and in the " flat " position for high-speed.
In rare cases the fish had its fore-fins inclined
very slightly downwards, and this * down "
position is probably used for flight at the highest
speed. It will be remembered that by " sailing "
or “ soaring "' in birds is meant that mysterious
kind of flight in which there is rapid progression
without any apparent strokes of the wings.

Dr. Hankin also noticed that the extreme tips
of the {ore-fins may be bent up at an angle of
forty-five degrees to the rest of the fin, and the
same appearance is seen in the wing-tips of
vultures in their horizontal sailing flight. Thisis
another fact pointing to the conclusion that the
*“ flight * of the Flying Fish has something in
common with the * sailing ™ or " soaring "' of
albatrossand vulture. There may be flapping of
the fore-fins at the start, but not after the fish has
got well under way. A speed of over ten yards
per second was observed, the fish keeping up
with the vessel for eight seconds, The maximum
rate is probably about twenty yards per second.

By careful observation of species of flying fish
that have coloured hind-fins, Dr. Hankin was
able to show how the fish checks its velocity
both in high-speed and low-speed flight by
altering the position of these fins,

In one species that has the hind-fins small and
far forward, therefore unsuitable for checking
speed or for vertical steering, the fore-fins are
drawn back through an angle of about forty-five
degrees when the fish reaches the end of its flight.
The result of this is that the fish makes a nose-
dive into the water without altering its speed.

Amongst the jetsam which November gales
toss up on the beach we sometimes find a bat-
tered Storm-Petrel, and once we
found its cousin the Fork-tailed
Petrel which had met a similar fate.
From their breeding-places, which are often on
islets to the north and north-west of Scotland,
Storm-Petrels migrate in autumn to the open
sea, where they spend the winter. It is probably
during these migrations that some of them go
astray in stormy weather, and are killed against
the rocks. More independent of the earth than
almost any other bird, for they rarely touch it
except at their nests, the petrels are often
wrecked in the end.

They get various names, these creatures of the
open sea, smallest and daintiest of our web-
footed birds, one of the best known being Mother
Carey's Chickens, which is supposed to suggest
that the Mater Cara, who has the weak and
storm-tossed in her keeping, has a kindly interest
in the adventurous petrels. And as to the word
petrel, it is supposed to refer to St. Peter's
attempt to walk on the water.

The Storm-Petrel is a sooty black bird, with a
little white about the tail and under the wings,
just over six inches in length, with long, some-
what swift-like wings well suited for rapid flight,
and with long legs, the meaning of which is
abscure, That its affinities are with albatross,
shearwater, fulmar, and the like, and in nowise
with the gulls, in spite of superficial resemblances,
is indicated by the fact that the horny bill is
made up of numerous pieces (taking our thoughts
back to reptiles’ scales), by the extension of the
two nostrils into a double external tube, by the
single chalky-white egg with a few reddish-brown
spots, by the very long sooty-ash down covering
the nestling, and by many deeper characteristics.

The Storm-Petrel has become a thoroughgoing
pelagic bird ; that is to say, it keeps to the open
sea except at the nesting-time. It has actually
been seen flying across a promontory and hawk-
ing insects like a swallow, but this is not typical.
Usually it flies close to the waves with its web-
feet touching now and then, or paddles about
floating on the surface. Its {ood consists of small
fishes, crustaceans, molluscs, and other open-sea
animals, and at the nesting-time it seems to be
fond of morsels of sorrel. The crop contains a
good deal of oil, which the bird vomits up forcibly

The Storm-
Petrel.
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GANNET [Sula baizana) BITTING.
The mature bird is mostly white, Unged with buff on ihe head and neck. There are dork quills on the wings. The total length is jost
about a yard, and the expanse of wing exceeds six feet,  Its flight k= masterly and its dive may begin two or three hundred feet above the waler.
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A GANNET COLORNY

Most of the Ganaeis go odil Lo sea after the breeding sesson, and olten travel far in seanch of fsh

deserted in winter, and sometimes entlrely for o few werks
in Beptember and Octoher
when suddenly molested, which is also given by
both sexes to the young., A captive Storm-
Petrel was fed for three months on oil alone. The
amount of oil throughout the bird may be in-
ferred from the fact that some islanders thread a
wick through the dead body and use it as a lamp,
" the excess of fat burning steadilv until the
whole is consumed.”

The Storm-Petrel’s nest hardly deserves the
name ; it 15 never more than a little mattress of
dry grass. The single egg is laid (about the end
of June in Scotland) in a hole among the rocks
or loose stones, or in a burrow, which may be a
rabbit’s, or may be partly made by the bird's
own exertions. There is a pervasive musky
smell about the hole, The parents seem to share
the patient duty of brooding, and this lasts for
about five weeks. During that time the birds
are not seen coming or going, for they become
crepuscular in their habits. After the voung
bird is hatched it seems to be left alone during the
day while the parents recuperate at sea and col
lect the oil for the heavy supper which their

Thue the breeding haunts are relatively

The thronging multitudes return to the cliffs in March snd April and lenve agaln
There may be many thousands, and the rocks become whitewashed with their droppings.

nestling makes, and needs. It is not till the
autumn that the voung birds are able to leave
the hole and fend for themselves, and such a
prolonged infancy would not be possible were
not the nesting-place well hidden.

There is doubt that the Storm-Petrel
belongs to a family of ancient birds, with a long
pedigree going far back to some affiliation with
the extinct, miant, toothed Diver of the Creta-
ceouns times. Like its relatives, it has held its
own by becoming highly specialised in its every-
day habitat and in its way of feeding on
surface pelagic animals. It is very interesting
to find among its relatives a Diving Petrel
(Pelecanoides), remarkably but deceptively like
& Little Auk, which has become a most expert
diver, disappearing instantanecusly, swimming
swiftly with its wings under water, and emerging
again #n flighi—a brilliant instance of the way in
which survival is secured by trying every niche
of possibility. A great part of organic evolution
has been a continnal obedience to the precept :
Test all things and hold fast that which is good.

no
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There is in many living creatures a quality of
inventiveness, of more or less intelligent but
always strenuous experimenting, which enables
them to evade the closing net of environing diffi-
culties. Often, at least, their reward is survival
through originality.

The Gannet

We take the gannet (Sule bassana) as a type
of Open Sea birds, for its summer stations, like
the Bass RKock the
bassana), Ailsa Craig, Bressay, and Suliskerry,
A few "old
may be seen at these breeding haunts
but the great majority migrate
to the open waters of the North Atlantic,
A number find their way into the Mediterranean
and the Gulf of Mexico,

{to which 1t owes name
are breeding places, not homes,
stagers "

in  winter,

An interesting point

is that there are now only fifteen breeding
stations, and that six of them are round
the British coasts. The pannet, or solan

goose, is the only British representative of

Phota ; M. M, Salmon,

PART OF

its family (Sulide); it is related to Tropic
Birds, Frigate Birds, Cormorants, and Pelicans ;
but not in any way to geese,

Among structural peculiarities may be noticed
the closing of the nostrils to a pinhole, the
vestigial state of the tongue, and the inclusion
of all the four toes in There is a
curious comb-like serration of the claw of one

the web,

of the toes, comparable to the * pectination "
seen in nightjar, heron, bittern, and some other
birds, but its significance is uncertain. More
interesting is a forward tilting of the coracoid
bone of the shoulder-girdle, so that it is almost
in a line with the axis of the breastbone. This
makes it easier {or the bird to stand the impact
of its terrific dive. Another peculiarity, very
well known but not very clearly understood, is
the presence of a large number of air-sacs under-
neath the skin, They are in connection with the
internal air-sac system characteristic of birds,
and can be inflated or emptied from the lungs.
They form cushions over the

a layer of air

THE GANNET COLOXNY.

There are ahout fftecn breeding stations for the Gamnet, and six of these are British, e.g., Ailsa Cralg and the Bass Rock. The others,

beyomd Hritain, inchode the
on the open dmi.

Fafroes and lToelnmd, and some islamds off the East Const of North Amerion

In winler most of the gannets are
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Photo r By courfesy of the Britash [rstructional Foaa, Lid,
THE NEST OF THE GARNET.

The nest s on n shelf or hracket of & sea-cliff.

Fromi the cBff ; bot it & decorated with * all sorts of odds and ends -
o good deal of thieving and squabbling during the nest-buoilding time.

greater part of the body, and are very conspicu-
ous when one skins the bird. They were studied
long ago by Sir
MacGillivray, and others, but their meaning is
not quite certain. They make the heavy body
more buoyant when the bird is floating in the
stormy sea ; they may serve
to lessen the shock of the great
dive ;
gest that they may have some
use in winter in lessening the
of heat cold
water. It must be understood

Richard Owen, Professor

and we venture to sUg-

loss into  the
that they represent an cxag-
geration or great extension
of the ordinary air-sac system,
but there is a curious sugges-
tion of a diseased state in man
]':n.(l'“.'tl a5 "IT1]1||:'|-':'\'§.'”]:|-. il 'l_lil”'l.'
condition due to the diffusion
into the

Lastly, it must be
noted that asimilar superficial

ol alr connective

ssue,

extension of the air-sacs is
seenin hornbills and screamers,
whose habits are very differ-

Fadie & By oy

ent from those of the gannet,
Every creature is a bundle

2 period is six wecks.
of adaptations, and we are

It is mnde of seaweed, tarf, or the like gathered
even candle ends |

The single cgg has & challky outer laver, bot besealh this it (= blaksh gteetl
goes on, the shell usually beoomes stained.

not nearly at an end of the
gannet's. But it may be
enough to notice one more
the long, strong, sharp-point-
ed hill with a row of fine
backward-directed serrations
along the inner edge. Nothing
could be better for gripping
fish.

Gannets are hungry birds,
and do not obey hard-and-fast
rules ; but there is no doubt
that they seldom catch any-
thing but fishes, except an
occasional squid ; that they
prefer full-grown herring and
mackerel and the like; and
that they look out for shoals,
for that makes fishing easier.
As their booty is moving even
Thereis  as they dive, we can under-
stand the importance of not
closing the wings till the last moment in the

descent. It sometimes happens that they
swallow somewhat difficult fishes like the
gurnard-—a thorny subject. This may be fatal.
Dr. F, M. Ogilvie notices that gannets, like

some other Open-Sea birds, suffer severely in

3

of the Hribish Imstructional Filmes, Lid

NEST OF THE GANNET, SHOWING THE EGG DARKENED IN COLOUR BEFORE

HATUCHING.
As bhrooding
Both paremts build and beood, and the iscubation

The brooding bird covers the ege with its feel or with one of them before
it lowers its hody on the Best,
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prolonged stormy weather, for
the fishes are driven beyond
their sight and reacH. " There
is no bird, to my mind, that
=eems 5o full of vigour and the
jov of living, when the world
goeswellwithhim, as a gannet,
and nomore pitiable sight than
the same bird buffeting up
against the relentless * north
caster,’ struggling on without
food, without strength, and
finally falling exhausted and
being washed up by the in-
coming tide.”” On the other
hand, the gannet has no living
enemies except man. It may
be that the bird's custom
of accumulating malodorous
heaps of disgorged fish near
the nest is the beginning of
a storing instinct. For were
there not some food in reserve

-a
Fhote ;. By courtery of the Hratish Dnntructhional Films, Lid.

THE NEWLY-HATCHED GANNET.

When just hatched the young nre dark slate-ooloured, but blind and nmied Palches of
down soon appenr, and these bead om to o thick fufy white sait, a8 in the plotograph. I
few weeks there are true featbers which gradually replace the down and glve the young bind
n dark brown dress, speckled with white, In this dress, when about three months old, the
young birds leave the rock.

a prolonged storm would involve the nestlings as  bird that has been sitting proceeds to leave the

well as the parents in disaster.
family matters.

That bringsus to  nest and the ledge of the cliff. 1t rises silently,
stretches neck and beak up to the sky, raises its

First of all there is the courting, of which a wings more or less erect, depresses the tail
careful description has been given by Mr. F. B. walks stiffly to the edge of the shelf, and

Kirkman. Gannets are mono-
gamous, and probably pair for
life, for they are seen arriving
in pairs at the breeding
station. They have an elabor-
ate ceremonial, wagging their
heads, knocking their bills to-
gether like castanets, whetting
one bill against the other, cos-
seting. one another's plumage
with their bill-tip, bending and
bowing, and uttering strident
cries, " Urrah, urrah.” The
males and females are alike in
appearance, and behave in the
same way. The ceremonial
does not stopwith the courting,
but continues into the brood-
ing chapter, and is éxhibited
whenone birdrelieves the other
at the nest. Very remarkable
i< Mr. Kirkman'saccount of the
ceremonious wav in which the

Filusd [ @y courtesy Of tag dirth | mebru fomal Filaws, [id

THE YOUNG GANNET ALMOST FULLY FLEDGED
For o while the young Gannel gets its meals by plunging 5 bead, and much more than its
head, into its parent’s enormouns gupe.  When almost fully Acdged it is predominantly o betes
bird ; by the time it {5 4 vear old there s moch white ; bot four yenn or so are ussally reqiedned
for the development of the mature plomage.
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launches itself into the air with a strange cry
never uttered on any other occasion. There
can be little doubt that the gannet is a very
affectionate bird, and this is not inconsistent
with a strange roughness which mates some-
times display to one another or with their
snappiness to their next-door neighbours. There
is considerable bickering on the craig.

The gannet stakes the continuance of its race
on one egg per annum, which shows that its
position in the struggle for existence is fairly
secure, The shell is greenish-blue, covered by
a rough, chalky layer, which is often stained.
Before sinking down on the sparse collection of
seaweed and flotsam that forms the ** nest,” the
brooding bird puts its webbed feet over the egg
and keeps them in this position. The incubation
lasts for six weeks—an unusually long time—and
the bird that is sitting is not easily disturbed.
It may lunge at you with its bill, but it sits tight.
It is perhaps the gannet's indifference to man'’s
presence that accounts for the name * booby "
(Portuguese for fool 7} applied to some other
species of Sula, for the bird is anything but stupid.

The newly hatched gannet is blind and naked
and slate-coloured ; but it is soon covered with
beautiful white down. It is abundantly fed and
becomes very fat, which may make for safety
by inducing a sluggish disposition. For the
ledge of a sea cliff is not a suitable place for
juvenile exercises. In about three months the
voungster is ready, but not very willing, for its
first plunge. The prolonged feeding means a
good deal of work on the parents’ part, but they
share responsibilities equally both in sitting and
foraging. In early days they prepare pulpy
packets of half-digested fish, sometimes thrown
up and re-swallowed, and the young bird gets
possession of these by thrusting its head into
the parent's widely-opened mouth. Later on,
the young bird takes fresh fish from the adult's
crop, thrusting in the whole length of its head
and neck. It must be a great day when the
voung gannet first catches a fish for itself. They
are not mature for three or four years, and
exhibit as they grow an interesting series of
plumages. As the immature birds are seen
among the adults on the breeding stations they
have opportunities for picking up hints which
may be useful additions to their heritage of
instincts. For even a hooby can learn.

The first backboned animals to get a footing
on dry land were certain Amphibians, and this
Poitolis, happened in Dévonian and Carbon-

iferous ages, From ancient Amphib-
ians there sprang Reptiles ; and from terrestrial
Reptiles there evolved Birds and Mammals,
But, as we have already pointed out, life on dry
land was not easy, and so we find terrestrial
animals seeking out other haunts if haply
they may find some relief from the keenness
of the struggle for existence. Thus some became
tree-animals and others became burrowers:; some
became flying animals and others returned to the
sea.  We take porpoises as good examples of the
descendants of land mammals that harked back
to the ancestral aquatic habits.

The distinguished physiologist, Professor Sir
John Burdon Sanderson, once remarked that
our delight in looking at a beautiful animal is
often mingled with an admiration of its fitwess
for its particular habitats and habits. This wise
remark applies well to porpoises and dolphins.
Their swimming movements are harmonious and
beautiful in themselves, and the curves of their
body are very pleasing, but when we watch them
or any other Cetaceans (whale-like mammals) we
are unconsciously influenced by the fact that
they are big bundles of fitnesses.

The shape of the body is admirably fit for
rapidly cleaving the water ; the lines of the body
are stream-lines like those of a yacht. Every-
thing is done to reduce friction; the skin is
smooth, and there are no protruding structures
like ear-trumpets, The tail is flattened horizon-
tally, and turned into a propeller that shifts the
water first to one side and then to the other, but
a propeller that does not go round ! The fore-
limbs have become balancing flippers.  Almost
all trace of hair has gone, but its place in retain-
ing the precious animal heat is taken by the
thick layer of non-conducting blubber, which also
makes the Cetacean more buoyant. And when
we ask what blubber is, we find that it is simply
an exaggeration of the layer of fat (the pannic-
ulus adiposus) which is found in almost all

“mammals, the common hare being a familiar

exception. The nostrils, united in a single blow-
hole in toothed Cetaceans, are situated on the
top of the head, and this helps breathing (in-
spiration and expiration) when the animal comes
to the surface, Moreover, the nostrils are valved,
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THE WHITE-BEAKED DOLPFHIN.
The name Dolphin is applicd to many members of the family of whales or Cethotans known as Delphinidar, but it belongs in particular

to the Common Dolphin [Delfphisus delfrhin) abundant in the Mediterranean and clsewhere all over Lhe seven seas.

It may resch o length of

seven feet. 1k is an intelligent open-sea mammal, with o large appetite for fish. There are 47 to 63 short sharp Lecth.

so that water does not enter when the creature is
submerged.

The reduction of the neck to an extreme of
shortness is well-suited for diving full fathoms
five and more. There are strange networks of
blood wvessels, which are believed by some to
allow of the storing of oxygenated blood before a
prolonged stay under water. There are arrange-
ments for giving the young one a large drink of
milk all at once, for suckling must be a little
difficult out at sea, There is also an interesting
way of shunting the larynx (at the top of the
windpipe) forwards till it meets the posterior
openings of the nasal passages, so that a con-
tinuous passage is formed from the external
nostrils to the lungs., Therefore, when the mouth
is open, in dealing with a struggling fish, for
instance, the water does not go down the wind-
pipe.

Porpoises are the commonest of British Ceta-
ceans and many people are familiar with their
gambolling in the waves. The movements are
very graceful, and when a number swim together
in a line with the crests of their backs showing at
regular intervals above the surface, one gets a
very presentable sca-serpent! Every half-

minute or so, when it is hunting for food, the
porpoise shows at the surface. First the snout
and head are seen, then the middle of the back
and the dorsal fin, finally the tail-flukes. In half
a minute the snout appears again.  The whole of
the energy comes from the twisting thrusts of the
propeller ; the flippers are for balancing and
sometimes for suddenly putting on a brake.
Their normal position is pressed close to the
sides of the body What we have just said about
movements is not warm enough, for there is a
delightful * go " about them when the members
of a school indulge in games, as they often do.
On such occasions there are often leaps and
gambols, somewhat more adventurous than the
ordinary rhythmiec roll.

The porpoise ranges from the Mediterranean
across the Atlantic, but it is commonest not very
far from the coasts. It is a very familiar animal
in fiords and firths like the Firth of Clyde, fam-
iliar to the ear as well as to the eye, for who does
not know the sound, between a sob and a sigh,
which tells one in the dusk that a porpoise has
just given out a great breath of air, Thereis no
carrying up of water in a blast as in the larger
Cetaceans,



ANIMALS OF

THE SEA&A 813

For the most part the porpoeise is a fish-eater,
and levies toll especially on open-sea fishes like
herring and mackerel, Where the mackerel
abound there are the porpoises gathered to-
gether, sometimes in schools of half a hundred.
At other times they may prowl about close in-
shore, searching for codlings and the like, and
their partiality for salmon leads them sometimes
far up the rivers. They are often seen above
London Bridge, and there is a record of one
having been caught at Paris.
The teeth are well suited for
fish-catching, but they are
not sharp-pointed cones as
in true dolphins ; they have
rather spade-like
They number = twenty-six
above and below.

Crowns.

With very few exceptions
a single young one is born at
a time, which may be in part
an adaptation to the diffi
culty of suckling in water,
and in part an indication
that the security of the
porpoise’s tenure of life has
been sufficient to allow of
greatly economised multi-
plication—small families, in
short. As is common in
highly endowed mammals,
there is a long period of
development before birth,
for the mother carries the
young for about ten months
before it is born. There is
strong maternal affection and
prolonged carefulness. In
his great book on DBritish
Mammals, Millais tells of the
capture of one of two por-
poises that were swimming
beside the boat. The captive
was not killed, simply kept
on board, and the other one
continued swimming along-
side for over half an hour,
The captive was then re
turned to the water, and
the two went ofi together.
It is mot certain that the

Frmo ; Jamey Frees

cock's comb

eolomles are kKnowii.

A prndy
PORTUGUESE MAN-OF-WAR (Physalia]

Thiz is an open-sen codony of modified swimming bell-like or medpsoid-lke Individoals.
Uppermost and Booting on the surfnce |8 a brightly coloured bladder, like a huge inflnted
It forms a floal, sapporting the other members of the colomy, which have notritive,
kooinotor, reprodactive, and other funclions.
The stinging powers ore virulent.

captive was the offspring and the loyal com-
panion the mother, but that is probable. If not,
the observation illustrates a strong development
of kin-sympathy.

It should be noted that the mother-porpoise,
like all other Cetaceans, brings forth its young
one in the open sea, in marked contrast to the
seals, which have to return to the land to calve,
Similarly, while the young porpoise swims right
away, the young seal has to be nurtured for a

It is distributed over all warm seas. Only male
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considerable time on shore. Indeed, if the very
young seal tumbled into the water it would
drown. The contrast indicates, of course, that
porpoises and their relatives have been much
longer in the sea than the seals have, This is
borne out in other ways, for instance, by the
absence of any external trace of hind limbs in
Cetaceans, whereas in seals they are well deve-
loped though no longer of use as organs of sup-
port. Both porpoises and seals are aguatic
descendants of terrestrial mammals, but the
ancestors of seals were land carnivores, whereas
the pedigree of the porpoise is unknown. Both
illustrate the widespread tendency to seek out
new kingdoms to conquer, new niches of oppor-
tunity to fill.

So far as we know, it has not been the good
fortune of any naturalist to establish an intimate
acquaintanceship with a porpoise, and little is
certain in regard to the creature’s inner life. It
is a sociable, brainy, playful, affectionate animal,
that has made a success of its life. 1t is said to
have a voice, but we have never heard it,

We use this convenient word for the floating
things of the sea, especially for the floating living

creatures. Ome of the momentous

cleavages or partings of the ways in
the realm of organisms is that between the
swimmers and the drifters of the open waters.
There are those that command their course—
creatures of all sorts and sizes from whales to
shrimps, from storm petrels to the marine insects
called sea-skimmers, They are often summed
up in the technical term Nekton, But on a
different line of life are those that take things
casily, drifting hither and thither without much
effort, such as jellyfishes and Portuguese men-of-
war, sea-butterflies, and the strange animals
called Salps, besides enormous numbers of small
fry. They are often summed up in the technical
term Plankton. It must not be supposed that
there are many kinds of open-sea animals that
are entirely destitute of locomotor organs,
though that might, perhaps, be said of some, such
as the unicellular pelagic Globigerinids and
Radiolarians, but there are a great many which
drift much more than they swim, and these we
may call the living flotsam of the sea. In many of
the minute crustaceans the active movements
have more to do with flotation than with loco-
motion ; when they cease the little creatures

Flotsam.

sink. Without over-emphasising the line between
swimmers and drifters, which is certainly not
hard and fast, we may recognise that it separates
two very different habits of life.

Attached to floating logs there are often great
clusters of barnacles. Once they were actively
swimming larvee, but they get tired of it and
fasten themselves by the front of their head.
This grows out into a long elastic stalk, at the end
of which the body hangs. All active locomotion
has ceased, but the barnacles are very active
none the less. Like their relatives the acorn-
shells on the shore rocks, they are continually
engaged wafting microscopic food into their
mouth, sifting the water with six pairs of beau-
tiful, biramose and plumose, curl-like limbs.
Now there is a kind of barnatle (Lepas fasci-
eularis) not uncommon in British waters which
is distinguished from the ordinary ship-barnacle
by having a very lightly built shell and a very
short stalk. Its story is remarkable and a bio-
logical puzzle. When the larva abandons free-
swimming it often attaches itself to a floating
piece of seaweed, or to a gull's feather, or to a
wooden match. It begins to grow and undergo
metamorphosis in the usual way, and for a time
its little float is as effective as a big log. But in
the course of time the barnacle, lightly built as
it is, becomes too heavy for its support, and
begins to sink from the surface, This would
be very disadvantageous, for it feeds on surface
organisms, At this juncture what does the
barnacle do but secrete a somewhat gelatinous
roundish buoy containing bubbles of gas. This
is secreted at the lower end of the short attaching
stalk, between the extraneous float and the main
body of the animal. The self-made buoy enables
the barnacle to continue floating at the surface,
Its “why" is plain, but we wish we understood
its " how."

The case of the buoy-making barnacle is, of
course, simply a striking instance of what we
always find—fitness upon fitness, adaptation
upon adaptation, » Let us gather together a few
examples of flotsam fitnesses, It is of great
importance to increase floating capacity, and the
meaning of a bladder filled with gas is plain. The
extraordinary colony of transformed swimming-
bells which we call the Portuguese men-of-war—
it is a virulent stinger—is floated by means of a
large reddish bladder as big as a man's hand. It



e W —

ANIMALS OF

L]
-
LN

THE SEA

¥

E -
Photo : F. W. Bowd, SHIP BARNMACLES (Lepas).

Rarnscies are Crstacenns (Clrripeds) which are free-swimming in their larval stages, but eventually Gx themse
the like, ‘I'he front of the head grows out into o long fexible stalk,
From between these there project six paim of two-lranched curbsd leg
Bairnacles gave rise to Barnacle geese, henee the name Goose Baraacle,

is a familiar sight on a voyage to the Cape | it is
conspicuous with its brightly coloured float rising
above the surface like an inflated cock's-comb.
Perhaps the float is also of some use as a sail, as
in a dainty relative called Velella, fleets of which
may be seen in the Mediterranean with their
translucent blue sails rising on the surface of the
water. Many of the simple unicellular animals
of the flotsam have in their living matter bubbles
of water of low specific gravity, and they are able
to sink by bursting these bubbles ! In many of
the myriads of minute crustaceans of the surface
of the sea there are droplets of light oil, and many
a fish egg has its flotation assisted by a large oil-
globule suspended in the yolk,

Another common flotsam fitness is the growing
out of long processes which make the creature

ind the body becom
which waft microscopic food into the moutl
till occasiomlily used

nclosed in five valv

almost unsinkable. Some of the extraordinarily
beautiful Radiolarians have delicate outgrowths
made of flint or of a glassy protein called
acanthin, which give these microscopic animals
a relatively large, though absolutely minute, grip
of the water. What looks at first like exuberant
decoration—and that aspect is undeniable—is
often of use in increasing the animal’s capacity
for flotation. The same fitness is seen even more
strikingly in many of the pinhead crustaceans
(Copepods) of the open sea. The cuticle 1s pro-
longed into delicate spines, which again bear
spines, so that the body comes to be supported
in the water by what look like little feathers.
Many visitors to the seashore come across
stranded specimens of the Angler or Fishing-frog,
a grotesque fish interesting in many ways, It
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has a fishing-rod on its back—a long fin-ray with
a tag of skin dangling like bait on a line. It has
a huge gape bordered by hinged teeth, which
bend inwards, making entrance easy and exit
impossible. The Angler feeds in part on other
fishes whose inquisitiveness costs them their
lives. But it is with the larval Anglers that we

have to do, for they live in a leisurely way far out
to sea, They have been recently studied by Dr,
Alexander Bowman, superintendent of the scien-
tific researches of the Fishery Board for Scotland,
and they are remarkable in the possession of long
streamers, like flexible ribbons, which spread out

I 8
Photo : F. Marljn Duncan, F R M.5., F.2.5

ZOOPHYTE COLONY (Campapularia] WITH POLYFS EXPAXDED.

A Hydmodd or Zoophyie 18 a fixed colony of small tubalar polyps, cach with 2 mouth and o
wrealh of stinging tentacies, which are well seen in the photogrph. Each polyp lives in o minute
The ssexual oolony b8 formed by budding, but the
Campanularians often Hberate swimming-hells or medusolds which are sexual. This b ealled

bell-ghaped cup, just wisible to the eye.

altermation of generalions,

into the water in an almost incredibly extra-
ordinary fashion. They are larval structures,
and they appear to increase the flotation
capacity.

In many cases, as in jellyfishes, the body is
very watery, and it may be said that lightness of
build is generally characteristic of the flotsam.
The very common translucency is probably an
expression of the delicate architecture, but one
would not like to go the length of saying that it
was never of value in making the creatures
invisible in the water, Some of the most beau-
tiful flotsam animals are so delicate that they
cannot stand stormy weather, and their par-

ticular adaptation is to avoid the breaking waves
by sinking into the 'calmness of deeper zones.
This is finely illustrated by the sea-gooseberries
or comb-bearers (Ctenophores), which are among
the most beautiful animals in the sea. They are
distantly related to jellyfishes, but they have the
usual stinging-cells replaced by grappling adhe-
sive cells, by means of which they capture small
animals. They are intensely active, lumineéscent,
often iridescent, carnivorous creatures, moving
by means of cilia fused into little combs. But
their locomotion is of a gentle sort, and we must
include them in the flotsam. The point is that
whenever the sea becomes the
least rough—before there are
any white horses to be seen
the comb-bearers descend
into quietness. It is plain,
then, that the living flotsam
of the =zea abounds in fit-
nesses, And, of course, a
tithe has not been told.

II'I. contrast to an lI'l'_lt"I'i"'ui_".'I.
fish like the herring we wish

to take one from

the floor of the
sea, and none could be more
characteristic than the skate.
Before bone develops in an
individual backboned animal
there 15 a stage with gristle
or cartilage ; and before any
bony fishes appeared in the
seas there were antique forms
with skeletons of gristle. At
this level skates and sharks
still linger ; they have no
bone except in their teeth and their scales. In
this respect, and in some others, skates are primi-
tive, but while the race of fishes is represented in
Ordovician rocks, dating from some hundreds of
millions of years ago, it was not till Jurassic times,
when birds first appeared, that there were well-
defined sharks and skates,

As happened very often in the course of
evolution, there was a divergence of active
and sluggish types. The sharks and dog-
fishes became the active bullies of the upper
waters ; the skates and rays represent the out-
come of a more sluggish mode of life on the
floor of the sea.

The Skate.






ANIMALS OF THE SEA 817

There was a flattening out of the body from
above downwards, and an enormous expansion
of the fore-fins. A skate swims by undulating
its pectoral fins, but these are mere balancing
structures in a shark, which swims by lateral
strokes of the posterior region. The flattening
out of the skite's body brought the mouth to
the wventral surface, so the creature has to get
above the molluse or crab or fish which it wishes
to devour,

As locomotor functions have
been shifted awav from the
tail region, it is not surprising
to find that this has often been
turned into a weapon, as in
the case of the sting-rays,
where it may be six feet long
and carry a serrated dagger of
as many inches. It will be
understood that the gristly
skates are not related in any
way to the bony flat fishes, like
halibut, plaice, and sole, which
rest and swim on their left
side, or like brill and turbot,
which hawve the right side
downwards. While the lic of
the body is utterly different in
skate and halibut, it 15 an
interesting  zoological puzzle
that both types have the two
eves on the upturned surface.

True skates are usually
found in relatively shallow
water, where there is abundant
animal life on the sea-floor.
They may reach an enormous
size, occasionally over six feet
long, not counting the tail.  Phobo: 5 Wi Bond,
They are probably protected
in some measure by their

type. Another point of evolutionary interest is
the presence of an electric organ on each side
of the terminal portion of a skate's tail. These
seem to be structures in process of evolution,
which have not advanced far enough to give a
paralysing shock. They are transformations of
muscle-fibres and nerve-endings, and are like
initial stages of the powerful batteries possessed
by electric eels and the Torpedo.

THE SPOTTED SEATE (Reia macwlata).

M=t fishes swim by lateral strokes of the posterior body or tmil” bait the Skate's tnil hos
become & weapon and b of no we a8 o swimming organ.  The swimming devolves on the

-:imq*-p-uintud scales, or skin- greatly expanded pectoral fins, the big triangles seen in the photograph, Behind the lange

teeth, which show a curious
combination of threc kinds of hard tissue,
They are tipped with enamel, based in bone
and cored in ivory or dentine. In our common
smooth skate or barn-door skate (Raia balis)
the skin of the adult fish is almest without
spines, but there are plenty of them on the
voung forms—an illustration of the usual
tendency of vouth to be nearer the ancestral

52

pectoral fins nre the small pelvics,  The body of the Skate = flattened from shove downwards

Behind a skate's eyes there are two large
openings into which one_can thrust a finger.
These are called the spiracles, and they serve for
the inflow of the water used in breathing, which
passes out again by five pairs of gill-clefts on the
ventral surface behind the mouth. In point of
fact the spiracles represent the first pair of gill-
clefts turned dorsally, and by one of those
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MERMAID'S PURSE OR EGG-CASE OF SKATE.
This four-cormered egg-cose i made of the same material 08 our finger-nails, namely, bom o
keratin, It is made around the egg in the oviduct of the femole fish, after the cgg hos been
fertilised. Inside the dark-colourad horny shell, there is white of ez, or altumen, and in the

middille of this the developing egg foats

strange transformations that make comparative
anatomy so fascinating, they are represented in
our body by the Eustachian tubes, which estab-
lish communication between the ear passages and
the back of the mouth. When we peer into a
skate's spiracle we see a small comb-like struc-
ture, and this is a dwindling remnant of a gill.
It is a good example of a useless vestigial organ,
like an unsounded letter in a word, as Darwin
said, or like one of the unusable buttons or
buttonholes on a jacket. It is of no use, but it is
a historical record. Hidden at its base is a
peculiar cushion, which seems to help a little in

Phodo

F. W. Hond,

EMPTY EGG-CARE OF THE SKATE.

‘The egg-case of the Skmte sinks (o the Boor of the geq, and the e develops very showly
many months & fully-formed mininture Skate may be seen lying on the top of the volk, which
A chemicnl change in the white of epp dissolves the hom ot one cnidl

5 being slowly absorbed.
and out comes the Hitle fish,

keeping up the supply of red
blood corpuscles. This is of
use, and the aperture is of
use, but the gill itself is a
mere relic,

On the under surface of a
skate we see a large number
of twisted jelly-tubes, em
bedded in the skin and end-
ing in pin-head apertures,
There are a few on the dor-
sal surface, especially on the
head. These are
tubes, but it is not certain
what sense thev represent.
Perhaps they make the fish
aware of movements in the
water, perhaps they
sensitive to changes of pres-
sure, perhaps they help the
fish to keep its balance in swimming. They
correspond to the lateral line in bony fishes,
but they remain physiological puzzles. Here it
should be noted that the skate's brain is at a
much higher level than that of any bony fish :
and while the smelling and locomotor-control
regions are particularly well developed, there is
probably a glimmer of intelligence. A skate has
been known to display what looked like clever-
ness in "' trying to escape " from a trawl that
was being dragged behind the vessel,

""The Mermaid's Purse " is a fanciful name
for the horny shell formed round the egg of a
skate or dogfish. It
lour-cornered purse, some-
times called a ** shark-bar-
row ' from its resemblance
to the hand-barrow which
WO masons nse in carrying
a heavy stone. In dogfishes
the purse has®each corner
drawn out into a long tendril
which automatically
around a frond of seaweed

Hl'rl‘-'llr_‘..'

4Te

is a

coils

orf a zoophyte stem, thus
anchoring the egg. In skates
there are no tendrils, omly
the
egg seems to be buried in the
The
size of the purse depends on

pointed  corners, and
Adter

débris on the sea-floor,
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Fhado & Newmlle Kingson,

SKEATE SWIMMING,
‘The body of a Skate is flattened from above downwarnds, whereas that of a Sounder, plajce, sole, or turbot fa flatiened from side to side.
The Skate shown ot the foot of this photogruph is resting on jts ventral surfoce | o plalce in the same position would be festing on its Tefi sdde,

& turbot on its right.
backwanis, dsplacing masses of waler backwards and dowowirds.
the species and age of the skate ; we have one
that is eight inches long, and this is certainly
not the maximum, But a common length is
about five inches.

The development of the skate's egg is very
slow, taking sometimes more than six months,
and thus there is the greater need for a protective
egg-case, When the young skate is fully formed
and has exhausted its legacv of yolk a change
occurs in the white of egg, and a slit 13 formed by

solution at one end. Through this the young

In the Skate's swimming there 8 a wavy movement of the lnrge trinngular fin, the undulations passing from in frout

skate makes its way out, but our knowledge of
these matters is very scanty. The purse is made
of the same material as our finger-nails (keratin),
and we have seen it being formed round the egg
(in an oviduct-gland) by the coalescence of mult
The mer-
maids’ purses that are found among the jetsam

tudinous viscid threads of fluid horn.
on the seashore almost always have one end
gaping, which indicates, of course, that the young
skate has hatched out. To get a purse with a
young skate inside is great good luck.
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LXI
ISLANDS

HERE 15 alwavs a fascination in islands

if they are not too large, like Australia. The

charm is partly one of beauty, for many a
small island is a fine picture in itself, and then
there is the glistening frame of sea. There is also
a feeling of unity in the sea-girt isle that one
cannot have on a continent. Ewven when the
island is a small one—a mere islet in a river or
lake, a ridge of rock rising in the sea—it excites
expectancy, a hope of discovery, unless, indeed
it be so familiar that we have ceased to think

about it at all. Every island mav be a Treasure
Island. Who has been here hefore us ?  Is there

ISLANDS IN
1 many parts of our coast stacks of o 1
land.  What was for a loag time a carved-o

a Robinson Crusoe on the island, or even an otter
that has ventured far from shore ! What jetsam
may we find on the beach, what secrets in the
caves and hidden places, what view will reward
us when we climb to the summit 7 And again
around a well-known island there cling historical
associations, unextinguishable lights from the
past—from Patmos to Atlantis, from Corsica to
St. Helena, from Bermuda to Tobago.

But we doubt if the scientific fascination is not
greatest of all. How did the island begin ; what
has been its history ; how has it been peopled
by plants, by animals, and by men ; what has

THE MARIXG

hich originally connected them witls the

—— o =
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Fhote : Chas, Barratl,

BEACH OF A QUEENSLAND CORAL ISLAND,

Whether a coral sland rises on the shoulders of o voleano which did not reach the surface, or is formed arosad an i=land which wis slowly
submerged, or arises in some other way, it & always bullt up of colonies of recl-cornls, and of the mgments which are formed a8 the result of

their brealmge and weathering, To the inshde of the reel which grows cutwards into the sen, there is often o stretcl of fine sund.

This may

bz msed, a8 in the island photographed above, by the Green or Bdilile Turtle (Chelome mydas) as o suitable place in which to lay the parchment-

shelled eggs.,

happened in the course of long isolation ? To
those who feel the charm of islands we wonld
recommend a very delightful bpok, to which we
acknowledge indebtedness, Mr. Hyatt Verrill's
* Islands and their Mysteries ' (1923).

Of islands there are two great kinds—the
continental and the oceanic. A continental
island was once part of the nearest
continent ; but * nearest "' is a rela-
tive term, as we see in contrasting
Great Britain, a continental island separated
from Europe, with New Zealand, a continen-
tal island separated+ from Australia. The
detachment of an island from the mainland
may be brought about by a subsidence of part of
the continent, or, in the case of small islands, by
an erosion severe enough to break through a
peninsula.  On many coasts we can see the
island-making going on, when rocky prominences
are gradually separated off from the shore, and
become isolated stacks. Continental islands,
whether large or small, are often called destruc-
tional by the geologists, That is to say, they
arise by some destruction of dry land—the

Continental
Islands.

submergence or breaking down of a natural land
bridge. They are, so to speak, on the minus side.

While continental islands are pieces of land
stolen from the main masses, oceanic islands are
positive gains rather than losses,
They are made by the tops of sub-
marine volcanoes, or by the peaks of
a slowly rising mountain chain, or by coral
growths on the shoulders of either of these, As
an oceanic island was not previously part of
something else, it 153 sometimes called constric-

Oceanic

Islands.

tional, being, so to speak, on the plus side. It has
been suggested by some geologists that the
gradual elevation of a submarine platean may
lead to the formation of an archipelago of
islands, and that continued elevation may result
in a continental mass. 1f this be true, islands
may give rise by their coalescence to continents
but what is much more evident is that continents
may give rise to islands, as Africa to Madagascar.

Although the starting-point of a coral island is
a voleanic peak, or a worn-down oceanic island,
or the shelf of shallow water round a coast,
their way of growing puts coral islands by
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themselves, For, as evervone knows,
they are due to the shells or skeletons

of lime formed from the
‘I:;lj.ﬁ!ds.. salts of the sea by wvast

colonies of coral-polyps,
related to sea-anemones., Reef-build-
ing corals require a warm and shallow
sea, with abundance of food and
much movement, away from inflowing
freshwater and awav from land
sediment Those coral atolls that
occur far from land, with deep water

Photo : F. Martin Duncan, F.M.5., 2.5, all round them, are there only becaust

A FOLTACEOUS CORAL a submanne wvolcano top has been

The Follaceoaus Cofals, found in tropic seas, giow o 4 latge size, a single

lony often resembling a huge cabbage. The component polyps are light brown
lour.

raised near the surface—near enough

to give anchorage to the free-swimming
voung stages of corals. Or it might be
that corals establish themselves on
some lost oceanic island that has been
worn down below the surface of the
504 In any case, no reef-building
corals can thrive at a depth eéxceeding
thirty fathoms, and most of them
prefer five to seven 3

We have spoken of all islands—not
too large—as fascinating, but the
palm must be given to islands made of
coral. Their peculiar charm is partly
because they are often circles o1
semi-circles, partly because the coral

animals disclosed at low tide are
Phalp ; F, Martim Duncan, F.M 5., F.£5 beautifully ¢ |||n:|||j|"| and build up
A REEF-CORAL

liag cornls, & ool
ipdy in sita by bud

arge number  Deautiful constructions of lime. But

Dme of the many meef-bia
il Individunl polyrs which multiy

perhaps part of the charm lies in our
knowledge of the fact that these great
circles and half-circles and fringing
reefs have been built up by the
activity of colonies of coral polyps
which have absorbed from the sea
the stones andimortar of their beauti-
ful edifices, There are hundreds and
hundreds of coral islands especially in
the Pacific and Indian Oceans, and
they mean, when taken together, a big
addition to the solid above-water
earth of the globe., Manv of them bear

palm-trees and a variety of plants ;

some of them are inhabited by man @
Photo ; F. Murtin Duncan, F.R.M.5.,, § all of them have lots of animals ¢ reep-
MUSHROOM CORALS, SHOWING UPFER AND UNDER SURF
This I8 the cup or skeleton of o single individunl or palyp which res r
FLADY WaYE i JAFge Sei-aiemno fi mazes of coral-erowth.  ( oral-polyps

ing about or swimming about in the
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have been the greatest builders in the
world : and the larpest fact that w
must be clear about is this, that they
take the lime-salts dissolved in th
seawater, and build them up into sub
stantial shells or skeletons of carbonate
of lime. Thus, they recapture in fixed
form the lime-salts which the rivers
had filched from the dry land

It 15 still common to talk about
coral-imsects, but that 1s a very un
fortunate name The coral animals
or polyps that make coral reefs are all

nedarly related to the soft sea-anemones

that we see nesthng in the miches of th Pholo i F. Martin Duscan, F.R.M.5., F.Z.5.

hore-rocks Lact ndividual = ‘LACE CORALS"™ (Cellepora)
= =T ! K Each individual sur This is a codony of Moss-animnls or Bryosoa, far removed [rom troe coml
rounds itself with a cup or shell, and  but with a strong caleareous lnves f

sent for the component individaals

as they multiply by budding and by
dividing, they form great colonies
These are often so compacted together
that it is difficult to tell where om
polyp ends and its neighbour begins
\s new individuals are added to the
surface of the colony, the older
members gradually die away, or are
smothered. The new generations live
very literally on the shoulders of
their ]II|'I|.I'-.'1'-*-1|I*- and i1f we break
Open @ larg: lomp of reef-coral we
find that the lower and inner parts

have already turned into solid rock

A coral-reef growing out il
et 1 o from the Phola ; W. 5. Bevridge, F.2.5
shore and connected with the beach CORAL (Turbinaria conspicsa).
A true Madrepore coral-colony, that grows in a twisted leaf-like fashion.

low lag . 1
by a shallow lagoon, often dramned A specimen in the British Musenm is 16 feet in cronmierence.

at low tide, 15 called a fringing reef
When the waves break off great picces
tlong the outer margin, some of thes:
are hurled inwards and some tumble
down the outer slope. As those on the
outer slope acenmulate, they form a
foundation for further growth sea
wards. When this extends to a con-
siderable distance—even many miles
from the land—it results in a barrier
Fee! T'he tearing off of coral-blocks is
very important both in the seaward
prowth of foundations and in piling

up of rock that rises above the

surfac - —
Phalo ; F. Martin Duncan, F. EM 5., F.X.5,

O hiz voyage in the Beagle—one of N

CORALS (Retepors
Mosg-animals or Bryoson, oexrer " worms
ik the met-like colony

This is another of the b
durk spois @

the most important of all voyages, {or P oty
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it discovered a new world,
an evolming world Charles
Darwin b carm ereatly

interested

in  coral-reefs
“ Everyone,” he writes
‘must be struck with
astonishment when he first

beholds
o
many leagues 1 diameter

one of these wvast

rnngs :'||[Z|| _"-.-|'|\' olten

here and there surmounted

by a low verdant island with

dazzling white shores, bathed
on the outside by thi

breakers of the

O

RM.5., F.ZS5
DEVONSHIRE CUP
ral, here shiown o matuml sl
with the base of the skeleton [astened to rock or sto

ing F. Martin Duncan, F

and on the insids

ean,
surround-
ing a calm expanse of water

which, from reflection, is generally of bright

but |-.l[r' ETeen colour.”’ Innging reef, and

In his picture of the making of coral islands,

Phola : H. |. Skepsione.

AN INDIAN OCEAN CORAL.

This is an clegant colony with opumercies small calices disposed all round the finget-lke brunches.
Hach calyx ia the shell or cup of a sen-anemone-like polyp, and the colony grows by budding

till there are thonsamds of componenl badividiaals

CORAL

began slowly to sink

Darwin started with an island surrounded by a

supposed that the sea-floor

This would reduce the size
of the island, and would
increase the distance between
the the growing
outer of the reef

The result would be a bar-

land and

IMATEIL

rier reef, As the slow sinking
continued, the island would
disappear, leaving an ir-
regular ring of rock round a
shallow lagoon. Thus would
arise a typical coral island
atoll

theory 1s that fnnging reef,

The gist of the
barrier reef, and atoll repre-

sent three SUCCess|vVe :-'|:l_l:l =
and that the passage from
one to another 15 connected
with slow subsidence of the
sea-floor

One of the dificulties in
accepting Darwin's picture
as the whols

while some coral reefs haw

story 1s that

Arisen areas where the
oo

subsided, others have arisen

in
of the sea has slowly

in arcas of uplift. The great
borings undertaken at Funa-
showed coral rock at
a depth 1,114 feet
below sea level, pointing to

it

ol



coral, The circular shape of
Ihl' '|l|l|| I'I:Id- IO Arst
according to Sir John Mur-
rav, because the growth of

the coral

alwayvs most
vigorous to the exposed
onter side, and because the
|| 85 '-i,_;:-l--li- ] -]: .:l.:|_ ||-:.;|
to the inner side 15 dissolved
AWy thus FIVIINgE Ongimn
antomatically to a shallow
laEoon

I voleanic activity formed
a peak which did net reach
the level of thirty fathoms
below the surface or i
unusually deep erosion
should wear down a forme:
jsland to o |:||‘||"'. too great
for coral prowth, it is pos

gible, as Sir John Murray

pointed oat, that in the
Phate ; F. Martin Duncan, F.R.AM.5., F.Z.5. course of ages the platform
STAR CORAL mieght be raised to the

Tlis is the benutiful skeleton of one of 1be Siar-comis or Astralde, in which the boundaries % 1
of the individunls th th v are for the most part clearly defined, not coalescing I '|I'|“"'|' level by the slow
us they do in the Brain-cor The colony is formed by o process of budding often repeated il P wition and consolidation
long-continued subsidénce : but in the Fiji of minute calcareous animals, such as Fora-

group there are raised coral reefs a thousand minifera, sinking down from the surface.
feet above the sea, and that is by no means the Thick beds of chalk have been formed in this
maximum of uplift.

During another great
‘ Columbus voyage,'” the
Challenger Expedition, which
practically discovered th
new world of the Deep Sea
Sir John Murray thought
out another theorv of coral
reeds He started from a
volcanic peak that did not
reach the surface, or {rom
anisland that had been worn
down by wave-action. This
wave-action ceasesat adepth
of about thirty fathoms—the
level at which corals begin
to grow. A few actual cases

are known where a volcanic

island of small size has been g - - , e
3 Phala : F. Martin Duncan, F.R.M.5., F.L.5,
worn down to a hidden bank KEPTUNE'S CUP
which has then become a Although this has a cup-like form it is

3 = § Carvophyllin. For this s a colony of ver i
]ll.'|| form for the growth of very clearly shown in the intedor of the cup, which has hecn |

pocornlds, like the Hritiah
whose projecting calices are
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way on the floor of ancient seas, and it may be
that this process has sometimes played its part
in laying the foundations for a coral island

It to submarine
volcano-top being slowly raised by the rainfall of
exquisite microscopic minutize which become
cemented together to form the strongest founda-
tion in the world.
after century, millennium
till it reaches a level at

15 interesting picture a

The platform slowly rises
after
which

century mil-

lennium the

Pholo : M. H. Crawford

SHA-MAT (Flustra foliacea)

The Sea-mal is o somewhat seawesd-like brown oolon
to the clnss of Polysoa or Bryosoa. Many mmembers © 5
and may thos be called * corals,” bt the Sei-mat has o exihle
The frst scientific paper that Charles Darwin wrots

AIT VT
! oy

WS Gl

free-swimming young stages of corals find it a
suitable anchorage. They settle down and begin
to form their castles of indolence. They multiply
and spread, without haste, without rest ; they
are battered and broken, and the dislodged pieces
extend the foundations outwards or are piled up
to the inner side. There is a smothering of the
living by dislodged pieces of dead coral-rock, and
on the shoulders of the dead a new life extends,

all andnals belonging

the Bea-mat.

At last a ring of rock emerges from the sea—the
coral island is made.

Professor James Park, of Otago, has called
attention to the alternations of waste and repair
on the growing reef. During the cyelonic storms
the outer edge is broken into small fragments
and large blocks ; these are piled pell-mell on the
top of the living coral ; the water becomes thick
with coral-mud, but this is dissolved before it
does much in the way of smothering. * The
spreading umbrellas are broken, and
jagged masses of coral lie every-
where. The wreck of the reef seems
bevond repair, But in a few days the
water clears, and almost at once the
begin the work of
reconstruction. The old polyps are
rejuvenated, and fresh larve start
new colonies.” This alternation of
demaolition and reconstruction must
be added to our picture. The coral-
city is always being broken down

coral-builders

and rebuilt.

Of course it must be understood
that the
coral polyps there are other living
creatures that share in making the
There are calcareous

look unlike
plants and might well be ecalled
" plant-corals ' ; there are multi
tudes of chalk-forming unicellular
and an
important part is sometimes played
by molluscs and by tube-inhabiting
worms, The coral reef is a submarine
thicket for manv kinds of animals
and there is often a bustle of life in

besides sea-anemone-like

coral island

seaweeds  that Very

animals, the Foraminifera :

the part exposed at low tide.
Recent studies of coral reefs point

¥ caltareons F

¢ skelfton to the conclasion that they may grow
on a stationary, a sinking, or a rising
sea-floor. A fringing recf may become a barrier
a barrier reef may
a Iringing reef, When there is a

the result will depend on

reef, as Darwin said, but
also becomi
sinking of the sea-floor
whether the rate less than or
equal to the rate of coral growth. If the

rate of sinking be greafer than the rate of coral

of sinking is

growth, the reef will be submerged below the

limit of coral life, but when the subsidence stops
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ORCGAN-PIPE CORAL (Tubipora magica)
of the Alcyonarians. Each polyp lves in g ted tobe, composed of fused

This is n maturn] size photograph of the Organ-pipe Coml, o
sphowies of lime, These are often threaded together o make neckinees for children, The oumetous pipes are bound crosswise by bridges and
in ench plpe is o solt polyp which ean protrude clght green feathered te & ut the top. Tublpora is very common in shallow water at ihe
widue of the coml reefs of the Obd Work! and the New., Bt it is not strong enough (o be o recf-bnilder
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Photo : Neville Kingaton,

A LIVIRG ALCYONARIAN CORAL.
This beantiful colony, branching like a shrub, is one of the Aleyonarian * o mls,"” o class iochading sen-funs, sen-pens, and ™ Dead Men's
Fingers." There are many hundreds of polyps, afl united by comals in o common e, Bach has ¢ lght fenthered tentnchs, and cach 8 armoursd
with spicules of lime, which often contribute to o central axis that usually supports the whole

Photo : H. J. Shepstons,

INDIAN OCEAN CORAL.

The word " coral ™ i applied to hundreds of different ankmuals, and it must be understood that there & no class of corls.  There are
Hywbroid “ corals ™ related to the Hydrold sonphytes, ke the sen-firm ; there ane Mnadrepore ** comls " related to sen-anemones ; there are Black
" comls "' with stema ke chony ; there are Alcvonarian * cords ™ like the sea-fans @ there are Rrybeoan " ooruds * related Lo Uhe seaemant @ and
there are more hesides,
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the platform of reef may be raised again by the
accumulation of the Foraminifera and the like
sinking down from the surface. 1f the sea-floor is
stationary an atoll may be formed, as Sir John
Murray showed, without passing through the
fringing reef and barrier reef stages, In short,
it is possible to combine the two « hief theories

Darwin's and Murrayv's,

' our story of coral islands we wish to add a
it #i ctint ol -<|r.|i- i|'| :L'_"fll'1-1]- _[llli'_',l'-!] iII
e regari
their beaun
ty, corals rank high
but, for animals, they

have pot many habits
1t 1= dithieult to beliew
they are

that Uik

awilke theyv seem to
b dreaming, and thies
.d||'|'|'\-\.'\;||.||ll-\. Li

child

alwavs

ety
the smiles of a

S

eIm= lil|I||.Il|_|l|l=l||
m terms= in \.-:r|'r.'i'll'-' v
nimals it 15 4 sur-
reniddler of the birth
|I;_'||I il locomotion

they usually

insist on asserting this
in their carliest stages
Yt no one cansayv that

have lost
in

heanty becoming

fixed In their archi
tecture, and even in
the stones or spicules
with which many ol

them build, they
beautiful,

AT
exquisitely There b
pelry like that of el
mmd the mog
The most [
which hus o Irilled «

1 BagEesthon ol

and the same 15 often
retractil
iramliin

5 buise,

true of their colouring

when alive, and ol

that form colonies

d for identifi

the branching of thos:
Wi [l'k'l'||||_\ obtaini

anemone-like cup-coral,

Michael Sars Expedition had

t depth of about three miles in the North At

Wi

disclosed what angels might desire to look into

ation a sea
I|||
from

solitary which

dredeed

lanti boiled away the brownish flesh and

It iz not much bigger than an egg cup, but it is
£l : I

1 king's crown dimpled in, Pure glistening

lik:s

L]
f.5., F.L5

white, it mught be a rose-bowl for the UUI'I']J of
the Fairies. We keep it in a jewel-box and look
We refuse to think of thy
time when it must go back to Norway with a
label
these things, and there are scores of them, born
the They
superlatively beautiful, that is all one can say

at it on feast-days
There is no doing justice to the beauty of

to blush unseen in deep sea. are

They are organic dream-smiles,

There is “corals,” fo

no class or Eroup ol

SEA-ANEMONES ON THE ROCKS

in & group of sea-anemones, partly beciuse of U mdial
Th irfcal body is
| { stlnging tentacles which are
photograph is the Plumose Anemone, Actinioba

ing mumerops small tentucl

eyl

the word is simply a convenient name for thos:
kinds of stinging (or Ceelentera) that
substantial skeletons, usually

animals

form wvery hard
of carbonate of lime, Perhaps it may be useful
to tak of See Prof. S. ]

Hickson's fine book on " Corals ' {1925)

a survey 'corals.”
soft

bodied, cylindrical animals with stinging tentacles
t T

SCA=-ANCMOones, as evervone |x:‘|ll".'q.'.'-'_ arg

mouth and with a basal disc

celing
encireling
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Pholo ; Reproduced from " Pearls and Savoges," Capl. Frank Hurley, by courtesy of the publiskers, Mesers. G. [, Pulnam’s Sons,

& CORAL

REEF OFF

DAURD ISLAND.

The coral recks cover a vast arca off the Quecnsland coast, To quote Capt, Hurley, * The range of colour baffles description and resembles
o vust flower garden." ‘Thers are delicate pink comls, so frail &5 (o break at the slighbest touch, and more stundy comls scarcely to be

chipped with a hammer.

usually attached to a rock. Nearly related to
these sea-anemones are the solitary cup-corals,
where the skin of the animal forms a shell of
lime. For the word '*shell " is at least as
appropriate as the word * skeleton.” Asthe wall
of the cap is gradually added to and rises, the
skin of the animal may fold over it, and internal
partitions of lime are formed, radiating from the
wall of the cup to the centre, where they some-
times unite in a pillar. But as the partitions or
septa rise, pushing their way, as it were, into
the body of the coral-polyp, the fleshy tissues
retreat before them, so that, in spite of appear-
ances, the coral skeleton is alwavs external to the
living animal. Our own skeleton is obviously
inside our muscles, and it is alive; the cup-
coral’s skeleton is outside, though it may not
seem so, and it is quite devoid of life. It is
added to, but it does not grow. The cells that
contribute the stones and mortar to the coral
edifice die in so doing. No doubt the lime

comes from the sea-water, but carbonate of lime
is a scarce salt in solution in the sea as compared
with calcium sulphate, and there is much to be
said for the theory that ammonium-carbonate,
formed as a waste product in the marine animal,
undergoes ' double decomposition " with cal-
cium sulphate from the sea-water, }'iu*Iding
ammonium sulphate which passes out in solu-
tion, and calecinm carbonate which forms the
coral’s “ castle of indolence.'

From a solitary cup-coral there is a gradual
transition to the reef-building corals or Madre-
pores, which are great colonies of individuals.
They arise by the budding and division of polyps,
and the crowding often becomes so intense that
individuals merge. Thus in a big block of brain-
coral, so-called from its suggestion of the con-
volutions of a mammal's brain, it is impossible
to tell on the cleaned skeleton where one
individual ended and another began. When the
coral is living one can, of course, distinguish
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and count the individual mouths with their
wreaths of tentacles. Such a colonial coral is
sometimes beautifully arborescent, so that indi-
viduals of many different ages may be flourishing
together ; but in most cases the new generations
grow on the shoulders of the old and smother
them. Thus the greater part of a coral colony
is a cemetery. By filching lime from the sea
these reef-building Madrepore corals have added
greatly to the solid earth. The Great Barrier
Reef of Australia stretches for over a thousand
miles !

Next to the Madrepore corals, but utterly
unlike them, are the black corals or Anti-
patharians. They are most abundant in the
warmer seas, but British trawlers bring in
large colonies from northern waters, such as
off the Faroe Islands. We sympathise with
the fishermen in their protest that their captures
are plants, for some of them are like dwarfed
Japanese trees, and others suggest the stems
of some climbing plant like honeysuckle.. But
close serutiny shows a crowded multitude of
small polyps, usually with six simple tentacles,
and forming in their midst a black horny axis

- —

covered with prickles like a branch of briar.
In old colonies this axis may be thicker than
one’s thumb and as hard and black as ebony.
It takes on a beautiful polish, but it is hard
stuff to carve,

If one suddenly says " coral " to a lady, she
thinks at once of beads or babies, whereas
@ man thinks of coral islands and either of
Ballantyne or of Darwin, according to his up-
bringing. The beads and the baby's amulets
are carved from the axis of the Precious Coral,
Corallium rubrum, which is fished in Mediter-
ranean and in Japanese waters. It has white
polyps embedded in red flesh, and in the centre
there is the coral-red axis, always being added to
in some mysterious way, perhaps implying a
rapid solution of the lime, followed by an
equally rapid hardening. The red flesh connect-
ing the polyps by an intricate system of canals
owes ifs redness to the presence of innumerable
red spicules of microscopic size and rather
ornate shape. Now it is from some kind of
coalescence of these quite separate $picules
that the solid central axis is formed, There is
the same difficulty in the case of the Organ Pipe

Photo : Reproducad from * [slands and their Mysterics,” A. Hyait Verrill, by courtesy of the publishers, Messrs. Andrew Melrose, Lid.

A VOLCANIC ISLAND.
There are bwo great kinds of Blands, (a) continental islands, which nre scpamted off pleces of the mainland ; and (8] oceande islands, which
usaally arise as the result of a submarine voloankc eruption.  The photogmph shows an occande ishnd,
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Coral, Tubipora musica, whose finely coloured
tubelets are threaded into necklaces for children.
Each polyp, mostly white in colour, lives in a
red tube of lime, and the scores of tubes are
subtly bound together like "' a kist o' whistles."”
On the polyp, where it puts its head out, we
can just see little rings of separate red spicules.
In a short time a group of these will be added
on to the upper rim of the hard tube, but how
We fancy that there
must be a rapid solution and then a rapid
reprecipitation in another form. Corals like
the and the " Organ Pipe"

it 15 done we do not know,

Precious are

s coral lalands

ahell is somictlmes carrisd albout

called Alcvonarians, and are
near relatives of Sea-fans
and Sea-pensand Dead Men's
Fingers, as also of the rare
Blue Coral (Heliopora),
which is the only living
rn-lrrr;--lﬂ-nh'v of an extinct
race of great antiquity. And
here we may mention that of
the ancient Rugose Corals
that
mon as fossils there are no
living representatives at all.
One race cometh and another
All things flow, as
Heraclitus said, even corals.

are exceedingly com-

goeth

This survey has its use
in showing that the word

coral " is a physiological
term, indicating a habit of
life, for we have seen that it
inclndes, among living tyvpes
the Madrepores, the Anti-
patharians, and the Aley-
which are not
nearly related to one another.
Coral sedentary
Stinging Animal, given to
hard skeleton,
usually of lime. To those we
haw must be
added two other orders, the
Millepores and the Sty-
lasterids. These belong to o
different class altogether—
the Hydroid zoophytes—and

onarians
means a

making a

mentioned

in the 1
b Ll Lrees
ke "1 the pulp is eaten
to profect the abdomen

it must be interesting to sed
swimming-bell or
medusoid issuing forth from a stony Millepore,

a minuti

for there is alternation of generations here just
as in many of our common zoophytes. But this
i certainly another story

There are a few kinds of islands which must be
kept by themselves—being neither continental,
Thus, at the

in their

oceanic, coral
mouths of great rivers, o
there

deposits of mud and sand and gravel which

ol
Floating
Islands.
sometimes  huge

COUTse, H g

get piled up above the water-level and become
Or a river may form
an island by a shifting of its course, and we often

covered with vegetation
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see this on a small scale when o lood finds a short-
cut between two bends of a winding stream.
There are strange " floating islands,” some-
times small, like the one that appears periodically
in Derwentwater, but sometimes large enough to
carry a village. They seem to arise in various
ways, for instance by the accumulation of
enormons masses of dead brushwood and the like
at the mouth of a river - or by the growth of
crowded tangles of vegetation on the surface, and
the addition of sheets of dead débris raized from
the bottom by the evolution of marsh gas in hot
weather, Oftenest, perhaps, fluating islands are
separated-off masses of shore vegetation which
have grown out
roots,

4mong marfi-

FTOve osiers, bulrushes
and reeds, and caught up a cer-
tain amount of soil during floods
or high tides. In the course of
time the complicated masses of
vegetation become compact and
colierent, and substantial enough

own !

to bear trees of thedr
In a storm they are sometimes
broken loose like rafts from their
moorings, and then they are not
merely floating, but  drifting
islands,

In his *° Vovage of the Beagle"
Darwin tells us of the floating
islands of Lake Tatuatagua in
Chile. ** They are composed of
various dead plants intertwined
together, and,on the
of which other living ones take
Their
circular, and their thickness from
four to six which the
greater part is immersed in the

wWiter,

surlace

o form is generally

leet, of

As the wind blows they
pass from one side of the lake
to the IJ!|11'I. and often carry
cattle and horses as passengers."
It i= strange to think of an island
serving as a ferry-boat !

There are islands of salt and
but of the
strangest of all 1s Saba, in Carib-  Phofo: Chas
bean waters. - Mr. Hyatt Verrill
gives us a vivid picture of its
Dutch village, called Bottom,

islands of ice, ane

without [nji
It furpishes ihe
tropical comntries

23

Barrelt,

This well-known palm fe
f. Thus the Cox
neorssities of life, and some of the luxuries, to the inhabilants of many
Perhnps there i

which nestles in the crater of a sleeping volcano,
a thousand feet ur more above the sea, The chief
industry is boat-building ! * When the boat is
built, they lower it over the edge of the cliff with
block and tackle, exactly as though the island
were a ship and they were lowering a lifeboat.™
When we think of the plants and animals
found on islands, three big questions rise. The
first is : Where they came from ? and

f[?ﬂtt'-“-ﬂ this brings out the striking difference
ory . .
Ouestions. between  continental and oceanic

continental island
will have, to start with, a fair sample of the fauna
and flora of the land-mass from which it was

islands. For a

COCO-PALMS (Coces micifara).

tiahies well mear the sen, nnd s big nuls can be drifted far
Palm hos been for o long time very widely distributed

ne other plant that is of use 0 such o variety of sy
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separated off ; whereas an oceanic island must be
restricted to those plants and animals that could
be carried thither by currents and winds and on
the feet of birds, or, in the case of some animals,
could actively reach the island by swimming or

A

Mexwrs, Avilrew Molrose, Lid

TREES OX A FLOATING ISLANIE

A Moating istand misy be formed in varioos ways, for instance, by the [ suling -off of n
eivat accumitlation of hrmshweod bronght down by o tdiver and deposited in the slow-Bowing
In the conrse of yeara there may be a growih of planis and the capturing
and the photogmph shows how their

eatunrine region.
ol some sodl in food time. Even lfoss may arse,
above-groond fools biad the milsbish together

by flight. On Christmas Island—the one in the
Pacific—there are Coco-Nut palms which the
Robber-crabs elimb, but wherever these palms
came from, they are certainly not native to the

island. The nuts must have drifted from distant

Repeodwced from ** Inlands and their M yateries,” A. Hyalt | ervill, by pourlesy

coasts, and the same thing must have happened
over and over again, for palms occur on many of
these oceanic islands.

Sometimes it is the absence of some common
kind of creature that provokes inquiry. Thus
there are no Amphibians on
oceanic islands, and this is in-
telligible when we recall the fact
that Amphibians have a natural
antipathy to salt, and could not
readily survive being washed on
a floating tree, from the main-
land. Rare exceptions to the
Amphibian's antipathy to salt
may occur, thus frogs have been
reported from the sandy beach
at Manila ;
affect the general argument.

The second Natural History
question is whether the insular

but this does not

plants and animals show any
peculiarities connected with the
Thus,
to take o simple case, the island
of Madeira has an unusually high

peculiarities of the island

proportion of flightless beetles as
compared with those, like cock-
chafers and ladvbirds, that are
Mav this

suggested

riven to flving about
b due, as Darwin
tor the fact that strong winds are
very prevalent in Madeira, and
that in the course of time the
flving types havebeen swept out
to sea. We know that the fauna
and flora of Great Britain was
profoundly changed by the
glaciers that wsed to cover the
greater part of the country. In
a different direction the living
creatures of some other islands
have heen much affected by vaol-
eruptions, When the
a continental island
differemnt
on the more or less adjacent

CATHC
animals of
are very from those
mainland, as those of Madagascar from those
of Africa, it that * the
separation took place very long ago, and that
the external conditions of life on the island and

means two things :

on the mainland have become wvery different
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GREEEK TORTOISE (Téitude graca)
This comman Tortolse nhabits the RBalkans, the Greclan Archipelago, and parts of Asin Minor, Syria and lialy, 1L may be six inches long |
it leeds on juicy plants, but will learn o take bees e in milk. It llees the sun ; it sleeps long ; it burfows into the ground o winter;
i pairs in sprlng . 1t two to four eggs are buried in the growmd.

Photo : W. 5. Berridge, F.Z.5.

THE ELEPHANTINE TORTOISE, WITH THE GREEE TORTOISE ON ITS BACK,
The Elephantine Tortokse (Terdwido elephanting) was a native of the Xorth Island of Aldabra, wiere i8 has been exterminated . but it Hyves
atill b the Seychelles, where it was introduced. A large specimen bronght to Lord Rothschild ot Tring was bn 1847 40 inches o length and
43 inches over ihe curve of the hack lengthwise.
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When man took to interfering with geographical
distribution, changes on islands often came about
with extreme rapidity. Thus the introduction of
goats on 5t. Helena meant the complete dis-
appearance of most of the peculiar vegetation of
the island.

The third Natural History question asks why
so many islands have kinds of animals peculiar
to them—kinds that do not occur anywhere else.
Each island in the East Indies has its peculiari-
ties in the way of monkeys, reptiles, freshwater

RADIATE
ell tlse line

v the derml

shows foiianrkalily

This T

of 1t r umdber-akin, and ihe

fishes, and snails. Each island in Hawaii has its
own species of Honey-sucker, and each forest 1ts
own land-snail. Each of the three groups of
rookeries in the Behring Sea has its own species
of fur-seal. There is a kind of wren peculiar to
5t. Kilda and a kind of vole peculiar to Orkney.
Why should this be ¢

In peneral terms the answer is as follows:
Uflspring are
and the
In

Most living creatures are variable
often different from their parents,
members of a family are often very unlike,

other words, new departures are of frequent
occurrence, and it is easier for a new departure to
establish itself on an island than in a district
where there are no restrictions to crossing. 'When
a breeder finds new departures that please him
with their promise, he tries to pair them with
others like themselves, or as like themselves as
possible,
breeding in order to establish a new race.

In other words he brings about in-
This

inbreeding tends to occur in Nature when there
is anything that restricts the range of crossing,

TORTSE,

of growth on ils homy

vierlis Thesr scalcs af

which o
ks

Lhe Teiidny Carapue

scnle
kt ncrements semson after sekson.

and that 15 easier on an island than on the main-
land

Gilbert White tells of an aged tortoise, which

he eventually acquired, that " as soon as the

] good old lady comes in sight who has
Tortoises, - pere :

waited on it for more than thirty

vears, it hobbles towards its benefactress with

awkward alacritv.,” He comments on the fact
that this " most abject of reptiles and torpid of
beings distinguishes the hand that feeds it and
is touched with the feelings of gratitude.” But
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GIANT TORTOISE (Testudo ophippinm) CLIMBING A HILL OF LAVA

On Duncan [=land [ the Galaps
which no ordinary
anid weighed forty-tw

e winlcheld this Glant Tortolse cimbing up a very steep amd rough Liva shope,

grently helped by s long and shorp claws, 1t was tacniy-two inches in length,

s cotld possibly 51
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Phata + F, W, Rownd,
GALAPAGDS GIANT TORTOLISI.
No small Tortokes are found on the pagos 1=1 but the ginntz, apart from . e not very di nt from small species of Testwdo, such o= the Greek Torfodse.  What is most Tlﬂ'tﬂk_l'F
each Galapagos I=land or groupol ndjacent islands evolved lts own species of giant, e that the large Albemarie Island had four or five. Some years ngo the mumber of Galapages species
of tortolse wos estimated at fifieen, bt sevem] kinds have since disappeaned.
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even when we allow a good deal for the handicap
imposed on the tortoise by the prevalent low
temperature in a country like Britain—a foreign
country to fortoises—it cannot be called a
responsive pet |

Keeping the name " turtle " for the paddle-
limbed Chelonians of the sea, such as the sources
of turtle soup and of tortoiseshell combs, we may
conveniently use the word " tortoise "' for those
that live on land, and "' terrapin * for those that
frequent freshwater.  The kind oftenest kept in
Britain is the Greek Tortoise (Testudo greca) ;
the one Gilbert White studied was Testudo ibera,
a nearly allied species. These Testudos are
warmth-loving reptiles, fond
of basking in the sunshine
when it is not oppressively
hot. They rise late and go
to bed early ; thus Gilbert
White's pet used to retire
at 4 p.m, in the long sum-
mer day and did not stir
till late in the morning. It
also buried itself in mould in
November and remained in
retreat till the middle of
April—certainly the
thing for it to do in Great
Britain. They do not sink
into true " winter sleep”
or hibernation, for that
peculiar state is restricted
to certain mammals ; the

1){‘:—-[

- & 3
Photo : Standey C, Johmsou, M.A.
BRAZILIAN TORTOISE (Tentuds fabulafa).

Tortoises seem to have adopted a ' ca' canny "
rule of life ;  they do everything with extreme
deliberation. They feed slowly and they grow
slowly—we can tell their age up to an uncertain
limit by counting the concentric lines on the
horny epidermic scales, for each ring means a
summer's growth. Gilbert White noted that his
tortoise (now enshrined in the British Museum)
became lively in the month of June and indulged
in energetic * amorous rambles "' :  but in the
ordinary tenor of its life the tortoise takes good
care to aveid all over-exertion,

When these cold volcanoes, the Galapagos
Islands, far out in the Pacific, and yet not in the

This hadstme Tortoise has a wide distribution in Tropleal Soulh Americn, and is somelimes

reptile’s condition is more
like cold-coma or lethargy.

In spite of the assevera-
tions of vendors, who declare that the tortoise
will speedily clear off the " black beetles,” the
animal is a vegetarian. Though it may learn
to take bread and milk and the like, it prefers
dandelionzs and clover.

found on the grouwmd.

lettuce and cabbage,
Dr. Gadow watched hundreds wery carefully
in the course of years, and he never saw one
aof them eating slugs or earthworms, though
this is often asserted. The Gopher tortoise,
that burrows in sandy pine forests in the
Sonth-Eastern States of North America, eats
not only grass and succulent herbs but the resin
of the pine trees, which must be strong spice.
On the whole, it may be said with confidence that
Testudos are vegetarians of the stricter sort.

brought to Britain as a curiosity.
the Greek Tortodse s mither flat on the back.
In captivily it enjoys fruils and milk-scaked bremd,

It may attain o lengih of almost two feet, and compared with
It is a forest animal, feeding largely on froits

South Seas, were found over three centuries ago
and called the Enchanted Isles, their discoverer
described giant tortoises able to carry men upon
their backs. Where these giants came from no
one knows—they cannot stand the sea—but there
are closely similar fossil forms entombed in
Cuba. The Galapagos giants are usually regarded
as a species of the genus Testudo to which the
common Greek Tortoise belongs, and there
seems to be nothing very remarkable about
them except their size and longevity. There is
ong living in the New York Zoological Park
thirty-eight and a half inches in length, with a
welght of 268 pounds. For some of them a
longevity of four or five hundred wears is
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claimed ¢ but we have our doubts. There has
been no careful study of the rings of growth on
the scales ; and as to the longevity of captive
specimens, we know how easy it is to learn a
substitution-trick from Brer Rabbit. Ewven at
human levels it is not always easy to determine
the length of life’s tether in individual cases
Pensioners have been known to attain to a
remarkable age, more suggestive of two gener-
ations than of one. But, after making many
allowances, we seem to be justified in saying that
giant tortoises lick animal creation in longevity

We wish we could say that thev look as if they

enjoyed it.
On his " Beagle " voyage Darwin visited the

Phkoto : W. 5, Berridge, F.L.5.
EGGE OF CHELONIANS.
e in Lthis seties gives o pos
i e

The inchsion of o hen's
CEEL Reading Irom left 1o
sl the Algertan Tortodse. j. Tt

ght the figures PRy
g of the hene 4. The cgg o

Galapagos and was greatly interested in the
giant tortoises, perhaps most of all in the fact
that different, though nearly related, forms
occur on different islands. As he Wi
“ brought near to the very act of creation."” He
timed one large fellow, and found that he walked
at the rate of sixty vards in ten minutes, which
iz about four miles a day

said, he

Yet they cover con-
when they
which neither the succulent cactus, nor the green

siderable distances have a thirst
threads of pendulous lichen, nor the guayavita
berries can slake. * Near the springs it was a
curious specta le to hehold many of these huge
creatures, one set eagerly travelling onwards
with outstretched necks, and another set return
Darwin

ing, after having drunk their fll

mparntive slecs of Chelog

noted that the old ones " seem generally to die
from accidents, as from falling down precipices ;
at least several of the inhabitants told me that
found one dead without some

they never

evident cause.” In other words, the giants live
so long that they do not die a natural death.
Yet the pathetic fact is that they will soon be
exterminated. Every naturalist who has visited
the islands has noticed, and perhaps deplored,
the dwindling number of tortoises, and has then
left the islands poorer;

The giant tortoises frequent the vallevs where
there are water-pools and succulent plants, bt
they climb the mountains in summer. The rocks
on their favourite routes have become in some
places so much smoeothed
that it 1s

;ih]l' (v ]

almost Impos
walk on them

after a shower. Execept
in the midday heat and
glare the tortoises may In
seen or heard prowling
about in their leisureh
way, whether it
or light. In 1905 a visitor

counted thirtv in

i1z dark

OvVEer

three miles. It =eems
that the roving is in great
part and the

males utter barking cries

4Morous,

which can be heard for

three hundred vards in
the This

mpping-turile 2. The euyg = & din s i
ephantine Tortois to contradict the belief,

forest.

BOEIMs

to which Darwin refers,
that the giants are absolutely deaf.

The ecggs, larger than a hen's, are laid in
layers in holes in the ground, and there may be
eighteen or so in one nest. But the mother
tortoise does not put all her eggs into one basket
There seems to be great juvenile mortality, the
chief the
buzzards and wild dogs.

enemies of voung tortoises being

After they are a foot
less secure except from

man, whose impious ruthlessness has been fatal

long they are more or
The flesh is unfortunately palatable, and the ail
yielded by the fat used to
price. Scientific collecting is also to blame. So

command a good
ir 'IZ 15 COrmie :||"||:|'|Lr_ [|]|11 ST ”f [l“, ]‘-].I'['II.'!:- |h.'.'n'
onlv a few tortoises left. and in other cases there

are none, Innocasecan we blink the discreditable
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o F. W, Hond,
BABY GROOVED TORTOISE ([Tesfude caltarala) F

In all repiiles what is bhatched out of the egg is a
olk. Alr passes throogh th ous cgg-shell, first into

pio ihe unhaiched tortoise's Iungs,

Ny-fotemed malilat
b blood-vessels of the

GROOVELD TORTOISE d i iargda

hard-shelled in the geonus Tostudo, tut in Chelonians n order there are all grodat o
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fact that the days of the
multi-centenarians are num-
bered.

Our regret over their
passing is not because the
giant tortoises are antiques
like the *living fossil
that goes by the name of
the New Zealand lizard or
Sphenodon—the sole sur-
vivor of a very ancient
reptilian race. The point
about the Galapagos tor-
toises is that they afford or
afforded such a fine object ; L v o 5 ‘
lesson in species-making.  Photo: Reproduced from * Galopagos: World's £nd,” William Beehe, by conrtesy of the ,thl'er.

] G. P. P +
Almost every island had, fessrs. G, P. Puinam's Sons
t 8 . | & ¢ MALE TROPIDURUS LIZARD, FROM THE GALAPAGOS ISLANDS.
e e i .
not so very long ago, 1 These little Lizards, four 1o eight inches |n length, ure brilliantly coloured, especiaily In the
own species, to the number male. They are active and frolicsome, absurdly tame and inguisitive. They freed chiefly on insects
amd are preyed on by marauding birds.  They bave interesting courtship behavionr, nodding fran
of fifteen altogether. Only P e pomelaeil re R  pertem

on Albemarle Island is there more than one
race. There seems no interpretation possible
except the Darwinian one that all the species
are derivations of one, which inhabited a
single large island-—now represented by the
archipelago. When the island by submer-
gence gave rise to the present discontinuous
peaks, groups of similar tortoises were iso-
lated, and wvariations in these inbreeding
groups gave rise to the fifteen differentiated
species. If it should seem more convenient
to call them wvarieties, not species, it makes
no difference to the general argument and
lesson. As land tortoises soon drown in the
sea, it is necessary to account for their
presence on the original island, and the most
plausible hypothesis is that there used to be
a great land-bridge establishing a connection
with Central America. It may be recalled
that the Galapagos Islands lie on the Equator
some 500 miles west of South America and
660 miles south of Costa Rica.

Giant tortoises may live over 150 years,
and for some individuals, as we have men-
Photo ; Repraduced from ** Galapagos : World's End,” William Feebe, by  t10Ned, several centuries have been claimed.
conttery of the publishers, Meswrs. G, P. Puinaw’s Som Yet there will soon be none of them!

FEMALE TROPIDURUS LIZARD. &

Here the female is standing bigh und it about 1o begln ber energetic  Lampler and other old travellers saw hosts ;

. Tt Whre grey dnd Brown above, moftled and banded My Beche saw one! And it soon died after

with black, with the underparis o mizture of pink, red, ond contrasting

blsck, The females were usnally more of a monochrome brown, with a rovin T.]:il'l.l '“ L"l}'l.lld swim for while in
brilliant slash of llery scarlet over foce, shoulders amad sides.” This P & : : A =
{Mustrates * sex dimorphism the sea—affording material for hundreds of
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feet of moving picture film. Man is not a
good trustee.

It is congruent with the slow life of tortoises
that many of them shonld live to a great age.
They are slow in ageing, slow in dying ! Gilbert
White's tortoise survived its master about a
vear, dying in 1794, after an existence in England
of about Afty-four years, the last fourteen of
which were spent at Selborne. A few centen
arians have been known. In 1766 five giant
tortoises were brought from the Seychelles to
Mauritius, and one of these was living at the
beginning of this century. We have not heard
of it lately, but in 1901 Dr, Gadow reported
that *' though nearly blind it was otherwise of
[tz shell
length was over a yard, and it could carry two
men on its back.

Slow in s0o many respects, tortoises are not
The brain is almost
ridiculously small compared with the size of the
skull. But we suppose they are as clever as they

regular habits and in good health.”

quick in the uptake.

need to be, elsesthey would not have lasted so
long. They learn to discriminate between people,
and they have a distinct aptitude for geography.
They master their region, and can return home
They remember
their particular winter quarters, even when it

from a considerable distance,

Phote ;  Reprodured from * Galapagos ;

World's End," William BReebe, by courtesy of the Frubliskers, Mevsrs, G

is in a rather out-of-the-way place. A terrapin
has been known to solve the problem of a maze,
which is at least evidence of profiting by exper-
ience.  There is a well-anthenticated case of
common tortoises craning their necks to listen
to the town band playing on the square adjoining
their garden, but we do not know whether this
could be cited as evidence of intelligence,
Ordinary tortoises do not speak much, but they
have their little " piping"" at the breeding
season, the miniature echo of the hoarse roar
or bellow of the male Giant Tortoise of Chatham
Island, which Darwin heard at a distance of
more than a hundred yvards. Common tortoises
lay two to four white-shelled eggs, like those of
pigeons, and bury them in the loose soil. We
have never heard of any parental care.

The slow-going tenacious vitality of tortoises
and their kin is expressed in the well-known
“local life ' of parts of their body. Thus the
heart of the edible turtle, kept in appropriate
surroundings, retains the power of beating for
a week or more after the flesh of the animal has
This is very remarkable,
but we think the most remarkable thing about
the tortoise is its armour. Gilbert White speaks
of it somewhat dubiously—" Pitiable seems the

been made into soup

condition of this poor embarrassed reptile ;

P. Putmam's Soni.

FRIGATE BIRD (Frégals aguiia).

The male on the nest with the brilliant scurdet throat poach folly distended

If on o poewmatic pillow."'
of folded skin.'

Mr. Peebe noticed that when the male setiles down to brooding, the balloon sh
The family of Priente Binds is related to cormomnts, solan geese, albatrosses, and pelicans.

It 5 Hke o balloos amd the beak rests on the topof it © e
ks to * an unlovely crimson miss
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HEAD OF GIANT LAXND IGUAXNA OF THE
Tl crenfures, ns Mr, Hoclbe aye, recall extinet repliles n §
micn. They sprawl in the and glow witl bt

bt whet

they sock sasctiary in a thotn bush or in fle ep burrows
maring couske, they socepled cag v withoui any odo, and in o
lettuce and baumns frons the explorer's Tuid

to be cased in a suit of ponderous armour,

which he cannot lay aside ; to be imprisoned,

as it were, within his own shell ' : but the other

sitle of these intricate -|..il'|l.1- 15 that the vV confer

invillnerability. Is any animal in Europe abl

to make anything of the Greek tortoise, except

the Greek eagle, which lifts the creature in its

talons to a great height and lets it fall on the

rocks below, For all ordinary contingencies the

tortoise 18 safe © boxed in above, boxed in below

able to draw in its head and tail and limbs, with

a shell built in the principle of an arch or tunnel,
the tortoise is able to cultivate a mastgrly in-

difference to assanlt.  Even more remarkahble,

' -
however, 15 the extraordmmarily mtricate wayv i

which elements of exo-
skeleton
are soldered and welded to-

gether into what is to th

and endoskeleton

tortoise a, growing and

moving fortification and to

us an anatomical puzzl
(1) On the outside abowvi
and below there are th
horny, epidermic scales.
{2) In the middle line of

the dorsal carapace there js
a row of bones made out of
the flattened tips (neural
the
(3) Outside these there is a

spines)  of vertehrae

row of under-skin bones

dermal scutes—which an
plastered on to the neural
spines.  (4) The sides of the

dorsal carapace are made of
thi flatts ned-out,
fixed ribs,

rigidlv
(5) Outside thes:
more scutes are plastered on
the costals (6) The
ventral shield, or |t[;1.-!1--|-_
consists of bony plates
called * abdominal
which ossifvy under-
neath the skin of the abdo-

badly
ribs "
men. (7] But the front part
shield 1is
believed by some authorities

of this wventral

to represent the collar-bone.

breast-hone.
What intricacy of ' make-up™!
Speaking of the tortoises of the Galapagos

There s no

[slands leads us to picture some of the othe

inhabitants, Thus there are the lava lizards,
species of Tropidurus, alert lithe creatures, four
to eight inches long, appropriately dressed in
grev and black and s«

flame

and lava and
outlook

marauding birds, but they are absurdly ingquisi

arlet-ash,

They are alwavs on the

tive and unafraid of AR, " When pursu .
they would impudently pause until almost
within reach, at the last moment going through

great show of intimidation, hol:
head body wviclently up and down, and
expanding their scarlet and black pouch to its

fullest,” M

nodding the w
and

Beche observed the ongoings of a
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big male who was courting a scarlet-throated
female sunning hersell on a patch of lava. " He
crept o little nearer and nodded again, whereupon
the lady lizard rose as high as possible upon all
four legs, making them look like straight little
sticks, arched her body, blew herself up with ai
until she lost
her head
He turned, nonchalantly caonght

all semblance to a lizard, and,
ad
v,

turning slowly, her

mMires

spat upon
and =adly made his way elsewhere,’
The giant lizard Amblyrhynchus,
which we have already described, has an inland
It i{l.'l.'|:l*- to the
Iguanid family to

marme

cousin called Conolophus
terrestrial of the
which they both belong

tradition
Conolophus is gor
geously coloured in vellow, gold, red, terra-cotta,
brown and black, and attains a length of about

It has a hot
tWo  OCCasions

a vard—a truly splendid lizard.

temper and bites fiercely. On

Mr. Beebe observed an interesting episode in the
life

of the giant inland lizard. It came nearer

than he had ever observed in any

The lizard was standing with on

intelligence

other reptile.

i Reproduced from ** Galapagos ;

Warlds End"
GIANT

This mngnificent Lizard i3 the st cousla of the marin

in the interior, where it fecds very e frult of the Prickly I
L if A Lfe It may excesd o amd lkas a gorgeous

William Beehe, by courlésy o

LAND IGUTANA
Amblyrhynchos, als

of itz friends

(Opuntia), and it strock the base slowly but

at the foot of a spiny cactus

repeatedly with one fore-foot, Nothing happened
at first, but the lizard continued striking firmly,
and, finally, two fruits fell at once. Whercupon
the other lizard rushed up and gulped down both,
The intelligently

spines and all industrions

lizard remonstrated with its companion—repr:
sentative of the leisured classes—but it was too
late !

down in the shade, perhaps to dream of a

So it went off in a bad Tr'rll]h'r_ and lay

better world where industry is not robbed of
the fruits of its labours. It is more than surpris

ing that these lizards halatually cat pieces of

cactus bearing spines as long as necdles and
almost as hard At other times they enjo
the golden petals of the cactus flowers. What a
contrast in meals !

Apart from a few mice and a bat, there are no

native land mammals on the Galapapgos Islands
I
It is

remarkable for its inflatable throat pouch whach

.
-

but there are some very interesting birds

male Frigate-bird is, perhaps, the climax.

Lamds ; bui it has become adapled to Live
it Th ping at midday in the norrow line of
T tia and Black
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can be blown up till it completely hides the
rest of the bird. ' His plumage was dull-
brown with a mantle of glossy-green hackles,
Eves, beak, and feet were dull, but out of
this sombreness, like fire out of lava, billowed
the burning scarlet of the enormous breast
pouch.” This extraordinary bird may be seen
asleep with his beak resting on the top of
his pneamatic pillow, or actually soaring in a
somewhat wobbly fashion which betrays the
fact that he has some difficulty in balancing his

Ny
.-I:.'.~_
F

Y
i L

'

Phato ; C. Beid, Wishew, N B

SHETLAND PONIES,

balloon. The inflation is due to certain air-sacs
in the neck, which are connected, as in other
birds, with the lungs. There is no inflation in
the female, who has a breast of white feathers.
There can be no doubt that the male's puffed-
upmess is part of the business of courtship, for
it disappears when he settles down to family
affairs and takes his share in brooding. But
the courtship is worthy of these islands which
used to be called * Enchanted." Mr. Beebe
tells how the male bird bent his head back

until it sank between his shoulders, the red
balloon projecting straight upward, and the
long angular wings spread over the surrounding
bushes. The female flew overheéad. " The en-
tire body rolled from side to side, as if in
agony, while the apparently dying bird gave
vent to a remarkable sweet series of notes,
as lignid as the distant cry of a loon, as
resonant as that of an owl In our human,

inadequate, verbal vocality, I can only record
it as kew—hew—hew—kew—hew—hkew |

In a

MARE

At the beginning of the eighteenth century o visitor wrote ; * This Country prodoces Htile Horses, commonly oull'd Shelties, und they
ure very sprighily, tho' the least of their Kind to be seen anywhere; they ane lower in stature than these of Orkoey, and it § common {or 4 man
of ondinary strength to lift a Sheltie rom the grownd ¢ vet this Hitle creature is able to carry doubbe.'

AND FOAL.

higher tone the female answered him from the
sky, ov—o00—o0 oo—o0d " To read Mr.
Beebe's " Galapagos: World's End"—unfortun-
ately, a verv expensive book—is as Professor
Henry Fairfield Osborn says in his foreword,
* like rubbing the Aladdin’s lamp of science.”

There is something peculiarly fascinating in
the Shetland Pony. No one can wish to see a
prettier sight than a herd of them having a
race by themselves in a field. It 13 more than

-

their dainty size that we admire, or the graceful



Ploto - C. Reld, Wishare, N.B.

SHETLAXD PONIES
A buried bones mnd rock-drawings prove, seall-sized ponies Hved io the Sketland Islands before the Soandinavian imvasion snd seitlement of the ninth and subsequent centories.  While there seenis
o lx a Scandinnvian strain in the present-day *° Shelties,” there is evidence of an Ordental cross, or in ooy case of something Ffferent from the amull penies of Norway and S8weden, The popolar idea that
the ** Bhellies " were dwarfed by starvition and other severe conditions of THe i mol tenald:

e |

SAUNVISI

kg
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shape, or the poise of the alert head. We are
fascinated by an individuality—at once of
brains and of character. As one
of its admirers says: "' The Shetland
is the most beautiful, the most
reliable in disposition, the hardiest, the freest
from defict, and the pony that suffers the least
from neglect of any of the known breeds. He
is absolutely without the taint of a vicious trait,
He is very companionable, and is recognised as
the only safe child’s pony. The amount of work
he will do is prodigious.”

The Sheltie existed in Shetland in pre-
historic times, as sculptured stones show : and
there is much to be said for the wview that
it represents a mmdalion—a dwarfish freak
endowed with stable constitution, well-suited
to endure hardships. Just as there have arisen
pigmy elephants and pigmy hippopotami and
pigmy men, so there have arisen pigmy horses.
Whether this particular tvpe of pony arose in
Shetland or elsewhere, e.g., Scandinavia, we do
not know. There seems almost no warrant for re-
garding the Sheltie as a hark-back to the very
diminutive ancestral horses, some of which
were no bigger than foxes, That was millions of
vears ago,and there is nothing of the reversionary
about the Sheltie. Nor can we favour the idea
that inadequate nutrition before or after birth
led to dwarfing, for that sort of enforced dwarfing
is not usually heritable. Moreover, there is
nothing of the degenerate about the Shetland
Pony ; it is an almost perfect creature. To
interpret the small size as the direct result of the
strenuous conditions of Shetland life is tempting,
but there is very little evidence that this is the
way evolution works. Moreover, the evidence of
breeders seem clear that the stature (three fzet or
so at the withers) does not increase when the
ponies are reared in loxury. With due care they
remain dwarfs when brought up far away from
Shetland, and with all the food and shelter
they want.

We submit that Shelties originated like other
strong, well-proportioned, intelligent  dwarfs,
apart from any direct connection with severe
climate and short commons. Perhaps the
dwarfness was wrapped up with a variation in
the degree of development of the pituitary
body or some other ductless gland which has to
do with the regulation of growth., There is some

The
# Sheltie."”

evidence that certain extinct giants among
animals had a large pituitary body.

But while we do not believe that the scantv
pasture and the exposure to cold and stormy
weather can account for its peculiarities, we
hasten to admit that its peculiarities favour
survival in such strenuous conditions;, and may
have been accentuated by inbreeding and
artificial selection. Thus there is undoubtedly
protection from the cold in the abundant mane
and tail, and * that waterproof double coat of
thick fur and long hair which alone can maintain
warmth in wind and rain and mist." There is
also strength of bone and muscle : " It is com-
mon for a man of ordinary strength to lift a
Sheltie from the ground : vet this little creature
is able to carry double | " The Sheltie has also
a very good digestion—an ability to make the
most of rough fare, such as even the jetsam of the
sea may afford. In their charming monograph
on the Shetland pony, Mr. and Mrs. Douglas
point out that the hard conditions in the North
also “ favoured that docility and sweetness of
temper which made the Shetland pony more
truly domestic than any other horse, because
they make it essential that the pony should
live in intimate dependence on its owner."
And besides all these fitnesses there is the clever
wit of the creature, and its pluck, * metall past
belief."”

Perhaps some of the old chroniclers were a
little exuberant in recounting the capacitics of
Shetland ponies, for we find difficulty with the
record of one that could carry ' an able man
and a woman behind him eight miles forward
and as many back,” as also of thcose which
* climb up braes upon their knees, when other-
wise they could not get the height overcome,"
This is the right spirit, no doubt, but the Shetland
pony requires no fictitious praise. It is a
singularly perfect and engaging creature, in
whose emergence Nature's art and Man's have
co-operated successiully.

The Shetland pony used to be of great service
in the islands in carrying home the peat or in
bringing the sea-ware from the shore ; but the
introduction of wheeled wvehicles has greatly
lessened its importance in these connections.
Then came the period when the ponies began
to be much emploved in pits—a utilisation
which led to great improvements in breeding.
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It seems verv inartistic that the Shelties should
become dwellers in darkness, but it is not true
that they become blind, They are usually in
good condition in the mines, and they reward
We
this utilisation will also cease,
and that the Shetland pony will then be mainly
reserved for the height of its calling, which is to
of the child's

the Douglases

kindly treatment with affection suppose,

however, that

child's mount and
“With a bhittle lock,"”
" father and son mav learn to ride the

be a Ong
teachers.
write,
For to its many virtues it adds
to

same Sheltie.”
longevity,

that of sometimes attaining

Phota : C. J. King

GREY BEAL

The Geey Senl (Halicherun grypus) k= restricted to the shores of the
ve outer Hebrides in remote rocky inlets and caves, and i
when e

English enasis. They breed on t
and Sclly The yvoung ones de

pot move much for three weelks ;

thirtv-five years, which i= a good measure of a
But we like the way in which Mr.
It is

generation.
and Mr=. Douglas round off their study
not his nsefulness that binds the Sheltie's lovers
to him : "' Rather it is-himself—his wisdom and
his courage, his companionahle ways, his gay
He has the dual charm of a
wild in his

and willing service.
creature at once wild and tame
strong instincts, his hardihood, and his inde-
pendence—domestic in his wisdom and sweet
miankind

I'hat is

temper, his friendly confidence in

and his subtle powers of imagination.”
well said.

34

NURSERY (IBLES OF

NDS 840

Only once have we seen the devil in the
sheltie—the wild thing in its eyes. A troop
of them came trotting down the highway,
looking extraordinarily beautiful, almost like

fairy-horses. A great dray-horse wids standing
with its load on a side-path abutting on the
main road, and one of the sprites ran up to him,
high, fetched him a kiss on his
He said something nasty, we sup-
pose, for instantaneously she wheeled and struck

She had

and, reaching

surly lips

him with her hind-hoofs in the mouth.
the very devil in her eye |
While

dolphins, porpoises, and whales o

SCILLY)
and is commoner in the Northal Scotland thanon the
re are o few hrecding
e ot sucking they are sl

North Atiantic,
ints @8 for soulh as Cormwall

Cetaceans generally, are rightly ranked among
the conguerors of the Open Sea, the

Seals on
the Shore.  seals are to be thought of in conne
The
Friendly tion with islands and the seashore
Seal. They have not attained to the
Cetacean's independence of dry land.

There 1= no doubt that seals are the descend
ants of terrestrial carmivores that took to a sea
faring life. They betray their land origin in

coming ashore to rest and -!l'r.-il and to bring

forth their voung ; but the great adventure of

becoming marine must have been made ‘long

for there are many acguati adaptations

Ages ago
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FPhaoto : F. W. Bond,

COMMON SEAL (Phoca mutwling),
The Common Seal is handly more than half the size of the Geey Seal, but the geneml colour s much the same—yellowish-grey spotted

with biack and brown, and silvery grey beneath
tameahle and atiracted to music.
voung one at a time,

in the seal's body. The somewhat conical shape
is suited for swift movements in the water ; there
is reduction of friction in the absence of ear-
trumpets, in the close-set fur, and in the way the
hind-legs are thrown back beside the short tail.
The nostrils can be closed under water ; the
sensitive whisker hairs are of use in the dark
diving ; the structure of the eyve is also suited for
the gloom in deep zones. The blubber beneath
the skin makes the seal more buoyant ; it helps
to conserve the precious animal heat ; and itis a
store of reserve material for days when it is too
stormy to fish. The teeth, with their tips tilted
backwards, serve to grip the slippery booty.
Both hands and feet are webbed, and clawed as
well. No doubt the seal is a bundle of fitnesses,

The Common Seal and the Grey Seal may be
called residents on British shores, and there are
four others which are known as visitors. The
Common Seal may go far up a river and even
reach an inland lake ; thus it has been seen at
Perth and in Loch Awe.

The Common Seal can swim at the rate of ten

It is unlike the Grey Beal ln belng gregariois and seems to be s much livelier animal,
It has an umder-fur which makes its skin valuable and its fat yields oil. There s nsually only o single

miles an hour, about half as quickly as a dolphin,
and the instantaneousness of its turning is like
magic. A fish—like flounder, or whiting, or
salmon—has no chance when a seal has made up
its mind. When we watch a dog swimming we
see that it treads the water with its fore and hind
limbs ; but this is not the seal's method. Tt
keeps its fore-limbs close to its breast, except
when turning or steering, and it swims like a fish
by means of its very muscular posterior body,
aided by the firmly appressed legs, which form
the hind part of the propeller. A propeller,
however, that does not turm round ; it simply
dislodges masses of water first to one side and
then to another, with lightning-like quickness,
The large Grey Seal is not nearly so fast, and it
has; therefore, to attend to more slowly moving
fishes, like halibut, which it seeks out far below
* full fathoms five."

The movements of seals on the sand are very
quaint. They hirple along at the rate of about
three miles an hour. The creature raises its
shoulders, depresses its head, sticks its fore-
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flippers outwards in the sand, drags its body
forward (sometimes helped by a jerk from the
hind-legs), sinks prone, and begins again. What
catches the eye is the alternate arching and
flattening of the body. A voung grey seal has
been known to make a land journey of half a mile
to a cottage, and when it was taken back to the
Short land
journeys have often been recorded for the
common seal, L'le't‘i&]lf'-' in the case of tame ones,
which refuse to be sent back to the sea. There
seems to be in seals something of the ' local
attachment "' and " homing capacity "' which is
exhibited by cats, but most of the data remain
unfortunately at the level of anecdotes. Common
seals have their favourite resting rocks, and the
grey seal has favourite spots in the water, where
it persists for hours and days.

The Common Seal is still common. It has
made a success of life along the coasts of the
North Atlantic and the North Pacific. It is more
Scoteh than English, and there are quiet places
where one can see a hundred in a day. Of late
large numbers have appeared in the Wash.
When we go a-fishing in the evening on one of
the western
the come
companionably, raising
their bullet heads above
the surface, and staring
at us with their large
liquid eyes. They are
very quick of hearing,
and will gather to an
It seems

sea it repeated the visit next day.

sea-lochs,

seals about

unusual sound
to be rather from curi-
asity, however,
from a love of music,
for they will come to a
concertina as well as to
and when they

than

a flute ;
have become accustom-
ed to the sounds they
cease to be interested.
It may be, however, that
this only means that
they wish a change of
tune. Indeed, we are in-
clined to be generous,
for seals have fine brains,

Phota ; M. H. Crasford

intermediate betw

and their undoubted  i1obes when lully formed.

FELICANS-FOOT
A strong turreted shell with knobbed whorls, not uncommon on British coasts
et the top-shells (Trochias) with
whelks with a nolched aperture
The lving animal is begutifully e

capacity for becoming attached to persons
and places shows that the emotional string
is well developed. This is seen also in their

playfulness, in their " followmy-leader”
games, in the lovingness of the mothers,
and, perhaps, in the way they kiss one
another.

Common seals are at once polygamous and
[:r_rl},'und]'m:-\, s0 the less we say about their
mating relations the better, September is the
breeding time, and four or five months before
that the sexes have been living for the most part
separately. The mothers have their pups in
June, after carrying them in the womb for nine
months. They suckle them for about eight
weeks. The males do a good deal of fighting in
the latter part of August,

Whereas dolphins and other Cetaceans bring
forth their voung in the water, the seals, which
are more recent colonists of the sea, bring forth
their voung on land. The young of the common
seal sheds its first coat of (white) hair before it is
born ; it begins its independent life with its
second coat, which is darkish. The pup can take
to the water the day of its birth, but it needs

SHELL (A4 porrkads pei-pelecand).

It is in some ways
entire circular moath to the shell, and the dog-
there is n ahort noich of canal and severnl broad
eil with scarlet
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Photo © M. N, Craniford

THE COMMONEST DOG-WHELR
A wery common and very varfalde shore Gustropod.

a purple dye slodlar (o the famoss Tyrian §

allics. Ttz vase-like cgg-cases are fastencd in

lusters to the low-tide
long rests ashore and much mothering, which it
certainly gets,

The Common Seal has no enemy save man and
Unlike the
dolphins and porpoises, the seals must have their

its own big cousin—the Grey Seal,

rest on land. They take advantage of waves to
get up on a rocky shelf ; they use their nails in
clambering ; they adjust themselves so as to slip

fimg mils
Im this

Purpara lapills
As {1z mume Purpom suggesis, i vields
fle which was furnished by
rocks

| into the sea in an instant

fa
= s
T

they sometimes post sentinels ;
but they often fall asleep.
And it is then, and at the
breeding time, that man often
clubs them. 1t is a strange
inconsistency that although
man cannot deny that seals
have a certain fascination for
him, he cannot resist killing
them when he pets a chance.
He calls them lost souls and
fallen angels, mermaids and
he invented
pretty stories about them and
cherished superstitions ;

MErmen has
bt
he kills them at their play
and in their sleep, or when
the mother comes ashore to
We can
hear the seal's melancholy

it comfort her voung,

severul of ils many

cry !

Superior persons sometimes
children who
gather shells on the shore. Perhaps they are
what Sir Isaac Newton

speak condescendingly of the

forgetting

Shells ; ;

on the said on this matter : " To myself it
Shere. seems that 1 have been but as a
child |'-]ﬂ'l.'jl|;_' on the sea-shore: now 1il1tﬁﬂg

some pebble rather more polished, and now some
shell rather more agreeably variegated than
another, while the immense
ocean of truth extended it
self unexplored before me.”
This sentence of itself, with
its fine humility, is enough to
dignify shell-gathering for all
time.

The world is full of beauty-
feasts spread out pgenerously
before us, and while it ['-ﬂiﬁl.h
little compare one with
the shells the
shore need not vield prece-

tir
another, an
dence to any A comner of an
Alpine meadow in flowering

time, the transfguration of
the trees in autumn, the chaf-
M finches on the hedge, the

il nt the
that show

1 a . ik pog -
: Shetland ponies racing in the
i v

field, the cut opals in a bowl
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of water, and a thousand
and one delightful sizhts
all are joys for ever; but

we are not ashamed of our
little shore-pool in which we
have gathered a handful of
shells. Ewven when they are
high and dry, what dreams
of beauty thev Ihese

the

dare

pleasing curves are
frozen music of a harmonious
life—far-off hints of beauti-
ful houses. These concentric
lines are the ripple-marks of

rhvthmic

growth, like the
bemutidul ahell
mouth of the shell is

This greyish-pink

rings in the trunk of a tree The

or the zones on the scale of

a hish. These nuances of colour, grading into each
other, are the registrations of the ebb and flow
of wvital tides, the the
feathers of Birds of Prey record the diurnal ups

just as cross-bars

il

and downs of blood-pressure during the period
of feather-making

And just as one likes the irregularities of old
masonry, which give it a stamp of individuality,
s0 one enjoys comparing different specimens of

the same kind of shell, since one often discovers

COMMON FPEARLY

This * top-shell * is larger than the species shown above, and 1

When these top-shells an

mwch worn on the Leach, the outer

TOFE T

A FEARLY TOP Trochus cimergris

with n fst base pnd aumerogs whorls, s commen on some Britds
without teh ; and this goes with &«
a7 wile in the middle of the base

personal idiosyncrasies—the answers-back that

We wventure that
for the feeding of the eves of those who can

rarely

of circumstance. to suggest

see the shore, there is an inexhaustible
supply in a box of shells—rich in what one might
call sensory vitamines.

The are either
bivalves, like cockles and mussels, oysters and

common shells of the shore

clams : or univalves (( rastropods), like whelk and

15 more w 1 is spolted with
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Photo

Johm J. Wand, F.E.5.

COWRY

There are many different species «
of their beautiful markings and coloumns
1

The young form lms

overlapped and hidden, leaving for a long time some evidence of itself at ope end

over the shell

periwinkle, cowrie, limpet, and ormer. Occasion
ally one finds the unique cylindrical Elephant's
Tusk shell (Dentalium) washed up from a con-
siderable depth; and not uncommon on the
rocks are the primitive Chitons, with eight
shell-pieces fitting flexibly one on another over
the animal's back

What are the characters in which the shells
of all these Molluscs agree ¥ The shell consists
of carbonate of lime, and an organic substance
called conchin ; both are produced by the fold
of skin known as the mantle, which is always
adding to the shell, especially along the margin,
The persistence of a

free edge to which additions can be made as

as the amimal grows bigger

required obviates the necessity of that moulting

SHELLS
[ Cowry or Cyprea, Inchsling the Money Cowry (Cyfpea
a thin spiral shell with a cor

4 monefa), and they are famoms for the varety
icuous apex, but ns growth goes on, the spire §s
folds of skin of mantle reflected

Dharing life there afe two §

which 1s characteristic of crabs and their alljes.
The intermittent or rhythmic growth of the
molluscan shell is registered in the parallel
lines already referred to and in a few cases the
age has been estimated. It is certain that a
mollusec may live for a good many years, a land-
snail for three or four, a freshwater mussel for
One would like to know the age of
those huge Tridacnas which are often used for

a dozen
holding holy water in churches., The shell may
weigh more than a man can lift, and may measure
more than two feet across. On his Beaple
voyage Darwin was struck by these giant clams
at Keeling Atoll, and noted that “if a
were to put his hand in, he would not, as long

able to

Iman

as the animal lived, be withdraw it."”
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TROPICAL

The species of Cone
may be seen, b

that we

massive

The
the animal
unable to do more

valves are so suppose
stanonary,

the shell to

must remain  quite

than allow
gape a little.
three distinct

shells show

outer

bivalve
layers. There is

conchin, easily rubbed off. There is a prismati

Many
organic laver of
layer with the lime arranged in prisms, recalling
of our

very thick is

a similar architecture in the enamel

teeth !
the beautiful mother-of-pearl layer

Innermost and often
with delicate
flat laming of lime and conchin, producing for
physical reasons the well-known rainbow colours.
When shells in shops show this iridescent

this is due to the

laver
removal

on the external surface,

of the two outer layvers. If a piece of the nacreous

CONE-SHELLS

e indication of the whorls

Jong, misrrow, and straight
or 1::“rhr-:---1'-]s-|-:1r] ]:t_‘,'l't' is P mnded into duost,
all the
witchery of colour is physical or structural.
There
pearl
thre
its own angle of slope, and the result is a porce-

you get, of course, just white chalk
is no pigment present in the mother-of-
In the shells of most sea-snails there are
layers of platelets of lime, each layer with

lain-shell, often without much or any trace of
mother-of-pearl. When the mouth of a Gastro-
pod shows a deep-cut notch (for the reception of
a breathing-tube), the creature, e.g,, a whelk,
i= almost always a carnivore, and apt to be
unpalatable When the mouth of the shell is
uninterrupted by any notch, as in the periwinkle,
the animal is a vegetarian, and likely to be

palatable
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In ancient times the cult of shells was widely
spread, and there are lingering traces of it to-day,
Shells were used as charms and amulets, and in
later days as counters and coins. Most of all,
they were symbols of love and sex, of life and
fertility. It is surely a rebuke to us to find how
remote from commonplaceness was the old-
fashioned cult of shells. Ages ago men held the
empty spiral conch to their car to listen to the
whisper of the god, just as our children do to
catch the reverberation of the distant sea. What
is this murmur of the shell ? A little may be due,
some authorities say, to the shell's intensifying
of internal vibrations due to pulsing blood-vessel
and tensely-strung muscle, but mainly it is due
to the action of the shell as a sympathetic
resonator, which picks out and exaggerates
certain minute sounds from the surrounding
medley (for ** perfect silence ™' is rather a fiction).
But not for the world would we disturb the fancy
of the child who listens to the echo of the far-off
sea, and in so doing is unconsciously cchoing the
practice’ of a far-off ancestry.

History of Guano

Dr. Robert Cushman Murphy has written a
delightful book called " The Bird Islands of
Peru ™ (1925), in which he discusses the natural
history of goano, the most wvaluable of all
fertilisers. Asis well known, guano is formed on
bird-smothered islands in dry regions in various
seas, but the best guano is Peruvian. It is said
to be thirty-three times as valuable as farmyard
manure, and that is because the nitrogenous
compounds of which it is mainly composed are
in a state that makes them very valuable as
food for the roots of plants. Though the word
guano means dung, the material is chiefly the
excretion of the birds' kidneys, which is got rid
of in semi-solid form. [t consists of urea and
urates, phosphates and other salts of ammonia,
and other compounds, such as guanin, The last
is a waste product that we see, for instance, in
the *' green gland " or kidney of the lobster, and
also as silvery spangles in the scales of many
fishes. It iz said not to be found in the fresh
excretion of the birds, and is probably the result
of the decomposition of uric acid. It may be
noted that guano is valuable in inverse ratio to
the atmospheric changes to which it is liable.
But we must not go further into the chemical

aspects of guano ; it is enough for our present
purpose to be clear that it is a complex mixture
of highly nitrogenous waste products, and that
it consists chiefly of the excretions filtered out
by the kidneys, and only secondarily of the
undigested residue of the food.

Along the shining sea coast of the Incas there
is a profuse abundance of marine life, an abund-
ance in great part due to the beneficent influence
of a cool ocean current, which bears the name
of Humboldt. Cooling always increases the
density of the sea population (hence the success
of northern fisheries), one reason being that the
vital processes are less hurried than in the
unrelieved tropical waters, and that more
generations of a species are thus living at the
same time. The thicker the living stock of the
sea soup, the more abundant will be the fishes :
and another step brings us in Peruvian waters
to the great multitudes of barking and wailing
sea-lions, and of birds ** as numberless as snow-
flakes in a March blizzard.” There is said to be
a larger sea-bird population here than in any
other area of equal extent.

It is chiefly on the islands off the Peruvian
coast that the finest guano accumulates, and
the Chincha Islands are especially famous. The
reasons for the crowding of the birds are in the
main the same as those that account for the
dense congregations seen, during the nesting
season, on northemn bird islands like Ailsa Craig,
the Bass Rock, Handa and Fould, or on the
low-lying islets appropriately called eider-holms.
Whether by shelves and ledges of rock, or by
an accessible surface with plenty of nest-building
materials, the bird islands afford suitable breed-
ing places; and the other indispensable feature
is that there be good fishing within a convenient
distance. Moreover, insulation tends to reduce
the number of enemies, unless small mammals
like rats manage to get a footing on the
islands,

The most important guano-birds at present,
in inverse order of value, are (1) the " blue-
footed boobies ™' or camanays, tropical gannets
belonging to the North American fauna ; (2) the
large vellow-headed pelicans or alcatraz (200,000
on the headquarters island |) ; (3) the variegated
boobies or lancer gannets (piqueros in Spanish),
the most abundant of all the guano-manu-
facturers; and (4) the white-breasted cormorants
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FPhote ; F. Martin Duncan, F.R.M 5., F.Z.5.
THE RAZOR-SHELIL RISING TO THE SURFACE.
The Rasorshell or Spoat-fish W geligud, B o common bividve molluse that burrows in the sand about low-tlkde mark and lariber out.
It is often b d up for bait, When the animal &8 undisturbed, it protredes two breathing-tubes at one of e gaping ends of the Jo
somewhnt meor-like shell. On the slightest distorbance, these ate retrscted snd the anbmal goes deeper down,

Phote ;  F. Martin Duncan, F.R.M.5., F.Z.5

The burrowing an i the i
riv, that is
lar ; it works
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or guanayes, peculiar, like the lancer gannet, to
the Humboldt Current, but of Antarctic origin.

The pigquero or lancer gannet is a bird that
incites our admiration. It outdoes our own
Solan Goose as a spectacular plunger. Dr.
Frank M. Chapman, of the American Museum of
Natural History, speaks of the impossibility of
picturing a skyful of boobies pouring downward
into the sea. ‘' It was a curtain of darts, a
barrage of birds. The water below became a
mass of foam, from which, if one watched
closely, hundreds of dark forms took wing at
a low angle to return
to the animated throng
above, and dive again,”
or else, of course, sail
home heavy with booty.
Dr. Chapman describes
the extraordinary plung-
ing of a flock of five
hundred to a thousand
boobies, which, in mak-
ing for a distant goal,
happened to fly over a
school of fish. * In-
stantly and as one indi-
vidual every booby in
the flock plunged down-
ward, and in a twinkling
the air, which had been
filled with rapidly flving
birds, was left without a
feather!™ It is difficult
to understand how the
plunging birds in a
barrage avoid impaling
their comrades who are
emerging from the water. But there are prob-
ably many hidden tragedies.

Which is the most valuable bird in the world ?
This is one of Dr. Murphy's questions, but it is
unanswerable until we have a definition of
which the political economists have
not succeeded in giving. Is it the barndoor fowl
or the high-flving stork, the
swallow, or the orchid-fertilising humming-bird ;
is it the red grouse on the high moor or the sky-
lark in the meadow :

affinities.

* value,’

insectivorous

is it the ostrich with its
plumes which it is lawful to wear, or the Bird of
Paradise, whose forbidden plumage is worth ten
times its weight in gold ? Dr. Murphy answers ;

* Figuring in dollars and cents, and with refer-
ence to effect upon human life and human
geography, 1 beg to present my candidate for
the post of king among avian benefactors—the
Peruvian cormorant or guanay.” In other
words, the most valuable bird in the world is
the bird that makes most guano, for guano
spells bread, just as guanay spells anchovy, and
anchovy copepod, and copepod infusorian and
diatom. For so the world goes round.

The goanayes are cormorants of Antarctic
origin that have established themselves in vast

Photo ; Reproduced from ** Hird Tslands of Peru,” Koberi Cushman Murphy, by cowrlesy of the publishers
Mesars. G. P. Puinam's Somi.

GUANAYEES ON THEIER TWELVE-FOUND NESTE (Phaldacriceras bowgainiella )
The Guanay ks o white-breasted cormomint, peculiar to the Humboldt Current, bat with Anlarctic
It s regurded by some as *° the most vahsable bird in the world,” becouse |4 contributes
so enormously (o lhe miklag of Peravian geano,

the of Humboldt's
Current. Unlike ordinary cofmorants, they hunt
by sight and from the air, plunging on surface-
swimming fishes, such as anchovies. They leave
their islands in small scouting parties, but when
a great school has been discovered there is soon
a vast congregation. The birds hang like a black
cloud over the sea, and when they shift their
quarters, flying low, they form a continuous
dark river, which may take four or five hours
to pass a given point. In a report to the President
of Peru, Dr. H. O. Forbes, a well-known British
naturalist, estimated the cormorant population
of Central Chincha Island at and

colonies along izlands

5,000,000,
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Photo ; Reéproduced from " Rird Iclamls of Fern," Robert Cushman Murphy, by conrlesy of the publishers,

Mesers. G. P. Pwtmam's Sons

GUANAYES AT THE BRINE OF PESCADORES ISLAND—THE MAINLAXD OF PERU IN

THE DISTANCE

While the Guanay is a troe cormorant it is in many ways remarknble.
sight from the alr before it descends; it lives altogether on surface fishes ; and it is gregarious In s fisking,

calculated that it would require 1,000 tons of
fish per day to keep this single colony alive.
In the crop and stomach of one cormorant Dr.
Murphy found the remains of no less than
seventy-six anchovies, four or five inches ih
length ; so there is no reason to doubt that the
1,000 tons per day would be duly forthcoming,

We get from Dr, Murphy some lively impres-
sions of the life of the guanayves on the guano
islands. Theyv alwavs come home at night and

insist on getting in,
though all the bedrooms
areoccupied. Thehumof
their wings is ' like the
effect of an overdose of
quinine upon the ears"™;
their voices make " an
outlandish and never-to-
be-forgottenbabel." But
they have some pretty
ways, these ' guano-
makers! How they bend
and bow, tremble and
pose, in their courtship,
sometimes five assido-
ous suitors around one

crouching hen. How
vigorously . they wash
themselves, the great

companies at their toilet
making a noise like the
crashing of waves on a
rocky shore. ** Whenever
a man, sitting perfectly
still, begins to talk to the
guanayes in a loud voice
asilence falls overall the
audience within hearing.
Their mumbles and
grunts die away, and
they listen for a while
as if in amazement."
One thinks of Anatole
France's ' Penguins,"
which the guanayes
resemble in their erect
walk. It should be noted that, unlike their
Antarctic relatives, the guanayes are non-
seasonal in their nesting, though an individual
pair has not more than two broods in the
year.  There is thus an abundant produc-
tion of guano-producers ; and one is glad to
know that under the modern well-organised
system of rotation there is no reason that there
should be any end to turning the dust of the sea
into the staff of life,

" b A R

It ""lawks " s food by



ISLANDS 861

Photo ! Reproduced from * Hird Inlands of Pern,' Robert Cushman Murphy, by couriesy of fhe prbliskers, Mewrs. G, P. Futnem's Soni,

GUAND BIRDS ON LOBMM DE TIERRA, ONE OF THE PERUVIAN ISLANDS
This pemarkalile photogmph by Dr. Mirphy shows the stegelilke nests of thy
in e foreground, and adult pelicons along the crest,

mvering e lower hillskle, kalf-grown pelican chicks
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LXII
CAVE ANIMALS

HERE is a fascination in exploring a cave,
Tespecinlly when it is tenanted. If one
does not object to mud and darkness and
narrow passages, the touch of silent wings on
one's face, the patter of unseen feet, contact
with slimy ereatureson the cold walls,
mysterious reverberating sounds at
rare intervals, knocking one's head
against the roof, stumbling into a pool of water
and losing one’s last torch, the exploration of a
cave is a joy—a fearful joy. Like going down
a mine for the first time, it is a visit to a new
world. The darkness, the silence, the quiet air—
what a contrast to the world outside that seems
so far away. What a disclosure when several
torches are lit—the subterranean architecture,
the domes and arches and pillars, the hanging
stalactites (' limestone icicles ') and the uprising
stalagmites that tell us if we break them how
old they are. For many stalactites show annual
rings like the stem of a sawn tree, the reason
for this being that there is a stoppage of growth
in the dry season, or that more air-dust settles
on the growing surface during the summer. Itis
also possible to calculate the age of the stal-
actite by estimating the rate of drip and the
amount of dissolved lime in each drop. Thus
Dr. Vernon C. Allison calculates that a gigantic
stalagmite, known as the ** Pillar of the Con-
stitution,” in Wyandotte Cave, Indiana, which
is seventy-one feet in circumference and about
thirty feet in height, has an age of 30,500 years.
Besides architecture there is sometimes extra-
ordinary colouring disclosed by the torchlight,
strange weatherings and rustings, and gleaming
reflections from crystal mirrors in the rock. In
sea-caves, into which the tide rushes and
splashes high, there is often a rich colouring due
to the encrustations of calcareous Alge, which fit
the rock like a coat of paint. But we shall
keep to inland caves.
Another attraction is to be found in searching
for traces of the living tenants that have effaced

Cave-
Dwellers,

themselves before the torch, The spider’s web in
that niche shows that there are many flying
insects in the cave ; there on the mud are the
tiny footprints of a mouse ; and there on the
rock.are the droppings of bats. One also has
the excitement of searching in the floor of the
cave ever so carefully with a trowel for relics of
human and other troglodytes (cave-dwellers)
that were tenants long ago. Sometimes there is
the satisfaction of being able to decipher from
the different layers of bones and other vestiges
in the well-trodden floor the sequence of bygone
inhahitants, Oeccasionally there is an indication
of where a fire was lit—perhaps in prehistoric
times. If we are very lucky we may discover a
non-modern writing or drawing on the wall. .

In dark caves—the only thoroughgoing caves
—there can be no green plants, though sometimes
near the entrance there are a few shade-lovers
like the Golden Saxifrage and the Moschatel,
some lichens which are half fungus, and in
rire cases a moss (Schistonema) with glistening
spots that look like eyes, and seem to act as
little lenses, making the most of the scanty rays
of light. Inside the cave the only plants are
moulds and other fungi.

But let us call the animal roll, which is very
considerable, There are various Infusorians and
ameeba-like unicellulars in the pools, and elegant
wheel animalcules or Rotifers with great com-
plexity in small bulk. A Rotifer may have a
thousand cells, a food-canal and other organs,
and yet be able to pass through the eve of a
needle ! Wherever decaving débris has been
brought in by a streamlet or has accumulated
from droppings of bats there are delicate thread-
worms ; and there are other kinds of worms
including a kind of leech (Dina)—wan and blind.
The largest part of the cave-population, as far
as numbers go, is made up of jointed-footed
animals—small crustaceans in the water and
wood-lice in the crevices of the rocks, numerous
centipedes and insects, spiders and mites.
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On
different tack are various dwarfish slugs and
snails, which feed chiefly on fungi

Among backboned animals there are numerous
fishes, with eyes at all levels of degeneracy,
and there are about half 3 dozen newts and
salamanders. 5o far as we know, there are no
cave-reptiles. But it seems a little pedantic not

But most of them are very minute. a

to include such a cave-lover
as the oil-bird (Steatornis)
of South America and Trini-
dad. This curious bird is a
distant relative of the insect-
ivorous night-jar, but it
feeds on fruits, for which it
searches in the twilight. A
cheese-like of
ma-

large nest
|tl'lL‘1‘H[._“'t‘lll?ﬂ|:l"1 Spongy
terials is built on ledges or
in holes in caves, and the
yvoung birds are famous for
their extreme fatness. When
about a fortnight old they

are quilted with vellow
erease, out of which the
natives make a colourless

oil, used for lighting and
cooking, The plump young
birds are regarded as a deli-
cacy, in spite of their cock-
We call the
oil-bird or gudcharo a cave-
bird, just as we call bats
cave-mammals, for they stay
in the caves all the day
* The flight is noiszeless, and

occasionally high in the air.

roach scent.

Visitors to the breeding caves
are suddenly surrounded by
a circling crowd of Oil-birds
uttering loud
rasping cries, the effect being
enhanced by the rush of mul-
titudinous wings. A more plaintive note 15 uttered
by individuals at rest "' (A, H. Evans, Cambridge
Natural History, Vol. 1X, 189q, p. 419).

In many comparatively recent caves, dating

Photo : E. J. Manly

This queaint bird, also
night-jams
Gr OF MoMnLaL Caves,

croaking o It cccurs In Ve

geologically from after the worst of the lee-Ages
remains of big mammals,
the
but

was over, there are
like the Cawve-lion,
hy®na, and so on ;

Cave-bear, the Cave-

these were not cave-

body B very fat and yields oil

animals in the true sense. They merely used the
entrance of the cave as a shelter for the night or
as a nursery for the young. The only true cave
mammals are the bats, which we shall deal with
separately ; and a few mice may be added

It desirable draw distinction
between

SEEMS to a

permanent cave-dwellers, sometimes

and bion,

called “ troglobions " (froglos, a cave ;

THE OIL-BIRLD
ked Gadchar, 5 somewhnt inlerme
Colombils, Ecomdor, Pera, |
only at might, and fyving noid
1 cooking purposes

Sleatormin car penais

i st wnee the owls and the
nm, and Trinkiad, living in

81y In eenrch of fruit Ita

ne
il

suited for lighting and

a living inmate), and those that go out and in ;
the ** trogl and phil,
fond permanent

.|.11|1ii~. " (troglos, a cave ;

The
residents, at home in the cave, such as the blind
Dalmatian newt called Protens. The troglophils

of}. troglobions are

are temporary tenants, for part of the twenty-
as in the case of bats ;
of the yvear, as 15 the case with one of the owls

four hours or for part
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(Scoliopteryx) which spends most of the winter
incaves, But this distinction between permanent
and temporary tenants must not be pushed too
hard. Thus Proteus, which is as thorough-
going a cave-animal as one could find, is oc-
casionally flooded out into the Lake of Zirknitz,
where, we believe, it manages to survive, On
the other hand, it seems desirable to keep the
troglobions and troglophils separate from casual
visitors to the caves, which have wandered in,
or fallen in, or been carried in, yet have not in
any way settled down. They may be compared
to some of the animals that have been reported
from coal pits—a list of considerable length.
In his "“Animal Life in Scotland " (1920, p. 416),
Dr. James Ritchie records thirteen different
kinds of animals from a pit in the Midlothian
Coal Field. The list included sparrows, rats, and
mice, which may be called casual, while the
Cave Spider (Lesserfia dentichelis) was thoroughly
at home and " fared sumptuously upon the
insects that frequented the workings." In
speaking of ** casunal visitors," one must of course
recognise that while their entrance may be
called fortuitous, yvet they would not have sur-
vived at all unless they possessed certain quali-
ties which enabled them to adjust themselves
to the peculiar conditions of cave-life, 1t is time
to turn to these conditions,

What is involved in a thoroughgoing cave ?
Absolute darkness, a uniform temperatore,
corresponding to the annual average for the
outside world at that particular place, a very
humid atmosphere (there are no permanent
tenants in dry grottos), and an absence of air-
currents. The cave is a dark, damp, still place.
For permanent tenants the cave is more or less
of a prison ; they cannot readily return to the
open world even if they would, and cases like
the washing out of the Proteus are rare. The
troglodytes are isolated, and unless the eave is
very large there must be a good deal of in-
breeding, that is to say, pairing within a narrow
range. This may throw light on the very con-
siderable length of the list of cavernicolous
species.  For when wvariations crop up in con-
ditions of isolation, whether on an island or in
a cave, it is easier for them to become com-
pacted into a uniform true-breeding species.
Let us recall cases like the Orkney Vale and the
resident 5t. Kilda wren. There are many similar

instances among the cave-dwellers. And here it
may be noted that cave-animals are either the
direct descendants of ancestors that came in
or were carried in from the open world outside ;
or else they are new forms that have arisen in
the cave from the varations of previously
established troglodytes. It is interesting to find
that a cave-animal sometimes shows great
variability in regard to its eyes; that is to say,
these organs are fluctuating ; and if it should be
an advantage to be blind in the darkness, there is
ample material from which individuals changing
in the direction of blindness might be sifted out.

How are cave-animals suited to the cave?
One of their features is sensitiveness to touch,
obviously of great importance to dwellers in
darkness. When we find a crustacean or an
insect with very long feclers (or antenna), long
when compared with those of relatives that
have remained out of doors, we must call the
lengthening out a special fitness or adaptation,
There are some little sandhopper-like cave-
animals that have feelers longer than their
body, and there is a locust-like insect in the
Mexican grotto of Cacahuamilpa that has a
body length of about two-fifths of an inch and a
feeler length of nearly two inches! And besides
feelers, there are other tactile structures that are
strongly developed in cave-animals.

Important also is the sensitiveness to moisture,
for this keeps the cave-animals from straving
into unprofitable places. Few cave-animals can
stand drought. Even those that cannot see in
the strict sense—that cannot form an image, are
sensitive to light and shade, and are constitu-
tionally disposed to move away from the light.
This ** negative heliotropism,"” as it is learnedly
called, is comparable to the obligation that
makes a young root grow down and a yvoung
shoot sp, and it will tend to keep the troglo-
dytes from wandering out of the cave and even
from following the streamlet as it trickles towards
the light. Another interesting feature is sensi-
tiveness to corrents of air. Just as there are
some people who cannot stand the least draught,
so is it with cave-animals. They like a very
quict life. There is a cave-beetle called An-
tisphodrus which shows itself indifferent to
changes of light, but is so sensitive to the least
breath of air that it moves away if you whisper
its sibilant name,
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In thinking of the use of all
this exquisite sensitiveness, we
must remember that the cave-
animals have to find their food
and avoid their enemies in
complete darkness. It is there-
fore very important that they
should be sensitive to touch and
movements and odours.  The
food consists of other animals, or
of their remains, or of the drop-
pings of bats, or of débris washed
in frpm without, or of moulds
and other fungoid growths. In
some caves there is an abundance
of food, and there are crowds of
crustaceans, insects, mites and
snails ; but in the majority of
cave-retreats the cupboard is
very bare. Many cave-animals
require to be very alert if they
are to get enough to eat and if
they are to eat without being
eaten.

Many cave-animals are quite
blind and many have dwindling
eyes. In a way this may be
ranked as a fitness, for eves are
of no use to animals living in
complete darkness, 1f so, it is
profitable that they should dis-
appear, since a useless organ is a
waste. Moreover, an eve in
complete darkness may be a
weak spot, since it is liable to be
injured.

It is very natural to think of
blind cave-animals becoming
blind because of the darkness,
but perhaps this is too simple a

= : 2 full-grown plant ; a® and a®**, the same magnified, showing the
theory, especially in view of the deicate stalic; 5%, the male moseplant magnified,

A CAVE MOSS (Schisfost lacea)

Thsis * lumtlnous moss* has somewhat lens-like cells on the threndwork ot protonema
{2} from which the plant

starts; Usese focus and then reflect the scant rays of light. @, the
spore-capsule borme on a

with the reproductive organs at the

apex ; f, the leaves much enlarged ; 2, the initinl threadwork or protonema that grows
fact that there are many cave- m-.nhu; 3, the male organs and o protective bract; 4, the cap or calyptra of the

animals that are nof blind, We ®Poreewule s
shall discuss the question in a special section on
* Blind Animals."

There are various characteristics of Troglo-
dytes that can hardly be called fitnesses. Thus
many of the dwellers in darkness are like Pro-
teus in being colourless, translucent, or milk-
white, which probably means that pigment
sometimes fails to develop in the absence of the

35 :

light-stimulus. When small freshwater crus-
taceans, such as ' screws "' (Gammarus) and
* water-slaters "' (Asellus) are kept for a long time
in total darkness, they become very pale, and
if the experiment is continued for years, genera-
tions are born with almost no pigment. Con-
versely, translucent specimens from the caves
become brownish if they are kept in the light.
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Pl A, W

Denwmin,

THE GOLDEN SAXIFRAGE (Ch
i 1s a common Rritish shade-plant, frequenting molst plooes, sucl

T above-ground shools with yellowith-green leaves

gves

But we do not know that there is anv advant-
age in being pale or translucent in a cave.
Another feature of many cave-animals is the
delicacy of the skin; and here again the diffi-
cult question arises: Are these animals soft-
skinned because they and their forbears lived in
the stillness and dampness of the cave, or did
their ancestors take to
they were thin-skinned, and unequal to the

the caves because
more strenuous life in the open ? Another com-
mon feature, especially of those that do not
Proteus is a
giant, ten inches ](i]ig. but most cave-animals
are pygmies. What is called the giant cave
amphipod, like an aquatic sandhopper, is only
two inches long !

We read of the Cave of Adullam, where King
David took refuge, that *

live in the water, is small size.

every one that was in
distress, and every one that was in debt, and
every one that was discontented " pathered
there ; but it seems to be a little different with
animals and their caves. For the men that found

---'"I clusiers of minule

FysoEpleninm )

15 the rocks bseskde wabtetfalls, Thete b8 an

greenish Bowers withontl petals

pnaderground stem which

a rendezvous at Adullam were fighting men with
a grievance, the that take
refuge In caves are, we suspect, animals with a
weakness. They have slunk shyly away from
the keen struggle for existence in the outer
world, seeking a quiet life, even if it means short

whereas animals

commons. They are not weak because they

become Troglodytes; they became Troglodytes
because they were weak. The cave is a retreat
an asylum
Une of the most famous of cave-dwellers is the
“Olm " or Proteus, a newt of sorts, a dweller in
'-i-”k“' L |.|'I| '.|'|'I|.|| T-i.:|'|||”|.':] waters

The Story . . :
¢ of Carinthia, Carniola

; ); ati:
of Proteus. ind Dalmatia.

It is known from over forty localities,
When
the streams are low, the olms are often found in

mostly caves with slow-flowing streams

stagnant pools with a muddy bottom, but their
When the
streams are swollen, the olms are occasionally
carried outside the cave into the light, which

preference is for flowing water

they do not seem to enjoy. One of the earliest



CAVE

ANIMALS

307

records (1761) of Proteus was from the Lake of
Zirknitz, into which it had been swept by a flood,
But we must certainly think of the animal as a
typical cave-dweller, a true troglodyte, not at
home in the light. It is nocturnal all its life and
all the twenty-four hours, and though it can
wriggle on wet mud, it prefers to keep to the
water. The temperature of its haunts is low and
uniform, about fifty degrees Fahrenheit.

Picture a slender, blind, newt-like animal,
towards a foot in length, with smooth, flesh-
coloured skin. There are sometimes hints of
spots, but the most marked touch of colour is
where the red blood shines vividly through the
three pairs of gills. These are usually branched
or tufted. The head is elongated and obtuse in
front, a little suggestive of a pike's. Proteus is
very weak in the legs, which must be regarded as
in process of degeneration. They are not strong
enough nor long enough to support the body ;
the fore pair have only three fingers, the hind
pair only two toes. The swimming is effected by

Photo: A. W, Démnis.

A benutiful little flower found in Xorth Tempernte shady woods.
shoot, well soen to the lefi of the photograph,

It has minute
These are visited by small fHes, aitrs

lateral undulations of the tail, which is flattened
from side to side, in contrast to the cylindrical
trunk of the body,

Museum specimens of Proteus look very white
and wan, except at the gills, but it is of some
importance, as we shall see, to notice that the
living animals show considerable wvariability.
There are hints of yellow, reddizsh and even violet
in the ground coloor, and of vellow, grey and
reddish in the spots. This probably depends
mainly on the surroundings, especially on the
intensity of the darkness, for there is no doubt
that even faint light induces colouring or pig-
mentation. Similarly, while we may fairiy speak
of the olm as blind, meaning that the eyes are
degenerate and do not reach the surface, it is of
interest to notice that they can sometimes be
seen as darkish points shining through the skin,
and that they are more marked in the voung than
in the adults. i :

Very little is known of the home life of Proteus,
for a dark cave is not snitable for zoological

vers in o greenish custer ol the end of & slender upright
icted by the musky smell.
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observations. Indeed, the chief haunts are prob-
ably inaccessible, since no larve, or even yvoung-
sters, are ever found. Fortunately the animals
are patient of captivity, and up to an uncertain
limit we can argue from the known to the un-
known. Thus it is safe to say that they breathe
in some measure by their lungs as well as by
their gills; that they must have well-aérated
water; that the adults are put about by illumina-
tion, for a time at least ; that they thrive best
when the temperature of the water is low and
uniform ; that in captivity they feed on water-
fleas (small crustaceans) like Daphnia and
Cyclops, and on little river-worms like Tubifex.
It may be mentioned that, in spite of their blind-
ness, they can find threads of raw flesh held out
towards them in the water. An examination of
the stomach-contents of specimens of Proteus
from the caves shows that in natural conditions
they feed in part on small crustaceans (such as a
cave-amphipod called Niphargus stygius) and on
small water-worms. Of course there are no
green plants in the subterranean waters, unless
they are bejng carried past by the stream.

It is possible to get olms to breed in captivity,
and thereby hangs a rather interesting tale. In
the early spring the male sometimes shows a
heightening of the caudal fringe, and the female,
plumper than usual, shows eggs shining through
the translucent skin. The eggs are fastened
singly to the under side of projecting stones in
the water, and a female may produce twelve to
fifty-six altogether. There seems to be no cer-
tainty about the mode of fertilisation, but it must
be internal, not as in the frog where the eggs are
fertilised as they are laid. Each egg is about a
sixth of an inch in diameter, but it'is surrounded
by an envelope and then by a zone of trans-
parent jelly, as in frog's spawn, so that the
diameter rises to nearly half an inch. In about
ninety days the larve emerge, nearly an inch
long, miniatures of their parents except in a few
particulars. Thus there is a delicate unpaired fin
that begins on the posterior part of the trunk,
and is continued round the tail ; the diminutive
hind-legs have not vet attained to having even
two toes ; the eves are distinctly visible as dark
spots shining through the skin. During the
development, which goes on in darkness, the
embryo is quite without pigment, but when the
newly hatched larvie are brought into the light to

THE NEW NATURAL HISTORY

be studied they quickly put on numerous minute
spots of a brownish colour. <o much then for
Proteus as an ege-layving animal, but this is not
the whole story,

In the Experimental Station at Vienna, Dr.
Paul Kammerer kept olms in a very suitable
place, a deep hole sixteen fect below the surface
of the ground, constantly supplied with uni-
formly cold and fresh water. In these conditions
the olms brought forth living larvee instead of
laying eggs! In our clumsy words they were
viviparous, not oviparous. The strong prob-
ability is that the layving of eggs is an unusual
method of multiplication for the olms, and
brought about by lack of uniform coolness in the
water, One cannot at present be quite sure, but
it is likely that viviparous birth is the rule in the
caves. In giving birth to the living larve the
female is suspended at the surface of the water
with the anterior and posterior parts of the body
curved downwards. The birth iz usually in
October. If the few abservations that have been
made form a broad enough basis, we may sav
that the viviparous method of giving birth shows
an interesting economising of reproduction, for
there are wsually only two larve born at one °
time, It is plain that the more telescoping there
is of the early stages in an animal’s life-history,
the more are the chances of death reduced, and
the smaller the family may become without
passing the limit of safety.

Proteus is in many ways of great biological
interest, especially perhaps in showing the inter-
action of ** Nature and Nurture.” By * nature "
is meant what is inborn—the inheritance ;
" purture " includes all the influences of sur-
roundings, food, and habits. Normally, in its
dark haunts, it is almost pigmentless ; but it has
not lost the hereditary factor for pigmentation.
For when it is brought into a lighted laboratory
it soon becomes spotty—its skin is sensitive like
a photographic plate—and in several months it
may be quite black. If it be returned to the
darkness, it slowly loses its pigmentation; and if
the blanched specimen be brought back to the
light it becomes dark again. Light is an external
" nurture "' factor necessary for the expression of
the internal factor for pigmentation which still
remains part of the hereditary nature.

In the caves the eve is arrested in its develop-
ment ; it begins well, but retrogresses ; it lies
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Photo ; Ray V, Dawia, reprodecel by cowrtesy of the ™ Wide World Mogasine,

CARLSBAD CAVE IN NEW MEXICO;
uty of the . ing, the varety of peodent stalnctites and aprisiog
is lzalf & mile long and aboot o thowsand feet wide.
‘gvptian temple

nil is fnmons for the
ps, - What i called
1 Domses,'" like ooli

T'his is one «
stnlagmites, amd
The photograph shows
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about a hundredth of an inch below the thickened
skin. The ereature is blind. But Kammerer has
shown that if the newly hatched larvie are reared
in red light, the eye develops into a seeing eve.
After five years of red light, or white light period-
ically interrupted by red illumination, the olms
showed eves with a transparent cornea, an iris,
a large lens, a retina with rods and cones, and so
on—in short, almost normal eyes. The reason
why white light alone will not serve is that, unlike
red light, it brings about the development of dark
pigment in the skin over the eye, and this stops

America. It is striking that these second cousins
should have independently become cave-animals
in homes so far apart as Dalmatia and Texas.
The Texas cave-newt is white and blind like
Proteus, and it is only known from specimens
that came up with the water from an Artesian
well 188 feet deep. They refused to feed in cap-
tivity and soon died.

Thinking of caves and other dark places leads
us naturally to consider blind animals in general.
Are there many of them ? Where do they live ?
How do they hold their own? In the late

Photo ; E. J. Manly.

THE OLM [Frofews dagwings).
This blind newt is confined to the subierranean waters of Carniola, Carinthis, and Dalmatis.

white in colour except when slightly flushed with the red blood shining thromeh.

It may reach o length of abouk o fool,

The three pairs of gills are also red with blood. In an

Mumbmed aquariem, it soon puts on pdgment ;| and a young one reared wnder red lght may have the bidden eye exposed and developed into &

Boelng ey,

further prr:grcs:a.. We could not have a better
instance of the way in which " nurture " helps or
hinders ** nature " : in the caves the olms are
pale and blind, in the sunlit laboratory they
become black, under a red lamp they develop
eves that can see.

Another blind newt called Typhlomolge, a
near relative of Proteus, occurs in subterranean
caves in Texas. This is very interesting, for the
two, though very far apart geographically, are so
near one another in structure that we must think
of them as having a common ancestor, probably
like the Mud-puppy (Necturus) of North

Mr. E. H. Aitken’s delightful book, called * The
Five Windows of the Soul,” there is a wise sent-
enceat the beginning of the chapteron
Sight : "' Before Life had a window
to open to Light, Light was long
knocking for entrance into Life." Thus plants
have no eyes in the true meaning of the word,
vet Sir Jagadis Chunder Bose has shown that
a tree is sensitive to a passing cloud ; and the
most important process in the world (photo-
svnthesis) depends on the utilisation of the light
by the green leaf. Many a simple animal without
any trace of eyes draws towards the light, and

Blind
Animals,
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Pheto : E. J. Manly,

THE MUD-PUPPY (Necturua or Menolbruschas),

This newt, sbout n foot long, belongs to the mme family as the Olm or Proteos,

Tt lives in lakes in the eastern half of the United States,

lying &t the bottom during the day, often bidden omong water-plants, but hunting at night for custaceans, Insects, worms, and cven froga.
Three pairs of fringed gills persist throughout life, whereas they disappear in ordinary newts,

the plants on the table near the window have to
be turned round at frequent intervals towards
the light to keep them from growing all askew.
The earthworm has no trace of eyes, but it is
very sensitive to light and shade ; and there are
various eyeless marine animals that react when
we put our hand gently between them and the
sun. There is a long inclined plane between the
simple eve of a jellyfish and the wonderfully
perfect eye of a gull ; and it seems that the
function of the eye was primarily to discriminate
between light and shade, secondly to detect
movements of adjacent objects, and only thirdly
to form images and distinguish colours. Keeping
the word eyeless for relatively simple animals
which have no special windows for light, we wish
to think over blind animals in which the eyes are
degenerate or altogether suppressed in adult life.

As we have seen, some degree of blindness is
common among cave-animals, ¢.g., the Olm or
Protens of the Dalmatian subterranean streams,
the American Blind Newt (Typhlomolge), many
fishes, a blind prawn, and a blind crayfish, blind
beetles, blind spiders, and so on through a long
list. There are many facts that give us food for

reflection. Thus there are cases, e.g., among
cave-fishes and cave-salamanders, where forms
with normal eyes and forms with very degenerate
eyes occur in similar conditions, which raises the
old question whether cave-dwellers took to the
caves because of their weak eyes, or whether
the poorly developed eyes are due to” disuse in
darkness, or whether seeing forms got washed
in by accident and those more sensitive to faint
gleams found their way out, generation after
generation, while those that were inclined to
vary in the direction of dull vision or blindness
remained.

Then there is the fact that the young stages
of the cave-animals sometimes have eyes showing
much less degeneration than in the adults. This
raises the question whether the final going-back
of the eye is not in part impressed upon the
individual as the result of a lifetime of disuse
and lack of stimulus, It may be that blindness
is sometimes a change impressed on the individual
dweller in darkness, and we know that a goldfish
kept in the dark for three years became quite
blind, losing the rods and cones of its retina.

A second group of blind animals is that of the
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or less blind burrowers.
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IMoOTe

15 a good example.

Its minute eves are hidden
among the hair, and are what
one might call hali-finished.

Aristotle was right, as usuoal,
in saying that the mole's eye
has all the parts of our eye
éxcept the lids ; but if it can
form an image it must be a
There is a little
aperture in the skin over the
eye in the Common Maole, but
this is closed in Savi's Mole, FPhoto: E.

blurred one

J. Maniy.

found in some parts of the THE

South of Europe, which was
Lustialin,

perthaps the species that o :

: I and the like, It is not related
Anstotle examined over two ;
thousand wears ago. Mr. Barrett-Hamilton

points dut in his masterly ' History of British

Mammals "' that the confli ting statements made

by careful naturalists in regard to the mole's

power of vision may be due to the fact that the

eyesight 1s variable Towards the “southern
limit of the mole's distribution in France, the
eves are not infrequently concealed beneath the
skin.

Barrett-Hamilton confirms the

To pass to a less important point, Mr.
that
the hairs in the dving mole may be radiated

old story

around the eye, exposing the tiny black spot at

MARSUPIAL

This interesting mole-like
It i3 a burrowe

MOLE OF AUSTRALILA | Naforiyol

In Central Bowlh
with very
1x

Profes=or Stinl
TEiLl

the bottom of a conical cavity. As Bartholo-
fifteenth century

skin of the
when he

maus Anglicus wrote in the
* And somu

breaketh

men trow that th maole

for anguish and sorrow
beginneth to die, and beginneth then to open
that were closed mn living."

In the

for

the eves in dving
What

=outh

burrowers are blind ¢
Crolden 1Hll'.l'.
beautiful iridescent hair, the eyes are degenerate
In the Spalax of Egypt,
which makes burrows thirty feet long, the eyes

OLner

African famons ita

and covered with skin

* mere black specks among the muscles, but
Lo

are
have a proper
organisation.”’ In the so-called
Marsupial Mole of Australia the
hidden rudi-

Thus we find the same
phenomenon cropping up in three
quite distinct orders of Mammals
— namely, Rodents

they appear

eye is and wvery

mentary.

Marsupials,

and Insectivores. We cannot
help wondering again  whether
some constitutional wealkness of

eyvesight was one of the original
factors prompting the ancestors of
the dark-

must

these burrowers to seek
ness of the underworld., It
be remembered, however, that an

Photo - E, [, Manly. .-:\lH_,,..,-L_i eve is apt to be a weak
THE AFRICAN GOLDEN MOLF (Chrysochloris). spot in a burrower,,k and that

A stz roly . s Fon o le, rerireseyte severnl species L S0 - 3 I Y
lstant relative of the European mu represented by severnl species {n S variants in the direction of reducs

Africa. The name ** golden ™
iridescent fur. It is & barrower and 1
arrangements for digging are quite Jif
saperiicial resemblance is strong.

eyes are covercd with skin,

refers to the iridescent hairs mingled with the softer

il Enropean moles,

o
The stractatsl  tion and concealment of the eves
al Use

would probably get on better than
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which these structures remained

prominent and became scratched and sore.

those in

In some of the burrowing snakes the eves ar
small, and hidden :
baenid

in the limbless Amphis
called
“snakes with two heads.” so difficult is it to
tell one end from the

hizards, which are sometimes

other, the same is true :
in the Ceacilians, which are limbless amphibians
with earthworm-like habits, th
has gone further. As to our British slow-worm,
a limbless lizard, it is a pity that it should b

retrogression

called a blind-worm, as it often is, for it has
perfectly well-developed eyes with movable lids
We shall not

burrowers among backboneless animals, but it

foll: the more or less blind

15 interesting to notice the case of the white ants

termites that do not avoid the light, and it is
interesting to notice that the workers in these
forms have well -:||-'..'-'|-||s:'|| eves like the kj:l;_[_-‘-
and queens. There gan be no doubt that having
eves is the original condition among termites,
for some of the blind workers that labour in
darkness have very minute vanishing points of
eves. Along with blind burrowers we might
include blind parasites, but we must pass on to
another group.

The third great group of blind animals includes
those that live in the darkness of the oceanic
abysses. Many deep-sea animals, such as
crustaceans and fishes, are blind, and have found
compensation in a high development of tactility.
that whi

But a puzzle arises here : some deep-

Pholo: E, J. Manly

THE AMERICAN BLIND NEWT

3 [nteresting in its
white ¢

Many
called darkness-loving animals

may be

what

or termites. f them are
they hide unde
ground or in the recesses of the termitary. If
they make a foraging excursion up a tree they
build a tunnel of salivated earth so that they are
not exposed to the light of day The workers

are all blind, a fact which adds to the marvel of

their architectural achievements. The males and

connected

females have eyes, and this may be

with the fact that they are winged and spend a
n. But when the queen

settles down to maternal fanctions

short time in the of
sometimes
laying sixty eggs in a minute, she becomes
partially blind. There is a very striking indivi
dual degeneration of the eye. The male escapes
But S0

this by dying voung. there are

sead fishes have eves in a state of extreme

degeneracy, they form but a small percentage
of the Moreover

fishes with well-developed eves have them of

total. many of the abyssal

unusually large size and wvery highly differ-

entiated, as in the case of the upstanding
It is possible that the large

with a big lens, a wery

teles ope eves
those

convex window-pane in

VEery

eves and

front, and a retina

livided into two portions, are specially adapted

(
for utilising the fitful gleams of phosphorescent
i_!||'l 1-I'..Ir. r'II'|'=.l|::I-~!:-\.|' 'I,]lr' klxlf]’ir'li'h?'i l}[ L|:|_|_' I,Ei_'i,'i]

sea. One does not need to go to the true deep

sea to find a good example of a darkness-loving
marine animal with degenerate eyes. In the
strange, old-fashioned Myxine (the glutinous
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THE LONG-EARED BAT {Flecolus auriin

Bat ks found from the South of England to the Caledonl
There i a long tadl and a well-developed skin-hag

The Liong-rife
slae of the oar frunipecis

e thighs (the inter-femorm] membrans)

Phota ;: Harold Bastin
THE LONG-EARED BAT FREPARING FOR FLIGHT,

Thils bt Is sefdom seen till afic
ceeature and Sowerby tells of one

at would take an insect very geatly from its patron's fingers or mouth.

w known from all the other bats by the large

wnset, aid it retreats before dawn into holes under tiled roofs or some soch biding-place. It s a temabile
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hag), a primitive Vertebrate not up to the level
of fishes, the eye is arrested in the course of its
development. Every Vertebrate eye is, to begin
with, an outgrowth from the brain, but the hag's
eye stops on the way out. It is little more than
a cup filled with connective tissue. But this
brings us back to the old puzzle: Is the hag
blind because it has been for ages a dweller in
darkness, or did the hag seek out the deep dark
water because it had very poor eyes ?

The spirit of Nature must surely have smiled
when bats evolved from climbing and SWooping
insectivores, for it is practically cer-
Are
they not incomparably quaint creatures, hanging

Bats. : ; -
tain that this was their origin.

themselves up by their toes, wrapping them-
selves in their arms? They have solved the
problem of flight, but their solution is quite
different from that of birds, coming nearer what
we see in the extinct dragons or pterodactyls
They are mammals through and through, cov-
ered with hair and giving milk to their young,
and vet they are as acrial as most birds. Like

whales that breathe dry air in spite of their
pelagic habit and prolonged immersions, like

Phedo ; Frances Pill,

A GATHERING OF LONG-EARED BATS [Plrolus durifus),
One of the commonest of British bats, with eard of a Jengih almost equal to that of the euline bead
The fur Is long, soft, and silky, brownlsh in colour, Ughter below. The expasse of wing is
When it s resting, this bat tucks ils ears under [t5 arma, and it can fold one in, whils
It is arboreal in habit, and often picks its insect-booly {nom the leaves and twigs.

and bedy,
about ten inches.
the other stands erect,

duckmoles which break down the definition of
mammals by laying eggs, bats illustrate nature’s
capacity for making a contradiction in terms a
great success,

It is interesting to think over the adaptations
of bats to aerial locomotion—a snccessful ven- |
ture which has reacted (in a way difficult to think
out clearly) on old-established structural arrange-
ments. There has been an extraordinary eorre-
lation of variations. The extension of silky skin
that forms the pliant, elastic wing-membrane
begins at the side of the neck, passes along the
anterior surface of the arm, skips the clawed
thumb, and iz stretched out on four very long
finfers, of which only the first has ever a claw,
From the
posterior surface of the arm the membrane
reaches along the sides of the body and is con-
tinued down the leg as far as the ankle. An
accessory membrane, usually in part supported
by a gristly or bony yard-arm, arising from the
ankle, extends between the hind-legs, including
the tail if there is one. The wing-membrane has
drawn the leg strangely outwards ; and the knee
points, not forwards, as in all other mammals,
but backwards. This is
another of the anato-
mical whimsicalities of
bats.

and that only in a small minority.

The long bones
are very lightly built,
with large marrow cavi-
ties; the shoulder-
girdle is strongly de-
veloped ; the breastbone
has a prominent keel
for the better insertion
of the powerful muscles
of flight ;: the vertebrae
of the back are but
slightly movable on one
another and become
partly welded together
with advancing age—a
peculiarity also seen in
flving hirds, and of obvi-
ous advantage in giving
the wings a firm, un-
vielding fulerum against
which they can deliver
their stroke.

Compared with the
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legs an

thi
extremely weak, and it

fore-limbs,

goes without saving that
a bat cannot stand up
Althoughit usually alights
on its resting-place head
upwards, and may re
main fixed by its thumbs,
the

when

commoner

at
downwards, clinging by
the well-clawed toes
both feet or of one, When
it shuffles along a branch
it pushes itself forwards

Pe =10

rest is head

ol

with its feet, which are
turned forwards and in

wards, and hauls itself
onwards on its wrists
with the help of the
clawed thumbs. It uses
first one foot, then the
carresponding thumb,
then those of the op-

We are re-
minded of the deseription
in the Mosaic law—"' the
fowl that creeps, going on
all When
watch a bat quietly rest-

posite side.

fours.” Wi
ing on all fours, we notice
that the knees are turned
upwards and that the
elbows are touching them
—-a quaint posture. It
should be noticed that
there are some bats which " .
do not hang themselves
up to but i
stretched out
Bats can launch them
gselves into the air even
from off the ground, and their flight is masterly
In a room they are wonderfully clever, avoiding

THE

The smallest

than nine inche Itk

is fond of grals ad

between e Wml-legs
CiLIE

!'\-J.l."!'i'..

obstacles such as readily capsizable ornaments,
diving under a sofa, and looping the loop ; in the
open air they vie with the birds—the doublings
are so rapid, the disappearances so baffling, the
somersanlts so sudden, the captures of moths and
gnats and flving beetles so unerring, and all so
noiseless in .~]|it-.- of what the poets have said

PIPISTRELLE
commnest,
bt far
filv-Jos

ABOOT
o m

Il TAKE FLIGHT | Pipisirallus pfpiairailus
distribited Br i EXPHLESE 0
L 11 psaslly fics o
Witen presses it ngainst the skin-lag
ice i3 hardly perceptitile to homan

L owidlely

about ** whirring wings.” Some bats can even
drink from the river while on the wing, but there
are of course great individual differences—thus,
a =serotine is leisurely compared with a noctule,
and a pipistrelle is vacillating compared with a
When

their giddy round,"’ they utter thin, high-pitched

horse-shoe bat "seouting bats begin

cries, which are sometimes, as in the long-eared

bat, such ' needle-points of sound " (as Phil
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Robinson neatly puts it) that many observers
with quite normal hearing fail to catch the note,
In other cases, however, as in the noctule, the
querulous sharp cry is easily heard ; and the fox-
bats of the East chatter volubly like monkeys.
The accessory (interfemoral) membrane be-
tween the legs is best developed inthe long-tailed
insectivorous bats, and helps them to double
quickly in the air when hunting moths, and also
serves as a sort of bag to which booty may be
consigned. In a few cases there is an actual
pouch on the membrane. In many cases when a
bat has caught an insect in mid-air, it bends its
head downwards and backwards, and presses its
booty against the interfemoral membrane, giving
a bite or two or swallowing without risk of loss.
In so doing it sinks a little in its flight. In the
fruit-eating bats the tail is small or absent. Most
bats are small, delicate creatures, but they have
a relatively big chest capacity, a strongly deve-
loped heart, and large lungs—a triple fitness for
flight. It goes without saying that they are on
an evolutionary tack quite divergent from that
which birds have followed, but it is interesting to
notice the numercus “ convergences,” similar
adaptations to similar problems-—e.g., the hollow
girder type of long bone, the fusion of dorsal
vertebree, and the keel on the breast-bone.

I‘l‘

FPhato @ Frawces il

THE WHISKERED DBAT [Myofid myataciini]

This common liitle bat, here shown on o lhand o Indicate its size, i= in pome ways Hee o pipistrelie
It hunts mostly among the trees, and has o very devioos

bt has m halry face and & notchesd ear-pinno.
fight.
live a salitary Hie.

Sometimes it fies in the daylight or very sarly in the evening

According to old experiments, bats with han-
daged eyes can fly about in a room without
touching threads strung across it, can traverse a
crooked passage without knocking against the
sides, and can detect from some distance the
approach of a man’s hand. This extraordinary
telepathic tactility has its seat in numerous
touch-spots at strategic places, and in numerous
sensitive hairs, each with a nerve-fibre entering
it, which are distributed on the rather bare skin
of the wings, on the sides of the muzzle, and on
the delicate ear-trumpets, which often have
accessory flaps. If we make sounds near a cap-
tive bat we can see the tremulous movements of
the ear-pinna-—such a contrast to our own—
which are oriented independently of each other.
In no creatures save bats would we find what we
see in the common Long-eared bat—ear-trumpets
almost the size of the rest of the bodyv. What, as
Bell said, would we think of that in a donkey ?
It is difficult to know what to say about the
nose-leaves which often adorn or at least distin-
guish the region of the nostrils, except that they
are very original. They may be like horse-shoes,
masks, bulldogs' faces, fleurs-de-lis.  As Mr. Phil
Robinson wrote : ' Is not a word of gratitude duoe
to a creature that has ventured upon such origin-
ality in the matter of nose ? . it 15 always

fantastic and unex-
pected. It is the wvery
orchis of noses.” 1t is

an instance of extravag-
ant development, but
the significance of the
nose-leaves seems un-
certain.  They may be
connected with the ex-
treme “* touchiness,"
but the minute study of
them has not revealed,
as far as we know, any
very special innervation.

The large fruit-eating
bats, with the tail rodi-
mentary or absent, with
the crowns of the cheek-
teeth smooth or with a
longitudinal groove, are
confined to the warm
parts of the Eastern
Hemisphere, The

Daring the summer il seems to
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N.B.

Photo @ €. Keid, Wishaw,

THE ROCTULE [(Nyefalns wocfula)

This large and beautifnl English bat has soft yvellowish silky fur and an expanse of wing of about fifteen inches
and the tail counts for about twd imches moTe.

and body i over thiee inches ;

The length of the lead
Noctules Hve mosily in hollow trees, and form large colonles,

They feed chlefly on beetles, such as cockehafers, and ope has been known Lo eat thirty beetbes in half an bour.

largest, Pleropus edulis of Java, has a spread
of wing of five feet, about half that of an
albatross. The great majority of the smaller bats
are strict insectivores, but in the family of
" vampires " there is a remarkable diversity of
diet—some mix fruit and insects, others suck the
blood of frogs and mammals, others living by the
shore condescend to crabs and fishes, All the
insect-eating bats have the crowns of the cheek-
teeth covered with sharp cusps like mountain-
tops, as in shrews and other insectivores, an
obvioos adaptation to the better crunching of
insects. Bats' hunting is mostly in the air, but
there is often a sort of hovering among the
branches from which moths and other insects are
picked off. In some cases the bat hunts afoot,
shuffling along the branches, and then it has been
noticed that the interfemoral membrane, with
the tail up the middle of it, is directed downwards
and forwards and forms a bag into which the
booty caught by the mouth is hastily thrust for
subsequent consideration. So another of the

bat’s quaintnesses is making a pocket of its
tail |

The small bats of northern countries solve the
problem of winter, when insects are conspicuous
by their absence, by passing into a state of
trué¢ hibernation—which is confined to a few
mammals. Their * warmbloodedness " breaks
down, and they sink into coma, with breathing
movements scarcely perceptible, and with the
heart beating only some twenty-eight times in
the minute. Even in summer, though their
temperature is constant, which is what is meant
by * warm-blooded,” it is much lower than that
of typical birds; in winter it sinks until it
approximates to that of the confined space in
which the bats hang, often in crowded clusters,
it may be over a hundred together. There is
something almost eerie in the sight of these inert
winter-sleepers, who a few months before were
racing with the swifts in the summer twilight.
The northern bats solve the problem of winter by
falling asleep in a hollow tree or in a corner of
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the church tower, or under the thatch of barns,
orin a crevice in a cave ; the swifts and swallows
and most of our British birds give a very differ-
ent, but equally effective, solution by migrating
to * coasts that keep the sun.”" But while no
bird hibernates, there are bats that migrate,
Thus the hoary bat of Newfoundland migrates
all the way to the Bermudas, across at least six
hundred miles of sea ; and one specimen, prob-
ably ship-borne, has been caught in Scotland, In
connection with the winter-sleep, which all
British bats illustrate, it should be noted that
the depth of it varies with the species and with
the locality. Of some very mild corners it is said
that bats may be séen there every month of the
}'t‘a'l'.

Apart from a few North American species,
which have three or four young ones at a time,
ordinary bats are uniparous, and two is the
limit. This is what we should expect, for an
aerial mammal would be badly handicapped if

the maternal burden were heavy. We refer not |

only to the ante-natal period (in North Europe
from the end of March or beginning of April until
June), but to the nursing time (from June until
August), when the young bat clings with his toes
and thumbs to its mother’s hair and with its
mouth to its mother’s breast, the aerial flitting
and wheeling, glancing and doubling, going on as
usual. When the mother rests she folds her
wings round her child, The females live together
in colonies apart from the males until late
autumn, when the feminine society is dissolved
for a brief space, the time of pairing. But the
extraordinary fact is that although pairing
occurs in the wigour of autumn, the internal
fertilisation of the egg-cells does not take
place till the following spring. Thus the
disadvantage of having the voung ones de-
veloping during a starvation period is evaded,

and the carrving of the young before birth is
reduced to a minimum, Nature's ways are
wondrous wise, "

Gilbert White had a tame bat which took flies
fromhishand. * Theadroitnessitshowedinshear-
ing off the wings, which were always rejected, was
worthy of observation and pleased me much.”
Bell describes the plavful ways of a Long-eared
bat which would fly up and gently remove a little
piece of raw meat from between his lips. But
there are probably few naturalists who have got
on to terms of intimate acquaintanceship with
bats. The fact is that most bats are timid, high-
strung creatures, and that their brains are of a
low order, not very amenable to cajoling. More-
over, many of them have a very disagreeable
smell, and their interesting hair, with spirals or
whorls of scale-like roughnesses, is apt to be
somewhat too abundantly entomological. The
Long-eared bat seems to be free from both these
reproaches, and has a pleasant way with it; but,
on the whole, we must admit that the tyvpical bat
is not very approachable. But perhaps this
should add to the fascination of * the busy,
merry, little harlequin of our English twilight,"
as Robinson calls the bat in his delightful ** Poet's
Beasts." It is an epitome of quaintnesses and
in its way a decided artistic success. It has
suffered much from prejudiced and partial views.
For why should we say ** blind as a bat,” when
most of them have eager, acute little eves 7 Why
should one of the nimblest and busiest of crea-
tures, that has to work hard for its dainty meals,
be reproached as " lazy-lurking " and ** torpid " ¢
Why should a mammal that has solved the
problem of flight in a way all its own and has
reached a climax of tactile sensitiveness be
libelled as an "' ominons fowl ™' and a ** dire imp
of darkness " 7 The poets have a great deal to
answer for.

=
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E take the familiar cockroaches as types

of shy creatures that live in holes and

corners—sometimes in shelter under
man's shield, sometimes under natural cover.
They live what is termed a * eryptozoic " life,
effacing themselves rapidly when disturbed.
' Black-beetles "' some of them are
persistently called, but they are
not so black as they are painted,
and they are certainly not beetles. They are
Orthoptera, along with locusts, crickets, stick-
insects, and leaf-insects, far removed from
Coleoptera,

The common or Oriental Cockroach, Blaila
‘orientalis, is really dark brown, and it is worth
noticing that Linnzus, who named it, said
* ferrugineo - fusca,"” ie.,
rusty-brown. It is an
alien to Britain, believed
to have been introduced
throngh commerce during
the ' sixteenth century—
whence, we do not know,
though the discovery of
some  specimens  living
under stones and dead
leaves in the Crimean
peninsula, points  to
Southern Russia as its
original home. It is now
found over the whaole
earth, and the only thing
we are quite sure about
is that it must have come
to countries like Britain
from some warmer clime,
For it cannot survive in

Cock-
roaches.

Fhoto ¢ Reproduced by courtesy of the Truviees of the Britisk

Blattella germanica, dark-ochre or tawnyv, another
naturalised alien, which is wild in the more
central and northern parts of Europe and Asia.
The politically-minded may be interested to
learn that this voracious, destructive, comfort-
loving creature is called * the Prussian'™ in
Russia and " the Russian " in Prussia—which
is in its way a little parable.

Having these two kinds of ' black-beetles,"
we in Britain have more than enough ; but there
are unfortunately others—the large American
Cockroach, Periplanela americana, common in
shipping ports, and the Australian Cockroach,
Periplancta australasie, a very destructive immi-
grant which probably came from South-East
Asia or Tropical Africa. The international com-
pliments implied in the
specific names, such as
australasie, are not al-
ways justified. The scien-
tific interest is this, that
certain cockroaches, liv-
ing a penurious life in the
open in various countries,
get linked to a trade-
route, and spread over
the earth as tepants of
warm and  sheltered
places. We have here a
notable instance of the
influence of the hand of
man upon tive animal life
of the earth. Buwt there
is something rather de-
pressing in the fact that
while the total number of
different kinds of animals

the more northerly coun- Mo (ow Nawnsl Huwy Pngha No.v2-TH in Britain has not de-
t['iEs EJ{CEpt as a 5[“_'[[:}1‘{'(] THE COMMON COCKROACH |Blatta oriendalis), El’t‘ﬂ:ﬂ?d Si“':l' th(‘ re-

member of the house-
fauna. The Common
Cockroach has a cousin,
the German Cockroach,

56

This cockropch i3 smaller than the commson American
Cockroauch [Periplancla americana), which has spread over
the world in ships, In Hiaits ordendalis the female hes rodi-
mentary wings, and those of the male cover nbout two-thirds
of the abdonen ; but in the other specles both sexes have
wings lomger than the abdomen, The colour of the former is
very dark brown, that of the latter is reddish-brow.

population after the Ice
Ages, we have received
rabbit and rat and lost
reindeer and beaver, we
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Fhoto ; Raprodweed by courlery of the Trustees of the British Museum
L fromm Natural History Pamphdei No. 13—The Cockroack).

CERMAN COCKROACH (Blatiells permanica).

This Cockroach is about hall the slee of Lhe common Blatta
Both the male and the female have fully developed wings, The
femules are broader and stronger than the males, which they far out-
mumber. This species s cosmopolitan, and oocors in the open in
north-cast Europe, though rarely out of doors in Britain,
have received cockroaches and the bed-bug and
lost the wolf and the stately Irish " elk.” We
have lost not in quantity, but in quality of life.

In his treatise on British Orthoptera, Mr,
Lucas notes that for any insect to have two col-
loguial names indicates that it is common and
familiar, and as we spoke of * Black-beetles "' as
4 misnomer we wish to say a word about "' Cock-
roach."” 1Tt is said to be a corruption of the
Spanish " cu-caracha,” probably meaning some
sort of bug (" cuco ') ; and if this is s0, we must
agree with Mr. Shelford, another authority on
these insects, that the American elision of the
significant first syllable to give them the name
" roach,”" already appropriated for a fish, is
highly reprehensible. So that’s that.

What is the secret of the success of the Common
and the German Cockroach, not to speak of the
others, in countries, like Britain, to which they
are certainly not native 7 Our three indigenons
cockroaches (Ectobius) that live out of doors are
much less successful and are practically negligible.
The success of the naturalised aliens depends on
a variety of qualities. They are nocturnal in
their operations ; they run very quickly, they are
sble becanse of their much flattened bodies to get
into almost inaccessible crevices @ and in becom-
ing domestic they have got away from their

natural enemies, Another quality of great
survival-value is their wide range of appetite.
As Mr, Frederick Laing says in his admirable
British Musenm pamphlet, ** The Cockroach "'
(1gz1) : " Nothing which is at all edible comes
amiss to them in the way of food. The paper or
the whitewash on the wall, books, boots, hair, are
all eaten as readily as the daintiest dish." They
are very fond of good beer. In a well-known
book on the cockroach by Professors Miall and
Denny it is observed @ ** Cucumber, too, they will
eat, though it disagrees with them horribly."
They have been known to try ink and blacking ;
they devour their own cast-off elothes (or moults),
their own empty egg-capsules, and their own
dead! As long as they are not full-grown, they
have this further advantage, that they can re-
grow their long tactile feelers and their lanky
legs if these get broken—provided always that a
little stump is left to serve as a starting-point for
the regeneration.

As to family matters, the females of the
Common Cockroach are about three times as
numerous as the males, and have rudimentary

Photo @ After Marlatt,

AMERICAN COCEROACH (Periplansla americana).

This species atlains aleogth of aboot oo inch and a hall) Antenne,
elyimm, nod wings are all longer than the body, The dark brown
cgg-capsale contalns af most fourtern egps.  As regards food it is
practically omaivorous,
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-th.- Harold Basiin,

THE GIANT COCKROACH OF THE TROPICS, AND A FEMALE SPECIMEN OF THE COMMON COCEROACH.

There are twelve families of cockroaches, and the number of dfetent kinds = leglon
e quite wingless. They vary greatly in colout and in sise, and there {2 a robust Modagascar giant, over three inches in length.

They have a strong family resemblance, bnil some
The lurge

Hiabera pigias bas been detected once of twice in Dritain, having come on boand ship from the Tropics

wings. The pairing occurs in the summer
months and about sixteen eggs are laid at a time
inside a dark-brown egg-capsule, which splits
when the young ones are ready to come out,
Mr. Laing notices that in most cases only ten or
eleven of the szixteen eggs are hatched. The
young cockroaches should not be called larva,
for they are practically miniatures of their
parents, though at first very delicate and with
hardly any colour. They grow slowly and take
about five years to become mature, moulting
usually once a year. Perhaps thihgs move
more quickly when the conditions are less
artificial than those which allow of scientific
observation. Not that we wish them to move
any faster, for Mr. Laing notes that three
femdles kept in captivity from April to Sep-
tember laid twenty-five capsules, “If we
reckon that each laid, on an average, eight cap-
sules,. and that out of each capsule ten larvae
emerged, the progeny from a single female would
total eighty. The numbers of cockroaches in our

kitchens, therefore, can easily be explained."

The German Cockroach is only about half the
size of the one we call Common ; it is dark yellow
or light brown in colour ; the females have wings
as well as the males, and greatly ontnumber
them. The egg-capsule holds on an average
about forty eggs, and it is carried about by the
mother for two to four weeks until the young are
ready to hatch out. As in the Common species,
the capsule breaks and the young ones put their
heads out, but there is this difference that the
mother 15 interested and helps them te escape.
The newly-hatched cockroaches are white and
cylindrical, able to run about from the first ; they
soon flatten and become dark in colour, Growth
is rapid, and after about five months and as many
moults (with a return to the white colour at each
disrobing) maturity is reached.

Perhaps there is not much of the romantie
about * black-beetles,”” but their repugnant
smell and taste, due partly to the salivary juice
and partly to wax-glands on the body, forbid
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THE COMMON EARWIG (Forficela auri

This familiar insect, dark chestat ih colous with K
from three-fifths to fonr-fitks of an inch in leagih. The transparent
wings are hidden nnder small pale wing-covers, The callipers or
forceps are reddish, Harwigs devouar other insects, bot they may
ilsi sip pectar and damnge the gardener’s flowers in searching for i,

5. Wibhes

Photo © Johm J. Ward, F.E.5
THE COMMOXN EARWIG, WITH WIKGE EXFPANDED
The wing Is like a transparcut fan with alwout a score of rils, The
cregture can By, but it seems very unwilling to display itz powers
The mother Gikes some care of the exgs, and the young ones may take
shelter under her after they are batched. The callipers may be ol
in adjusting the wiags.

impartiality. We say * taste " because it is
notorious that they contaminate food carelessly
left exposed. But no unprejudiced eyve can call
them uvgly, and a green species we once got
in a bunch of bananas was a truly beautiful
insect, There is interest also in the glimpse of
maternal care that we get in the German Cock-
roach, pointing on to another kind, thatsMr,
Shelford tells us of, which carries about its
lately-hatched young ones.

The voracity of cockroaches, their contamina-
tion of food, and their repulsive smell, mean big
black marks against them, and Mr, Laing notes
in his excellent sixpennyworth that * their
presence in greater or lesser numbers may
produce such a mental effect upon the inhabi-
tants of a house as to react detrimentally upon
the general health and well-being.” He tells us
how they may be kept in check by means of traps
and an excellent mixture of sodium fluoride and
pyrethrum powder.  But there is a broader way
of looking at the matter, namely, that cock-
roaches are disposing of " crumbs "' (in the wide
sense) which are quite gratuitous, and that they
are often sheltering in crevices which need not be
there. They are comparable in a way to inver-
tebrate rats. Though they have not been con-
victed as yet of being the vehicles of any disease
that affects man, Mr. Laing tells us that the
Common Cockroach serves as secondary host to
a bacillus which produces cancer in rats,

Although there is very little to be put on the
plus side of our account with cockroaches, unless
it be that they prey upon bed-bugs, we have
reason for congratulating ourselves in one respect
that the Golden Age of cockroaches is over and
gone. For they are insects of long pedigree, and
they were at their climax at the time of the Coal
Measures. In his fine Ray Society monograph
on British Orthoptera (rgzo0), Mr. W. J. Lucas
writes: " Since Palzozoic times cockroaches
appear to have decreased in numbers greatly, if
not =0 much in size, and they must now be looked
upon as but a dwindling remnant of a dying race.
Let the careful housewife find in this fact what
consolation she can; at any rate she may rejoice
that the Carboniferous period is past and that
she is not required to combat the host of cock-
roaches which luxuriated in the warm, moist
climate of that far-distant age.”

We are taking earwigs as representatives of
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the old-fashioned terrestrial insects. It cannot
be said that they are popular animals, but
Ea perhaps that is largely due to the

prejudice of ignorance. They are
neat and alert; they have a long pedigree ;
and they have some rather pretty ways. They
suffer from the ineradicable superstition that
they creep into the ears of sleepers, and worming
their way to the brain grow to a fatally large
size, “* as big as a goose's egg.” This is a wide-
spread piece of nonsense, for the French name
for earwig is " perce-oreille,” and the German
* Ohr-Wurm.” The only fact behind the super-
stition is that earwigs like to snuggle into dark
crannies. Most of them avoid the full light of
day and are active in the afternoon and evening.
Une sometimes finds them in
numbers by slitting up a hollow stem like that
of hemlock, for they enter by a crack and enjoy
the dry shelter. This habit is taken advantage of
in trapping earwigs, which is effectively done
by taking pieces of elder sticks, pushing the
pith out, and corking up one end. This is neater
than the common device of putting inverted
flower-pots, with some hay inside, on to tops
of dahlia-stakes and the like. Among their
favourite habitats we must include rotting tree-
stumps, flat stones lving loosely, the
burrows of earthworms,

It is usually stated that earwigs do a great
deal of harm in flower gardens, They are muth
blamed for nibbling at the petals of flowers,
like chrysanthemums, dahlias, and phloxes, and
gardeners dislike them accordingly. They are
also aceuszed of devouring buds, as in the case
of hops, and for spoiling fruit. No doubt many
of them have a sweet tooth, but we share the
heretical view that earwigs are not so injurious
as is usually alleged. In many cases they are
searching the plant for soft-bodied destructive
insects like thrips and green-fly. The common
earwig (Forficula auricularia) eats the tender
shoots of grass and clover, and attacks dahlias
and roses and other flowers, vet even in this
case the full-grown individuals certainly enjoy
insects,
from most of its relatives in not disliking the
water, and it is well known to devour both
living and dead animals. It is clever in catching

considerable

and

There is a scashore carwig, differing

sand insects, and it will clean up a dead crab or

fish. We are not saving that earwigs do no

Phota : i, M. Hewizon,

PINCERS OF THE MALJ

The culipersor pincers of the male are
tootbed on the inmer margin al the hase :
where the irmncls begins to ¢
mike a circle hetween Usem

EARWIG,
flattened wiad irrégnlucly
there is one lofge tooth

urve: then the runches laper and alnsost

u, F.E.5

Photo = W. H. 5. Chean

PINCERS OF THE FEMALE EARWIG,

The cillipers or pincers of the female are simple and almost in
contact They are tnearly stright except at the tip.  This is o good
exasiple of sex-diferenoe of sex-dimorphism, Dot it oust be
notiord that there L= considerabde varintility in the callipers, especlally
f malés,
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harm, but merely affirming that they . are
sometimes Carnivorous or omnivorous.

Earwigs are old-fashioned insects in the order
Dermaptera, not very distantly related to the
cockroaches and crickets and other members of
the order Orthoptera, The front wings or wing
covers are short and leather-like, and neatly
folded beneath them there are in many cases
relatively large membranous wings, which can
be used in flight, There is.a beautiful fan-like
folding into small compass, so that they can be
tucked into small compass beneath the wing

Fhoto: W, H, 5. Chearin, F.E.5.

linids, though there is no relationship between
them. In both we see an elongated form of
body, an exposed abdomen, short legs, mpl:h
reduced wing covers, active movements, avoid-
ance of light and scavenger habits. But there
is one very cbvious difference, that earwigs
have forceps at the end of their body, and we
must say a little about these rather puzzling
instruments, The forceps are usually larger,
stronger, and more curved in the males, and
in many cases there are specific differences
between the forceps of the males of related
species, while those of
the females are indis-
tinguishable, Sometimes
there are two forms of
forceps in the males of
the same species (dimor-
phism), and there is
occasionally a strange
inequality in the two
blades. They are used
in wvarious ways, s
weapons, as aids in pair-
ing, and in the folding
and unfolding of the
wings. The forceps of
the maritime earwig
can draw blood from
man's finger, and they
are used in capturing
small booty, the body
being thrown sideways
in a curious wriggling
fashion,

LEGS OF THE COMMON EARWIEIG (Forffouls guricularia),

Earwigs are quickly moving insects, amd their slender nglle legs are well ndapled, For purposes
of identiflcation from books it ks important to know the names of the joints of a typical insect's leg.
coxn, trochanter, femur, tibia, tarsus,

From above downwards they are

covers. These well developed wings can be
readily seen on the common earwig, which is
one of the most abundant insects in Britain,
yvet very few people have seen the creature
flying. It is probable that in the majority the
neatly folded wings.are never unfolded at all.
There are many kinds of earwigs which have
lost their wings altogether, and have thus
returned, like some beetles, to the wholly
terrestrial life of the ancestral insects.

A point of some interest is the superficial
resemblance or * convergence '’ between many
of the earwigs and certain bectles or Staphy-

Earwigs lay eggs in
clusters on or near the
surface of the earth, and
there may be several broods in the course of
the summer. The mother watches over the
egg clump, and she continues her care when
the young ones hatch out., They are minia-
tures of the adult, except that they have no
wings, and we have seen them run close to
the mother when we disturbed them. There
is some discrepancy of observation in regard
to the degree of the maternal care, and this
may be due to differences between the species.
It is a matter that should be looked into
afresh. There is no ambiguity in what the old
entomologist De Geer reported: * At the



THE LIFE-HISTORY OF THE COMMON EARWIG

A J. Wand, F.E.5

s d —— . e :. THE ECGS COMMENCING TO HATCH OUT A SILVERY-
t. THE MOTHER EARWIC WITH HER BATCH OF EGGS. WHITE FAMILY

P I. Ward, F.E.S,

1 winker or in early spring.  The young earwigs
membrane and appenr bead-foremost, about a
ik, very translucent.

A batch may « twenty-five egys, alightly oval, pale
vellowish, smoo willi a pearly lustre, often Inid in o

lttle coversd-in excavation in the groumd

Phale : Jokn J. Ward, F E & Photo : Jokn J. Ward, F.E.5.
3 BEFORE THE THIRD NMOULT YOUNG EARWIGS 4 THE EARWIG AFTER THE THIRD MOULT: THE
DEVELOPING WING-COVHERS CAST CUTICLE IS ON THE LEFT
The young earwigs are active from the fimt, and begin feedin The outermost * skin," that is the non-Hving cut is menlted
in & few houni. The wings are not present in th v, modd this * cast skin * i often eaten by the imsect
and the cuticle is very delicate in continued overbead
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commencement of June, I found under a stone a
female earwig accompanied by her young. 1
placed them in a sand-box where I had put a
little fresh earth, and it was corious to see how
they ran under and between the legs of the
mother, who remained very quiet and allowed
them to do it. She seemed to cover them as a
ben does her little chicks, and they remained
often in this position for hours. Another time 1
found a pile of eggs on which the mother was
seated, and of which she took the greatest care
imaginable without ever moving a step away.

1 took it with its eggs and placed it in a sand-

box half-filled with fresh earth, in such a fashion
that the eggs were scattered here and there.
But soom the mother tock the eggs one after the
other in her jaws and transported them. After
several days I noticed that she had got them all
together again in a like place on the surface of
the earth, and there she remained constantly
scated on them in such a manner that she
seemed to cover them.” This throws an in-
teresting light on what many people call ** those
horrid earwigs.”

The curious name of silver-fish is given to
small wingless insects of various kinds that are

not uncommon in human dwellings
E‘f’ﬂ‘?ﬂh and stores. When there are so many
such like. delightful big animals to discuss, it

may seem strange to turn aside to
these little creatures, but we wish to have
samples of everything in this book, and silver-fish
illustrate some points of interest better than do
elephants. At the same time we cannot conseien-
tiously say that silver-fish are of any practicable
importance to mankind. If they are, we do not
know what it is.

Silver-fish are among the minutize of the
animal kingdom-—old-fashioned wingless insects,
considered big when they attain to a length of
half an inch. We often see them scurrving away
in the pantry, and we know of a house where they
congregate in large numbers near the kitchen
range. They are antiques,

In one of his delightful reminiscent essays,
Sir Francis Darwin tells us that he found church
service rather tedious in his unregenerate boy-
hood. One of his time-beguiling devices was to
pull threads of india-rubber out of his elastic-
sided Sunday boots and make of them little barp-
strings, which it was a fearful joy to tweak ever

so gently in the sacred precincts. He grew up
to be not only a distinguished professor of
botany but an authority on strange musical
instruments ! But we are wandering from the
point, which is that a less reprehensible church
diversion, he says, was to watch the silver-fish
which ran about among the prayer books or
among the baize cushions. We confess that we
have often shared this diversion, for they are
quaint little creatures. We believe that they feed
on the vague remains of paste that may be found
at the bindings of the old books, which shows
that they can make a little go a long way. They
are very fond of minute particles of sugar, and
these are not unknown in churches. Sir Francis
used an apt comparison in speaking of the little
silver-fish, He said: * I have not seen one for
fifty years, and I may be wrong in believing that
they were like minute sardines running on in-
visible wheels.” That is just right. The silveri-
ness is due to microscopic scales with extremely
fine lines which cause refraction of light. These
scales in the Common Silver-fish (Lepisma
saccharina) and some of its relatives are used as
test-objects for determining the qualities of
microscopes. They are striking illustrations of
invisible beauty, for their patterns, which are
often extraordinarily fine, can only be seen under
high magnification. They are also good instances
of uniqueness (or specificity), for every different
kind of primitive wingless insect has its own
particular scale-marking. An expert can somie-
times tell a true fish from a single scale ; it is
possible to do the same with a silver-fish |

When Lord Avebury was Sir John Lubbock
he was greatly interested in the very minute
creatures we are speaking about, and he made
a big Ray Society monograph on them—an
arduons picce of classifying work, rather away
from his favourite studies of habits and senses,
instincts and intelligence. One of his services was
to show that there are two distinet orders—the
Bristle-tails or Thysanura, which run quickly
about in dark dry places, and the Spring-tails or
Collembaola, fond of moisture, most of which are
not only able to run, but have a peculiar in-
strument by means of which they can jerk
themselves up into the air.

There is a little blind Bristle-tail called
Campodea, so fragile that you can hardly pick
it up intact with a camel's-hair brush, yet
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Fhato ; After Lubbock,

not seem very well
suited to be a catch, and
it is not always present.
There is room here fot
re-investigation. Many
of the Spring-tails have
another interesting
structure connected
with locomotion—a
minute tube projecting
vertically on the under
surface about the middle

THE COMMON SILVER-FISH (Lapdsma accharing).

This s a very common primitive wingless insect, one of the Rristle-talls or Thysanr.
known in houses, where it runs guickly about in pantries and the like, secking for mealy or Sugary
particles. Its full size is under half an inch ; it I8 covered with very minute glistening scules, hence
the mome ™ gilver fish.' W

occurring from the shore of the Mediterranean
to the tops of the Pyrenees, and represented in
Europe, North America, and India. There is
another called Machilis with wery beautiful
scales which we sometimes see running on the
stones of a dry dyke ; and it has a relative on the
seashore rocks. The silver-fish with which we
started is also a Bristle-tail. They are numerous,
widespread, adaptable Lilliputians of old pedi-
gree ; and when one begins to get interested in
them, they have an unaccountable fascination,

The Spring-tails, which Sir John Lubbock
called Collembola, are more exciting, for they
have, as we said, a remarkable power of jumping.
From the posterior end of the body an elastic
spring is bent forwards ventrally and clamped
in front by a catch. When the catch is pulled
forwards, the elasticitv of the spring asserts
itself ; it strikes the substratum: and the
creature is jerked into
the air. Lord Avebury
showed that there are
powerful muscles which
draw the spring for-
wards, and others which
work the catch. The
violent jerk he com-
pared to what occurs
when the catch of a
drawn eross-bow is re-
leased. It must be
noted, however, that
this account of the

of the body, from which
a pair of delicate tubules
can be protruded. These
have glandular tips and secrete minute drops of
gum, which fix the insect to a vertical surface
and enable it to rest in that position. Sir John
Lubbock turned a Spring-tail upside down on
the table and then touched its feet with a glass
slide. Out came the glutinous tentacle-like
tubules and the insect anchored itself to the glass.

On a well-shaded pool by the side of a wood
we sometimes see a multitude of Spring-tails
(Podura aguatica) covering the surface. In their
colour and minuteness they are curiously sug-
gestive of floating iron-filings. Other Podurids,
known as snow-fleas or glacier-fleas, are some-
times seen in inconceivably large numbers
migrating over the snow or ice. They are
probably passing from their winter-quarters in
the earth to the water-pools where they spend the
summer. It is said that when animals are built
on a very minute scale the extremes of cold and

It is only

THE BRISTLE TAIL (Campodes staphylinus),

This 8 & typical representative of the primitive wingless insects, the Thysanur, aad is common

Spring-tail’s jump is
not altogether satis-
factory. The catch does

throughout most of Europe In gardens and ficlds and in damp decaying wood, It is said to occur also
in North America and the Enst Indies ; and, in spite of jt= Eragility, it must be o very plastic insect.
1tis white in coloar, delicate in build, blind and light-shunping, There are long feclems in front, and long
bristly Gluments behind,
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FPhato = Afler Lnbiock,
SPRING-TAIL (Swyniburus fufeius)

Thlk is one of the Collembaola that have o leaping apparatzs. The
body shows o compambively large head, a somewhat globulnr abdo
men, and a small thorax between the two. The spring hns two
forks and projects forwands ventrally from the hind end. It i kept
in place by a calch. In this type there are also two delicate tulses
that can be protraded ventmlly from the fromt of the abdomen.
‘Thelr wse is uncertain.
heat are not so much felt as they would be in
larger creatures of the same general type, Inany
case the Spring-tails can stand almost anything
except drought and the glare of day. On the
surface of small pools of water on the melting
ice of the mer de place at
Chamonix, M. Vallot observed in
1g12 an extraordinary multitude
of a rather rare Spring-tail
{Desorta nivalis). They occurred
over a stretch of glacier twenty
metres broad by two thousand
metres long, and there must have
been forty millions of them.

Another instance of adapta-
bility is afforded by the occur-
rence of crowds of another
Spring-tail, Anwrida maritima,
on the surface of our shore-pools.
When the tide comes rushing in

are out of the water an envelope of air collects
among the minute hairs of the body, and this
keeps them dry for a considerable time when
they are submerged. Spring-tails and Bristle-
tails eat the crumbs that fall from Nature's table,
and, from their point of view, man is part of
Nature. So far as we know, which is not very far,
they prefer vegetable crumbs. They have not
many ‘* habits,” but we must not think of them
too much as miniature sardines rushing about on
invisible wheels and searching for crumbs too
small for other ereatures to see. They have their
finer moments. Thus Sir John Lubbock says of
Swmynthurus lufens, a common Spring-tail of our
meadows, that ** the males are very attentive to
the females, and caress them lovingly with their
antennz.” There is " love " as well as * hun-
ger," here and everywhere |

Why do naturalists get so much interested
in these tiny wingless elusive creatures? The
first answer is that they are quaintly, though
not very obviously, beautiful ; that they are
individual—themselves and no others ; and that
we do not know a great deal about them. The
second answer is that they are primitive, old-
fashioned types, without trace of wings, with
antique mouth-parts, with limbs on their
abdomen which no reputable insect has in adult
life, and with hardly a trace of the metamor-
phosis so common among insects. They are
survivors of very ancient days, The third answer

these Spring-tails shelter in the
crevices of the rocks ; but they
can survive prolonged immer-
sion. It is almost impossible for
them to get wet, for when they

Photo ; Afler Lubbock MARINE SFRING-TAIL [Anurida maritima

Spring-talls are primitive wingdess insects, in the order Collembola, differing in many
ways from the Bristle-talls or Thysapurs. Thus most of them have a spring-like arrange-
ment below their posterior body which cnabiles them o leap suddenly into the air. The
leaping apparatiu: ks not present in the family Lipuride, to which the marine Spring-tall
belomgs.  This creatore lives among the mocks on the shores of the English Channel, nnd
can endure prolonged immersion
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is that they illustrate survival
dicaps. The fact is that these Lilliputians are
highly successful ; they are saved by their
minuteness, their dislike of the light, their
quickness, their crumb-diet ; they have found
niches of opportunity all their own, This is an
aspect of evolution that one is a little apt to
forget—the success of the elusive. '

In turning over a heap of road-trimmings by
the wavside, or in breaking up a mouldering
treg-stump, one always disturbs a crowd of
curious creatures. Amongst them one finds a

in spite of han-

LI ool
Fhota ; F. W. B,

a prejudice against them, but no one can call
them ungainly or their movements ungraceful.
Perhaps there is something displeasing in the
very frequent repetition of similar rings and
limbsz, for we do not like the same thing over and
over again ; and although the names hundred-
footed and thousand-footed—centipedes and
millipedes —are popular exaggerations, there is
often an almost tiresomely large number of
uniform rings and legs, or, more technically,
segments andappendages.  Perhaps the fact that
centipedes have poison claws, which sometimes

GIANT CEXTIPFEDE (Sowlopendra pigas),

The body has twenty-cne to twenty-three rings, ench with a patr of legs, the last palr very lomg.
generally cylindrical in section, centipedes are fattensd. Whereas miflipedes have short feelers, those of contipedes are lomg, with
at beast twice as many joints, Centipedes ars poisonons and carmiverous, while millipedes wre imocent and vegetatian, The fact s
that centipedes ond millipedes are not very nearly reloted.

few hundred-footers or centipedes, usually going
singly and hurrving off with great celerity when
- molested.  But there are also thou-
footers and  sand-footers or millipedes, usnally in
Thousand-  <mall companies and leisurely in
footers. p

their movements, If one lays a
finger on a centipede, it turns round and bites ;
if one lifts the millipede, it coils up in a flat
spiral like a watch-spring.

To many people there is something repellent
in these creatures, which are certainly con-
summations of wriggliness. Perhaps it is the
suggestion of snakes in miniature that raises

Whereas millipedes e

-

give a painful wound, is sufficient to account

for the repugnance with which many people
regard them, and it would be natural enough to
extend the reproach to the quite innocent
millipedes. Some common British centipedes
are about an inch and a half long (e.g., Litho-
bius), and millipedes (e.g., Julus) a little less ;
but in warm countries both kinds may attain a
length of over eight inches. The big centipedes
have an aggressive air and look quite fearsome.

When we watch centipedes and millipedes at
their ease our first impression is of effective
locomotion. The centipedes hurry along almost
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NEET 800X AFTER STARTING.
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and monlded

Photo : Hugh Main, B F.E5
1. THE MALE AXND FEMALI
This millipeds hn: & cvl

segments; all but the three for

There are no eyves in the fumily §

Polvdesming ¢
bsily with il
bearing two pairs of o
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to : Hugh Mlaim, B.5c., F.E5.

Phole ; Hugh Maoim, 0.5, F
THE EGGS BEING DEPOSITED FROM OPENING NEAR i- THE MOTHER EATING EARTH

HEAL
The cges are deposited, two at a time, from the ovipesitors After some egps have been ideqs i laver
sitpated just bevond the second pair of legs, In centipedes the eges on like mortar the wa the o L T
of the body ke o Often as is necessary

are liberated ot the posterior eud



THE LIFE-HISTORY OF A COMMON BRITISH MILLIPEDE

Phota - Hugh Main, B.Sc,, F.E.5 Photo ; Huph Main, B 5., F.EX

MEST AND EGGS: NEST ABROUT HALF FINISHED. fi, DOME COMPLE AND CHIMXEY ADDED.

Several pairs of egge have been deposited ; the sising wall of The nest has the appearnnce of a smooth dome—all made of the
the nest i3 beginning 10 assame & dome-fke appearance | ibe carth thal has passed throogh the mother-millipede’s food-canal.
[emale has gone off for a short rest A chimney |8 now added,

Paclo : Hugh Main, B.5c., F.E.5 Phots : Hugh Matn, B.5c., F.E.5.

7. MNEST COMPLETED: FEMALE RESTING ALONGSIDE + NEST OPENED TO SHOW COMPLETE CLUSTER OF EGGE.
When the dome Is completed and the chimney on the top, tke 1

millipede disguises the nest with fragments of earth, Then she fests BO

after ber work., e

The whole process of pest-making, olserved and photographed
drabily by Mr. Main, takes aboul twenty-four bours. As the

fes e fv shv, thelr socomplishments are rarely seen.,

B0y
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fussily and the millipedes are not slow to cover
the ground if they are in 2 mood to do s0. Both
kinds discover seemed to
they like narrow passages ; they wriggle
their ringed bodies round rectangular corners :
they seem to be able to reverse engines and

holes where none

exist ;

move tail foremost. What we see is a rowing
upon the ground or in the soil, with the multi-
tudinous legs for cars. Each multipede is like

a subterranean galley. The legs of ordinary

Fhele

Hugh Main, B.5c., F.E.5

He came to the conclusion that if the animal
had to work out the problem for itself, it would
never get on at all! He quoted the lines, the
* Centipede’s Problem '
“A centipede was happy quite
Until a toad in fun
Said, "“Pray which leg moves after which ?**
This raised her doubts to such a pitch,
She fell exhausted in the ditch,
Not knowing how to run."

THE PILL MILLIFEDE |flomeris marpinaia) AFTER MOULTING.

This compact millipede has cleven body-rings and seventeen paim of lege,
bave two pairs, except on the three anterlor rings, which have one pair each,
The Fill Millipede, shown in the chamber, has monlted its coticle, which s Ivin

of centipedes are long and many-jointed

millipedes are too small for observation on the
roadside, but one can readily convince oneself
that those of a centipede work in relays, and that
when those of one group are pushing backwards
against the ground, those of the adjacent groups
are being moved forward to take grip for another
leverage. The movements are so quick that it is
difficult to be sure, and it is rather a relief to
remember that the most distinguished of living
zoologists, Sir Ray Lankester, found it difficult
to analyse the order of the centipede’'s going.

While centipedes have one pair of legs on each ring, millipedes
The feclers or antenmee are short with s¢ vitiis, whereas those
uloagsiche.

But the main fact is that the numerous jointed
legs, which are full of muscle, are used like oars
And what a pace
reminds one of a

to row the amimal forward.
the centipede gets up! It
miniature railway train.
When we look hard at these wriggling centi-
pedes and millipedes we see that while they are
somewhat like one another in being light-
avoiding, many-legged, many-ringed burrowers,
they are really very different. The centipede’s

body is flattened from above downwards : the
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millipede’s is cylindrical. The centipede has a
pair of legs on each ring ; the millipede has
two pairs. Indeed it looks as if the adjacent rings
on the millipede’s body had coalesced in two's.
In the centipede the feelers or antenne are
long and many-jointed ; in the millipede they
are short and few-jointed. The centipede has the
first pair of legs turned into poison-claws ; the
millipede has no such appendages, and is quite
harmless so far as wounds go. The mouth-parts
of the two tyvpes are very different ; and whereas
the female centipede lays her eggs posteriorly,
the corresponding aperture is situated anteriorly
in the millipede,

We have mentioned these details, which
might be added to, because they let une into
a zoological secret and open up an interesting
problem. The fact is that the more we study
centipedes and millipedes (often slumped to-
gether as Myriopods), the more do differences
multiply. The secret is that these two sets of
animals are in different classes, not nearly re-
lated to one another. The likeness is technically
called convergence, a term used when a superficial
resemblance is exhibited by unrelated animals
because they have become similarly adapted
to similar conditions of life. Centipedes and
millipedes are not closely akin ; vet they have
an undeniable likeness : this 15 because both
have become suited to progression through holes
and crevices. Porpoise and shark are somewhat
like one another, being suited in their stream-
lines to rapid swimming, but the first is a mam-
mal and the second a fish. Of course, centipede
and millipede are not nearly so far apart as
mammal and fish ; but they are further apart
than swifts and swallows, which belong to quite
different orders of birds.

We have referred to the different behaviour
of the two animals when they are molested.
The centipede is more highly-strung ; it rushes off;
it turns and bites. It is a self-possessed vigorous
hunter. The millipede i1s somewhat lethargic;
it “ feigns death ™ or * plays ‘possum " ; it
curls itself up ; its only retaliation is to exude
from pores along its sides an oily fluid with a
repulsive smell. Tt is a peaceful vegetarian,
often inclined to be gregarious.

Our third note is severely practical. The
gardener sometimes destrovs centipedes and
millipedes indiscriminatingly, but this is a

mistake. For centipedes are carnivorous and
keep a check on many injurious insects, whereas
millipedes are vegetarian and often do harm in
the garden. In warm countries there are often
big millipedes ; but they need not be dreaded
as big centipedes should be. The fact is that
centipedes and millipedes are on quite different
lines of life. They are literally on a different
footing. . r

A little more must be said in regard to the*
way in which the life-circles of these multipedes
intersect the life-circle of the supreme biped. .
The * bite " of a big centipede (from the first -
pair of legs) means an ejection of poison, which
causes pain and swelling. There is some definite
influence on the nervous system, for the patient
often suffers from dizziness and headache.
Centipedes resemble earwigs in their inclination
to move into narrow passages which touch many
parts of their body. This constitutional pecu-
liarity may account for the fact that they occa-
sionally find their way into man's nostrils. Both
centipedes and millipedes may occasionally live
for some time in the human food-canal into
which they have been obtruded by careless
eating.

We have already seen that when the ancestors
of our earthworms discovered the underground
world, they entered upon a Golden Age of peace
and plenty. But this was too good to last, and
among the first to follow the earthworms into
the underworld were the centipedes—preda-
tory, bloodthirsty, and pertinacions. The ancient
fend has persisted through the ages, and it may
be watched to-day by the wayside. The centi-
pede attacks the earthworm, clinching its
poison-claws. The poison seems sometimes to
paralyse the earthworm, for it lies quiet ; but
in other cases there isa convulsive wriggling, and
the Annelid (or Ringed Worm) may throw off
the Arthropod (or Jointed-footed Animal),
hurling it for some inches along the ground.

But the centipede returns to the attack, and,
with or without a further injection of poison,
bites the earthworm with his mandibles or jaws,
which are cutting-blades without venom, It
seems to chew through the body-wall, pressing
its mouth-parts close to the victim. In some
cases it makes numerous bites near one another,
s0 that a portion of the earthworm's body is
separated off. The centipede chews this booty
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the rest of
the earthworm crawls away

at leisure, whils
disconsolate. Perhaps there
may be a fatal bleeding
perhaps a fly may deposit
eges in the wound, and the
last state of the earthworm
will be worse than the first.
But it may be that healing
begin, the
may re-grow a

Processes and

earthworm

T T

new tail to replace what it
has lost

One can understand how
any  little improvement
might turn the scales. More
virnlent venom might give
easier wvictory to the
centipede ; increased  re-
growing power might enable t
the earthworm more readily

Il

to survive considerable cur-
tailment, The nimbler the
centipede, which does net
hesitate toYollow the earth-
worm into its burrow, the
mope sueeessful it will be as
a hunter : but a very sensi-
tig® and muscular nullipede
(th& eafthworm; may suc-
ceed ingparrying the thrust
‘of the multitude (the centi
pede}. Even the worm will

..l"."'lrr- Birridge

turn and toss a centipede or
cofl’ round it like a boa
constrnictor.

Along with cave-animals,

mirdeners.  Rut the tr
skip=jncks [Elateride)
mviges of wirs-wormsa
laas Labd o hoed

we might have taken mites (Acarina) in general,

first, because there are a great many
As Regards
Mires.

species of mites in caves | and,

second, because there are many kinds
of mites that live in deep crevices and dark
corners that correspond to caves on a small
the inside of a cheese may be

scale. Ewven

thought of as a cavern. On the other hand, it is
well known that many mites are active swim-
the

herbage. Others again have given themselves up

mers, while others move about among

to parasitism.
Manv races of animals have had, or still have,

their piants. There are whales and mammaoths

w

The commaomest British Millipede is

The
o e, she senls L o

days, nnd mindature millipedes croep o

F.Z.5

A COMMON MILLIPFEDE

Fufus somistimes called the Iy
nid much mofe injhurkoos wire-worsms e the larvme of click-beethes or
dooblt Julus may o gnriken, bt nothing o the
ks @ put-like pest in the ground, am] after she
mlivated earth. The epys hatch in wil twelve

tervesir Wifc-w

mtch h

female Julus m

it

AITOTIE mammals » DSITI !'tt'}'u AIMOng |'I|.|'I]i|.||'r:'

birds ; albatross and condor among flying birds ;
pythons, crocodiles, giant tortoises and turtles
among reptiles ; extinct amphibians as big as
donkevs @ preat fishes like sharks and congers, and
tunnies ten feet long. 'We need not continue the

list, but the general impression we get is that it is

not well for an animal to be too big. The
gigantic 15 not a successful line of evolution
Where are the giant terrestrial reptiles, the
Labvrinthodont amphibians of the Tras—one of

them with a skull a vard long : the Ammonites
Each age has had its

10t last

as big as cartwheels ;

piants, but the giants do
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Phwta: T, Alesonder Burie
g it g COMMON AFRICAN MILLIPEDE

This is one of the millipedes that attain o relatively lurge size, in some cases longer than one’s hand.  But all are quite inoflensive, exoept
In g0 far as their *° stink glands ' sccrete a repulsive Boid.  The one photogmphed * felygns death "' when toeched, and eolls Into o watch-spring-
like spiral.

o
‘."" Y
g wabaty

Photo : F. W, Bond. WEST INDIAN MILLIFEDE

There is a strong fwimily likeness in most of the millipedes, but there are many of them, and thes somewhat archale type of
joinied-fonted or Arthroped animal. Al wl wite are poisonons ;| they live an elus moic "' life ; mather sloggish
differing from centipedes in almost every respect excepd goneral! kabit and svmmetry, and the numenons segments amd legs

epetar
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Much more successful is another trend of
evolution—towards dwarfs : and one reason for
success is plain, that minute size makes escape
easy. Think of the harvest mouse swinging on
the wheatstalk, the humming-bird with a nest
the size of a thimble, a tree-frog just over an
inch in length, and fishes smaller than minnows,
But these are relatively gigantic compared with
the minute crustaceans known as water-fleas or
with some of the spiders. Smaller still are some
of the insects, which may be under a millimetre
{one-twenty-fifth of an inch) in size, It is often
said that the smallest known insect is one of the
H}rmennptura, Alaptus excisus, which 15 about
half a millimetre in length. But it has relatives
not exceeding one-third of a millimetre, and
there are some beetles which are only one-fourth
of a millimetre long! This brings us to think
of an animal about one-hundredth of an inch in
length, and vet containing a full equipment of
organs—such as brain, food-canal, and breathing
tubes. It rather taxes the imagination !

We feel the same in regard to mites, many of
which are quite microscopic, even less than a
hundredth of an inch. As it is said in *' The
Cambridge Natural History,” ' taken all round,
a millimetre may be considered a large size for a
mite,” Little wonder thai their name is legion,
that they have a world-wide distribution in crev-
ices or as parasites, and that they are very diffi-
cult to eradicate when they once get a foothold.
It is probable that the minuteness has its chief
value in enabling mites to get at food-materials
even when well protected, and to disappear
through holes like the eye of a needle, and to feed
upon microscopic droplets of juice, sometimes
eked out with not less microscopic organic
crumbs. But many of them are able to survive
for a long time in very unpropitious conditions,
and perhaps there are physical reasons why their
minuteness helps them to withstand extremes of
heat and cold and drought.

Mites or Acarines are not related to insects, but
they have affinities with spiders and scorpions.
The body is apparently all one piece, except that
the foremost part sometimes forms a movable
false head—ecalled the capitulum. The posterior
part of the body (the abdomen) is unsegmented,
except in one case (Opilioacarus). The anterior
part of the body consists of head and thorax run
together, and in most cases this cephalothorax is

marked off from the abdomen by a distinct
groove, There are two pairs of mouth-parts
suited for sucking, but often also for biting or
piercing. There are no feelers, but there are
often eyes. There are four pairs of legs, which
are often more or less degenerate in the parasitic
forms. The more active mites, like harvest-
mites, breathe by air-tubes ; the more sluggish
ones, like cheese-mites, breathe through their
skin—the most primitive way of breathing.

What comes out of a mite's egg is almost always
a larva with three pairs of legs. The acquisition
of another pair marks the beginning of the
nymph-stage, during which there is great activity,
followed by quiescence. The outcome is the
fully formed adult. The nymph may be very
unlike or very like the adult, but there seems to
be a considerable internal change marking the
growing-up or adolescence. In the " Cheese-
mite "' family some of the nymphs become
strangely transformed, with a hard protective
covering on their back, and with adhesive suckers
below the hind part of the body, These strange
forms—called " hypopial "—fasten themselves
by their suckers to insects such as humble-bees,
and the meaning of the remarkable change of
structure and habit is to secure dispersal. The
travelling forms are very hardy and can survive
for a long time without food. When their insect-
chariot stops at a suitable place the mites let go ;
and if they are lucky they continue their develop-
ment, changing back into the ordinary nymph
form. This is one of the ways in which mites
spread.

There is an interesting variety of habit within
the class of mites. The freshwater mites, which
are often vividly, sometimes protectively, col-
oured, illustrate what is meant by indefatizable ;
they are never tired ; some of them seem never
to stop swimming about in pursuit of their prey.
Much less attractive is the small group of marine
mites that crawl about on seaweeds and zoo-
phytes in the shore area. The " harvest-mites,”
often velvety red, hunt among the grass for
various kinds of small animals, such as mnsects.
When the larval forms of the British ** harvest-
mite "' (Microtrombidium holosericenm !} get on
to man they fix themselves at the base of a hair
and give a bite, the consequences of which are
very irritating, especially to thin-skinned people.
A little ammonia removes or lessens the pain, and
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Findo : Afier 5. Hivsi,

LARVA OF THE HARVEST-MITE | Micrutrombidium bolosgricenm).

Thee very minute lurve of this mite fix in man's skin, at the base of hoirs,
during the ot and dry months of the year ; and their bite often causes great
It s wieful to apply & Hitle ammonia to the bite, and among the
preventives proommended, 1o L rebled on about the ankles, for instance, are

irritation,
oil of citronelle and flowers of sulphur.

il of citromelle applied to such parts as wrist and
ankle is a useful preventive, It is not clearly
understood why the bite should cause so much
irritation, but it is noteworthy that a Japanese
species carries a microbe of some sort which
induces a serious * river fever,” called Kedani
disease.

The hard-shelled ™ beetle-mites," or Oribatids,
feed on decaying vegetable matter ; the leathery
or hard ticks spend part of their life sucking
backboned animals, and are instrumental in
spreading several serious diseases, such as " tick
fever "' in man, and * heart-water "' in cattle.
The ** snouted mites,”” usually red in colour, are
{ree-living and predatory, but their larval forms
often hang on to the legs of insects and spiders.
Belonging to a different family are the species of
Gamasus that we often see clinging to the black
dung-beetle if we turn it upside down on the road-
gide. The so-called " red spiders "' (Tetranychus)
are sap-sucking mites that do much damage to
fruit trees and bushes and greenhouse plants,
The popular name refers to their habit of spin-
ning underneath the leaves a silken web, within
shelter of which they lay their eggs and continue
their sap-sucking. On a very different tack are
the ° cheese-mites,”” most of which live upon
decaying organic matter, and everyone is familiar
with the crowds of miners in the great caverns of
the cheese. The itch-mites and mange-mites
tunnel in the skin of mammals, clear evidence,

apart from cases of fortuitous infection,
that there has been insufficient attention
to cleanliness. On the same lines are
those that give poultry their "' scaly leg,”
or cause them to pull out their feathers,
and those that give sheep their *' scab.”

Quite by themselves are the Tarsone-
mida, minute vegetable-eating mites, one
of which, now called Acarapis apis, was
gshown by the Aberdeen investigators
(Rennie, White, and Harvey) to be the
cause of the widespread and disastrous
Isle of Wight disease of bees. It is
remarkable in having as its haunt certain
breathing tubes of the bee, thus illustrat-
ing the characteristic mite tendency to
explore minute crevices. But the life-
history of this serious internal parasite is
still imperfectly known. Another famous
mite is that which has ruined so many
black-currant bushes all over the country, Itisa
very minute, worm-like mite that feeds between
the leaves of the buds, and so irritates them that
they swell up and fail to open as they should,
The result is well described as ** big bud,” Not
distantly related are the minute, worm-like
“ follicle mites " (Demodex), which occur in

FPhoto : After 5, Hirst,

ADULT HARVEST-MITE (Microtrombidiam).
The mite that ls popularly called the ** harvest-bug ** in Britain
I probably  Microtrombidesm sutummnaly, or some would say M.
bologericenm. Az Gilbert White said, it is  very troublesome and
tensimg all the lntter end of sumimer, petting into people’s skins.""
The culour i bright scatbet-ted, and the skin bears nomenoss minstes
st of bristles,



ELUSTIVE

ANIMALS qoT

various mammals in the moats from which hairs
spring. The visible anterior ends are familiarly
known in man as * blackheads.” They must be
the commonest of human parasites,

We zee then from these samples that the quest
for food among mites is very varied. The
diverse methods form a sort of epitome of what
occurs throughout the animal kingdom as a
whole. Carnivorons, vegetarian, saprophytic,
parasitic ; borne about by animals, crawling over
plants, burrowing in the ground, in freshwater,
and in the sea: what variety there is! The
linkages with other creatures are often subtle ;
one mite makes a vehicle of the bee and another
invades its interior ; one mite eats the honey in
the hive and another mite devours the honey-
cater ; and the most subtle linkage of all is that
many mites are the carriers of microbes which
bring even man to the dust.

As another example of the burrowing animals
that live a hidden life, we take the Death-watch

that makes tunnels in old wood, and
m taps on the wainscot in a way that

alarms people who do not know the
Natural - History of common animals. The
Death-watches are little beetles, with a good
many characters that make them what is called
** ken-speckle ' or readily recognisable. The one
we know best is not the true Death-watch but
a near relative called Anobium domesticum, also
given to burrowing in old furniture. It is under a
sixth of an inch in length, dark brown in colour,
somewhat cylindrical in build of body—as if
suited for working in tubular burrows. The
feelers are long, especially in the last three joints ;
the legs can be tucked away under the body ;
and the hard wing-covers, hiding the relatively
large wings, are marked by longitudinal furrows
and by very short-set bristles, like much worn
pile. Perhaps the most striking feature is the
way in which the head is bent downwards under
the shelter of the hard foremost ring of the thorax
{let us say " breast-region’), which has the
shape of a coal-scuttle bonnet, We suppose that
the beetle, when at work within the wood, gnaws
with its jaws, and presses forward with its coal-
scuttle at the same time. The technical name is,
as we have said, Anobium domestictom, and it is a
second cousin of the true Death-watch (about a
third of an inch long), which used fo bear the same
designation. There are many other relatives, such

as the smaller Furniture Beetle (about an eighth
of an inch long), whose larvae make the familiar
tunnéls in “ worm-eaten ' tables and chairs.
It has given its name to a human occupation,
for the lady in the police-court deponed that her
husband was a * worm-eater'; meaning, of
course, that he was employved to make holes in
* faked " old furniture. It should be noted that
the bulk of the boring is done by the larve, and
also most of the eating ; besides, of course, all

Phata ; Afier With,
A UNIQUE MITE (Opilioscars).

Thi=s mite stands quite by itself, for it is the only Acarine with a
segmented abdomen, [t has clawed appendages (chelicere|] just in
front of the mouth, smewhal leg-like palps, [our padrs of walking-
lega, two pairs of eves, and fodr breathing pores on the back of the
abdomen, Four species are known, from Ttaly, Algeria, Arabia, and
South America

the growing. For a beetle never grows after it
is a beetle.

An interesting feature in Death-watch beetles
is the immediate ' death-feigning " whenever
we shake the tray or piece of wood on which we
watch them. Ewven a slight jar or a jerk with a
needle is enough to send them into this strange
cataleptic state. At this low level there is no
question of deliberate playing "possum, as a fox
might do ; everything points to a racially estab-
lished tendency to a sort of fit or catalepsy.
The inborn tendency works without deliberation
whenever there is a threatening jar. When a
natural enemy, such as a woodpecker, is on the
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search for food, the unconsciously wrought-out
policy of the Death-watch beetles is to ** lie low
and say nuffin.”

It may be mentioned that there are other
entirely different Death-watches belonging to
the family of book-lice (Psochide) in the
dragon-fly order Neuroptera. Thus there is the
tiny wingless A fropos divinatoria that runs about
among old books and in collections of insects.
It is a soft, delicate creature, but it seems to

Phota ; After Dy Geer.

THE LARGER DEATH-WATCH BEETLE [Xedodiwm fesselatium),

This beetle; which shares with Ancbhizm the name of Death-
watch, i5 o larger insect, aboul a third of an inch in length, reddish-
brown in {15 maln colouring, sprinkled with patches of pale bristles.
When one beetle makes three or four knocks on the walnscol with
its head or with its prothorax, there is silence for a moment, and then
an answer comed from a neightwer, 1t knocks by day as well as
by mieht, bat it §s oftenest heard when all ia qudet.

produce an often-repeated tick, which is rather
puzzling and should be re-investigated.

The wood-boring Anebium domesticum, with
which we started, has a straightforward life-
history. Out of the eggs, laid in the tunnels,
there emerge minute white grubs, with a soft
body, a hard head, and three pairs of legs. They
chew the wood with their jaws, and seem to
thrive on their dry-as-dust diet, for they grow
and moult and feed and grow and moult. No
one ever sees them without making excavations,
for they lie in the recesses of their burrows,

Eventually they sink into the quiescent pupa
stage, wrapping themselves up in a silken cocoon
with which particles of sawdust are interwoven.
The great change occurs, and out comes a small
beetle, pale and flabby. It rests a while, becomes
hard and brown, and then it goes a-roving. The
same kind of story is true of the shorter, broader,
and paler Anobium paniceum, which is almost
omnivorous. It is fond of edible commodities,
but it prefers them hard. Ships' biscuits are best
of all, but it has been known to eat pictures and
herbaria. It is Captain Marryat's " weevil,” but
it is mot a weevil. It is also one of the " book-
worms,”" which are not one, but many.

The Death-watch proper used to be called
Anobium, but its name when we looked at the
register last was Nesfobinm fesselatum. It is a
first cousin of Anobinum domesticem, but it 15.a
broader, stronger creature, nearly twice as long,
and reddish-brown in colour, The tapping is
louder than in the previous case, and it is par-
ticularly loud at night. Of a truth, however,
it speaks not of death but of love, for the
tappings are signals between the sexes, and
commonest at the breeding season about mid-
summer., They can be evoked sometimes by
tapping on the wainscot or furniture with a
pencil, for then the Death-watch answers back,
four or five ticks being the rule. The creature
raises itself on its fore-legs and bobs its head up
and down, striking the wood with its jaws
according to some, but mainly, we think, with
the front of the breast-region or thorax. The
famous Dutch naturalist, Swammerdam, who
worked during the latter half of the seventeenth
century—a great time for zoology—suggested
the name Sonicephalus, or " Noisy-headed
Beetle,"”

As to the superstition which regards the
tapping as a presage of approaching death, it
must be remembered that the cause of the
insistent sound was unknown until about the
time of Swammerdam., In his * Household
Insects,” to which we are indebted, Mr. Edward
A. Butler quotes from one of the earliest des-
criptions, a paper in the * Philosophical Trans-
actions ' for 1698 by Mr. Benjamin Allen. * The
second animal I observed is a Death-watch ;
I have taken some before this, it is that which
makes a noise resembling exactly that of a
watch ; it is faithfully the very same, and lived
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Phote : Afier D Gerer

DEATH-WATCH BEETLE |Anokiwm domsaticum)

This small househobd beetle i3 only about a sixth of an lech in
leagth,.  Its eolour §s dark brown, ® The hard wing-covers hide the
delicale membranous wings. Most of the boring in wood i due o the
whitich fleshy prube, mnd they seem to thrive on their dey-as-dast food,
four davs with me, beating exactly, for 1 took
two, 1 suppose one was the female, that is only
conjecture.” Punctuation was without subtlety
in those davs! * This small beetle
rarely heard, and not known, has obtained the
name of a Death-watch, which vet I have known
to be heard by many, when no mortality followed,
and particularly by myself, who have taken two
of them, seven vears since, without my death
following that vear.” We must leave it at that !

In recent wears an interesting light has been
thrown on the puzzle of the Death-
watch's diet. The grubs, like those
of the Anobium with which we
started, grow slowly for about
three years, but they are from
first to last plump, well-fed
creatures, though their diet is very
unpromising. Especially in the
case of the larvae of biscuit-loving
Anobiwm panicewm, which have,
however, a wide range of appetite,
it has been shown that part of the
food canal contains an abundance
of partner yeasts, which are able
to ferment at least some of the
hard stuffs that are eaten. So the

. being

Jakn |

Ploto

food of the larval Death-watches is not so dry
as it seems. Inm most cases of insects with partner
the transference from generation to
generation is brought about by the early infection
of the egg itself ; but in the Death-watch the
method is quite different. The larva, in biting
its way through the chitinous egg-shell, becomes

veasts

infected with yeast-plants which were entangled
on the rough outer surface of the eggs when these
were liberated by the mother-beetle.

We must not leave the Death-watches without
answering the natural question : How can one get
rid of them? Perhaps the best plan is to drench
the woodwork with carefully used poisons, such
as corrosive sublimate, carbolic acid, and form-
alin ; to polish with benzine every day till the
beetles are gone ; to tie cloths saturated with
parafin round the furniture and expose the
articles in the open air for many days;
fumigate the, room repeatedly with sulphur,
But who is sufficient for these things ¢

““The eye sees what it brings with it the power
" and the naturalist who has learned to
peer or ‘‘scrutinise,'’ as Fabre used to say,

o

of seeing,’

observes twice as many creatures as the casual
onlooker. Yet without probing and sifting, even
the naturalist detects only a fraction of the
animal population of any area, whether it be
a corner of a British wood, a shore-pool, a
Tropical jungle, or a quiet reach of the river.
Our point in this chapter has been to suggest
that one reason for this is the frequency of the
or “cryptozoic” habit. For many
creatures the only chance in the struggle for
is to make

elusive

existence themselves scarce.

Ward, F.E5

DEATH-WATCH BEETLE (Amobium domesticum), SHOWING THE HEAD-HOOD,

The tapping of the male Death-wnich is a sigmil 1o his mute.
be produced by knocking with the front of the thoms, which overlaps the head like o
coal-acuttls bommsel,

The sound seems Lo

But seme obéervers say the bectle taps with its. jows
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LXIV
RIVERS AND FRESHWATERS

IVERS and streams often wvery

beautiful and, as we sav, * inviting."

But they are not favourite haunts of

animal life. Why should the river fauna be so
sparse 7

The first reason is that the flow of the stream

demands strenuous resistance with little relax-

are

ation. If they are not to be washed

f?;"?l downstream, the animals must have
m .

Rivers. great endurance or else some special

adaptation. There must be for most
river animals some opportunity for rest—hy
having grapnels, for instance, or suckers; or
by having a home in the bank or under
stones. Thus we often find half a dozen
brook-leeches clinging to the under surface of a
flat stone ; the water-vole has its bank-burrow ;
the lamprey grips with its circular suctorial
mouth ; the aquatic larve of many insects, like
stone-flies, have grappling claws at the ends of
, their legs ; the caddis-worms are often weighted
with their encasement of agglutinated pebbles,
The second reason for the relative sparseness
of the river fauna is to be found in the difficulty
of securing the eggs and the juvenile stages from
being swept down to the sea, or carried by a
freshet into an unsuitable backwater. The
female salmon flicks the gravel over her eggs,
which are at once resilient and adhesive. Thus
they are shut into crannies among the stones, and
are also in some measure hidden from hungry
enemies. The lampreys make a stone nest ; the
male stickleback fashions one of pieces of water-
plant ; the water-smil glues its eggs on to leaves.
How very curious (and suggestive of difficulties)
is the device of the bitterling, a little carp-like
fish, common in some parts of Central Europe.
It has a long egg-laying tube or ovipositor by
means of which it introduces its few. and large
eges into the shell-cavity of a freshwater mussel.
Thence they are wafted by the action of micro-
scopic cilia into the cavity of a gill-plate—a well-
acrated cradle. After abont a month’s develop-

ment, the voung fry, nearly half an inch long,
swim out of the mussel. But the mussel some-
times utilises the fish, just as the fish the mussel |
The pinhead-like bivalved larve of the fresh-
water mussel develop in the early summer
months inside the cavity of a gill-plate, and when
a bitterling comes nosing about, towards mid-
summer, the fish liberates a crowd of larva which
swim rapidly, snapping their toothed valves and
secreting glutinous threads. Some succeed in
attaching themselves to the skin of the bitterling,
and are carried about for some time, undergoing
a change of structure. At the end of this meta-
morphosis they drop off into the mud on the
floor of the stream. In Britain, where there is no
bitterling, some other fish, like minnow or trout,
is similarly utilised.

We see, then, that juvenile life is not easy in
streams, It is difficult in proportion to the
velocity of the current.  Thus, it is not surprising
to find in most freshwater animals a telescoping
of the larval stages, as may be illustrated by con-
trasting the freshwater crayfish and the shore-
crab. In the latter the egg develops into a free-
swimming larva, the zoma, which leaves the
shelter of the maternal tail and makes for open
waters. It feeds, grows and moults, becoming a
meta-zoea ; after a while it changes into a mega-
lops ; this ceases to be pelagic, and, sinking on to
the floor of the sea, becomes a miniature crab,
which creeps up the long slope to the shore. Here
is a drawn-out succession of larval stages, but in
the freshwater crayfish there are none. What
come out of the eggs under the mother's tail are
miniatures of the adult, except that the tips of
the great claws are strangely incurved, the better
to grip the empty egg-shells which are glued to
the swimmerets. In this case there are three
precautions : the eggs are carried about by the
mother ; there is a suppression of the riskful
larval stages ; and the voung crayfishes remain
for a time holding on to their mother's apron-
strings.
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A RIVER SCEXNT
A picture of what = 1 on many & river —ihe overhanging branches of the trees on the bank, the mabes by the side of the siream
the varfous kinds of water-weeds, even waler-lilies, growing In the quiet reaches
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of our ponds is gieatly developed in
certain species of tadpoles that have
learned to resist the torrential streams of
the Himalayas,

A third difficulty in carrying on the
business of life in a river worthy of the
name is that the food tends to slip past
with tantalising velocity. So is it when
the tide ebbs on the shore, it carries with
it thousands of spread tables. But there
is this consolation on the shore that the
tide will turn and bring back part at
least of the banguet of microscopic
dainties and débris. In the river, as the
poet Burns remarked, what is lost is lost
for ever. Now there are many ways in
which fluviatile animals are able to make
the most of a food supply that is always
being hurried past ; but what could be
neater than the net-like snares made by
- ; some caddis-flies during the aquatic
1 I # phase of their life. The mouth of the
R ‘{J"]T: FRESHWATER ENATL (Limnars stagualis), firmly fixed net faces upstream ; it
e it sl s 45 b douad b imon amy pond ot hee whers wier  catches what is being swept past ;. and
hiding with its fint foot agninst o leaf, or Aoating shell nppermoat in the water, the caddis-worm has its own shelter
of moving shell downwablds below the surface Glm. BSometimes U seems o6 < o -
make ropes of it own slime. 10 s a lune-Breather end G0 its beeathing chamber  DESide the snare, Man utilises streams n
i e the same way when he fashions fixed nets

An objection might be raised against what has  across them, but he does not surpass the

just been said by recalling the abundance of caddis-worm in his artistry.
insect larvae in many streams,
Larval mavflies, stone-flies,
caddis-flies, dragon-flies, and
even some beetles seem to live
very successfully in running
water, and this 15 the more
noteworthy since they evid-
ently represent terrestrial or
aertal animals that have
secondarily returned to the
freshwaters. But in all cases
it will be {found that there is
some special adaptation which
saves the larva from being
borne down stream. Thus,
there are six suckers on the
ventral median line of some
larval flies which actually fre-  FPhote: foha f. Ward, F.ES

quent mountain-torrents in the EGGS OF THE FRESHWATER SXALL (Limmara claguafia),

K ; Fonry e . The cgps are kadd ot istervals through the summer, and attached in clumps of about thirty

'HP“ '“"‘l P" TENees | ‘“”i ll“‘ to water-weed, ench clump being surronnded by a curved mass of jelly about an inch long.

adhesive organ which we see on ‘The chomp shown on the right his been recently deposited ;| the one on the lelt is older and
shows the voung snalls developing. They hatch oot in about o month ; in three months

the llq"l..l.'l'!,' hatched fre lf._'-t:'n‘\':l: the shell may e pearly an inch long | the {ull size s sttained in about two yeans.
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A fourth difficulty in the river
15 involved in the extremes of
the seasons. In the dry season
a strong stream may practically
disappear, save for an occasional
water-hole in its bed.  This
means a succession of evil days
eéxcept for those river animals
that are able to relapse into a
state of latent life. Thus the
African mudfish, Protopterus,
which frequents marshes beside
rivers, snuggles for more than a
foot into the drving mud, and
lies dormant for months, it may
be for over half the vear. Tt
surrounds itself with slime, part
of which keeps its skin moist
while the outer part hardens,
along with adherent earth, into
a cocoon, This has a lid, always
with a small aperture which is
continued nwards into a little
funnel. On this the mudfish
shutsits lips, and dry air entering
by the pipe of the burrow passes
directly to the lungs. For
Protopterus is a double-breather
or Dipnoan, with lungs as well
as gills. For a fish out of water
it does very well ; but its life is
almost at a standstill during the
long rest and fast of the dry
SEAsS0,

More familiar to us is the
extreme of prolonged frost, when
the river is covered with a thick
sheet' of ifce. To meet this
difficalty, some of the activi
swimmers seck the unfrozen
deeper partz, and there they
profit by the almest unique
property of water that it expands
in freezing. For thus it comes
about that the colder water rnses
to the surface, and during the
hardness of winter the deeper
zones of the water are rather
warmer than those above. In
summer they are colder, and
this also works well. For some

Phota : F. W. Bowmd
THE FREEHWATER MUSSEL (A nodonta cygieu ),

This hivalve, often called the Swan Mussel, i four (o six inches in length, two or three
inches in bremdth, and perhaps two inches across in maximum thickness from valve o
valve. The ¢ pr o the shell i= greenish-brown,  Lines of growth on the shell indicate a
pisaibile age of twelve years

FPhedo ; Hough Mais
THE FREEHWATER MUSSEL, OXE VALVE REMOVED.,
The Swan Musecl lives o leisurely life in the mod at the bottom of streams, anid s sonse
timses fished for the sake of its peorls.  The photograph shows the skin fold or mantle, the
mizscles thnt clese the valves, and otber featuses, The larvie must sojowmn for & wh na fish,

FPhoto : Hagh Main

THE FRESHWATER MUSSEL, WITH MANTLE DISSECTELD.
The Freghwater Mussel ploughs its way along in the mind by means of the very mumscular
foot, here shown. The pholograph ab hows the gills by which the mollusce breathes.
The fopd conssts of microscopdc orgatisms m-wafted by the gills
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Yo e
Fio! F. W. Bowd. THE APPLE SNAIL {Ampullaria permyiformii)

Amplildons snails of long pedigree, with o gill on the right sde of the breathing covity, and o lung on the left, thus making the best of
wiker and air. . The photograph shows the flul. ereeping sole of e mosculivr ventml surface, or ** foot," ad the soterior end bears two pairs
of long, tapering, sensitive teniacles and o bong breathing-tube,  Apple snalls are comtison in Afrbon and South Americm; they e fomoos
for their tenscity of life. The nume * Apple ' probably refers to the lamge glossy, somewhat globular slell

Photo ; F, W, Bond

EGGE OF THE AFPPLE SNAIL (A mpuilaria vermiformii).

The ceggs are lald in clumps on the stems of water-plants.  They should be contrasted with the eggs of a big land-soadl like Achating which
nre &5 large as a pigeon’s and have shells of lime,  Those of Ampullarin are of good =ize, but without any shefl ;  they are songht after by
marsh birds
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river animals, however, the frost is fatal. They
cannot live on as wholes but they survive in part.
This is well illustrated by the freshwater sponges
which form large growths in some rivers. As
winter approaches they begin to die away, but
thev do not wholly die. In the moribund body
there are formed pinhead-like clusters or nests of
cells, called ' gemmules,” which are exquisitely
encased in decorative capstans of flint, The en-
casement is so perfect that the cells within do not
die, They survive the cold of winter and they
develop into male and female sponges in the
spring,

As we have explained, rivers are difficult
haunts of life, in proportion to the strength of

their flow. There is often need for
ﬁm constant exertion, there is great
Biver. danger of being swept away, food is

borne quickly past, eggs and juvenile
stages are liable to be carried down to the sea, the
vicissitudes of the seasons are severe—such as an
interrupted flow in summer and a {rozen surface
in winter, Thus, the river or fluviatile fauna is
small compared with that in the other haunts of
life—the lakes, the dry land, the shore, the open
sei, and even the great abysses. But can we
arrange in some orderly way the animals that are
at home there ?

First there are the conquerors, the supreme
example being the hippopotamus. We saw one
in the Zoological Gardens at Pretoria, ruddy
with its peculiar blood-like sweat, about twelve
feet long, impressive in its sheer massiveness. 1t
plunged into its pool and yawned among the
water-lilies. Whereupon a little Kaffir boy,
seated on the parapet, shoved his foot into the
giant's mouth and scraped the palate with the
upper surface of his toes, It seemed to give
mutual satisfaction, but we shuddered to think
what would happen if the gaping mouth were to
shut too quickly. There was no suggestion of
ugliness in the hippopotamus; it seemed an
artistic unity. We remembered our Job:

* See Great Behemoth with his ruddy hide
In the shade of the lotuses
Incircled by water-willows.
From the wild rushing torrent he flees not ;
He is calm in the swell of a Jordan.
Behold now the strength in his loins,
And the force in the muscles of his belly.

His bones are as pipes of brass,
His limbs are like bars of iron,
He is the chief of the ways of God."”

Among the conguerors nearer home a promi-
nent place should be given to the otter, for,
though it is half terrestrial, it is a strong swimmer
and a neat diver, clever in its fishing, and defiant
in its resourceful mastery of the river. Just as
a =eal may come far up a river, so the otter may
swim far out to sea. It may seem absurd to call
the beaver a conqueror, for it is becoming rarer
every vear, and it is long since there were any
living wild in Britain. Yet it is to man, rather
than to animal competitors, that the beaver has
vielded, and it is still very plentiful in some parts
of Canada and the Western States. As everyone
knows, it is peculiarly a congueror inasmuch as
it acts forcefully on its environment. [t is not
content with things as they are, but makes dams
and cuts canals. [t circumvents the hard winter
with its abundant stores of cut branches,

An interesting river animal, very inadequately
known, is the West African Potamogale. Itisan
Insectivore, about the size of a stoat, with a very
strong laterally compressed tail, which is used
in rapid swimming in mountain streams, [t
probably feeds on water insects, which its long
snout is well suited for catching. Among the
conguerors must also be included such birds as
the coot and the dabchick, such reptiles as
alligators, crocodiles, and gavials, and such fishes
as trout. Many turtles occur in rivers, but
usually in backwaters or in pools without much
flow,

The great Anaconda is an aquatic Boa, which
combines arboreal and fluviatile life in a remark-
able way, and this suggests another sub-group
for those animals that spend onlv part of their
life in the rivers. The salmon isagood example
with alternation of freshwater and the sea ; the
flounder is the opposite, often going far up the
rivers, but returning to the sea to spawn. Then
there are the numerous insects, like dragon-flies,
may-flies, stone-flies, and caddis-flies, which are
fluviatile only in their larval stages.

A szecond group of river animals is that of the
burrowers, well represented by our little Water
Shrew (Crossopus fodiens), It swims gently on
the surface, paddling with its feet, using the long
tail as a rudder, and making hardly any ripple.
It dives well and plays prettily in the water, but
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titerl Hemey Willford,

NEST AND EGGS OF THE COOT (Fulica afra)

The Coot's nest is bailt of fags, sedges; ©
witer rises, the pest is added to, and we have

about the il and head

one could not group it among the conguerors,
One could not say that it is " calm in the swell
of a Jordan.” It survives because it is a river-
The holds for the
{(Myogale) which used to occur in Britain, but is
now restricted to the streams of the Pyrenees

burrower. same desman

and some  Kussian mountains. It 15 another
Inzectivore, about five inches long in body, and
as much again in tail. It has a very mobile
snout, like the beginning of an elephant’s trunk,
which it curls round its booty of small river
animals. [t is said to be able to poke it into its
mouth | The swimming organ is the laterally
flattened tail, and with this there are associated
strongly developed skin glands which make a
secretion said to be repellent to the desman's
enemies, We recall the odoriferous glands on the
flanks of our common shrew, which have also a
protective value.
is for mountain streams, would hardly survive if

But the desman, suited as it

. and mshes, among the vegelation by the side of the siream, or on o Hitle islomd.
en & conspicuously high one on a rock in mid-stream. Six to ten eggs are labd Late in Apeil
or in the beginning of May; the nestlings are covered with hlack down, but there s extroordinarily bright colouring

If the

rod, orange and bloe—

it did not make long burrows in the banks. In
the same group we must rank the water-vole and
the freshwater crayfish, good swimmers, of
course, but likewise burrowers.

the
included, for convenience, many animals which
spend most of their life in the bed of the stream

Along  with bank-burrowers may be

itself. Thus, there may be river-mussels, plough-
ing slowly in mud and sand, and there are
various kinds of freshwater worms which are
mostly confined to the substratum. They evade
the problems of fluviatile life ;
river, rather than of it.

they are in the

A third group should include all the grippers,
which have some particuolar adaptation for
holding on to stones and plants in the stream.
A pretty example 15 the dipper or water-ouzel,
which walks on the bed of the river, gripping
with its toes, and helping itsell along with its

wings. We watched two of them for a long time
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from a seat beside the river at Inverness, where there are cxuberant growths of freshwater

the current was very rapid. Over and over again
the bird flew into the water with the stream and
emerged higher up against the stream. But
sometimes it works downstream. In any case
the dipper must be able to hold fast, It feeds on
small animals, such as insect-larvie, crustaceans,
and molluscs ; and it is for these that it scru-
tinises the bed of the stream so closely. The
most interesting fact is that we have here to do
with a relative of the wrens, which has taken to
a semi-aquatic life in mountain streams, and has
made a success of it. There are fishes that climb
from stonme to stone in
torrents ;  there
mountain tadpoles with
big adhesive organs
and in the same group
come the lecches with
their suckers, the slowly-
moving river-limpet and
the freshwater snails
holding on by their flat
sole, and a crowd of
jointed-footed or Arth-
ropod  animals, like
mites, insects, and crus-
taceans, that grip firmly
with their claws. We
can never forget the
sight of freshwater
snails crawling about
nonchalantly on stones
in the bed of the river a
few yards from the edge
of the Niagara Falls, It
is certain that they
could not spend their
larpal stages in that
perilous habitat,
Besides  conquerors
and temporary tenants,
burrowers in the banks
and in the bed of the
stream, and the crowd
of creatures that survive
because of their power
of holding on, there are
smaller groups of river-

are

Piolo ;

animals. In the Lochay
at Killin, for instance,

sponge—a sedentary tenant, interesting because
it undoubtedly represents a secondary colonisa-
tion of the freshwaters. There are scores of
families of marine sponges, but pnly one family
in rivers and lakes ; therefore the inference is
safe that the original home was in the sea. In
some rivers there are great colonies of exceed-
ingly ‘beautiful freshwater Bryvozoa, but few
people notice them.

We must not leave the children of the river
without calling attention to a very interesting
fact, that many of them are ' antiques.” The

Capt, H. Morrey Salmon, M.C,

THE COOT SITTING (Falica alra)

The Coot s @ near relative of the water-ben, n heavily Luilt, sdate-grey bird, with o conspicuous
white bill and white frontal plate, whence the amme = Bald Coot,™
bird in Britain, frequenting slow-flowing rivers, but sometimes visiting the coast in winter. It fecds
on sappy water-woonds and on guoll s,
It can swim well under water ; |t is very fond of & fight.

It is for the most part & resident

It flies quilckly bt leavily ; it dives contimmlly but clumsily ;
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river is not an easy haunt, but when its diffi-
culties have been overcome, it afiords safe
retreat. Thus some very old-fashioned types that
have disappeared elsewhere remain in the sanc-
tuary of the streams.. For instance, the three
mud-fishes or Dipnoi, Protopterus in Africa,
Ceratodus in Queensland, and Lepidosiren in the
Amazons, are what may be called " living fossils "’
—the only survivors of an ancient race. The
European sturgeon and the North American
Bony Pike are also very old-fashioned types; and
the best examples of all are two fishes, Polvp-
terus and Calamoichthys, from West African
rivers, which are the only living representatives
of an ancient order. We see, then, that a river
may be a retreat—better than a museum !

To Britain the beaver has’ long been a

stranger ; it lingers in only a few secluded
corners in Europe ; its range in

The w1 : 3 :

Bt North America 18 becoming more

and more restricted. Its fur is all

too good, and in spite of its shrewdness and
sociality the beaver is not holding its own,
Its relationship to squirrels is rather interesting,
for both have left the original terrestrial life—
the squirrels becoming (in their most typical
representatives) arboreal, while the beaver has
become specialised for aquatic life, Its strong,
flat, scaly tail, which is used as a rudder, its
webbed hind-feet, and its thick waterproof
fur may be mentioned as conspicuous instances
of adaptation to life in the water. In the summer
months they often roam about for some distance
from their settlement, but the heavy rounded
body and the short legs cannot be regarded as
very suitable for much locomotor activity on land.
When North America was first colonised
there were beavers in great numbers {rom coast
to coast | nowadays they have been pushed
westwards and their ranks thinned. But this
is for the most part due to man and the value
he sets on the thick, silky under-fur. Apart from
man the beaver would continue to prosper,
for it has many safetv-giving qualities. There
is safety in swimming and diving, in making
tunnels and stores, in working mostly at night,
in living socially and using danger signals, and
in having a fairly long bill of fare in addition
to twigs and bark. But the main source of safety
is in their wits, for although they belong to the
order of rodents, not generally marked by high

mental development, beavers bave undoubtedly
a plastic intelligence,

First of all there is the felling of trees which
are often up to sixteen inches or so in diameter,
With the chisel-edged front teeth the beaver
cuts two parallel furrows across the grain of
the wood, and then wrenches off the chip
between.  This is repeated laboriously many
times till a biconical or hour-glass-like cut has
been made all round the tree, which then falls,
A careful observer records a case where a cotton-
wood tree nearly thirty inches in diameter
had been felled so skilfully that it tumbled
with its top in the middle of a small beaver-
pond, thus assuring abundance of food for the
animals at their very door. But things do not
osually happen so perfectly, Trees under a foot
in diameter are preferred ; there is often con-
siderable labour of transport of cut branches
from the tree to the lodge. Moreover, beavers
seem often to tire of a tree and leave their
work half done. We must, alas, surrender the
pretty stories about the beaver-woodmen cutting
the tree unequally so that it must fall to one
chosen side; and it is extremely doubtful
whether they ever intentionally leave a tree
partially cut through to be brought down by -
the next gale.

Another line of activity is making the pond
and its dam. The meaning of this is to have
round the lodge conveniently deep water which
will not freeze too deeply in the winter. The
dam is made of drift-wood, willow branches; and
the like, carried in the mouth, and the frame-
work is strengthened by mud and stones which
the beavers carry by pressing their hands against
their breast. It is, of course, all nonsense that
they use their flat tail as a trowel. The dam is
usually a narrow affair, but streams of con-
siderable breadth are sometimes stemmed, and
the barrier is said to be built straight if there is
almost no current, but with a convexity directed
up-stream when there is a considerable flow. It
is readily intelligible that some of the branches
used in making the dam may eventually grow
into bushes, so that the construction hecomes
hidden in green. There is some reason to think
that beavers may have got the idea of the dam
from naturally formed barriers of drift-wood
such as one often sees in streams.  Animals
are more likely to adapt than to invent.
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construction than is suggested
by the pictures in the older
books.

Where a beaver village is
well established there must be a
gradual reduction in the number
of available trees. Those nearest
the pond will be used first;
but in the course of time little
journeys will have to be made.
The ||irf|.1'||'|TLi|-- of transport will
increase ¢ hence the usefulness
of canals, and the best of these
are certainly remarkable. They
may be several hundred feet
long ; they may form a short
cut from one bend of a meander-

ing stream to another; they
Photo = F, W, Homd,
WATER SFIDER [Argyrones aguateca) IN AIR BELIL.
The =ilken tenl or bell s sometines fiustened o waler-weedl, sometiomes to the B
the pool. 1t is filledd with nir « gled in the spider's hatr. It may be ased s @ lter larlyv  inté rostimg, f:||' |_|||- L=
I the winter when Argyrooeln lies very quiet [ i |5 also a cralle for the eggs nnal young, .

may cut right through an island.
& A case like the last is particu-

operative work would not have

Two types of house are made by beavers, and  much jusfification until it was completed, with
there are many transitional forms. In rivers an open waterway right through. As in 1'1-5.'1rr|.
like the Colorado, with high banks and variable to the dams, so here we may venture the
restion that in flat ground near a stream

water-level, a tunnel well under water leads to  sug

a big burrow in the bank. The other type is the  there are often approximations to natural canals
*lodge,” a roughly comical erection of sticks and  in which the beavers mayv have found a hint or
mud, several feet high, eight to ten feet across a basis for elaboration.

the base, The entrance is usually
under water, or there may In
nces, Part of the

lodge s a living-room and bed-

two en

room, the rest 13 a store, DBut
twigs and branches are some-
times stored beside the house on
the floor of the pond, being
weighted down with stones and
mud, a device that certanly
smacks of intelligence. Another
interesting point i1s that extra
mud is often pressed in the an-
tumn on the out<ide of the house
with the result that it forms
when frozen hard not only a
comfiortable wall, but an effec-
tive protection against the in-
trusionz of wolves and waolver-

FPhota : F. W. Bomil

ines. DBut it need hardly be said WATER BPIDER (Adrgyronda aguatica] LEAVING AIR BELL

that the beaver's lodge, even at The uir thal | I the water ko the lnry spaces hetween
3 the hodis of st o aoff beside the =ilken te r beil. Tt is this air

it= Dest, 15 4 II'II:4'|I rllllt:ll:.l:'l thit the voung splders, hat wiltse for thelr beentlaing

S
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The beaver is monogamous and affectionate,
with a prolonged youth and pleasant family
relations, It has the co-operative temperament,
and its sociality has doubtless promoted its
intelligence. This works in a circle ; it takes a
certain fineness of brain to be social, as distin-
guished from merely gregarious; and in the
developing animal-society there is a selecting
or sifting process which favours variants in the
direction of wits on the one hand and self-
subordination on the other, The American
beaver and the European beaver are very
closely akin and the wide range of geographical
distribution—until man intervened—is an ex-
pression of Nature's approval of a sagacious
and social creature,

It is certainly a great privilege to live near a
river where one can see dabchicks, or Little

Grebes, disporting themselves. Not

Stery that one can see them whenever one
of the ;
Dabchick.  likes, but they are oftener to be seen

than a casual visitor would think.
They are dainty, compact little birds, about
nine inches long, with almost no tail. Their
colouring makes for inconspicuousness, dark
brown above, greyish white below, and a little
paler on the whole when winter comes. There
is an intense pleasure in watching dabchicks,
their movements are so vivacious, They are
artists in self-eflacement, for not only are they
continually turning somersaults and diving, but
they have got some other way of simply disap-
pearing. How this vanishing trick is done we do
not know, And even the diving movements are
so quick that the eye can hardly be sure—even
after a hundred observations—of what actually
happens. The bird raises its body vertically out
of the water, turns a somersaalt, and goes down
head foremost ; but our words are too terribly
clumsy for the marvellous gymnastic feat.
Under water, dabchicks swim deftly with their

* chestnut-leaf "' feet, the lower leg showing a ~

remarkable swivel-like adjustment ; but Mac-
gillivray may be trusted in his observation that
they also use their wings. Like some other
aquatic birds they fly in the water. Everyone
knows that the dabchicks often reappear very
quickly a long way from where they disappeared,
s0 the locomotion under water must have a great
speed. If this grebelet uses wings and feet at
orice it is almost like becoming a quadruped

again, for the ancestors of birds were reptilian
quadrupeds.

Dabchicks frequent lochs and ponds and the
slow-flowing reaches of rivers, and they are
found from the high moorland to the shore. In
the winter, when the lochs may be partly frozen,
and when small water animals are scarce, they
often come to an estuary, which they enliven
with their pretty ways, or they may frequent
the lagoons of a seashore marsh. Except in so
far as a few come to Britain in winter from
further north, and in so far as many of them
move from one part of the country to another,
dabchicks may be called resident birds in this
country. They do not readily take to wing, but
when they do they fly at a great speed and very
straight. It is rather a surprise to find that they
can also run quickly if hard pressed.

The food of the Little Grebe consists of
aquatic insect-larvee, water snails, little fishes,
and a salad of weeds. It is the comparative
minuteness of the items on the bill of fare that
makes the incessant diving necessary. For many
birds it is a case of “ many a pickle making
a mickle." R

Little is known in regard to the courtship of
the dabchick, which is a pity if it even approaches
that of the Great Crested Grebe, so carefully
studied by Prof. Julian Huxley. The mating
birds call to one another cheerfully, saying whit,
whit ; and they work together in building a
rather large nest. This may float, attached to
rushes, or it may be firmly moored to a branch
that has fallen into the loch, or it may be built
up from the bottom in shallow water. In any
case, the nest is constructed with a large margin
of safety, so that the saucer-like hollow in the
middle is always well above the surface of the
water. It is adjusted so that the water does not
reach the eggs, or the brooding bird, or the nest-
lings. That would be fatal.

The nest is made of water-plants, and as they
die they ferment, thus raising the temperature—
all the better for the development of the eggs.
The warmth of the decomposing plants makes
it easier for the brooding hird to take an occasional
holiday, and, as a matter of fact, the two parents
may be seen gaily playing together while the
eges are being incubated in the warmth induced
by the activity of Bacteria! For there is no
rotting without Bacteria. When the precious
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Phois : Albert Heney Willford,

LITTLE GERERE APPROACHING HER NEST.

If a brooding Dalchick has to leave 118 eggs in the o
material on to the topof them,

nest is thus left to itself, a blanket of weeds is
very rapidly drawn over the four to six white
eges. Both parents build and both parents
brood ; and there are two clutches in the year,
between April and August. The eggs, like those
of other grebes, are biconical, the two ends being
almost or guite alike. They have a chalky shell,
and this gets stained by the damp weeds on

which they rest, so that after the first week or so’

the clutch of cggs becomes almost invisible,
The nestlings are attractive little creatures
with black down changing gradually to brown,
and reddish harlequin-like or agate-like stripes
changing gradually to white. The voung ones
are fed by both parents, and their education
begins early. The mother or the father takes
them for a little voyage, and they hold on to
their parent’s back. When the parent bird
submerges its body the youngsters have perforee
to swim. If there is some danger, the mother
keeps the voung ones under her wings, and may
dive with them in that position. We read that
when they are resting on the nest under their
mother’s wings they poke out their heads in a

st, It nsunlly conceals them with great tapidity by drawing some of the testing
The epgs, 4=6 in number, are white to begin with, butl they soon botome stained.

winsome way when the father approaches with
food in his mouth, We hope to see this some
day. When the voung dabchicks have found
expression for their diving and swimming
instincts, and when they have learned some
lessons about food and enemies, they may still
be seen swimming about with their parents, But
some day there is a big alarm, the family party
breaks up and the youngsters scatter, never to
come together again. The * apron-strings "'
are cut.

When we ask how this attractive bird, which
Ruskin called ** our little living ripple-line of the
pools,” holds its own to-day, we find the answer
first of all in its minute size. It is one of the
" little people,” casily overlooked, Its colour-
ation also makes for self-effacement. Moreover,
it is a singularly quiet bird ; for, as Professor
Newton points out, " it often happens that a
pair will frequent a small weedy pond, nigh unto
a human habitation, and rear their young there,
without their existence being detected, though
they stay for the whole of a suammer."  Thirdly,
there must be safety in their extraordinary
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alertness ; it is almost impossible to take a
dabchick by surprise. But a bird may be alert
and yet not quick to move, as is plain in the case
of geese. So to alertness the dabchick has added
quickness of reaction. They disappear * like a
shot,” fortunately often quicker than the shot.
The reappearance somewhere else is also a good
life-preserving trick. We are not forgetting that
the dabchick has a fairly large family and that
the youngsters are well educated, getting a good
send-off in life, but in the main the bird survives
because of its alert elusiveness and its rapidity
of action. Ruskin talks a good deal of nonsense,
we think, in his account of the dabchick in
© Love's Meinie," but he was perhaps right in
calling it ** the prettiest bird, next to the
kinghsher, that haunts our English rivers.”
Who can help wishing ** Long life to the Dab-
chick ** ¢

Among freshwater animals it is strange that
fut
unexpectedness is one of the charms of Natural
History. continu-
ally attempting the next-to-impossible and

we have to include a lung-breathing lizard.

As Goethe said. animals are

Phofa : Alberi Henry

LITTLE GRERE
In this case the mother-hird was intenthomally disturbed so that she hod 1o leave the

young brds con dive as =oon ns they tnke 1o {he water, but they aften

APPROACHING

achieving it ! Partly, no doubt, the struggle for
but in higher
animals there is also the prompting

existence supplies the spur;

Ways of the of the spirit of adventure. Animals
Warer- =l - i
Lizard. are always on the look-out for a

new niche of opportunity, and thus
we find the unexpected often happening. What
is a lung-breathing snake doing in the sea a hun-
dred miles from land ¥ What is such a terrestrial
animal as a spider doing in a pool on the moor-
land where she weaves a sub-aquatic dome of
silk and fills it with dry air? How comes an
Amphibian like the blindworm, or a bird like
the burrowing parrot, to be living beneath the
ground
is a lizard doing in the water ?
Reptiles were the first backboned animals to
become quite at home on dry land, thus com-

Or, to come to our present point, what

pleting the great transition which was begun

by their amphibian ancestors. But not a few of

them have in the course of time retraced their

steps and gone back to the water, lung-breathers

though they be. Thus there are crocodilians,

turtles, and sea-snakes that we call

mayv

4

]

HER NEST.

oped uncovered, Buot this is quite yvnoatural. The

o-rides on the pareni’s back,
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Phuio

THE BOG BWEAN (Memyanihes brifoliata).

suggests the role of isolation
in fixing new departures into
new species, as we know
nearer home in the Orkney
vole and the St. Kilda wren.,
In mankind, likewise, some
form of isolation, narrowing
the range of marriage, seems
to have been a frequent
factor in fixing racial traits.

The water-lizard or " hy-
drosaur ' of Amboina never
poes far from the water;
it stretches itself on branches
overhanging streams, ponds
and lagoons, and dives if
violently disturbed.  The
same individual comes back
to the same branch day after
day and les there almost
imperturbable. Forit hasno
enemies — not  even  man,
Apart from two kinds of
civet, there are beasts
of prey in the Moluccas, and
the natives do not eat the

o

waterizard. This explains
the imperturbability of the
adults,

It is wvery different with
the young ones, however,
for they are quick to hide
themselves under stones in
the bed of the stream or

This 18 one of the most beautiful of the bog-plants, growing in pools in North Tempemte counioies

including Rritain
the Bower-stalks, bearing clusters of white blessoms, alse i
the Gentian Cnamily,

In the lizard order of
reptiles, however, the terrestrial habit, including
burrowing and tree-climbing, is so strong that
exceptions are of great interest ; and we wish
to refer to the story that Dr. Ph. F. Kopstein
has recently told of the ** water-lizard "' of the
Moluccas. It is not a new animal by any means,
baut little has been previously known of its habits,
which are certainly peculiar. Its nameis Lophura,
and the best known kind or species, living in
Amboina, Ceram, and Lophura
amboinensis which Dr. Kopstein has studied
There is another kind in Ternate and Halmahera
and a third is at home in the Philippines, This

" secondarily aquatic.”

Celebes, is

It has lnxuriant serinl legves rsing from & crecpling submerged stem, aml
above the waler,

among thick wvegetation in
the pool. The reason is
plain ; they are persecuted
by herons and hawks until they reach their
adult strength, when all their shyness dis-
appears. No wonder, for they are over two fect
long ! As for their own food, it consists exclu-
sively of the leaves and other parts of plants
growing in, or beside, the water. Dr. Kopstain
found a number frequenting a pool in which
there were several warm sulphur springs, but
he never saw one in the sea. So it remains true
that the only marine lizard is the scaweed-
cating Amblyrhynechus of the Galapagos Islands,

The eggs are buried eight to twelve inches

1t belongs to

deep in the fine river-sand at well-warmed spots

where there is some stability, For just as our
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hen-salmon avoid depositing their eggs among
shifting gravel, so the hen-hyvdrosaurs avoid
shifting sand. Although the natives do not eat
the adults, they are fond of the epes, which have
relatively large yolks and are said to be very
palatable
they reach a length of over two inches

They are worth searching for, since
They are
enclosed in firm parchment-like ** shells," dirty
white, with grev spots and streaks. An interest-
ing point is that hatching goes on all the vear
round, which puzzles us till we remember that
the Moluceas
SEASONS.

have a climate almost without

Apart from habits, the most striking feature
of the water-lizard is the tail-crest of the mature
male, It rizes like a sail along the dorsal middle
line of the caudal region and gives the creature
a very striking appearance. Then
that it is a masculine exuberance, like the growth
of antlers in a stag : and a notable fact is that
it does not appear till the male is full-grown and
lusty. A male two feet long is exactly like the
female, but after that it unfurls its sail, probably
with

1= no doubt

the help of a chemical messenger or

*hormone "' carried through the body by the
blood. It seems very appropriate that a lizard
that has taken to the water should have developed
a sail : but this is only a coincidence, as is shown
by its restriction to one sex.

As long ago as 1883 the French entomologist
Amans suggested that hints for electrical flving-

1

machines might be got from -||::g_|;:|r|-

Concerning  flies. and one of the first successful
EE:E]“_ I'rench types of monoplane was

called the ** Demoiselle,”” which is
also the name of the dragon-fly, One cannot,

' skim-
over the water without thinking of aero-

indeed, watch the larger dragon-flies
ming
planes, and Mr, K. ]. Tillyard, who has written a
fine  Biology
tg17), says that "' a study of the different effects

of Dragon-flics " (Cambridge,
on flight of angulated and rounded hind-wings,
as well as of the arrangements of braces and
cross-pieces sugpested by various parts of the
dragon-fly's wing, might well lead to further
improvements in our models, and might even
solution

sugEest o for “hovering’

on simpler
Actually,

lines than anything yet attained.”

THE YELLOY
The yellow fag or Irs 2 a very beantifal wililflower, in damp
cultivated varietie: der from them, There | ceping stem I
syl of the fower hav & n the form of petal Beoee off

IRIS (Teiv prrudacorns

plu miel Ll

i wlilcl sword-like leave

e many other wild species s well as
A remarkable feature is thal th
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the long, narrow posterior body, the
baffling rapidity and sure poise of

the flight, and the myvsterious way
in which many of them. disappear
and reappear as they fly around us,
combine to make them unusoally
attractive insects, though one of their
many popular names, * Devil's Darn-
ing-needles,” is scarcely enthusiastic
In spite of another name, “ Hogse-
stingers,”” they do not sting, and thev
are almost altogether beneficial as
far as man 15 concerned, for they wage
¢Hective war apninst flies and pnats
ind other troublesome insects. Mr
Tillvard caught one with its mouth
50 full of mosguitoes that it conld not
be shut. * There must have been
over a hundred, all tightly packed

I koo : Jokn J. Wa
THE WATER BUTTERCUD {Ranunsulus aquwahil
SHOWING FLOATING AND SUBMERGED

The Aoating loives o

AINCE IGLT many 1mproy e nts hawve
been made, It is III'I|II-II'-II||_ 0
course, that the wings of dragon-flies
strike the air, and that with almost
mncredible |':l]"|-||l'~ of vibration, whale
i !I'I.IIII""\- " do not

As we see dragon-flics hawking
over the pond, darting up and down
the stream, saling over the moor
round the * lochans ™ where they
were born, we recall Tennyvson's

phrase, " a living flash of light.”
The gauze-like, never folded wings,

the conspicuous cyes, the metalli s el

f N it This graced: g slem, from ri=e

sheen of the armature (Tennyson's  half out of u berls: wiih e
1 horse-Luils, wh Ther nirast

* bright plates of sapphire mail "

between e namd
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into a black mass." It is suggested
that the mosquito pest in the
omamental waters of parks might be
checked by  introducing  suitable
dragon-flies, whose larvie as well as
adults would prey upon the nuisance,
A " plorious red " species has hecome
well established in the Botanical Gar-
dens at Brisbane, " and certainly adds
a vivid touch of colour to its lovely
surroundings.”

The flight of dragon-fliecs must be
near perfection ; it is sometimes a se-
quence of lightning-like jerks, some-
times a regular swift sculling close to
the water, sometimes a zigzag spiral
ascent in the air, sometimes an even

easy skimming " through crofts and
pastures wet with dew.” There is a

Photo = E. Slep, F.L.5,
SHINING PFPONDWEED (Poemogeion lecens].

There are o great many different kinds of Poodweeds
ll ower the world, They have ciocplng sleni2 apd erech
lealy branches, bal some ol thete may be always sob-
merged 08 in P, lweens, while others spread out many
of thelr lenves Aat on the surfhice, o in P, » The
aberve waler flowers are pollinated by Uie wind

remarkable peculiarity in the direct
way the numerous musecles of flight are
connected with the wing-bases: the
velocity may rise to nearly sixtyv miles
an‘hour ; the two pairs of wings work
quite independently, vet harmoniously.
For some distance, like a wasp, a
dragon-flv can fly tail foremost. They
do not usvally wander far from their
favourite haunts, but some species with
a migratory bent may travel hundreds
of miles, An Australian form, Hemi-
cordnita  fau, has recently colonised
Tasmania, across a strait two hundred
miles wide, The perfection of flight is
Piicta: K. Step, F.L.5. . connected with the habit of catching

'H]-'.I-:,]'I-!ll.'Ll.'I-_'l BULRUSH OR CAT'S-TAIL .l"..l" u Tatifolia).

The lower part of the bulrash stem is a thick submerged rhizom Lhie upiget <

purt projects high lnto the alr. The naked flowers form a crowded spike, with — Wwe associate the verv mobile head and
yellow male fowers above and brown female Bowers below The pullination is -

effocted by the wind, the high development of the eyes, both

.

insects on the wing, and with this also
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gasm  the rest of the body may for a couple of
” days flutter its wings and even climb up
curtains with its legs. This points to re
= markable independence in the nerve-centres

Phedo ; Jahm J. Wand, F.ES
. EMERGENCE OF A DRAGOR-FLY (LitvNula deprocsa)
FROM THE XYMPH CUTICLI

This kind of Dugon-dly has o rmether brom] body, wikich
15 blue postedorly ba the male, browndsh-vellow (o the female,
The larve, which formsd in stgremt water, and  the
nymphs which creep out of it, are anusunlly broad and squst
in body

reminding us of birds. The sense of smell
seems to be practically absent ; the sense
of hearing is probably represented by a
sense of poise ;
in many other insects, but vision is prob-

taste and touch are as

ably the keenest among backboneless ani-
mals. The numbér of facets and lenses and
other eye-elements in each compound eye
varies from and the
range of vision, as far as the detection of

10,000 to 28,000 ;

movements is concerned, is up to Io-2o
yards, the limit for other insects being
about six feet. " When a dragon-fly is
caught and held in the hand the eyes are
seen to glow with a most beautiful hight,
generally of a semi-metallic green or blue
colour, sometimes red, brown or grey.
This is a reflection of light from the interior
of the eye, and is called the internal light."

Dragon-flics have fine brains, and they
are as clever as is good for them., When a
large one has been accidentally decapitated

{or panglia) of the ventral nerve-cord, and
docs not bear on the question of intel-
ligence, any more than does the fact that if
the terminal rings of a large dragon-fly
be snipped off and presented to the head,
they will be devoured ' with apparent
relish:'  We misunderstanding  the
drapon-fly badly iff we imagine that it ever
* knows what it 15 eating ™ |

As repards bodv-colouring, dragon-fliez

are

deserve a first place among insects, though
thev arc excelled by butterflies if the wings
are taken into account. Various coloured
materials or pigments are deposited in the
euticle and skin in the form of granules,
and there is sometimes an exudation of
pigment on the surface, like the bloom on
the insect is becoming

such

fruit, when
“ Interference colouration,”

ripe
mature.

Ward, F.E.5.
DRAGON-FLY WITHDFRAWING ITS TAILL ENI.
i buminess this, drawing the fullyformed body of the imogn
sk

The excellent photogmph shows the moment

wiven the Dragondly |s almoet free—all but the tip of the tail
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the males dance in the air before then
desired mates and show off some of their
good points. The male of one species waves
a pair of white ribbons to attract the
female’s attention. There is occasionally a
miniature pas de dewx (a dance for two
persons) before pairing

The eggs may be laid in little holes cat
in the stems of ins, reeds, or even osiers, or
among the roots of mosses growimg on i|il.:ll.l}'
rocks, or in firm, gelatinous ropes entangled
on submenged twigs | but in most cases the
female skims over the guict or lowing water,
and touching the surface now and then with
the posterior tip of her body liberates
masses of eggs, surrounded with jelly. Th
gelatinous substance dissolves in the water
and the eggs are scattered about on the
bed of the river or on the floor of the pond
Out of the egg-shell there emerges a ' pro
nymph " which grows very rapidly for a
few seconds or minutes, and then, moulting
its cuticle, becomes a wriggling free-

Photo : Jokn J. Ward, F.E.S swimming larva fully equipped for the
bl [ fovem . ard, 3 0

3 IT BEGING TO BHOW ITS WINGE.

Alter dmwing itsell out of the nymph culicle, the fully-
formed Dragon-Oy begias 1o cxpaied s wings, whlch were
gradually developed, though not libemated, in the nymph
Blage.

as we see on a soap-bubble, 1s very common
and when it 1s combmned with " pigmentary
colouration "' the result is often extraor-
dinarily brilliant. Green, bloe, violet,
purple, red, orange, veéllow, and other
colours are displayed in exuberance, sug-
gesting that their possessors do not need
to be afraid of self-advertisement. In some
larvae there is evidence of a slow power of
colour-change, in harmony with the hue
of the surroundings.

It is doubtless because of their beauty
and graceful movements that what we call
dragon-flies are elsewhere called ™ demoi-
selles,”’ " Wasserjungfer,” or the like (so
much depends on the point of view) ; but
it is interesting to note that except in the
sub-family Eschina the females are seldom
geen flying upon the water except when
pairing or laying the eggs. The males ar
the conspicuous demoiselles ; the females

Photo » Jokn [, Wand, F.ES,
o THE WINGS SHAKING OUT FROM THEIR FOLIDS
seek cover among grass and herbage The wings are sofl
rovtha B 3
Lilood is foreed int

und crompled at first ; they are bollow bag-like
posterior rin { the ibomx ; they expand when
They story conlimis overleod

There is often a sort of courtship, in which
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Fhate jnihn J. Ward, F.E.S.
s, TH FIVE MINUTES THEY ARE FULLY EXTENDED,

The exgeinsiot of the wings, ma the hlood fa pamped into
them, is sccompanbed by 6 hardestog of chitin along the
tleie lines of the so-called veins
bread-and-butter part of the business of
life. The larva live under water for about
a year, or, it may be, for as many as
YEars, They are extraordinarily
voracions, eating almost any kind of small
living animal from Protozoa upwards, and
even attacking tadpoles,  Mr. Tillyard
starved one for a week and then gave it
maosquito larvae, sixty of which it swallowed
within ten minutes. “ After that," we
read, © nothing would tempt it.” The larvae
are given to cannibalism within their own
order, and are sometimes seen stalking
their own near kin,

The most remarkable larval character-
istic is the protrusible food-catching
“mask,” so-called becaunse it hides the
other mouth-parts or even the whole face,
It consists of the third pair of mouth-
parts (labium) fixed on the end of a jointed
hollow stalk. When the victim is within
reach the mask is shot out with great
rapidity, two sharp hooks fix themselves

five

automatically in the booty, and after the
struggles become less violent the mask
is drawn back to its position of rest beside
the mouth, where the first pair of mouth-
parts (the mandibles) begin the work of
chewing.

The respiration of the aquatic larve is
also very interesting. Water passes into
and out of the terminal part of the food-
canal, which is often furnished with a
beautiful ' branchial basket.”" When the
water is driven out forcibly the larva is
jerked forwards, so that the functions
of breathing and locomotion work  to-
gether. Many of the larvee have also got
thread-like or plate-like tracheal gills, as
in Mavfliecs. The air captured from the
water is carried to every hole and corner
of the body by means of branching tracke
or air-tubes, which are characteristic ot
all insects, but the stigmata or openings of
these tubes, which are wide open in the
Adult dragon-fly are cither closed or of very

Fhode: John J. Ward, F ES, L

6

THE DRAGON-FLY ASSUMES I1TS NATURAL RESTING

ATTITUDE,

1t may take hall an hour or so for the wings to be stretched 1 but it
may be three bowrs before the wings are quite dry and fiom, and ootstretehed

ms shown, at right angles to the body,

Thien Use insect is [l:ﬂ.llj‘ for flight.
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slight importance in the larva. Had the trachee
wide openings as i the adults, the larve
would drown.

During the long larval life many changes occur:
the facets of the compound eyes increase in
number, the simple eves make their appearance,
the feelers get more joints, the beginnings of the
wings are formed, and the thorax changes as they
develop, and at intervals—from eleven to fifteen
times—there is a thoroughgoing moult or cuticle-
casting. This means not only shedding the
covering of the body (Tennyson said : ' An inner
impulse rent the veil of his old husk "), but a
surrender of the lining of the air-tubes and of the
foremost and hindmost
parts of the food-canal.
As we have explained
in the chapter on life-
histories, this moulting
the tax that the
¢reature has to pay for

15

its armour; which, being
withouot living cells, can-
not grow, and is always
becoming too small for
the creature inside.

After prolonged in-
ternal changes towards
the:
adult, the great chang:

the architecture of

or metamorphosis  oc-

curs. The larva becomes  Phow © £, Siep, F.L5.
listless and loses itsap-

In insect
i xillee,

there are three
petite, it changes its

colour and appears tensc
and swollen—it 1s mani-
festly out of sorts
water and fixes itself firmly to a reed or some
other support. [t arches its back and its cuticle

It climbs or crawls out of the

splits along the mid-dorsal line, it gets its head
and thorax free, it drawsits legs and wings out of
their sheaths, it hangs head downwards and its
limbs harden, it waves about and socceeds in
serking itself upwards again, it holds fast to its
support and withdraws the tail from the larval
husk ; it drives blood into the crumpled bag-like
wings and expands them
in the wings produces a pecaliarly beautiful irid-

The presence of blood

escence, which lasts for hours or days till the
wings dry. The favourite time for the remark-
able metamorphosis, which Réaumur described

HINGED MAEK OF

The last palr, taken Loge
the dragon-lly lwrva is o transformed lalsdwm.,
al the tip, well shown in the photogmnph.
5 tmdpole or the like in its wrip.

with great perfection about 1740, 15 al or near
dawn.

Dragon-flies muost have had a long pedigree, for
in the Upper Carboniferous epoch they had many
fine representatives, including the truly magnifi-
cent Meganeura monyi, which had a spread of
wing of about twenty-seven inches, far exceeding
that of any living insect. Since these ancient
days, which were not, of course, near the begin-
ning of dragon-fly history, the order has occupied
a singularly isolated position, having no near
relatives. Thanks to their powerful baffling
flight, their keen, long-sighted vision, their car-
nivorous habits, their inconspicuousness when

THE
pilrs of mouth parts

DRAGON-FIY
the

LARVA [Euhua eyameal
widibles, the first maxillee, and the second
her, form the " lablum*; apd the extroondioary * mosk ™ of
It iz m " lip-nrm ™ of three parts with two curved teeth
It can be rapddly thrown out and as mpldly retemcted, with
There ase fow more effective inastrmmeiits

resting, and other ‘qualities, dragon-flies have a
strong grip of life, and long may it last.

They are represented all over the world by
more than 400 genera, with about 2 500 species
a testimony to success! But they have their
enemies, are expert in catching
them ; spiders snare them ; lizards and snakes
snap them up; the glant sundew of Australia
takes heavy toll. The aquatic larvae are de-
voured by their own relatives, by the young

Kingtishers

of the water-beetle Dytiscus, and by trout,
Very striking is the habit of Polynema natans,
one of

our :-l'it_';'-li;}':'i :

which nses 1ts wing

(tiny Hymenoptera),
5 for swimming under water

and lays its eges inside the eggs of a dragon-fly
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deposited in the leaves of water-lilies. The grub
of the fairy-fly hatches out in the dragon-fly's egg
and devours it in a few days. Mr. Tillyard, to
whose fine book on ' The Biology of Dragon-
flies " we are greatly indebted, notes that the
most deadly enemy of full-grown dragon-flies is
the trout ; and here man has his thread in the
web of life.  In Tasmania the introduction of the
English trout has reduced the dragon-fly fauna
to a minimum. A two-pound trout, caught by
Mr. Tillyard on the Macquarie River, in Tas-
mania, had in its stomach the undigested heads
of thirty-five dragon-flies. But this means that
injurious pests like scale-insects will increase,

On the stones or among the weed in the river,
one often sees, in the summer time, a number of

wriggling flattish creatures, with
md three pairs of legs, with two or three

filaments at the tail end, and with
a double row of delicate platelets—the breathing
organs or tracheal gills—on the posterior part
of the elongated body. Some of these wriggling
creatures are young Mayflies, though there is
not much about them that suggests the delicate
adult insects which rise in living clouds from the
quiet reaches of the stream in the end of May
or in the beginning of June. Day-Flies or
Ephemerides they are called because of the
shortness of the winged chapter in their life-
history. 1t may not last more than a day.
Indeed, there is one case known where the aerial
life lasts only for an hour! Yet we are apt to
misunderstand the Mavfly story unless we get
firm hold of the fact that it is only the winged
part of the life that is so very short. Many of
them have an aguatic life of two or three years,
so they are not such short-lived creatures after
all.

There is a useful Natural History idea here,
that we spoke of in connection with Life-His-
tories, namely, that different kinds of animals
lengthen out or shorten down different stages in
their life-cycle. Some animals have a very short
vouth, a long period of full-grown strength, and
arapid end ; others have a short period of intense
vigour and a long drawn-out decline, as happens
sometimes among mankind.  What do the
Mayflies show ? They have a very prolonged
juvenile life beneath the water, a greatly reduced
period of maturity as winged insects in the air,
and then an abrupt death.

The larve or nymphs of the Mayflies are
suited in many interesting ways to the com-
ditions of their life. They abserb the oxygen
in the water by means of the delicate *' tracheal
gills "' on the back of some or all of the first
seven segments of the so-called ** abdomen."
The long tail-filaments may also help in this
breathing, for what always happens is that
oXygen seeps into the internal air-tubes or
trachee which penetrate into every hole and
corner of the body. The tracheal gills are some-
times neatly protected by a cover and by inter-
lacing fringes of bristles from the risk of being
clogged with fine silt. Some of the nymphs that
move quickly show the " stream-line "' form of
body that is seen in many aquatic animals, such
as fishes. In the voung Mayflies it is adapted to
reduce resistance when they are swimming, and
also to lessen the grip of the current when they
are holding on. In many cases there are grap-
pling hooks on the limbs which clutch the surface
of stones, and there is a correspondence between
the flattening of the body and the rate of the
stream’s flow. That is to say, when the current
is very rapid the only kinds of Mayfly that can
live in it are those with a much flattened body.
In a kind called Rithrogenia, which lives in
torrential streams, attempting the next-to-
impossible as animals so often do, the tracheal
gills are flattened and extended laterally, so that
they rest against the stone, and form a large oval
attachment-disc of singularly limpet-like form.
As a great naturalist used to say : 'Wherever we
tap Organic Nature, it seems to flow with
purpese. In other words, all living creatures are
bundles of fitnesses, though the adaptations are
more striking in some cases than in others. We
could not find a better illustration than the
limpet-like grip of this particular Mayfly nymph
that lives in the rush of mountain torrents.
How different, on the other hand, is the habit of
a common American Mayvfly, called Hexagenia,
that burrows in the bed of the river or lake. The
forelegs are flattened into scooping shovels, the
jaws form relatively enormous projecting tusks !
By using these two body-tools alternately, this
voung Mayfly tunnels its way along—a sort of
sub-aquatic maole |

Many of the aquatic larve of insects depend
for their food on very minute living creatures
that drilt or swim in the water. They differ in
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Photo : Jokn Armitage,

DRAGON-FLY (Libelilnla quadrimaculala) 0N * COTTON GRASS,
tow-gedge (Erophorm|, offener called cotton-

This Beantilul photograph shosws 4 very commo 1 .
refers to L r spols on Lbe fronl mangins

grass, of wel moors, It B peedominantly brows with yellow patches, The name
{ the wings.
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Phoia; John J. Wand, F.E.5.
Puﬁﬂ-\"r:.'l' (Hachnn) JUST EMERGED FROM THE NYMPH STAGE.
Thls is a large Dragon- Ay, pometimes 2§ inches in length. The photogranh shows the big eyes meeling one another on e top of the bead
The postenor body or abdomen is very long and narrow,  On a Mare's Toll to tie right is setn the empty cuticle of the nymph, from which
the adult has emerged.
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interesting ways in their methods of capture.
Thus the aquatic larvae of some flies have rapidly
vibrating fans that make a whirlpool around the
mouth, sucking in microscopic food. Or again,
some of the caddis-worms make delicate and
beautiful seine-nets of silk, which strain minute
organisms out of the currents passing through.
The larval stage of the ** Howdy " Mayfly which
is almost as quick as a minnow, holds firmly toa
stone with its middle and hind-fect, and " ex-
tendsits fore-feet with their paired fringes of long
hair outspread like a basket to receive what
booty the current may bring."” Many larval May-
flies, however, browse in a more commonplace
way on the microscopic vegetation that adheres
to the surface of the stones they frequent. Others
climb up the stems of water-plants, browsing as
they climb. On the whole, they are vegetarians
or devourers of the fine organic dust that is
floated away from decaying plants and animals.

After the relatively long period of aquatic life,
lasting for weeks or months or years, and punc-
tuated by successive moultings (a tax, as we
have seen, on growth), the young Mayflies under-
go a remarkable change of structure—the
metamorphosis. The end of this is that the
nymphs float on the surface of the water, wriggle
themselves very rapidly out of their split husk,
emerge as winged insects and fly away. Sir John
Lubbock spoke of the suddenness of the trans-
formation : * From the moment when the skin
first cracks not ten seconds are over before the
insect has flown away.” If we are fortunate
enough to catch on our sleeve a Mayfly that has
just left its nymph-husk floating on the surface
of the water and taken its first flight, we may
observe that it seems impatient to get rid of vet
another envelope which enswathes its body. The
casting of this thin greyish cuticle is the begin-
ping of adult life. In small Mayflies, the resting
associated with this final moult (the * sub-
imaginal quiescence ” the entomologists speak
of) may last for only a few minutes : in larger
forms it lasts for a day or two. But whether it
takes minutes or days, the outcome is the same-—
the unveiling of a graceful winged insect with
smooth and shining surfaces and beautiful
colouration. Tt rests on our sleeve quivering
after its efforts—a large-eyed, fragile creature
with its fore-legs stretched out in front, with
fan-like fore-wings held up vertically and the
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hind ones inconspicuous, with two or three long
tail-filaments, with minute antenn# and with
mouth-parts reduced to remnants. For the time
of eating is over ; the dance of love is about to
begin.

Large numbers of Mayflies often leave the
water about the same time and rest on the
bushes and herbage, undergoing their final
moult. ** They often bend the streamside willows
with their weight.” In the evening, having cast
their ** ghost,” as some of the old naturalists
called the last-moulted husk, they rise in count-
less numbers like a living mist. There are few
more impressive sights in the realm of living
creatures. In their fine book, " The Life of
Inland Waters" (Ithaca, 1g16), Professors
Needham and Lloyd tell us that * the adult
males fly in companies, each species man-
ceuvring according to its habit, and the females
come to meet them in the air.’ The days of
hunger are over, it is the hour of love. In his
fine monograph on Ephemerids, the Rev. A. E.
Eaton describes the behaviour of some of the
more conspicuous Mayflies, especially the males.
An intermittent action of the wings results in
* a dance-like motion almost vertically up and
down—a fluttering swift ascent, and then a
passive leisurely fall, many times repeated.”
The cloud of wings rising and falling over a
quiet stretch of the river is a very beautiful sight.
There is chasing, embracing, and separating ;
the pairing is usuail:.' during flight, The smooth
surface of the water is dimpled when some of the
dancers touch it, and it is there that the eggs are
shed, in a somewhat random way, it seems.
As the evening passes, the Ephemerids may pass
also ; for the continuance of their race is fatal
to the individual life. There is one kind at least
in which the aerial life is over in an hour, and in
many it is over by nightfall. But there are
other kinds that may survive for several evenings
if they get suitable rest during the day, In any
case, there is no getting past the fact that the
dance of love ends in death. But the eggs are
laid in the stream and sink down there, so that
the future of the race of Mayflies is safe.

We must not think of the story of the Mayflies
as if it had a peculiar plot of its own, for, as we
have said, there is often a sharp contrast between
the youthful feeding stage and the full-grown
multiplving stage. We see that in the contrast
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between caterpillars and butterflies.  What is 50
striking in Mayflies is that the youthful aquatic
per iod of feeding and growing may last for yvears,
whereas the adult aerial period of pairing and
reproducing may be condensed into a few hours.
[here is an extraordinary vividness here in the
rapidity with which death comes as the price to
be paid for giving origin to new lives. How true
was the saying of the poet Goethe Nature
holds a couple of draughts from the cup of lovs

to be fair payment for the pains of a lifetime.™

Before we leave the Mavflies, let us inguire
into the part they play in t cconomy  of
Nature. In their juvenile they are "' middle-
men " between the micro-vegetation on which
thev mainly depend, and the numerons carn-

water-animals, like trout, which feed
I'hesy

important as a staj le food for freshwate

IVOrous
largely on voung Mavilies e particularly
r fishes
becanse many of them are well represented by
nymphs of good size all round the vear. Profes

ym and Llovd, to whom we are much

account of Mavflies, select

sors Needhs:

indebted for their ines
as a particular case a kind called Callibsetis,
“ 1t is an active nymph that swims from place
to place by means of quick strokes of its tail and
gills, and that clambers freely about over shor
It 15 an

OAT

artful dodger and it is
It feeds

varietv of vegetable substances living and dead

vegetation.

on a great

]:1-.||-'-. [i_'\\.'l ]1,' i

Phaots ; T. Dobson, F.ES,

LARVA OF THE MAYFLY (E

well as in slow-fowing strewms,
and then the stage, still aquatic, is called

nymph. On the &

bhemeTn).

Most Mayfly larvee lve in running waler, but those of Ephomers vulgaia are found In ponds o
The larva has at first oo hint of wings ; bul they prow ool later on,
of the abdomen of the larva Lthere
are severnl pairs of beantiful ** tracheal gille™ The tail filuments also help in the respiration

and hence finds abundant food in every weedy
pond. It is eaten by every carnivore in the pond
that can catch it : and, doubtless, 1t has many
enemies that exceed it in swiftness and many
others that lie in ambush and capture it by
Hence though nearly always present, it
Fut
the practically important fact is that this much

great possibilities of

stealt

rarely appears abundantly i oid ponds.”

._||:'|ll-'-i1ll.'t| Mavfly has

multiplication if it had not so many ensmies

Its life-cyele oceupies only six weeks, and each

In six weeks these

female may lay H

1,000
will have developed into 1,000 winged insects
But each of

sav so0 males and so00 females

000 egrs, develop

these females might produce
ing into a total of half a million grand-offspring
of the original pair. There would be, theoretically,

I25 000.000,000 great-great ;_;:'.'.'-I-'I---II-]I|1||:,_' L8}

this does not happen because of the
But the

voung Mavilies in

] gt

multitude of enemies SUgEesLion arises
that il we could shelter the
soamne artod :_|| !'-||||||_ where there was |"i."' nty ol
food, but an absence of enemies, then it might
e !_...H,.i|.',. to rear cnormos -|1'..|||||Ii--- ol voung
Mayflies t t could be

useful fishes abound. And if wi

we shall assuredly find

emptied into waters

SCatter

where
Mavflies in the water
them in many days in the form of trout !

Most of the backboneless

found a home in freshwater are

animals that have

such as

small

water-snails,

'l_'|1|: water-bee-

Freshwater .

Crayfish. ties, walel
fleas. But

the cravfish, whose

name is said to be
derived from the French
derevisse (this looks too
neat to be true), is

three or four inches in

length It is exacthy
like a mimature lobster,
usually of a dull

greenish or brownish
colour, often diversified
with a little pale vellow
below, and sometimes
with a little red about
the legs. There is a
pood deal of vanability

The

in the colouring.
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The true freshwater crayfish is
common in rivers in many parts of
the Continent, and is a much-prized
delicacy ; it occurs in some English
rivers, such as the Thames and the
Isis; it is not known north of the
Tweed, but it cccurs in Ireland, Tt
must be regarded as derived from a
marine ancestral stock, and the same is
troe of the freshwater crabs that occur
here and there, though not in Great
Britain, .‘:Ljr'lli]:l.t]:l..'r the freshwater
slater (Asellus) has been derived, no
doubt, from an ancestral stock on the
seashore, and the land-slater or wood-
louse has gone one better in becoming
thoroughly terrestrial

The crayfish hunts by night and
hides by day. Itismadeuncomfortable

Photo : Fugh Main.
EMPTY CUTICLE OR HUSK OF THE SUB-IMAGO
OF A MAYFLY.

Mayilles or Ephemerids are the only insects in which
there = o moult after the attainment of the power of
flight. Out of the egg comes ihe larva, which develops
inlo o nymph, This nymph rises to the surface nnd
liberates a winged sub-imago, which beoomes the fully
formed winged insect—ihe imapo,
pigment is the same as the lobster's,
blue-black, which turns red when
boiled, Critics sometimes blame
Victor Hugo for calling the lobster
' the cardinal of the sea,” but he was
probably thinking of the Rock Lobster
(Palinurus), which is often very ruddy.
It is common off the French coast.
The same pigment that is bluish in the
Common Lobster (Homarus) is red-
dich in the prawn, and it is called
" zoonerythin,” or " animal-red."
Chemicallv considered, it is almost
the same as the carotin of carrots, It
is well seen in the handsome Norway
lobster,” which fishermen call the
sea-crayfish.

Photo : Hugh Main.

BUB-IMAGO AND IMAGDO, THE MAYFLY.
The nymph floais on the surface and liberafes a sub-lmage in & few seoomds,
This young winged creature, to the left of the pleture, fiics away. Buot it hae still
to cast a dellcate veil before it bocomes an imago.
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by the glare of the sun, yet it seems compelled
to draw to a torch or lantern by night. In aCon-
tinental river that we know, the fishermen be-
lieve in using a flare, when they work something
like a shrimp-net from the boat at night.

The crayfish makes long burrows in the
banks of the stream, and it sometimes lurks
in the entrance during the day, with its great
claws ready for some passer-by. All is grist
that comes to its mill, from worms to young
water-voles, from the stone-wort (Chara) in the
pool to the roots of plants growing on the banks.
It is practically omnivorous, and it is always in
an animal's favour in the struggle for existence
when it is able to thrive on many different items
on a long bill of fare.

The crayfish has four pairs of walking-legs, six
of which are always on the ground at the same
time, when it is walking ; the first three pairs pull
the animal forwards, those of the fourth pair
push it. It feels its way in the dark by means of
two pairs of antenne, and at the base of the
shorter anterfor pair there is a balancing ear.
If both ears are injured the crayfish will swim
upside down. On these shorter antennz there are
smelling-bristles, and there are taste-bristles near
the mouth. For daylight use there are two pairs
of stalked compound eves, which form an erect
mosaic image, very different from the inverted
single image formed on the retina of a backboned
animal’s eye. We see, then, that the crayfish is
well equipped with senses, but it seems to be
deaf.

Besides walking, the crayfish has another
quite different means of locomotion—by swim-
ming. When it is in danger, which it detects by
sight, or touch, or smell, it jerks its tail vigorously
downwards and forwards, and thus drives itself
through the water. It does this very smartly,
but it cannot keep up the tail-strokes for any
length of time. We understand, then, that it
walks head foremost and swims tail foremost |

If one takes a vigorous crayfish and holds it on
its head on the table, making a little foundation
bv broadening out the nippers or forceps hori-
zontally, the creature passes into the strange
state called animal hypnosis. It stands stock-
still on its head, and remains motionless for a
considerable time. We have seen it stand for
five minutes on a class-room table. As one held
it, of course without hurting it, one felt the

muscles of the tail trying to move, but one did
not permit the movement. Commands come
from the brain, but the muscles are not allowed
to obey ; and the result of this contradiction in
terms is fatigue of the nervous system and
rigidity of the muscles. Animal hypnosis is next
door to animal catalepsy, but it is not quite the
same. A similar state may be induced in frog
and fowl, in the edible crab and even in a guinea-
pig : but the meaning of it is not yet clear. Tt
was at the basis of the trick the magicians played
before Pharach long ago, when they turned rods
into serpents. That was because they had
previously turned serpents into rods! By-and-
by the crayfish comes to itself again, topples on
to its feet, and walks quickly away. . We do not
suppose that the cravfish ever passes into animal
hypnosis in natural conditions, but it does some-
thing almost as remarkable—it gives off a limb
to save its life,

In another connection we have spoken of
the surrender and re-growth or regeneration of
limbs. When a crab gets one of its legs badly
bruised it often throws it off altogether, breaking
it across a weak plane near the base. Thereafter,
under cover of a bandaging membrane, which is
there ready-made, in case of accidents, it grows a
new leg in place of the one that could not be
mended. The crayfish behaves in a very similar
way when it gets into a very tight corner. It
throws off a leg or two, almost always at the same
place, a prepared " breakage-plane,”” across
which, inside the hollow limb, there stretches a
membrane with a little aperture in the middle
for the necessary artery and nerve to pass
through. When the leg is broken off, the little
hole is closed up by a blood-clot ; and inside the
bandage a new leg is formed in miniature, to be
shot out like a Jack-in-the-box at the next
moult.

In autumn the mother crayfish makes a tem-
porary basket by bending her tail forwards, and
into this the eggs, like small unripe white cur-
rants, are liberated. At the same time some glue
is seereted from the underside of the tail, facing
into the interior of the temporary basket ; and
the eggs are thus firmly fastened to the small
paddle-like limbs called swimmerets. There they
are fertilised by the male crayfish ; and there, in
safety, they undergo their slow development, for
they are not hatched until early in the following
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Phedo : E, B, Gamage.

FLAMINGOES IN THE RIVER (Phanicopteras),
The Common Flamings (Phasicoplerns ruber), wilh beautiful plumage, mostly varylng from mse-red to carmise, frequents Meditcrranean
coasts, but has been seen on the Rline and other fvers, They are gregarious binds, ofien forming large focks ; they search for small water-
utmals in the mud, turning thelr bong twisted beak wpslde down, They sleep on one leg,
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F. Martin Duncan, F R M5, F.X.5.

P hodo

FRESHWATER CRAYFISH (Astacus or Potamobiny Suviatiliz),
This well-Enown crustaccan, ulso called Potamobius, |5 large for a {reshwater animal, being three or four inches n length. It b usaally

of a dull greenish or trownish colour, often pake yellow below, sometimes with o good deal of red on the lmbs,
The name Is either from the French dereviase or the Low Duaich erevile

the gencral colour may be red or blae

summer. When the female is carrying the eggs,
she is said to be * in berry.”

In the life-history of freshwater animals, as
we have seen, there is always a risk of the juvenile
stages being swept down to the sea. One way of
meeting this risk is to have suckers and grappling
structures ; and the young crayfishes have the tip
of their great claws turned in, and the ends of the
last two " walking legs " hooked. These in-
turnings and hooks make it easier for the young
ones to grip the mother's swimmerets or the
empty egg-shells which are still glued on. An-
other way of mecting the risk of being swept
away is to telescope or shorten down the juvenile
stages; and this is very marked in cravfishes, for
what comes out of the egg mav almost be called
a minature of the parent. As the little creature
grows, it has to moult, for the protective armour
has no life in it and cannot grow.
eight moults in the first vear, five in the second,

There are

two in the third—all fatiguing and dangerous.
They represent the tax that the crustacean has

to pay for its armour. In another place we have

In rare cases, 82 Huxley noted,

discussed the process of moulting, its uses and

dangers.
Many ponds and marshland pools are fre-
quented by newts—slow-going, tailed Amphib-
ians, distantly related to frogs and

}‘m:‘i'l‘?'z“ toads, more nearly related to sala-
rom a
Quag.” manders. There are three different

kinds in Britain—the Crested Newt,

the Smooth Newt, and the Palmated Newt—
and they are first cousins, belonging to the genus
Molge or Triton. Their shape suggests lizards,
which are reptiles, while newts are true amphib-
ians, with a naked moist skin and without claws
or ear-openings. When they are voung they
breathe by gills, which are never seen in reptiles,
Popularly the word ™ eft " is applied to newt and
lizard alike, and the two very different creatures
seem to be mixed up a good dealin ancient lore and
superstitious prescriptions. Our heading refers to
one of John Masefield's poems, where he speaks of

" The water-rat that gnaws the vellow flag,
Toads from the stone and merrows from the
quag.’
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There is something slightly repellent in the
cold clamminess of the newt's skin, but ne un-
prejudiced person can deny the animal’s beauty.
It has pleasing lines and its swimming move-
ments are graceful. There is a high crest along
the back of the breeding male of the Crested
Newt and the Smooth Newt, and both show a
pleasant yellow or orange colour on the under
surface of the body. The courting dress of the
male Smooth Newt includes a glittering blue
stripe on each side of the tail, interrupted by
vertical dark spots. Artistically regarded, newts
require no apology,

For most of the vear newts are terrestrial,
creeping slowly about in moist places in search
of small insects, slugs, and worms, or, in the
wintry months, lying motionless in a hole, some-
times in little companies. When spring
they seek out the water, and they may have a

COImnes

long way to go. Like many other animals, they
return for breeding purposes to the racial head-
guarters, for newts belong to an aguatic stock,

and the early gill-bearing life must be spent in

the wdateér. The only exception is when some
very unusual arrangement has been arrived at, as
in the Black Salamander of the Alps, where the
whole metamorphosis, including the gill-bearing
period, is telescoped back into the time before
birth.

The newt is of course a cold-blooded animal,
with a body temperature approximating to that
of its surroundings ; and it is temperamentally
cold-blooded as well. Only at the breeding season
is there any trace of excitement. The male dis-
plays himself before his unemotional mate, he
shows off his flushed colours and waving crest, he
kisses or butts her head, and fondles her with his
very sensitive tail. But, from first to last, it is a
cold-blooded business, though a necessary pre-
liminary to the fertilisation of the eggs, which is
accomplished in an unusual way. But there is
not even croaking.

The eges are usually laid singly and attached
to water plants, such as the pond-weed Poly-
gonum. Each egp is surrounded by a gelatinous
envelope, and the mother newt often bends a leat

Phodo ;. Stenley C. Johwion, M. 4.

FEESHWATER CRAYFISH [Asfacus i
of the shallow stream by means of fonr pairs of walking legs, bat they can xls
and downwards with mpld jerks, and thus propel themsclves,

Craviizhe: walk akong
foape v ebrmw ihe

or Pofamobius fwriatihi

In front «



THE NEW

NATURAL

HISTORY

Photlo Jodn J. Ward, F.ES,
1. FEMALE OF THE COMMON NEWT,
HER EGGS.
In this species, Trifon rwlparis or lendadus, the eges
skgly ofF in | groups Lo water
folded with the himd-legs.

DEPOSITING

are fastened
b held and

planis, which tEa

round so that the egg is not only glued on but
well concealed. This is a distinct advantage, for
when the eggs are left exposed on stones or the
like, as occasionally happens, they are apt to be
devoured by sticklebacks and carnivorous water
insects. In about a fortnight the wvellowish
larvee are hatched, more fish-like and more deli-
cately built than the tadpoles of frogs and toads.
They have three pairs of external gills, which
become branched as they grow, and they may
retain these for a long if it is difficult for
them to clamber out of the pool
not completed their metamorph

If they have

isis by autumn
thev will remain in the water all the winter, and
they have been seen moving near the bottom of
the pool under a blanket of ice! But if the
development apace the

ready

FOEs O
to leave the water in

young are
autumn, They
are sometimes found hidden in clumps of
water-weed on the bank, but they afterwards
seek out drier spots. The adults usually leave
the water much earlier, returning to dry land

aellyeEslve

soon after the end of the breeding
SEASON,

There must be a much lower
juvenile mortality among newts than
among frogs, for the eggs are not
nearly so numerous, while the risks
are in a general wav much the same,
that have
able to survive with a much smaller
Part of the answer must be
found in the fixing and frequent
concealment of the eggs. There
some variability of
behaviour in this respect, but the
mother crested newt shows a glimpse

How is it newts been

family ¢
seems to be

of care in selecting appropriate
water-plants, like the Canadian Pond-
weed, Anacharis, on which the CRES
It should be noted
that the newly hatched larve have
two pairs of thread-like outgrowths
side of the upper jaw,
by which they are able to anchor

are very safe,

on each

themselves to water-plants. As an

Fhote : foks |, Ward, F.E.5

2. THH EGGE ON THE SUBMERGED LEAF
Eacl cgg is surrounded by a Hiile jelly ot white of cgg, wid
Fertilisation is imtermal, for the excited feianle tn

ta of pperms (spermatopbores) which the male liberales in the
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Photo ; John J. Ward, F.E.S,

3 BMOOTH NEWT LARV.H DEVELOPING.
The larve, here scen in the jelly, break the cgg-meoinlsane

in about a fortnight, but this varies with the temperatune in
the spring.

extreme case of the successful reduction
of the size of the family we may refer again
to the Black Salamander, which lives
terrestrially high up the Alps, preferably
near the spray of waterfalls. As we have
mentioned, the voung of this species develop
inside the mother, and there are only two
of them! Parental care makes a
family consistent

small
the
reduction of the family makes parental care

with survival, and
easier. This is one of Nature's virtuous
circles. |
Newts swim after the manner of fishes ;
that is to say, the muscular undulations of
the posterior body and the flattened tail
displace masses of water, first to one side and
then to the other. The limbs are too slender
to be of much use in swimming, but those
of our smallest newt, the Palmate newt, are
fully webbed. When newts are crawling
about on land their limbs seem hardly
strong enough for their work. The newt's
skin is scaleless and glandular, producing
a s=secretion which the

seems  to make

animal unpalatable. Breathing may take
place through the skin, which is the exclu-
sive method in frogs all through their winter
lethargy ; and here we notice the
occasional disappearance of the lungs in
some relatives of the newts, such as certain
salamanders.

may

Another characteristic of the
skin is the abundance of sensory cells ; they
tend to be especially localised in a row along
cach side of the body, thus recalling the
sensitive lateral line of bony fishes. This
is one of the straws which shows how the
evolutionary wind has blown ; it discloses
to us the fish lingering in the amphibian.
The outermost layer of the skin dies away
periodically, and the newt moults. In a
neat way it uses its fingers to help in the
disrobing ; the slough is peeled off from the
head backwards. No doubt the dead husk
sometimes comes off in shreds, but it may
form an intact slough, which is occasionally
seen, hanging like a ghost of the newt,

'J‘M_ -
FE ]
H

3 o £ sl L - I'.I . i
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Photo : fokn . Ward, F.ES,
4 THE LARYA OF THE

The larva, Hberated into the water, has three pairs of branched external
gills on the shiles of the peck. It ks marked by vellow son the body and
on the tadl, which ends on o slender thread. [ The story is comfinmed overleaf.)

BMODOTH NEWT.
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Photo : John J. Ward, F.E.S,

. THE LARVA CONTINUES ITS DEVELOPMENT.
The young Newk remaing o lorva, that is with eertaln juvenile charncters like gliks, till the
Tleen it has become a lung-breather and must get on to dry land,

end of its first summer.

We
has

among the water-weed in the aquarium,
say ' occasionally,” for when the newt
got rid of its slough, turning it inside out, it nor-
mally ends by swallowing what it used to wear.
The newt has a frugal mind.

There are many other interesting facts about
newts, such as their successful re-growing of
limbs that have been bitten off ; or the way in
which they occasionally produce eggs while still
gi!!-bn.'ullﬁng larvae, a peculiarity probably
due to something wrong with their ductless or
hormone-making * endocrine "' glands. But
perhaps the greatest interest of newts is that
they represent the pigmy descendants of large
and vigorous forms that helped in colonising the
dry land in Devonian and Carboniferous Ages.

That the interest of an animal is not in
proportion to its size, is well illustrated by the
sticklebacks. They are the smallest
of the British freshwater fishes, but
thev are among the most interest-
ing. They have a strong pugnacity linked
to an equally strong paternal care; they
quaint much variahility,
There are at least distinct kinds on
the British list: the three-spined, the ten-
spined, and the fifteen-spined sticklebacks ;
and these are usually referred to three genera,
which means a much bigger distinctiveness
than if they were three different species of
One genus,

The three-spined stickleback (Gastrostews
aculeatns) is widely distributed in the Northern

Stickle-
backs.

and
three

have WRLY'S

Hemisphere, both in rivers
and in the sea, from
Kamschatka to Spain, from
Alaska to California. It is a
good example of a big soul in
a little body, for it fears no
foe although it is never over
four inches long. In some
localities, especially in the
north, it is chiefly marine,
and may form a choky part of
the palatable ichthyvological
collection called ** whitebait ™ :
in other places, like the
Mediterranean Basin, it is
practically confined to fresh-
water. Its external characters
often differ in detail in dif-
ferent habitats. It is a plastic creature. A
sudden transference of freshwater sticklebacks
into the sea is apt to be fatal; but indi-
viduals that live in where the
water is betwixt and between, are quite com-
fortable whether they journev niverwards or
seawards. In both habitats they sometimes
occur in shoals, which feed greedily on insect-
larva:, small cruostaceans and worms, T'!mj.'
cannot be acquitted from the charge of devour-
ing the eggs and fry of other fishes. Their
appetite is large, and they hang on like a bull-
dog to their victim. Their pertinacity of grip
leads to ready capture at the hands of youthful
anglers who need little skill to land a * tittle-

estuaries,

bat."”

When the breeding season draws near, usually
about the end of spring or the beginning of
summer, the sticklebacks put on their wedding
robes., The dark green of the back spreads in
bars down the sides; the under surface be-
comes brilliant red in the males. The same
part is usually silver or gold in the females, who
seem to be greatly in the majority. In an over-
flow pool of the river, or in some guiet shallow
reach, or in a shore-pool near high-water mark,
the male builds his nest. In this species it is
constructed of pieces of plants, which are
tied neatly together by means of sticky threads
which exude from the kidneys. The result is
like a barrel lying sideways, about an inch in
diameter, with an opening at one of the ends,
or like a dome with the opening at the top.
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[t is attached to the
bottom  of the
The making of the nest
days

VETY

pool.
occipies  several
and the
intent on his work and
Very ]l-:l]-ul- of intru-
After it is imished

male is

slomn.
he poes in search of a
mate, whom he courts
with evident piscine en-
jovment. He leads her
to the nest, partly by
cajolery, and partly, if
be, by coercion.
She enters, lays a few

need

vellowish eggs and after

four or nvi minutes Photo : W, 5. Berridge, F.E.5
breaks her way out at THE
the end opposite that by This species s gross

cufined {
Newl

which she entered. She < hsios sy
is off without a pood-

bye, and the subsequent proceedings interest
The male then enters the nesi
Next day little
poalvgamist is off after another mate, and the
process is repeated, until there are a good many
eges in the nest. The number must be such as
to counterbalance the chances of death—for
this is the law of life. The male stickleback is no
stickler as to the number
of his wives,

Not only does the male
guard the nest from the
intrusion or indifferent
approach of another ani-
mal, he fights with his
next-door neighbours
furiously. These combats
afford opportunity for a
brilliant display of the
masculine wedding robes,
for under the excitement

her no more.

and fertilises the egps the

the red pigment-cells
seem to become larger, so
that the total colour 1=
maore intense, The fight-
ing is often far from

playful, for one " Jack Pholo: E Step, F.L.S

Sharp " to use another of
from glacier The male

the many names, may rip o et

o

green ahove
1l Portugl
The lemale has an ofatic Hie nlong the back,

FEMALE
This shigglsh XNewl i8 conflned o the
forms

FRESHWATERS
L

. g
A
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FEMALE MARBLED NEWT (Trilon marmoratus],

Lirown bLelow, w
The male has & ¢

mumerous dark patches and dots It k=
rest, st it &5 pol sermatod as in the Crested

up his rival, using the hinged dorsal spines as

weapons. The male, victorious in love and on the
field, then becomes more domesticated, He takes
up a maternal rile, mounting guard over the nest.
With his mouth he mends breakages and with
his fins he fans so that the contents of the nest
are well aérated. With his mouth, by-and-by, he
catches hold of the youngsters if they try to

with hi
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hurry away too soon from the guarded safety
of the nest, or, more strictly, of its foundations,
for it is in great part dismantled after the larva
are hatched. In any case, if one may use the
expression of a fish, the male stickleback's hands
are kept very full until the family starts on the
adventurons voyage of life. There are perils
enough ahead, but the launching has been a
success,

The Ten-Spined Stickleback (Pygostens pung-
tius), otherwise known as the Tinker, has seven
to twelve low spines and does not exceed three
inches in length. It does not extend so far south
as the Three-Spined species, and its northern
limits in Scotland =zeem to be the Forth and
Loch Lomond. It is more consistently a fresh-
water fish; the male is dark brown at the
breeding season ; the nest is not fastened to the
bottom, but to water-weeds.

The Fifteen-Spined Stickleback (Spinachia
spinachia) is large compared with the others,
being five to seven inches in length. It is ex-
clusively marine and builds a nest in shore-pools.
The materials are seaweeds and zoophytes,
bound together by the delicate threads exuded
from the kidneys. This is very like an abnormal
condition becoming normalised, for if the kidneys
of any other animal were to begin producing this
mucous secretion we should certainly call it a
disease. It is confined to the breeding season and

+

Photo : W, 5. Berridge, F.E.S,

THE TRERIAN NEWT (Triton waldli),

It is olive-brown above, vellowish with dark
A curions peculiarity, which occurs also in another newl from the Loo-Choo Islnmds,
is the great elomgation of the rils which sometimes pleree the skin nnd project.

This Spandsh newt muy attain a leagth of ten incles,
markings helow,

to the male. We cannot help wondering if the
males do really recover ; we should like to know
more about them. According to some authorities,
sticklebacks spawn only once in their lifetime,
and do not hve more than two or three vears
altogether. It is worth considering whether the
female's apparent indifference may not mean
that she is fatally spent by the spawning, while
the male, with less parental sacrifice and perhaps
a tougher constitution, lives on and takes charge
of the eggs and the voung. Inquiry should be
made, however, to discover whether he does not
succumb to his labours,

There are many other interesting features of
stickleback life, and it is certain that they would
repay further study. They are among the few
fishes that can swim by means of pectoral fins,
which are usually balancing organs. The marine
stickleback may be seen moving head-foremost
or tail-foremost, rowing gently with its pectoral
fins ; but when it is in a hurry it exhibits the
usual wavy movements of the posterior body—
the orthodox method of swimming among fishes,
Then there are the rapid respiratory movements
of the mouth and gill-cover, sometimes 150 per
minute, as if the little creatures were panting.
Of interest also are the experiments showing
that sticklebacks kept on white tiles become
bleached, and that if the exposure has been
prolonged they have some difficulty in recovering

themselves when
restored to a normal
environment, There

is a great deal to be
found out in regard to
sticklebacks.

While there is a great
variety in the habitats
of leeches,
the majority
live in ponds

Concerning
Leeches.
and rivers. So in spite
of land-leeches, tree-
leeches, and sea-leeches,
we give the class its
place here: among the
freshwater anmimals,

The medicinal leech
(Hirudo medicinalis)
shares its name with the
physician who uwsed to
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Phole A, H. r'.-.||r|,’..-r.r_

NEWTA IN THE WATER.

These two Newls of gquite different kinds show the getieral samensis of form
The weakiess of the kegs shows that €

of the tail, suited for displacing water sideways in swimm
newls wsnally atiadn, s still only beglnming,

carry it about so faithfully and rely on it so
much. Where we would say, "' Send for the
doctor,"” “Send for the

leech.” The animal owes its virtue to the neatness

our forefathers said,
of the three-rayed cut which it makes in the
patient’'s skin. There are three semi-circular
saws in the mouth, each beanng about ninety
teeth, and the wound remains open as long as the
leech continues sucking, In natural conditions
the leech feeds on the blood of fish and frog, with
which it fills ten capacious pockets on each side
of its fcod-canal, It is said that a pood meal of
this highly nutritive fluid can keep a leech going
for many months, and it is a very interesting
detail that, as the blood is sucked in, it is sub-
jected to the action of a secretion which prevents
The common horse-leech (He-
maopis) of ponds has not got such finely developed
jaws and teeth as the medicinal leech ; it has only
two pouches ; it cannot contract itself into a
plump olive-shaped form; it does not suck

coagulation.

All have glils a3 larvie and lungs s

to aguatic Bie & the latersl Rattening
siljustment to terrestrial life, o which

An obvioos adaf

achilts

blood, but swallows worms and aquatic larva,
It often makes a burrow in marshy ground when
the autumn comes, and, doubling itself ventrally,
passes into a lethargic state, As many as sixteen
have been found together under one stone in
a marsh.

The brook-leeches nsually lay their eggs sepa-
rately on stones or water-plants, and, brooding
over them, get them fixed on the underside of the
body, where they hatch. The young are exquis-
itely sensitive to the touch of the body of their
kin, and return to shelter (not necessarily their
proper parent's) even after they have begun to
make excursions on their own account, Like all
other members of the class, these brook-leeches
(Glossiphonia and the like) are hermaphrodites,
the two sexes being combined in one, as is also
the case with earthworms and snails and many
other humble animals. They are cross-fertilising
all the same, not like liver-flukes and tapeworms
which fertilise their own eggs.
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over them for many weeks—keeping them
clear of mud and the like. This prolonged
parental care at a low level in the animal
kingdom is very interesting ; it is an other-
regarding activity ; it is of no apparent
use to the individual. Easy enough is it to
say that this parental-care habit has
become hereditarily engrained or instine-
tive ; but one wishes to know how habits
invelving the expenditure of energy along
lines far from being those of least resistance
or self-preservation have been established,
and have kept agoing with such imperative
force. What can one say but what
Darwin said, that in the struggle for
existence, which includes all answers
back to surrounding difhculties and
limitations, success in leaving progeny
pays as well as success in filling the
mouth or keeping the skin whole 7 What
one must not think, however, is that
animals deliberately run their individual
lives on “sound business principles.”

Phois : Joka J. Ward, F-ES,

1. THE DUEL OF THE MALE STICKLEBACKS
[Crstrogiens acwlealur],

The owner of the nest (o the left) kept a sharp eycon
his rival, who might at any moment make on assault, using
the three kinged spines as weapons, The female is seen lowest
down.

On a different line altogether are the
fish-leeches, which have no jaws nor red
blood, but a protrusible proboscis. Very
well-known is the skate-sucker, Pontob-
della, covered with green warts, It is
sometimes seen holding itself horizontally
taut against a rock that goes down into
deep water, and suddenly launching itself
on to a passing fish. In an aquarium these
skate-suckers usually remain sluggishly in
the mud, but when a piece of skate is
dropped in they are instantaneously on
the qui vive; they have it—or one of
them has it—before it reaches the bottom.
Exquisite sensitiveness to different kinds
of external stimuli, luminous, odorous,
chemical, and so on, is very characteristic
of leeches when they are hungry : but
gorged individuals are as markedly un-
responsive, 1t is the same skate-leech that **° T-ﬁ;’:}iﬁh ACK DEVENDING THE NEST.

lays its velvety eggs in the shelter of an ‘The sticklebock guarding the nest charged the intruder and hurled him
= - off. His tall s seen disappenring on the left. The shadowy form below is
empty bivalve shell, and mounts guard  the excited femate fish,
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of the British Museum, has suggested
- o — = R . :
- | that Gideon's sifting of his soldiers by
. distinguishing those who knelt to drink
.

the water directly from those who used

the cupped hand to lift the water to
the mouth may have had reference to
the danger of becoming infected with
leeches, The danger has been circum-
stantially illustrated in the case of soldiers
in the East. The leech in question
(Limmnatis milotica) is very slender when it
lives freely ; but in the back of the nasal
chamber it gorges itself with blood and
becomes as big as a medicinal leech—a
very troublesome intruder and difficult
to dislodge. The moral is not to drink
in the dark.

From an allotment in Finsbury Park
a friend in London sent us the other
day a large land-leech. It was a giant
compared with the inch-long land-leeches
of India and some other warm countries
—for it attained to a length of five

Ploto ;' Jobu J. Ward, F.E.S.
- THE MALE STICELEBACK EETURNS TO
GUARD,
Alter routing iz rival, who turned tail, the viclorious
stlckiehnck returned 1o the nesi; and the interested female
cume to resl i his vicialty,

Thear
their constitution.

principles ©' are enr gistered in

Travellers tell nus of losing their way
in a tropical jungle and hearing in the
silence a steady drip-drip all around—a
shower of land-leeches. They are only an
inch or o in length, and no thicker than a
coarse knitting-needle ; but there are
hundreds of them—all hungry, When the
traveller is delayed they overtake him,
with a graceful, but gruesome, looping
movement, as if they made leap-frog of
themselves. We read in the * Cambridge
Natural History " that " a whole bat-
talion of English soldiers decamped on
one occasion from a wood which was
overflowing with land-leeches.”  There
seems to be something poisonous in their
hite. In Egvpt long ago Napoleon's

- hodo : Jodm [, Ward, F.E.5

soldiers were troubled by slender water- ik s THE FEMALE ENTERS THE NEST.

leeches which fastened at the back of The female, sympatbetically interested in the male, who now secma
el s - 2 more brilllantly coloured than ever, is jnduced o enter the nest, in which

the mouth, and Sir Sidney F. Harmer,  shelaysa few cggs, and then goes her way
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inches, Not that a conscientious person finds it
very easy to record the dimensions of a live leech.
They vary so much with the changeful taste and
fancy of the specimen—now long and thin, now
short and plump. This ruddy-green leech from
London was probably an alien, apparently of the
tribe of Trocheta : and from the bath which he
was offered after his long journey he promptly
fled, and hid himself in the soil. There he soon
disposed of a small earthworm, swallowing it

whole, which 15 another of the wavs of Trocheta,

After three days, in spite of unremitting hos-
]'llt'.'lli.T'-.' in the form of baths, varied zoil. diverse

Photo @ Stanley C. Jobuson, M.A.
THE MILLER'S THUMB., OR BULLHEAD {Colfws gofna).
This coini freshwater fish hos a hroad depressed bead, founded b6 front

cylimdrical t
gill-covers =

dy, lapering backwards, The skin is without scalbes ;

Insect larve, small onestaceans, and the like,

temperatures, and plenty of earthworms, the
interesting alien died. It seemed to be closely
allied to, if not identical with, Dutrochet's Leech
(Trocheta subviridis), which has been recorded
not a few times from London and the suburbs,
and farther afield. It is known in France, Italy
and Algiers. It is said to enjoy foul streams : it
explores gardens and parks; its jawplates are
rudimentary ; it small earthworms
whole, and they form its staple food.

Around leeches some quaint lore has gathered
Thus, Burton speaks of
horse-leeches being much used to drive awav
melancholy, and the old books give recipes like

swallows

like moss on a stoni

e pectoral fins are very lange. A common lengih of body is th
The favourite haunts are clear brooks and shallow lakes, The food consists mostl

this : " Take horse-leeches and burn them to
powder, and mix with evesel ; then use to rub the
place therewith where vou would have the hair
grow no more, and there will no hair grow on
that place.” Leeches were once used almost as
widely as blood-letting, but their dayv is almost
over ; and the physicians of to-dav have almost
creatures which, if they did not
the

wise Leeches will

forgotten the

actually give their name to

(Drvden, for instance, wrote

profession

not vain receipts obtrude ™), came, by some ety-
But if

leech-lore and leech-craft have passed awav,

mological twist or other, to share it.

natural history remains, and
that of leeches is far from
being a finished book. The
number of interesting *° ken
speckle
We Branchellion on
the Torpedo with

forms iz large
recall
eleven
leaf-like gills on each side of
its body ; its relative Ozo
branchus on a river-turtle
of the Yang-tse-Kiang ; the
Lophobdella of the Croco
dile’s lips which the *' Zic-
Bird, the
Herodotus,
the Chilian bur-
rowing leech (Macrobdella),
which may be over a foot

zac ' Courser
Trochilos of

cleans off

long : the still larger red

leech (two feet long !) which

anid on almost
there are strong spin

Pennant described as always
falling off the Basking Shark
when that huge fish is
brought to the surface : the
Ancvrobdella, from Lake Biwa,
in Japan, which has three grappling hooks
directed obliquely backwards at the end of a
long proboscis

(]I'I'FI-'H'”_[!'|

and rare marine leeches from
the angler-fish and the dragonet which seem to
be in process of sinking down to the level of
stationary parasites,

And not only are there many imperfectly
known forms, there are many imperfectly under-
stood facts, We smile at the observation of th
old phvsician Mercurialis, who stated that th
medicinal leech made so small a hole in man's
skin that only the thinner part of the blood

!|_-|-..-\.|-Il out © but we are far from ;I”_,“:__:Iill,,“,. with
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NESTING 0OF THE STICKLEBACK

ally drawn for Ikis wor) K

off the coasts

The Three-Spined Stickdeback, Gastrostens aculimbig, alsa known as Prickleback or Tittlebat. is wids sprecul
r excecds Iour inches in lenigth, bt is of Inree oourmge It
i f ronis sl

aquatic insecls, crustacenns, wWorins, '

flems of freshwater plonts, bound together with glutinows threads and fastensd to the bottom by sand snd pebbles,  Th

female lays a few eges in the nest anid breaks out on the sidi opposite (o the entmanes.  Another female 5 then brought o 1o
exceedingly benntiful

and in the rivers of the Northermn Hemisphers, Tt neve
andd the ke,  The male makes o nes

about an inch in Hameter, of

add to the possible family, The nuplinl colours of the male are
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the study of the leech's
secretion called * hirudin
which keeps the blood from
clotting, and is used fm
this purpose in some physio-
logical experiments.  We
smile at the old recom-
mendation to one who had
swallowed a leech that he
should get into a hot bath,
vet keep cold water in his
mouth, since the leech would
be attracted thereto; but
we are far from being done
with the sensitiveness that
many leeches show to distant
stimuli—a shadow over the
aquarium, disturbances of
the water (as Wordsworth
described), and the approach

Photo : E. J. Manly,

THE MEDICINAL LEBECH (Nirudo medicinalis).
This Lecch, once so much used in medical practice, is often three or four inches long, but may

reach six: It ia cylindrien] or stmp-like acconding to Its state of contraction. The anterior end
benrs the adhesive and blood-sucking mouth ; the pesterior emd hns n large circular sucker for
adhesion only. The leech moves by leoping the body over a surface, fixing and loosening the twe
ends alternately, but it can also swim beautifully in the water.

of suitable food, There is
still much to be learned concerning leeches,
Every observer of pond life is familiar, more
or less, with the Hydra, or freshwater polyp,
The Hydra, which is fu}md everywheret in clean
pools, hanging on to aquatic plants.
It is a small tubular animal, a quarter to a half
of an inch in length, and as narrow as a needle,
There are green, brown, and greyish species.
It has a crown of six to ten hollow tentacles
around the mouth, and it usually hangs head
downwards from the water-
weed. In many cases it is
attached to the under sur-
face of the tiny green shoots
of the duckweed (Lemna),
which is the second smallest
flowering plant in Britain,
Indeed, wvery few
have seen its flowers.

people
With
its tentacles the Hydra stings
and lassoes small animals,
such as water-fleas, and
these tentacles may be
elongated till they are three
or four times longer than
the tubular body. But
when the water is disturbed
the tentacles contract to
minute knobs, and the Hy-
dra cowers against the
fo

Phato : E. T, Manly,

water-plant till it is very inconspicuous indeed.
The green species is of course more difficult to
detect than the brown one or the grey one. When
the duckweed is put into a glass vessel, preferably
with flat sides, the Hydras usually take up their
position so as to get most light. 1t is quite easy to
prove that the polyps can shift from one side of
the vessel to another, but if things are going well
they remain for a long time attached to the same
spot. One can see them swaying gently in the

THE BROOK LEECH (Glassiphosia pemplanaia),

Thete are many speches of Hrook Leoch, also called Clepsine

moutlh sucker is oot sharply marked off ; the posterior sucker is small ond almest ddden from

above., The movemenis are sluggish ;

chisturbed, They suck molluscs and worms in the water
flat stones in the stream apside down,

The body is much Aattened ; the

there |8 no swimming | the snimal rolls iisell up when
They are ofted 1o b lokind by lidnkag
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water, and watch the elongation and retraction
of the thread-like tentacles. The
very simple animal, but it is full of interest.

The Il_‘.'||T,| was discovered Llll!il':!."' one of the

Hvdra 15 a

intensely active periods in the history of zoology,
when the introduction of the microscope opened
Not
closure of an unexpected and fascinating in-

up a new world only was there a dis-
tricacy in the structure of such animals as insects,
but a large number of new creatures came to be
One of these was Hydra, and its date
was when that
Leeuwenhoek described it to the Royal Society

known

extraordinary observer

02
1702,

of London. He was also the first to speak of

lacteria and to make a microscopic study of

P Johu J. Ward, F.E.5

UNDER-SIDE OF FLOATING LEAVES OF THE PONDWEED
BEARING MOTH-LARY A AND TO THE LEFT

wi China

e into the tsae fo

v LEECH
Mark Moth | Hydrocampa pyagihasia)

yeast | Of the Hydra he says quaintly that its
tentacles, seen under the microscope, seemed to
be several fathoms long ; but more important
was his statement that the polyp formed buds
which are set adrift. He also saw a little parasitic
Infusorian swimming about on the surface of
the Hydra, just as we see it to-day. The Hydra
must have got accustomed to it, for it does not
excite the stinging lassoes.

But while Leenwenhoek was the first naturalist
to see the Hydra, its real discoverer was Abraham
Trembley (1700-1784), and before us as we
write we have his charming book, with beautiful
type and illustrations—"* Mémoires pour servir
& 1'histoire d'un genre de polypes d'ean douce."
Trembley was a Genevese, who
in 1740 was acting as tutor to the
the Hon, William
English Resident at

In the ponds round

two bovs of
Bentinck,

The Hague.
Bentinck's country house at
Sorgvliet, a mile from The Hague,
[tembley uwsed to fish for water
insects, and in =0 doing he found
Hydra, He thought at first that
it must be a kind of water-plant,
He knew
the Plant,
thought his small captives might

be somewhat similar. But when he

with a mobile flower,

about Sensitive and

saw the Hydra move from place
to place in his glass wessel he
was inclined to conclode that it
was an animal, Yet when he cut
the Hydra into two parts, and had
the pleasure of seeing the posterior
half prow a new set of tentacles, he
swung back to the view that it
must be a plant. At another time
he saw the Hydra devouring
amall water-fleas, and that made
Yet
again he saw one budding and that

him think it was an animal.

made him return to the idea that
it was a plant. Moreover, some
of his puzzles were green and

Another day he

others brown

saw the Hydra liberate an egg-cell

i o pleee cut fr e uider-side of anothes or oviam ! |.i.[ |]I" wonder that
by thekr skin and winter. In spring o ¢
tabid: % of Joad ange to say, ks filled with [rembley oscillated between re-
wering of the i beromen velvely tangling wir-babddes, and the mir- 3: s
Rtk G garding Hydra as an animal and
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regarding it as a plant, Or
could it be some strange
" betwixt and between
living creature? In his
hesitation Trembley sent
some specimens to
Réaumur, almost equally
famous as physicist and
naturalist, who at once
decfared them to be ani- ®
mals, and proposed the name
palyps, originally applied to
cuttlefishes. It was Lin-
nzus who afterwards sug-
gested the name Hydra,
which recalls the mythical
monster with which Hercules
contended. When Hercules
slashed off a head another
one sprouted out, and that
is what the little freshwater
polyvp does. 1f one is cut up into several pieces,
each piece may in favourable conditions grow
into a complete Hydra. But the piece must
not bé too small—there iz a guanfilative limit
to * regeneration " ; and it must contain a
sample of all the different kinds of cells in the
body—there is a gualitative limit as well.
Nowadays we do not hesitate as Trembley did
in regard to the animal nature of Hydra, for
the essential differences between plants and
animals are now understood
more clearly. Hydra feeds
like an animal; it has animal
cells ; it develops like an
animal ; and so on. Tt
belongs to the great series
of Stinging Animals or
Ceelentera, including zoo-
phytes and swimming-bells,

Phodo : E. J. Manly.

sea-anemones, and  jelly-
fishes; but, like a few
others, it has wandered

from the old home in the
sea and become a tenant
of freshwaters. Trembley
would probably have been

The Horse Leech i related (o the Medicinnl Leech not very distantly ;
have Llunt teeth of no wse lor blood-letting.
in each row, whereas the medicinal leech has over ninely sharp tecth in o single row
Leech is common in streams gnd ponds.
worms, insect-larvee, and the like ; it swallows them,

THE HORSE LEECH (Hemepis sanpuimgal,

but it jaw-plaies
There are two rows of them with aboat twenty
The Home
It doss nod suck i1s booty, which consizts of Ireshwaler

nowadays that the minute greenish corpuscles in
the inner layer cells of the green Hydraare partner
Algz, which conduce to the animal's well-being by
liberating oxygen and building up carbohydrates.
If a green Hydra liberates an egg while kept in
the dark, that egg develops into a white Hydra,
which is supposed to mean that the partner Alge
do not migrate into the egg when there is no light.

Trembley did not know of the Hydra's
numerous stinging cells which penetrate into

rather staggered if he had
been told that his green
polvps were doal organisms,
for it is generally believed

Phelo = E. J. Mandy.

THE SEATE SUCKER (Foulohdalla miuricada).

The Skate Sucloer is a strong grecnish marine beech with oumerons warls all over 118 akia. It
has o strong adhesive sucker al cach end, but, as in all leeches, it is only the anterior sucker that
sucks in Auids such 08 bleod.  Pontobdella often oocurs adherng bo skates. T lays velvely cgps
in the coapty ghiells of mollascs and mounts geard over them for & hundred days or more,
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Phato : W, H. 5. Cheavin, F.ES Phio » Jokn J, Ward, F.E.5.
SHELLS OF VARIOUS DIATOMS, BRITISH AND FOREIGN FRESHWATER DESMIDS |Micrasiérias dendiculala).

Drinfoms arc one-celled plants very common in the seq aml in One-oelled plants of great beaaty, restricted to freshwaler, with
fre=hwalict They also oocur In damp places. The cell-wall con a cell divided Into symmetrical halves scparated by o deep
oonmstriction,  Many con move about,

Fi W, H. 5. Cheavin, F.I FPhoto ; W. H. 5. Cheavin, F.E.5
VOLVOX GLOBATOR FILAMENTOUS ALGE {(S3plrogyma).
4 green ball of many units, up to rooo, embeddod fn a sort Long threads of many cells, very common In pond-scums and
of jelly. It rotates in the water of ponds and conals amd many The gres byl & arranged o o spleal which wind
botandists claim it a8 a plant. Dapghter-colonies are seen inside the rouhil the livieg n il

perent spheres
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and benumb small animals, but he noticed that
fishes and whirligig-beetles reject the Hydra
after once biting it. He tells us that the favourite
food of his captives was the minute crustacean
called Daphnia, but he also reports meals of
minute worms and insect-larvee. He describes
one of the ways in which the Hydra moves
about, looping along by altern-
ately fixing the fore and hind
ends of the body; and he
fgures a single tentacle sus-
pending the polyp to the surface
film! He tells how he cut a
Hydra into four longitudinal
strips—a triumph of manipu-
lative skill—and got a perfect
animal from each. He was also
one of the first animal grafters,
for he re-united cut-off pieces
and got extraordinary monstros-
ities—such as  seven-headed
Hydras. One of the vignettes in
his book, shows him turning a
Hydra outside in. With a bristle
he pushed the base inwards until
it came out at the mouth, As
the polyps may continue to
flourish after this drastic opera-
tion, some explanation is neces-
sary, for it means turning the
digestive surface to the outside.
The view of those naturalists—
not many—who have succeeded
in repeating Trembley's neat ex-
periment is, that if you can turn
a Hydra outside in, it turns itself
inside out when wou are not
looking, and thus restores the
original condition. And if the
Hydra be spitted on a bristle so
that the self-righting is impos-
sible, what happens is that the
in-turned outer layer disinte-
grates, but a new growth from the mouth region
spreads over the out-turned inner layer and
covers it up. The interest of this is that the
outer layer, or ectoderm, cannot change into
inner layer or endoderm, or conversely. Each
layer has its own' character, which cannot be
radically altered.

Perhaps it may be thought that we have

spoken in a somewhat callous way of cutting
the Hydra into strips and so on. But it must be
noted that there can be no question of cruelty
or pain when we are dealing with an animal
whose nervous system is as simple as Hydra's.
For all that Hydra shows in that direction
is a sprinkling of superficial sensory cells con-

Phole ; Jobm . Ward, F ES,
A DROF OF POND-WATER.

(Highly Maogmifled.y

Drops of waler from a densely peopled pond may show under the mictoscope a greal
variety of organbsms, such s some waler-fiens or minnte crustaceans, some Rotifers and
wheel-animalcules, sgome minute worms, several kinds of Infusorians, and various simple
planis such ad Dintoms and Deamids,  Put it is usoally necessary to try many drops if one
b to see much.  This drop shoews Volvox, DHatoms, Desmids, and more.

nected by fine fibres with a network of
ganglion cells, Moreover, if Trembley's
Hydra could be described as in any way
happy, was it not multiplying happiness to
cut it into four strips which grew into com-
plete animals ?

There are many very interesting facts in regard
to Hydra, such as its two kinds of digestion
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(intra-cellular and extra-cellular), its profuse budding
when there 15 abundant foed in a genial temperature
and its liberation of these buds when a check comes, its
production of a single egg at a time, and its occasional
ability to fertilise its own egg.

Hydra is such a simple creature, with so much power
of re-growing, that one would expect to find that it had a
long life. It looks like the kind of animal that could
continually recuperate itself from the effects of wear and
tear, and thus aveid ageing. But the facts are rather
against this. In an aquarium, at any rate, the Hydras are
periodically subject to what is called ** depression.”” For
no obvious reason they become sluggish and cease to
feed ; they contract their body and tentacles, and lie low.
They uspally tumble off their attachment and lie as
roundish or oval clumps on the floor of the aguarium.
But after a rest of two or three weeks they revive and
recommence normal activity with a new lease of life. In
this periodic depression and recovery there is nothing
that 1s inconsistent with what may be called bodily
il‘:llml"'liﬂii}', but, as a matter of fact, the d{'pre's:‘.il'm\‘-
become more and more serious, and eventually fatal.
It is very unusual for a captive Hydra to live for more
than two years, but it may be that in natural conditions
the duration of life is definitely longer. We wonder if the
Hydra must die? May it not be like the one-celled
animals, such as Amebe, that seem to be in the main
exempt from natural death ? From violent death there is
of course no immunity.

One of the commonest of freshwater animals is also the
least familiar ; it is the Ameeba. And the reason for its
not being so0 well known as it should be is
simply that it is usually invisible to the naked
eve. Strictly speaking, one should not say the

The
Ameeha,

amoeba any more than the earthworm, for there are many
different kinds of amceba, just as there are many different
kinds of earthworms Most ameeba live in freshwater,
creeping on the surface of mud, stones and watér-weed ;
a few live in damp earth ; and some are parasitic inside
man and other creatures. Sometimes the number of species
has been reckoned at about sixty © at other times it has

shrunk to four ; the truth is between these extremes. Tt

Fotoa » ok [. Ward, F.E.5, has been shown that the different kinds of Amoeeba differ
I--i THE COMMON from one another in many details ; that thev are not more

A iy i % 3
Tentncles below Waler variable than manv higher animals are © and that they are

ira can mowvr
its base, and il
thus palls

looplng  mover

ract One often envies a naturalist his discovery of a new
itle

y its Dasml animal of pecullar interest—the Okapi, Peripatus, the
cells may Lancelet, Hydra, the Duckmole, and so forth—and one
' cannot but envy Roesel von Rosenhof, who in 1755

not in any very marked way modifiable by environmental
influences

Lvches, foos
g tentmches
r upwnrds in ®

ve by cont
(] i
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Phota : John [, Ward, F.E.S

BROWN HYDRA (Hydra fusca
The Brown Hydia 2

part of the ful

mcles, which mny be two or Lhre

EXTENDING ITS TENTACLES

lowrer

srmewl in ooloor

ir body is

Blx fenl

discovered the Ameeba. He not only described
the animal, which he called * the little Pro-
teus,"” he watched the protrusion of finger-lik
processes of its substance, and noticed that the
external changes of shape were associated with
an internal an
observation of great import-
ance, as shall see, A
typical Amoaba is a com-

streaming
we

plete animal condensed, as it
were, into one-hundredth of
an inch in diameter. It fre-
quently changes its shape
within certain limits, and 1t
glides along in a way of its
own. It engulfs food by en-
its booty between
the finger-like out-
and inflowing pro

closing
two of
flowing
cesses—the ¥ pseudopodia,
as they are zsomewhat ab-

surdly called. When drought Plee JoknJ

sets 1n or other adverse ‘This species ow
ik i it inmer Ly
conditions supervens the are wually elght §

Ameba retracts its processes, rounds itself off,
and secretes a protective cyst within which it
When there is a

return of moisture and progperous conditions the

may lie latent for a long time.

Amaoeba emerges from its cyst with a new lease of
life

It has been common to speak of the Ameeba as
a shapeless blob of structureless living matter,
But it is
rather changeful than -h:i]:*.‘.f."-:-i; it has an inter-

and as if it were a primeval organism,

nal structure of considerable intricacy : and
though its lineage probably goes back for millions
of vears it cannot be regarded as one of the first
organisms. It has a long evolution behind it.
Floating in the somewhat emulsion-like sub-
stance of the Amoeba there is a kernel or nucleus,
The general

substance outside the nucleus consists of living

and inside this there is a little world,

matter with inclusions which are non-living.
There are granules and droplets, some with re
serve materials and others with waste : there are
bubbles of water surrounding food-particles; and
there are two excretory bubbles or contractile
vacuoles which expand and collapse continually,
as if they They

drain the living matter of its fluid waste and

somewhat were little hearts;

surplus water and open to the exterior. They
disappear like burst bubbles and reappear in a
Around the
margin the substance of the Amoeba is firmer and

few seconds in the same place.

clearer than in the interior, and under the high
power of the microscope its margin shows a

GREEN HYDRA (Nydra viridi
to the predence of minute unicellnlnr Alge, living as partners
ut lantf an ine in body, an in tentacles, which

wiiries ge and degree
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fine radial striation which reminds one of the
transverse markings on striped muscle fibres.
The Ameeba is what one might call a many-
sided animal, for it can engulf food anywhere, it
can contract in any direction, it is susceptible to
various outside influences on all sides. It draws
away from diverse chemicals ; it draws near to
certain foodstuffs ; it is attracted to surfaces on
which it can creep. If an Ameceba is isolated in
the water, it sends out delicate processes on all
sides as if groping for some solid basis. When

roomed house in which all the domestic functions
go on in orderly confusion, but a higher animal
is comparable to a mansion with many rooms—
kitchen and dining-room, lounge and laundry,
store-room and drawing-room, and so forth, In
other words, there is much division of labour in
the higher animal, but there is relatively little in
the Amemeba. It follows that it is easier to study
the physiology of the higher animal, for one func-
tion can be tackled by itself—the kidneys, for
instance, are distant from the heart—whereas in

AN ENORMOUS HENLARGEMENT OF AN AMEBA CREEPING ON THE MUD

Amgrhie are simple one-celled nnimals of several different kinds, sometimes & bundredih of an inch in dinmeter, so that they are just

wvisible o the unaided eve agninst o dark background
M., Nucleus; C.V
food ; CHR., Litlde Chromatin boddes In the Nucleus.

we realise that the Ameeba can move, feel, digest,
breathe, and excrete just like an elephant, but all
within the compass of a hundredth of an inch or
less, our respect for the Amaba grows. The
puzzle rises how it can do many different things
at once in such a small space ; and the solution
must be that there is some sort of delicate ultra
microscopical partitioning within the living sub-
stance; like the walls separating the different
rooms of a great chemical laboratory. This is
what is attained in multicellular organisms by
having cells. An Amoeba is comparable toa one-

Each Is a changeful drop of Hving matter with a noclens, et ench is o complete nnimal
Comtractile Vacaole ; F.V., Food-vacuocles ; GR., Gronules | DI, [Hatom, engulfed as food ; DE., Desmid, engulied as
The blunt culBowing processes or lolses are calied Peeudopodia (PS).

the Ameeba all the everyday functions are going
on within a speck that is enly a hundredth of an
inch in diameter.

When food is abundant and income greater
than expenditure the Amceba grows. It in-
creases the amount of its living capital. But it
does not grow indefinitely, for each kind of
Ameeba usually shows a limit of growth—as most
animals do. It has an optimum size, when its
volume of living matter or protoplasm is as large
as the surface can readily keep alive. For as it
is through the surface that the Ameba obtains
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A PAIR OF DIFPERS 1IN MID-STREAM (Comclur cinclus)

A compact, shori-talled, white-breasted Lind, often séen bobhing or ** dipping ** on the stones amid mouninin-streams, It can fly under the
water, nnd dives after caddis-worma, water-ssails, small crustaccays, and ihe like, It destroys some of the enemies of trout fry.

Phote ; U nderwood Press Sevoice.
NEST OF THE IMPFFER ON A ROCK-FACE.
The nest is often on 8 rock beside a waterfall or in o bole ben
mestis inslde, o leaf-lined cup of g
s brooda,

b the spray, It is & big stracture, made of moss or geass, bot the Teal
r gedge, aboul the size of u blackbirds, Four to six white eggs are lakl in spring, and there may be two
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food, oxygen and water, and gets rid of carbonic
acid gas and waste, it is essential that increase of
volume shall not outrun the increase of surface.
At the limit of growth the Amacba divides into
two, the simplest of all ways of multiplyving.
Occasionally it happens that an Ameaeba divides
into many minute units or spores. And another
event is that two Amceba sometimes combine
their forces and become one. This is a reproduc-
tive process, but it is obviously not a process of
multiplication.

As the Amceba has no true body to keep up,
being merely a unit speck of living matter, it does
not suffer from arrears of wear and tear. It does
not get into debt as multicellular animals do.
Moreover, its modes of multiplication are so
physiologically inexpensive that it is not taxed
as most animals are in starting another genera-
tion. Natural death was the price paid for having
a body, and the Ameeba seems to be exempt.
Thus our respect for the Ameeba increases, for it
has organic immortality., It is probable that
some of these duckpond Ameeba which we exam-
ine with the microscope or may see with the
unaided eye as minute whitish specks against a
dark background have been living for millions of
years, Of course, as we have mentioned, one
individual divides into two individuals, and thus
in a sense disappears ; but we cannot speak of
death when there is nothing left to bury !

The Ameeba’s movements still elude our under-
standing. They are not random movements, for
the Ammeba sometimes moves towards a definite
goal. They are not * anvhow movements,” for
when an Amoeba is not attracted to or re-
pelled from any particular stimulus it movesina
spiral fashion, like many another animal or like a
man swimming blindfold. When looked at very
carefully, the Ameceba flowing along—at the rate
of some 600 microns (a thousandth of a milli-
metre) per minute—shows a sort of caterpillar-
wheel-like mode of progression. Recognisable
particles on the upper surface disappear over the
front, and after a short time reappear at the
posterior end, to begin once more a forward
journey. It would be interesting if the Ameba
gliding along or “ rolling along " is actually a
primeval anticipation of a "' tank " |

According to Professor Asa A. Schaeffer’s mono-
graph on ** Amceboid Movement ** (1920) there is
in the Ameeba, as in some other slowly moving

simple organisms, (1) a mobile surface layer, and
(2) as in white blood corpuscles and the cells
of some higher plants, a streaming in the deeper
zones of the protoplasm. The locomotor energy
is largely due to surface tension phenomena.

One of the most interesting facts known in
regard to the Amceba is that it shows the begin-
mings of behaviour. It moves towards minute
organisms such as diatoms and infusorians : it
folds its protoplasmic arms around its victim,
and literally gets outside it. Professor Jennings
tells the story of a large amaeba (A) which went
on the hunt after a small amaba (a) ; for it must
be admitted that ameeba are sometimes canni-
bals. The large A overtook the small“ a " and
engulfed it, but “a" used an opportunity
afforded by A's locomotion and escaped from its
interior.  Wherenpon A turned from its course
and pursued * a,"” which was captured a second
time. But the small " a " had the will to live,
which we take to be different from a surface-
tension phenomenon, and it escaped again—more
of an agent than Jonah! It was not captured a
third time. So here at the threshold of life we
find effective behaviour directed towards an end.
If an Ameba the size of an elephant came
" tanking " down towards us, we do not think
we should stop to argue whether it had or had

not a purpose.

In Praise of Swans

When we see swans swimming with half-raised
wings, sinuously curving neck, and erected tail,
swimming swiftly with powerful strokes of their
black feet, and wet with superb unhasting
dignity, we cannot but be thrilled with the
magnificence of life. The swan is a poem,
a picture, a harmony, and high-bred aristocrat
besides. In plain prose, the swan is one of the
most attractive of birds, and in daily life it
insists on our respect. For though it may not
be able to break our leg or arm, as is so often
said, it can make us feel and look very small,
It can certainly break a rib and kill a dog.

We should like to believe the tradition that
Richard Ceeur-de-Lion brought the swan to
Britain. It is just the sort of thing he would do,
for the swan is fearless and romantic. Our swan
is a wild bird, Cygnus olor, in some parts of
Europe ; but most of those seen in Britain in
places beyond man’s patronage are ' escapes "
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that have become feral. It matters little, how-
ever, for domestication has left almost no mark
on the Mute Swan. Perhaps it would be more
correct to say that the swan has condescended
toaccept man's protection than to callit domesti-
cated. In old days man’s patronage was more
marked, for it used to be customary to carve
a design on the swan's bill and to pluck the
pinions once a year, In places like the Norfolk

Broads pinioning has been in great part given
up, and the reward of this has been the sight
of great flocks of swans on the wing. We have
never ourselves seen flying swans except at a
considerable distance, but we can appreciate the

Phote: W. S. Berridge, F.ZS.

BLACK-NECKED SWANS (Cygaun milanocoryphus),

This Swan extends from South Brazil and Chili to Patagonia ansd the Falklands, and is re-
markable (n the black colour of the bead and upper two-thirds of the neck, The it Is Jend-
coloured with 4 red base und knob—1{be latter appearing in pdolescence.

the swan that is further away has three cygnets on its back,

joy of watching the approach of the glancing
wings and the thrill when a dozen birds alight
on the water with a splash. Miss E. L. Turner
pictures this in her fine book on ' Breadland
Birds." ' Away over the marshes one catches a
glimpse of what appears to be a line of milky
white foam drifting over the reed-beds. Soon
this takes shape as the swans advance and if
one's ears are quick to hear, the noise of their
rhythmic wing-beats may be heard a mile away
—a clear, distinct sound, like the hum of a
musical humming top.” Mr. Coward compares
the throbbing sound to the noise of horses
galloping on hard ground. Unlike the Whooper

Swan, which utters a loud, metallic, barking note
as it flies, the Mute Swan saves its breath when
it is on the wing. [If it has a flight-call, as some
authorities maintain, it does not often make it
heard.

We hasten to add that the Mute Swan is far
from being mute. Its daily life is not without
conversation. There is an angry and ill-smelling
hiss when the bird is provoked ; there is a sort
of churring growl that signifies protest and
disapprobation ; and, thirdly, there is what
Yarrell called a " soft, low wvoice,'" rather
plaintive and pleasing. But our swan would not
have been called mute if it were not a relafively
silent bird, and we may notice
in this connection that there is
very little profit in scientific
criticism of the poets. ** Swans
sing before they die; "twere
no bad thing should certain
persons die before they sing "' ;
to criticise such neatness is
folly. We would not criticise
it for the world, and we do not
like Michelet's suggestion that
swans used to sing in Virgil's
day in the sunny South, but
lost their voice when they came
to live in the sterner North.
This is unusually matter-of-
fact for Michelet, and it seems
to assume the transmission of
acquired characters, in which
we do not believe.

There is something attrac-
tive in the old conceit of the
swan's breaking its vow of
silence in the twilight of its life. What can be
the explanation of such a daring fancy ?

The Silver Swan, who living had no note,

When death approached unlocked her silent

throat :

Leaning her breast against the reedy shore

Thus sung her first and last, and sung nomore ;

" Farewell, all joys. O Death, come close mine

EyeS,

More geese than swans now live, more fools

than wige."”

As a matter of fact, a Pen or Cob swan is
too much of a lady or gentleman to make such
a stinging farewell as these lines suggest ; but

In the photograph
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Photo: fames s Press A pency.
THE MUTE SWAN FLOATING GRACEFULLY DOWNSTREAM

Phata ; F, W. Bond
THE MUTE SWAN (Cyams olor] ON LANIM
There nre three Swans in Britain ; the Whooper (Cygnne eygnan) and Bewick's (Cygman
ofor), is more ofF les domeiticated. Besides having a black knob, the Mote Swan—~{nr from b
8-curve ol Lhe long peck.
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BWANS AT NEST,

Five 1o twelve grechish-while eggs are laid in the Lurge down-lined oest,
The photograph shows Lhe female on the nest, while the male B precning himsell close by,

also valorois (n defending the pest,

how did the swan-song idea get so strong a grip?
Mr. Hamerton suggests that the perfection of the
swan prompted man to give a touch of unique-
ness to its death. " Since the bird who could
match the eagle in courage and man himself in
longevity, and with whose beauty the king of
the gods did not disdain to clothe himself, had
never given the least sign of any musical talent
ur accomplishment ; the fertile human imagina-
tion, always so unwilling to leave any hiatus in
its ideals, invented that most poetical fable of
the swan's song at the close of a songless life”

This is ingenious—almost as ingenious as
the theory of the Queen of Navarre, who
suggested that the bird's spirit, leaving the
body through so long a neck, would produce
musical murmurs | Perhaps, the
(ueen of Navarre was on the right tack, not
exactly in explaining the swan's song, but

however,

rather its absence. For we believe that the
reason for the Mute Swan's muteness, as com-
pared with the vociferousness of the Whooper
Swan or Bewick's Swan, is to be found in the
fact that f sings with ifs neck, which is much
maore mobile than in the wild species.

What we mean may be illustrated by one of
Miss Turner's delightful stories. Swans, it may
be noted, are monogamous and very affectionate.
The mother or Pen can hardly be induced to
leave the young ones; and the father or Cob,

Swans pair [or e amd the male helps in the brooding. He B
though he often goes off for a little by himself,
is devotedly solicitous and passionately fearless
in defending his mate and offspring if there is
any danger. On one occasion, when the Cob
was in charge, the Pen did not return to the
nest when she was expected.  As hour after
hour passed, the Cob became more and more
uneasy and anxious, “ continually rearing him-
self up and trumpeting.” He paid no attention to
Miss Turner's, coaxing (they were old friends),
and he refused to have any bread. After some
hours Miss Turner set out in a canoe to search
among the reed-beds, and suddenly met the
Pen hurrying along head in air, hissing and
scolding. " Hearing her mate call she responded,
and I followed to see what happened. The Cob
left the cygnets on the island and advanced to
meet the Pen at a great pace. When they met
much affection shown on both sides.
They rubbed bills, intertwined their long necks,
and chortled with joy, then swam home side
by side, and were greeted by the cygnets with
shrill pipings."” The cause of the Pen's belated-
ness is not essential to the story (she had an
ugly cut on her bill, and had probably been
having ** words " with another proud Pen about
the respective merits of their cygnets); our
point is that the movements of the neck, which
are very marked in the courtship, take the place
of song, though not, of course, of speech.

Wils
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The Mute Swan with which evervone is familiar
15 easily distinguished from the two wild species
in Britain, the Whooper and Bewick's, both
winter visitors to Scotland. For the Common or
Mute Swan has a black knob and patch at the
base of an orange bill, whereas in the two others
the pattern is reversed, the hill being yellowish
at the base and black towards the tip. The wild
species have a stiffer neck, and they do not show
that charming custom of swimming with the
wings half-raised into a fascinating basket. It
is worth looking at the breastbone of a wild
swan to see how the windpipe descends right into
the keel and makes a complete tumn on itself.
This is not szen in the Mute Swan,

The swan is a good lover and a good hater.
As one would expect from its great beauty, it is
very stable and long-lived ; it has attained to
harmony, and does not wilt or ** sport.” Itisa
very intelligent bird, as may be inferred even
from such simple things as raising the nest if
the water rises, and making a little gangway

for the cygnets. Swans are model parents, as
shown, for instance, in not allowing their
cvgnets to get to bed (though they sometimes
go to sleep) before every feather is dry. To
carry their family on their back is pretty,
but to hold out a foot as a jumping-up step
15 genius,  Finally, though we are not nearly
done, swans are vegetarians. In fact swans
are almost perfect except when they are
walking on ice | Then they are geese.

When swans get their way they build a
large nest of water-plants, which may be two
feet high and even six feet in diameter, Its
height can be added toif the water rises. In
the middle of the big erection there is what
might almost be called the inner nest, which
is lined with down. Here are laid, usually
in April, the 5 to 12 greenish-white eggs, about
43 by 2'g inches, The Cob shares brooding
with the Pen and the time required is between
five and six weeks. As already stated, the
swans mate for life, and the male iz a devoted

SWAN AND YOUNG, AT XNEST.

The nest is @ large mass of plants somewhat roaghly put toge
among recds and the like, or it moy be on & Hitle Bland.

1

It s jealously guarded, The bird's magnifcent sprend of wing k= well sho

Motk it is Tiped with down, [t s often ballt near the edee of the lake
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Phato ; Neville Kingtion,

BWANS AND YOUNG

{C ygmus olor),

This specica of Swan, wild in some parts of North Burope, migmtes in winter to the Meditermnean shores and to Afrden. Tt also breeds in

itnin, and domes

Centmml Asia. Wild migrants may come to
black knob or * berry " at the base of the ormnge bill

father, If the nest is threatened he becomes
very fierce, * busking,”” as it is called. This
is well described by Mr. T. A. Coward in his
delightful book, * The Birds of the British Isles,”
one of the best illustrated and most convenient
of bird books, ‘' In this terrifying perform-
ance the wings and scapulars (shoulder-blade
feathers) are further raised, and the neck is
drawn back until almost hidden by the wings:
the bird forces itseli
simultaneons strokes of its feet, ploughing up
The Cob is not

forward in rushes with

the water,"” only verv cour-
ageous, he sometimes insists on taking more
than his share of the brooding, a duty that
spells patience.

The yvoung when hatched are clothed in
sooty-grey down, which is succeeded by dark
sooty-brown feathers. These again are gradu-
ally replaced by white, but the change is not

complete till the birds are over a year old.

caled swans may beo
it is smaller in the femnle

me wild or feral. The Mute Swan is known by the

The other Britlsh Swnns have oo knoh

In rare cases, it seems, the cygnets are white
from the first,

The Whooper Swan and the smaller Bewick’s
Swan have their representatives in North
both larger than the
European forms. One of the two is called the
Trumpeter, Cygnus buccinator, and has an ex-
panse of wing of seven feet ten inches. It is
said to be a somewhat truculent, quarrelsome

America, in Cases

bird, but in spite of this it is becoming very
scarce. Its voice is compared to a short blast
on a French horn. The other is the Whistling
Swan, Cygnus columbianus, still found in some
abundance ; it has a yellowish patch, deepening
into scarlet, on the bill, whereas the
[rumpeter's bill is altogether black. Mr.
D. G. Elliot describes the “swan song ' of a
stricken Whistler ; * most plaintive in character

and musical in tone, it sounded at times like

almost

the soft running of the notes 1in an octave.”
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In South America there is a small swan, the whole kingdom.” It used to be a big
called Cascaroba, but some authorities insist business to visit the important flocks in July or
that it is a goose It has black tips to the August each year, and put distinctive marks on
longest féathers of the wing, and reddish bill the voung birds. Professor Newton, writing i
and feet “It feeds on land, has a loud 1806, savs: * The largest Swannery in England,
trumpeting cry, and a less noisy flight than indeed the only one worthy of the name, is that
the true swans'' True enough, however, is belonging to Lord Ilchester, on the water called

the other South American swi
necked swan, Cyenns melanoc
black on the head and for
most of the neck. In
southern - Australia and
Tasmania there is a hand
some black or brownish-
black swan, now becoming
scarce, [ts dark colour is

n, the black- the Fleet, lying inside the Chesil Bank on the
yphus, which is  coast of Dorset, where from 700 to double that

relieved by snow-white pin-
igns : ' the coral-like hill is
banded with ivory " : some
of the feathers, such as those
along the shoulder-blade, are
beautifully curled The
divergence of Australia
from other countries was
emphasised by the dis
covery of this black swan
(in 16q7), and the bird was
adopted as the armorial
symbol of Western Australia
It is sometimes domesticated
in England, and never fails
to win admiration for its
intrinsic beauty as well as
for its curious contrariety
It will be seen then that
there 15 considerable variety

Phola ; W. 5. Berridge, F.X.5
BEWICK'S SWAN [Cyemus benmicki

among swans, though there

arc not many Illll'.[.m” ]“”rt" A& winter visitor o Britain, breeding in the Far North of Europe and Asin. A sure mark is

b y il ik e = i 1 = Tl TR
altogether. the yeBow patel af the b t v elde. Tt B A very pregarions bind and may
congregale in herds of severnl hi [ sult-water hscha

They form a compact
well-defined sub-family in the family Anatide, number of birds may be kept—a stock doubt-
and they are not distantly related to geese less too great for the area, but very small when
which form another sub-family. The privilege compared with the numbers that used to be re-
of Keeping swans used to be restricted in tained on various rivers in the country,” Swans
Britain to the larget freeholders, but it was are not on the increase, but one wishes that all
gradually extended. Prof. Newton tells us in  beautiful birds were as safe,
his ** Dictionary of Birds " that " in the reign
of Elizabeth upwards of goo distinet Swan- The Bittern of the Marshes
marks, being those of private persons or One of our rarest winter visitors is the bittern
corporations, were recognised by the roval which we welcome not enly for its beauty and
Swanherd, whose _f'.lr|-l'li1'l::|-r1 extended over interest but as a bird that belongs to Great

1
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Phata * E. L. Turner

IIOW THE BITTERN DEFEXDS ITSELF
The bifd often Fedis

perbtiteng g

in 0 somewhnt squat position, with its hesd

Britain. For it used to be 4 common breeding
bird in England and Southern Scotland, and
there ean be no doubt that when Neolithic man

a "' long-headed, square-jawed, short but
agile-limbed hunter and fsherman began

exploring North Britain some 10,000 vears ago

one of the most frequent striking sounds h
heard was the bittern ' booming from the mire

But slow changes of level, such as the " fifty
foot beach ' indicates, reduced the extent of the
As

swamps where the bittern was at home.

THE UPWARD THEUST OF THE YOUNG BRITRD,

draining and reclaiming in-
creased the bittern decreas-
ed. Moreover, the bird
afforded good sport, and
was less edible,
Last, and worst of all,
came the collector, and the
bittern said good-byve as a
breeding bird about the end
of the ‘sixties. In 1911,
however, came the good
that Miss E. L.
Turner and Mr. James
Vineent had found a bit-
tern’s nest on the Norfolk

mare or

Nnews

Broads, and now the bird
is coming back again, if
people would only leave it
alone, In 1918 Miss Turner
knew of seven nests within
four squoare miles, and in
1923 there were eleven.
“ The deep, resonant chal-
lenge of bittern calling to
hittern the great
wide silence of the misty

across

marshes heralding the gor-
geous pageant of a Broad-
land dawn is now a familiar
sound in manyareas," This
is most encouraging news,
and we hope the bird will
never have to say good-bye
Extermination of a
beautiful
dullness of outlook, but
preservation follows when
men awaken to the value
Therefore
We venture on an .l]lII]'l'i_'lﬁl'
tion of the bittern, owing much of course to Miss
Turner’s recently published " Broadland Birds "
i collection of fascinating studies of high
scientific and artistic merit

again.

creature means

oalders, and the bill
gerous Uerust, for the blrd

of their entail,

The bittern is one of the herons, a large bird,
about two feet long, with a wing-length of about
a foot. It is a study in brown, showing much
golden buff, many black markings, and a white
throat. The legs and feet are bluish green. Males
and females are equally handsome and equally

inconspicuous, For the main significance of the
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colouring is that it gives the bird a cloak of
invisibility. When the bittern stands stock-still
among the reeds, with the tip of its bill pointing
up to the sky, it has become a part of the scenery
of the Broadlands, As Mr. Pycraft says :
lines of dark chestnut-brown running down the
front of the neck simulate the shadows between

' Long

the reeds, the lighter background and thick dark
lines simulate dead reed stems.” The bird melts
Asin the American bittern
remarkable

intoits surroundings

and the little bittern
peculiarity in the absence of ordinary contour
feathers on the back of the neck, which bears

there 15 a

only loose downy feathers
But this partly
shielded by an erectile {ringe
of long feathers, which extend
along each side of the neck

region s

and meet on the back of the
head. As in herons, there are
some patches of * powder-
down " feathers whose tips
breakoffintominute platelets
of horn-dust, believed to be
of some use in plumage-dress-
ing. The
greasy between our finger and
thumb, but that seems to be
a mechanical illusion. It is
quite dry, not oily. Ewven
more of a puzzle is the
" pectination "' or comb-like
appearance of the middle
toe: but this occurs in
many birds.

When the bittern is dis-
covered, in spite of its self-
concealing colouration, it
abandons the erect posture
and crouches, with its head
drawn down on its shoulders,
or with the neck outstretched
horizontally. [t broadens
out its frills and raises its

" powder "' feels

crest, and must be carefully
watched. For it can sud-
denly shoot up to its full
height and drive home its
sharp beak with great rapid-

A bittern is reluctant to take
somewhat heavily, with owl-like

eve, wing and flies
silence, with

It

iding its way

wing strokes more frequent than a heron's.
can run with great rapidity, thre:
amidst the miniature jungle of the swamp.
Une cannot help being a little sorry that the
thrust its bill into

not even into the water

booming bittern does not a

It

booms with its bill pointing up to the skv, and

recd, or the mire,

it 15 the male who booms Mr. Coward -‘]|._','|_k:=' of

the call as " a deep, bovine, resonant note,
certainly audible for over a mile. T have heard
it all day and all night in Mav, and listened to

: e CAMDUFLAGE : TURNING ITSELF INTO THE SEMBLANCE OF A REED

ity .'?I'I'.II.'I ]rrq'l_‘]_-'.]tr:'l__ [[ may When the Dittern ralses its bill ver nnd holds ites thick neck etect eoumes almcst
T . . . - i invisible. As Miss Turner say t ks mnsformed into ' af 4 Luznch of reeds
strike 1ts aszsailant in the Another attitude i3 crouching bow with neck outsitetch decaris irtathon
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THE BITTERX.
e more in Pritain, b
s, nsunlly five

KEST OF

movw happily 1o be seen
i large pintform 1
s environment

three or more birds answering one another. The

boom is repeated three or four times in sic-
interval

CESsI0, with a oni or twio second

between each note, then a pause of vanable
duration

" for the boom is interest
bittern's technical title

Taurean d'étang,

The word ** bovint
ing, for it supgesis the
French
and other designations referring to ox-like o
Miss Turner tells of
an acquantance who refused to pass a certain
the Broad at might,
big bull a-bellowing on the maash ™ ;

Botaurus, the ML

supposed ox-like bellowing

corner of because of a
' gurt
but she savs that the bittern's boom is not nearly

s0 rancons as a bull's bellowing. She has heard

it from a distance of three
miles. and no lover of birds
can help envying her an
experience of a May night
in the full moon, when ** red-
shanks were vodelling, snipe
calling,

bleating, lapwings

sedge—warblers
their
“ Beneath

this riot of song and accom-

recd—and

ginging as if hearts
would burst.’
panving it like a deep bas-
soon was the booming of six
each
wide

challenging
the
The male begins

bitterns
other ACTOSS
marshes,”
ta boom carly in February
and ceases in  mid-June,
There can be no doubt that
the boom is a call to the
female, who  sometimes
answers back with a subdued
but exciting "' wumph." But
the boom is also a challenge
to other males, who answer
Correspond-
ing to these two aspects of
the booming are the male
bittern's aerial displays and

back bravely.

occasional aerial combats.

To be distinguished from the

booming are the rauocous
‘aark " *"aark " call-notes
of both scxes: and wvery

§= and among recds, nmd
an olive-brown colbour,

different also is the voung
bird's ** bubbling ' call for
parental help, ** which ean be easily imitated by
blowing through a straw into a glass of water.”
: a bed of dead
and the female

The nest is a simple structure
recds among the living reeds ;
sits for about three weeks on the three to six
olive-brown eggs. The voung birds are strong
and active in two or three days after hatching,
and pugnacious from the first. They show a
remarkable primitiveness in using their *' hands ™
in moving across the nest or in supporting
themselves when standing up. They require to
be fed every hour from dawn to duosk, and the
mother is kept very busy hunting for eels and
other fishes. Miss Turner gives a lively descrip-

tion of the voung bittern, standing about six
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inches high when four or five days old, with long
wn blowing owv
the

patches of its skin, crouching and straightening,

soft wavy tan-coloured di

lace, with an elusive blue bloom o1l bare

throwing itself on its back and kicking, thrusting

more like an animated

Alter

week it is very difficult to round up the voung.

At the walk
]

off and hide in the reeds, wi soft hrown

ageressively with its bill,
golliwng than anyvthing clse. » first
-Cr.i;_'||l,l'*-'. .-.]PEII-.I.:I.ll of ||.:I'.!_'-.I, they
1ere their
and blue-green colouring harmonises completely
the reeds, and

They can
y

g, and that 1s

with the dull brown sheaths of

with the voung reeds themselves.,

efface themselves without movin
well, for they make a loud clamour when they
are being fed, and they cannot fly till they are
quite ten weeks old. Bitterns feed on small

animals of the marshes, such as water-voles,

Phato : E. L. Turner,

frogs, newts, and fishes, and they do

itural enemies, such

Ihey may have somu

marsh-harrier, but their wids

geoETap
and
that

range from Ireland to Japan
Africa shows
as long as their

Which

may the bittern boom

swamp-lands in
SECUTY established
haunt olr
prayer. L«

Benvenuto Cellini tells
that one dav,

befor

TETTIIn
I
us in his antoblograpl
when he was sitting with his fathe
suddenly saw a

the

I'hey both saw it plainly,

the fire, they
Sala-

midst o
manders >

salamander basking in
the flames
father,

school, gave the boy a sound box on the

but the b g an educationist of the old

ear, 50
that he might remember the salamander {or ever.
The fire was a strange place for a salamander,

which likes moisture and shads but the

YOUNG IN THE NEST.

thed in brownish down, bot show Hvid blue naked hellies

I'he white-fnced] nestling Bitterns are b
though their colouring i very marke
v hold the voung bird in efective position

e, it is amything but conspicuous

They keep wp & fuskil cackling, mand

In e nest there is considerable gse of the thinnb of the maked wing
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superstition lingered long that the clamminess
of the creature enabled it to endure great heat
and even to extinguish the flames.

So recently as 1716 the Philosophical Trans-
actions of the Royal Society recorded that a
salamander cast into the fire "' swelled presently,
and then vomited a store of slimy matter, which
did put out the neighbouring coals.” The only
grain of truth is in the fact that a salamander in
despair exudes a considerable quantity of the
poisonous secretion, which it shares with the toad
and many other amphibians, and that the mus-
cular pressure may be o great that tiny jets are
squirted from the skin-glands to a distance of
nearly a foot,

The fire or spotted salamander is of wide
occurrence in Europe, but it is not familiar to
many. It is nocturnal in its habits and hides
during the day in moist and shady places. After
heavy rain large numbers often appear, for they
cannot resist the earthworms that come up from
the flooded burrows. As the skin is rich in
poison-glands the salamander has few enemies,
and many naturalists believe that the con-
spicuous livery—large vellow spots on a black
background—serves to impress on daring ex-
perimenters among animals the fact of un-
palatability or worse, In short, the vellow and
black are " warning colours.”

There is no fixed pattern in the yellow
spottedness ; indeed it is difficult to get two
salamanders that are quite alike. Moreover,
even in the same locality some have much more
yellow than others. This probably points to
individual variability. But Dr. Paul Kammerer,
of the famous Experimental Biological Station
in Vienna, has shown that there is also a high
degree of modifiability. Variations are novelties
coming from within as expressions of some
idiosyncrasy in the fertilised egg-cell from which
the animal develops; but modifications are
indents impressed from without as the direct
result of some peculiarity in the animal's
surroundings, food, or habits. Now, on a vellow
background the wvellow spots of the growing
salamander increase in area, and if there be a
damp atmosphere there is a production of new
vellow spots. 5o the salamanders get yellower
and vellower every day, Moreover, Kammerer
thinks that this modification in the direction of
increased vellowness is in some degree trans-

missible, for the ofispring start their life at a
phase of yellowness nearly, but not quite, as
advanced as that at which their parents left off.
If this is confirmed, it has an important bearing
on the much discussed question of the trans-
missibility of individually acquired characters.

High up on the Alps, even at altitudes of
g,000 feet, there lives the somewhat rare black
salamander (Salamandra atra), a very interesting
animal. The spotted salamander (Salamandra
macnlosa) is terrestrial, but it has to bring forth
its gill-bearing young ones in streamlets; the
black salamander, on the other hand, has
emancipated itselfl from the water altogether,
It may live in places where there is spray from a
cascade or some drip from the rocks or moist
vegetation, but it brings forth its young ones on
land, and they are lung-breathers from their
birth. This is plainly an adaptation to the
Alpine heights. Now, it is a wvery striking
illustration of the way in which animals in their
development tend to climb up their own genea-
logical tree, that the unborn young of the black
salamander, which are only two at a time, have
three pairs of long red gills. But what can be
the use of gills when there is no water ? Very
careful investigation has shown that the gills are
pressed against the wall of the oviduct and
absorb oxygen from the maternal blood. More-
over, they help to absorb nutritive fluid produced
by a disintegration of eggs that have not
developed. Some of this material may also be

.directly swallowed by the unborn larvee |

Dr. Paul Kammerer found that if he kept the
black salamander in warm and moist surround-
ings, it produced three young ones instead of
two, and in subsequent seasons four or five or
even six. Thus he got it to approach its cousin
the spotted salamander, which brings forth an
average of about fifteen or eighteen offspring.

Then this ingenious experimenter playved the
converse trick. He kept the spotted salamander
in comparatively cool, dry surroundings, with
the result that it produced at each breeding
season fewer and fewer young ones, down indeed
to two or three. But not only was the number
reduced to that of the black salamander, the
offspring were born at a somewhat similar stage
of development. The gills were represented by
little stumps! Here again there are striking
facts to be considered in connection with the
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vitally important question whether individually
acquired modifications can be entailed on off-
spring. Thus we see that salamanders have a
bearing on man's welfare, for he needs to know
all he can about heredity.

As a type of the betwixt-and-between
animals, recalling the time millions of years ago
when backboned animals began to
colonise the dry land, we take the
toad, a literal Amphibian. It is a much mis-
understood animal. No one likes to wear second-
hand clothes, but how ready people are to garb
themselves in second-hand opinions! One of
these is suggested by Juliet's phrase, * the
loathed toad.”” For this admirable amphibian
undoubtedly. suffers from a deeply rooted tra-
ditional prejudice, which disappears whenever
one looks at the toad for onesell and with a
fresh eye.

Even a good naturalist like Pennant of the
eighteenth century wrote terrible nonsense about
the toad : " The most deformed and hideous of
all animals ; the body broad, the back flat, and
covered with a pimply dusky hide ; the belly

The Toad.

Photo : W. 5. Rervidge, F.Z.5. =

large, swagging and swelling out; the legs
short, and its pace laboured and crawling ;
its retreat gloomy and filthy ; in short, its
general appearance is such as to strike one with
disgust and horror.”

One cannot expect every animal to be like a
butterfly, and it is not claimed that a toad is as
handsome as a squirrel. There is difficult beauty
and casy beauty, and the toad's is a little
difficult. But if we could get the verdict of an
unpacked jury, including a few artists who are
experts on beauty, it would be unhesitatingly
in favour of the toad. It is a bit of a grotesque,
of course, but it is an artistic unity.

The shape is compact and well-proportioned ;
the skin is wrinkled and warted, reminding
one of the rugged weather-beaten face of an
old ploughman. The colours are pleasing. Dr.
Gadow describes them as " olive grey to dark
brown above ; the under parts whitish, often
with a brown, yellow or reddish tinge.” There
are many colour-varieties, and even an indi-
vidual can change considerably according to its
moods and haunts. The eyes are undeniably fine,

SPAWN OF THE COMMON TOAD [Bufo ruilgaris).
The dark-coloured eggs, townrds o twellth of an inch in dinmeter, are expelled in two strings, each with a doable row.  The strings swell
to be aboot & quarter of an inch across, and they may be ten o (fteen feet bn length. From g,000-7,000 cggs may be liberated at once, and
they are fertilised os they ate expelled. The sirings are wound mmongst water-weed,
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Fhaota : F

GIANT TOAD | Bufo marinm} AXD COMMON TOAD [Bufo rulgaris)

The Giant Tosd ranges from the Antilles and Mexico o Argentina
vodee of the male, strengihened by a peson
These hig tonds show hopping movements,

with a red or coppery iris: *' Some say the lark
and loathed toad change eves.” The movements
mayv be slow, but they are dignified, sometimes
n.uglg._-_-_a.qif.'.- of a very old man. There may be
short hops, but toads usually crawl. They are
seen at their best when climbing up 2 steep bank,
and some of their near relatives are arboreal.
At the breeding time they swim strongly. The
shooting out of the rosy tongue is a neat and
effective trick, and we like, we must confess,
to see a toad poking a gripped earthworm into
its mouth with its fingers. In short, we do not
find much that is ugly in a toad.

The toad is a self-effacing animal. Tt hides in
holes by dav ; it hunts at dusk for insects,
earthworms, and small snails. It lies in a lethargy
through the winter, burying itself in loose,
dry earth or in the midst of withered leaves,
p:-rhﬁ ps in the hollow stump of a tree. During

It freqicatly reaches a length of six nches and o width of four,. The

anie, 13 described a8 & * lowl snoring bark, ™ bot it is o ' tremuobouns bass ** atl Qe hteeding season,
nod the crawling of the common foad.

its summer activity it moults the outermost
laver of its skin every few weeks, contorting its
body, with fingers and and
gradually slipping out backwards the
transparent husk, which it then proceeds to
swallow, rolled up into a pill.

The pairing takes place in early spring, often
about the beginning of April, and there is
frequently a longish journey to a suitable pool,
The ardent males, who are far more numerous

sCraping toes,

from

than the females, fight with one another for
possession, and are very prolonged in their
embrace. Dr. Boulenger compares their cry to
“ the distant barking of a little dog" ; Dr.
Gadow compares the female's weak response,
which goes on dav and night, to ** the whining
bleat of a lamh."”

The eggs, which may number 2,000-7,000, are
laid in two double strings, sometimes ten feet
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long ; they are fertilised as they are laid ; and
they are entangled among water-plants by the
movements of the coupled pair. In about a
fortnight the tadpoles emerge, but nearly three
months are required before the metamorphosis
is completed and the miniature toads leave the
water. They are not quite three-quarters of an
inch m length, and than ther

more agile

parents. They hide among grass and in littl
holeés in the ground, and when a summer showe:
mterrupts a time of drought they sometimes
appear in such numbers that credulous people
insist that it must have "' rained toads."

The Common Tead (Bufo vulgaris) may be
distinguished from the Common Frog by its
warty grey-brown skin, by having no teeth,
by its less-developed web between the toes, by
its much shorter hind-legs, by its crawling and
climbing, by its nocturnal habits, by the laying
of the eggs in strings, and in many other ways.
Une must remember, however, that there are
toads and toads.

Within the genus Bufo alone

Phote ; Stanley C. Johnsen, M. A,

there are about a hundred different species,
distributed all over the world except in the
Australian region and Madagascar, and some
of these are not like our Common Toad. Thus the
\frican Jerboa Toad has verv long and slender
limbs. Moreover, there are some burrowing
frogs that are very toad-like.

Thus, in the long run, to find the right answer

to the guestion, " Why 1= a toad not a frog 7 "' we

should have to pry into technicalities which
enter into the very bdnes
The second British toad, the Natterjack

(Bufo cafamifa), has large vocal sacs, a very
croak, and considerable
brightness of colouring. Its hind-legs are so short

lond vellow  eves,
that it cannot hop, but it can run at a fair
Unlike the Common Toad, it oceurs in
Ireland as well as in Great Britain.

[he to be
spitting venom,” but it is rather dry-skinned
and it cannot spit. It is said to suck the udders

apeed,

toad is =aid a slimy creature,

of cows, but it cannot suck, and it does not

BRITISH NATTERJACK TOAD (Hufo caldmifa),

This liitle toml, o
larger relative, and rks like 0 mouse
mules take up the cry, and the chorus can be heard for a mile

ne and a half 1o two inches in length, coours in samly places in Englas
E In spwing the male 1makes

Wiides, s Jrelimid

il dilntes

than its
LIV §

It |= e re aclive
lzla telmish throut

a loasd courting sign
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drink. Most of the popular beliefs about toads
are clotted nonsense, and no one has ever verified
the zoological part of the familiar lines :

" Sweet are the uses of adversity,
Which, like a toad, ugly and venomous,
Wears vet a precious jewel in his head.”

It is a pity that an unoffensive creature, likeable
in many ways, timid and tamable, apparently
able to recognise a friend, should have been
libelled so basely.

It is always of interest to raise the question

of survival, and the answer in the case of the
toad must be found in its quiet, elusive ways,
its burrowing, its crepuscular activities, and its
capacity for lying low without food in the winter,
But it has another quality that is of survival-
value, namely, the abundant secretion of poison
from the skin-glands, especially from a large
cluster behind the eye. What we see is a creamy
fluid which oozes out when the animal is stoned.
It includes an irritant volatile poison called
phrynin ; and as this makes the toad’s skin very
unpalatable, it is better than any armour.

LXV
ANIMAL COURTSHIP

among animals, and we cannot wonder at the

variety since each kind of creature is itself and
no other. In its courtship, just as in its nest-
building, the bird expresses itself—its individu-
ality ; and related kinds, such as lapwing and
oyster-catcher behave in different ways., Itisin
spring that courting is commonest, and the court-
ing isin a sense the creature’s spring—a renewal
or renaissance of body and mind., Perhaps
Tennyson was not so happy as usual when he
wrote :

" 'Tis in spring the wanton lapwing gets

himself another crest,”
for the lapwing is not * wanton " and both
sexes have an erectile crest, though it is stronger
in the male bird. But perhaps this is hypercriti-
cal, for everyone knows that spring is the chief
time of courtship.

The significance of courtship is to express
love and desire, but we must not think of
animals as if they deliberately ruled their
conduct in réference to an end, as human beings
do. They are full of passion and desire for
possession, and theyv express themselves in many
different ways which are, as it were, prescribed
by the inborn inheritance, The details vary
with the individual, but the broad lines are the
same in all the members of the species, Thev
form part of the instinctive equipment. What

lN a great variety of ways there is love-making

they do in the way of singing or display, dancing
or fighting, is the outcome of age-long sifting of
those self-expressions that proved most effective
in exciting the interest and the admiration, the
sympathy and the passion of the desired mate.
In qgg cases out of 1,000 it is, of course, the
male who woos, but there are quaint exceptions,
as in the Grey Phalarope, where the female
courts and the male broods.

In taking a review of animal courtship we
should naturally begin with mammals, the
class to which we ourselves belong.

Courtship :

among But the palm of love-making
o belongs to the birds, who are more
artistic. What strikes one first is the great

variety of method within a single class. Pre-
eminently there is song, mostly confined to the
males, music to us, music to the ears for which
it is meant, endlessly varied vet alwavs saving
the same thing: * Hither, my love! Here I
am! Here. Lo, the winter is past; the rain
is over and gone; the flowers appear again
upon the earth; the time of the singing of
birds is come, and the voice of the turtle is
heard in our land."”

We must not think lightly of the most
beautiful courtship in the world—the invocation
in the bird's song | _

“'Tis the merry nightingale that crowds and
hurries and precipitates with thick fast warble
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his delicious notes, as he were fearful that an
April night would be too short for him to utter
forth his love-chant, and disburthen his full soul
of all his music."

Part of the significance of courtship, besides
expressing desire and exciting a sympathetic

rising ms in te Peascock above the root of the i

efs nie also very gorgeois=, aid | eyes "

before the more solbetly eolouted femnle, which has a re
I very shy, hat it does in some degree submit to domestiontbon

resonance of passion, is to strike the psychical
note, to bind the sex-sick mates into love as well
as fondness, to rivet linkages that will outlive
passion, marryving the mates into loyval partners
and parents, loyal sometimes for their lifetime
Not that the courting creature ever thinks of

BT
vely simple tail

these ** ends,” yet they are the accruing advan-
tages that have justified in the course of mil
lennia the unconscions elaboration of the court-
Besides singing, twittering,
cooing, crowing, and calling there are appeals

ship ceremonial.

to sight and touch and even memory. There is

bi-bfown with m green and purple * eve.”
pey black The mnle shows off his brillano
in the Pepoock Pheasand

by u circle of
Im the wi

il elscwlietc

a display of plumage and ornaments, of agility
and grace in strutting, parading, fluttering and
flying, and in fighting with rival males. Common
also are oft-repeated rhythmical movements, as
in bowing, curtsying, swaving and dancing.
But love may strike the harp on even subtler
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Phado » ). Soth-Sanidh.

DISPLAY OF THE ARGUS PFHEASANT

This gorgecous bird is g mative of Bumatra, Malacos, and Sinm
included, may be five fret
The female hiss iwene |
strings, rather beyvond our intellectual hearing,
as when the Great Crested Grebes offer one
another gifts- of water-weed, or when the
Bower-birds decorate their courting runs with
brightly coloured flowers and fruits and shells,
But whatever be the mode of courtship among
birds, it is almost always artistic.
there we get a glimpse of an ugly feature,
but on the whole the courting behaviour is
beautiful. There is selection for health and
vigour, for grace and agility, for musical gifts,
and other ®sthetic qualities. Not that these are
analysed out by the female bird who chooses | it

Here and

{rgus gigamiras)

Itz body iz ot much larger than
that of an ordinary barn-doot fowl, batl the total length of the male, when the long tail feathers are
The wing-feathers, that form the gorgeons fun, may be three feet in lengih.
[ theee very long feathers, and no eye-like markings

is rather that the sucoess-
ful or most suceessful
suitor is the male whose
font ensemble of gifts and
graces most interests and
excites the coy hen.
Among the recent
studies of bird-courtship
the most scientific are
those of Professor Julian
Huxley. Some years ago
he gave a careful descrip-
tion of the elaborite be-
the Great
Grebe, whose

haviour of
Crested
sex-performance in-
waggling and

bending  and
shaking, a cat-attitude

** ghost
" penguin
danee,” and an offering
of water-weed gifts. The
conclusion the observer
that the
estab-
Eonds

cludes
swaving,

of display, a
dive,”" a

came to was

ritual
emotional
the

courtship

courtship
lishies
et ween lovers.

* The
monies serve to keep the

cere-

two birds of a pair to-
gether, and to l'il't'l; them
constant to cach other.”

A more recent study,
along with Mr. F. A.
Montague, deals with the
Ovyster-Catcher, a very
attractive bird of the sea-
shore and the riverside, with black and white
plumage, orange bill, and pinkish legs, Thereisa
remarkalble " piping performance” in
trilling and movement are combined. In variable
numbers, the birds adopt a characteristic
attitude : ** The head and bill directed straight
downwards, the bill held open and very slightly
vibrated, the neck thrust forward so that the
shoulders show up with rather a horsey look.”
Sometimes the whole body is bobbed up and
down at intervals ; sometimes there is a trotting
dance ; but the piping may occasionally occur
when they are flving or when they are standing

which
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Both
pipe, but one of a pair may be more energetic
than the other. This is probably the male, but
the sexes are externally indistinguishable

in the water, males and females may

What Professor Huxley has shown in this
case is that the piping performance has more
than a courtship significance. It may be an
expression of any strong emotional excitement
except fear.
mature bird er by an aggressive bird ; it may
dlso

It may be exhibited by a single

express  jealousy—territorial as well as
sexual. Originally associated with various forms
of emotional excitement, the piping has become
particalarly linked to courtship. It may be
stimulative or provocative, and there is evidence
of its being infections, one vigorous piper making
another tune up. It may also serve to make
other cocks and hens aware of how the wind of
sex 15 blowing.

Another wading bird that Professor Huxley

Phato ; Neville Kingefon

and Mr. F. A, Montague studied is the Black-
tailed Godwit, The male has a ceremonial in
which he rises rapidly to a height of one hundred
and fiftv to two hundred feet and then suddenly
changes both his call and his flight. The quick
beating is replaced by slow, clipping strokes,
somewhat like those of a strong-winged butterfly
The tail is spread and twisted from side to side ;
the bodv is tilted with the tail and the bird heels
aver, thus rolling from side to side in the air
sometimes for over a mile in a straght line !
Then comes another sudden change, * The
rolling flight and the dissyllabic call stop as
they began, simultancously : for a moment the
godwit glides in silence with stiffened wings.
Then, without warning, it nose-dives towards

the ground, with wings and tail almost closed.
About fifty feet from the ground the wings are
opened, and the godwit side-slips in all directions,
like a rook when * shooting * before wet weather."

DISPLAY OF THHE ARGUS FHEASANT.
Ini the mwale’s dspiny the wing feathers ate spread out as an almost upright circular fan bn front of the bird, and before the eyes of the ben,

Tor see lils desired mate the oock-bird may push kls bead oot between the boses of two of the wing-feathers

iz eve muy be seen in the pholo-

graph to ithe right of the beak, which shows as a white spot to the left of the centre
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But in addition to the male's ceremonial
flight there is a joint flight of both sexes, who
There iz also
a strutting performance in which the male
spreads out the beautiful black and white fan
of his tail.  Another quaint piece of behaviour
is the

call to one another as they flv.

‘scrape ceremony,” usually, but not

always, confined to the male. The bird runs to

a slight depression in the ground, crouches with

Phedo : F. W, Bowd,

KAGL

This is the soke representative of o (amily (Rhinocetidn) relat
bitterns. It is & native of New Coledouis
eyes, heton-like bill, nmd slatv-grey e
muale indulges in o antestic dance at 1l
Hnt the rest of the WHrd s alme

e is o long

I'be wings

raised tail and slightly open wings, and then
screws 1fs breast against the ground, as though
smoothing out and rounding off a nest-like
scrape, This is probably a " suggestive "' cere-
maony

Professor Hll\h'_\".- scientific studies of these
love mysteries are very important, They show
the subtlety and individuality of the courting

behaviour. Can we wonder that birds are so

| Khinochatun rubalus) DISPLAYING
i

B bird sbowt the slee of a fowl, with rge head amd

ecille w

beautiful when their love-sifting (or sex selec-
tion) has so much reference to vigour, agility, and
&sthetic qualities, the ecstasy of health, in short ?

We miss part of the meaning of animal court-
ship if we do not appreciate the elaborateness
to which it may attain. Even in a very familiar
bird like the l:ip".'.'in[.: or peewit, there is a
wonderful intricacy in the love-making. The
reckless abandon in

show an almost

males

their aerial dances, with
somersaults
we all

the prayerful cries and the

nose-dives and
interspersed know
there is
posing and display on the

' wing-music "

ground and the excited mak-
ing of " scrapes " or ' cock’s
It is no doubt diffi-
the line be-
tween courting and jodé de
vivre, but who can be blind
fact that the cock-
peewit is very much in love?
What called
nests " are regarded by some

nests,””

cult to draw

to the

are ‘pock's

generous naturalists as de-
viees for distracting atten-
tion from the real nest @ but
The male
peewit makes them by ener-
getically working his body
in the ground till there is a

this is too subtle,

slight
often shows off in so doing.

depreszion, and he

The coy female sometimes
becomes interested in what
he is doing, and draws near
That gives the
male more opportunity to
show her what a fine fellow
he is! It may be that the
resemblance of the serape to

a true nest serves as a sort of suggestion to the

to inspect.

the besincds and sus-

female bird. In some cases it mav even awaken
MEemories,
art in the

may be

than
and

There is more strength
there

There are sex-

Cour f‘\lli.[" of mammals,

no couwrtship at all.

Courtship

among calls indeed, as we know in the

Mammals. ) :
cacophonous caterwauling of the

cats on the roof, but these seem a sad bathos
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GISPLAY OF THE WHITE PEACOCK.
A colour-variety of the ordinary Peaoock {(Pave eriglalngg, which hoiled originally from Tudis apd Ceylon, but has been domestionted for a very long U
wonderful disploy of the male’s exuberant benoty at the courting seson,

As o e ordinary Peacock, there is a

TVHNINY

dIHS1HYNO0D

CLO



THE NEW NATURAL HISTO

e ————————————————————————————————————

K DMSFLAYING TO HEX.

fmiliar tail of the Pe ethaps the mo pecisly exulscrant of male decrrntbons, ks an exageeration not of the tail-fenihers b
the otdinary sense, but of the verta,  Ii is exjpound thrilllng majesty (n e eves of the desired mate,
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after the lyrics of the birds. There are howlings
among monkeys and bellowings among deer.
Fondling and kissing
among elephants. Occasionally there is a display

are well known, even
of agility, asin the '* March Hare.” Insome cases
the males have special decorations which are
shown off at the courting time, as when the
Elephant Seal inflates the big hood above his
snout. 1t may be that the fierce combats between
rival males, as in stags, antelopes, and sea-lions,
sometimes serve to excite the females if
are spectators. But the wvictorious bully

may
they

Pho'n reproduced from * The Cowrtahip of Amimals,” W, P. Pyoraft

ALS., F.X5.,

is a treasure-house and a biological education,
once had the good fortune to see a Pamnted
Terrapin flogging his desired mate’s head with
the whip-like ends of his long hnger-nails.
Some lizards show off their graceful frills and
coloured collars, and one of their attractions is
to open the mouth very wide to show the
vividly coloured interior. This looks like wooing
with a yawn ! Some of the male newts indulge
in amorous writhings and fondlings, as well as
display ; and we cannot listen to the croaking
of the frogs in spring without being reminded

by courfesy of the publiskers, Mesors, Hutchinson & Co,

THE DIAPLAY OF THE SUN-BITTERN |Euryprga helias)

A shy river-bird, not sently related to the Bittern

It spenrs (ts [ood, such as fishes and insects, Ly ropid throsts of its W6

At rest and

unexcited the bird is intonspiceons ; when it spreads out s wings and @il ot the courting season, it B an extroordinary display of coloar,

does not give them much choice. On the whole,
there is not much to boast of in the courtship
of mammals,

One must not expect too much from cold

blooded animals, but a few of them have
: courting activities. The male croco
E"’m”n“:h‘P dile curvets and capers in a most
Reptiles undignified way, roaring and bellow-
and e . : .
: v e same », and perfuming
‘Amgphibians. 118 at the same time, perf g

the water with a secretion of musk

from the skin glands of his lower jaw and tail.

Pycraft, whose " Courtship of Animals "' {1913)
6z

that the first use of the voice was as a courting-

call.
In most fishes the sexes can hardly be said
to meet, for the eges are scattered in the water
and fertilised more or less fortuit-

Courtship  gusly. But there are cases where the
among A )
Fishes. rival males fight, where the male

caresses the female, or swims around
her excitedly, sometimes flushed with gorgeous
colour as in the Gemmeous Dragonet. Yet
there are fishes that strike a subtler note. In
some ways the sticklebacks are most convincing
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LADY AMHERST'S PHEASANT
ety felated to the G

e extrcisiely |

of all. Tn another chapter we have seen how the

male builds a nest and guards his family at the

risk of his life.  The excitement of the breeding

makes lim very combative : he chal-

SEAS0N

lenpges rivals, trailing his coat, so to n|'-:'.|}:_ for

a fisht. He is dazzling in his wedding robes of

many colours. If a rival trespasses, there 15 a

fierce fight. There scems to be a sense of property

or possession in many of these low-grade

creatures which throws a shield over nest and

Fhaginmes or Thanmaiia amh

laden Phemsant [ Fha
tmil. A theird ©h
tetive form, with

cegs and offspring. A
remarkable feature in
the stickleback court-
ship is the way the
when
the males are jousting.
They swim about in
troops outside the
battle-eround and now
and then the victorious
polvgamous male
temporary
the com-
pany. But the
females do not remain
passive. * The female
that heads the troop
SWiIms with
rapid darts, followed
by the others, sud-
denly and as-
sumes a vertical posi-
tion with her head
towards the bottom.”

females behave

selects  a

mate from

forward

stops,

The others follow suit
and take up a similar
position in the water.
the
ladv deals a

Then  suddenly
leading
blow that scatters the
crowd, only to re-form
HELF U | in a few minutes

around her or someone

else. What does it all
Mmean ?

Onite a numkber of
fishés make bubhle-
nests, and one of the

malia frcta), : 5
Fheamnt Dt known is  the
Rainkow Fish, who is

certainly an artist, The

high-spirited male collects a few threads of fresh-
water Alga and buoyvs them on the surface of the
pool with bubbles of air squirted out of his mouth,
He collects more filaments and blows more bub-
bles, so that a little floating island is formed.
He makes this trim and compact, till it is like a
green sunshade. Then there is the courting, and if
the female does not approve of the sunshade there
15 @ fierce quarrel. The male is quite in a passion,
dut when the course of love runs smoothly there
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comes the time for embracing beneath the green
sunshade, The eggs float up and are caught in
the weed among the bubbles. In one species the
eges are heavy and sink to the bottom, but the
male takes them one by one in his mouth and
blows them into the bubble-nest. Another nicety
in some species is that the bubbles have a thin
film of oily material so that they do not burst so
easily, In any case the male watches over the
nest, keeping it in order, keeping it buoyant,
replacing an egg if it falls out. When a young
one ventures out too soon the father-fish blows
it back again. He makes a veritable
pipe of his mouth. In an aquarium the end is
apt to be rather tragic, for when the young
ones vigorous and move quickly in
front of their parents, they are apt to be
snapped at and devoured. For the parental
instinct is all over for the time being, and
a quickly moving object almost always pulls
the trigger of a fish's snapping instinct. In
natural conditions the voung ones probably

bl o

dre

Fhoto : Newille Kingston

scatter before this ' conflict ol reactions " is
provoked.

In the lower reaches of the Animal Kingdom
there is often some sort of rnmt\_-!up, if we use

the word to include signals between

Courtship  the sexes and the outward expression
among the . i
anzE of -‘-I'i-{]L".ilrl'.. In most cases this
Animals.  eruder courtship is so far away from

our understanding that we get an
impression of Nature is sometimes
The apparently apathetic snail shoots
a beautifully formed arrow of lime at its neigh-
bour, the spicwlum amoris or Cupid's dart.
Luminescent signals pass from the female Italian
glow-worm or Luciola, sitting in the grass, to

queerness,”

faronuche.

the even more luminous male who dances in the
air, and the lady attracts a levée. The male

deathwatch knocks his head against the wains-
cot; what is taken by the superstitious as a
presage of death is his knocking at the door
The grasshoppers trill
to the breaking

of his desired mate.
merrily, the cicadas

"ging '

LADY AMHERST'S PHEASANT (Phasaons or Thaumalia ambersiiaz) DISPFLAYVING.

Thizs Clelasse pheasant, well known for .
mule bird. He seems o take debight in parading his gorg

wl its brilll
pness lefore the

fords fine il o the fard of the

exuberanily cobo

wion of display

ed ben,
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Phota ; Nealls Kingiton

THE CREST OF THE VICTORIA CROWNED PIGCEON [Gonra coronala)

A large and stately pigeon, of a lnvender -grey-hlse colour, with a chestool mantle and a whits wing-patch

of cresta, standing erect, with the individionl feathers well sproad nut

point to their voiceless wives (dull of hearing
though they be), the crickets chirp, and there are
other forms of instrumental music drawn into
the service of " love " (please notice the in-
verted commas!). The male spider often fights
with his rivals, lustily and skilfully, but not 1o
much hurting ; he dances round the capricionsly
tempered female, showing off his goed points of
colour and agility ; he sometimes courts frem a
safe distance by vibrating a silken thread that
leads to the spinster’s web,

Very unusual is the audible signalling de-
scribed by Dr. Karl Peters in the case of an
Alpine moth (Endrosa or Setina aurifa, variety

1t bears one of the mest benatifal

ramosa), which he studied at Arolla. The males
fly about actively, but the females are sluggish
and rest for the most part on tussocks of grass,
where they are very inconspicuous. It seems
that the males are able to produce a crackling or
snapping sound, to which the females respond
by vibrating their body and wings. When-the
male flics overhead there is excitement on the
female’s part | she-makes herself more conspicu-
ous and exhibits tremulous movements. These
seem to attract the male's attention. As very
little i= certain in regard to the sense of hearing
in insects, this instance of audible signalling
must be scrutinised critically. DBut the observa-
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tions made by Peters are to the effect that when
the male's sound stops there is a cessation of the
Even when the female

could not see the male, she answered back when

female’s movements.

the sound began., Thus this seems to be a
remarkable case, for the male’s appeal is to the
female’'s sense of hearing, while the female's
answer-back is to the male's sense of sight. It
would be interesting to have further observa-
tions. It may be mentioned that there are some
cases among butterflies and moths of sound-
production by rubbing one part of the body
against the other, it may be wing against wing ;
and this is the well known
instrumental music of the fiddling grasshoppers,

the monotonons katydids, the chirping crickets,

" atridulation "' or

and =0 on. But in the Alpine moth to which we
have referred, the very distine-
tive note is due to the rapid
vibrations of the margins of the
anterior breathing apertures (or
stigmata), and it is intensified by
a special resomator! In many
rapidly flving insects we have to
distinguish the humming sound
due to the rapid strokes of the
wings from a special buzz due to
the vibration of a membrane be-
hind the breathing openings.
Another kind of appeal, also
illustrated among butterflies, is
by means of fragrance Some
male butterflies have a flower-
like with
remarkable “ plume scales " on

perfume  associated
the upper surface of the wings.
A pood example is the Green-
veined White napi),
and some of the relatives of the

(LsHOFLS

Common White are similarly
fragrant, It is almost invariably
in males that the special scent-
organs occur, and it is practically
certain that Fritz Miiller
right in his suggestion that the

Was

pleasant flower-like scents are

cases. There are scent-making glandular cells
that secrete something in the nature of a
volatile oil which steals off into the air ; but

there are also peculiarly modified scales, each
with hair-like filaments, which serve to spread
out the fragrant secretion so that it 1
readily diffused. OQuite different from the male

more

fragrance is the odour of some female moths,
especially when they have just emerged from
the pupa state. The odour attracts the males
if there to diffuse it, and

number of males may be seen congregating even

is some brecze a
at a spot where a female was previously seated,
But this is hardly to be ranked as courtship,
There is a moral to this story, for is it not one
of the encouraging facts of Organic Evolution

that fair flowers arise from carthv roots, more

useful to the males n their
courtship of the females, serving Fhioto reproduced from “The Courtship of Ancmas,” W. P, Pyeraft, ALS, F.2 v conrleny
: F Rt i ,'.I of the puhiiskers, Mestrn, Hulchingon & Co.
. i i 3 SR ER ]

as exira means of attraction. An THE WHITE-HEADED BHLL-BIRD (Chasmorkymchut fricer

ir|[q't'|-nli.l1?." ]'llI"i1]1 is the intricacy This ks & Costa Rica bird, one of the Cotingide, the ma { which 1 the breeding
i season three long erectile wattles, arising from the hase of the hill, like g peodantis

of the scent-organ in certain of a slippet-otchis (Cypripedium). The Wrd's note & loud and clear Wke the soand of & bell.
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Fhola reproduced from ' The Courlskip of Animals," W, P, Pyerafl, A.LS., F.Z.5., by courtesy of the pubiivhers, Messer. Hulchinson & Ca,

THE COURTSHIF OF 3CORPIONS.
With hix pincrts the male Beorplon seives (he TJ!!'I.EI'T! of the female and palls ber about in & cuthoms way,  The courting includes o * stradght bend * of the sapple segmented bodies; a prolonged
naifstial stroll, and a ool retreat into the male's resting-place,  Bot often at the st moment the femake changes her mind, escapes, nod hurries away.

dHL

MHAN

TYHONLVYN

SIH

AdOl



ANIMAL

COURTSHIP a83

useful than beautiful ?
In the lower levels of
animal life there is no
wooing at all ; imper-
ceptibly there is an evo-

lutiecn of sensory ap-
peals, and the lusty
may - become fond ;

gradually there appear
indubitable expressions
of emotion and hints of
psychical as well as
physical tenderness ;
the leaves of fondness
become the flower of
love, whence, may be,
the fruits of the spirit
In any case, as Socrates
said in speaking of the
“ religions and human
of the haleyon,
" there is comfort in
this, both for men and

love '

women, in their rela-
tions with each other.'

Think once again of

the extraordinary wvari
ety of courtship behavi-
our. As Brehm says:
** The means by which a
male bird declares his
love and conducts his
courtship are very vari-
ous, but, naturally, they S
always correspond to
his most prominent gifts,
One bird woos with his
song, another with his

Photo @ Chai, Barrell,

In soEse Hasudds, @y
of great excilement, wnd A
this happens when the mnims
and shutting

wings, this one with his
bill and that with his
foot ; one displays all the magnificence of his
plumage as a whole, another some special
decoration, and a third some otherwise unused
accomplishment. Serious birds indulge in play
and jokes and pranks, silent ones chatter, quiet
ones become restless, gentle ones combative,
timid ones bold, cantious ones careless ; in short,
all show themselves in an unwonted light.”
Perhaps the unwontedness should not be so
much emphasised, for what many birds exhibit
in their courtship is but an intensification of

THE REARDED DRAGON OR JEW LIZARD

DISPLAYING THE WIDELY OPFEN MOUTH
i A e Frilead Li
o with viv
in o sute of panic
part of the courtship di=pla

of the mouath is

{ mphibafuras bortates) EXCITED AND

1ol (Chlamydosduras) the mouth is opened wide in moments
. In the Mowstached Lizcrd | Phes
In the Makvan Lizard |[Colede

ephnlug wystacend

garvimat | the opening

But as to the
variety and the abandon of the courting activi-
ties, there is no doubt. What does it all mean?
That is to say, how has it been justified in the
course of evolution # We seek to emphasise the

what is seepn in evervday life.

answer that the more elaborate the courtship is,
the more it tends to bind mate to mate by the
cords of love, Part of the evolutionary justifica-
tion of courtship is that the fitter males are
more successful in pairing, and their descendants,
inheriting their good qualitics, will gradually
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But another part of the evolutionary justifica-

become the dominant types of species,

tion of elaborate courtship is that it makes o
may make for a more successful mate-life or,
to use human terms, married life,

Brehm speaks well, we think, of * the closs
fellowship so characteristic of bird-wedlock.”
There is often life-long monogamy. Pairs of
booted eagles were easily recognisable as mates
even when they travelled or took shelter in
company with others of their species. The
whistling swans which I saw on the Menzaleh

Fholo reproduced from ** The Cowriship of Awimals,” W. P, Peoeaft
friphliakrry, Mevdry. Mideckinren & C

YOUNG ELEPHANT SEAL {Mocrorlinas)

This striking photograph of the young Elephant Senl shows th
hend wot very different from that ol ordinary seals
i rhable inllatal

trocted uring combat, el grently expanded duting o

urtship

Lake in Egyvpt appeared in pairs and flew away
again in pairs ; all the other united pairs which
I observed on my journey illustrated the same
habit. That thev share misfortunes as well as
pleasures, I learned from a pair of storks 1
observed on a pool in South Nubia, to whom
my attention was attracted because they were
there at a time long after all others of their

species had sought a refuge in the interior of

Aftica. [ found that the female had a broken
wing which prevented her travelling farther,
and that the male, himself thoroughly sound,

had remained, for love of her, in a region wher

LS., FIS5,

e barge cves, (e sepsitive b, and o
In the mdull make
smout, which is relaxed and pendent when the animal is msexcited, closely con

all the

Were

conditions of comfortable wintering
The close faithful
between monogamously mating birds is severed

absent, and bond
only by death,

|h--rr dre some exXcCE |.~1.‘|-||:t! cases which are
difficult to under-

Thus among the Hemipods

as interesting as they ar

stand

EE:;;’:‘E“ or Bustard-quails, small quail-like

birds which inhabit Africa, India,
China, Burma, Malay, and Australia, the
females are in manv cases larger and more

decorative than the males, In what are regarded

as  the more  old-
fashioned species, the
sexes are alike =0 it

looks as if the females
had the
direction of handsomer
plumage. ** The male is
i very plain-plumaged
little fellow, but
female towers above him

diverged in

the

in size, and has often g
black throat or a rufous
collar as a distinguishing
character.” In species

where the females are
the larger and hand
somer, only the females
call fight The

males brood on the egps,

and

while the females roam
about, and
hghting, any
care for their obedient
the males and
the males only, tend the
and

calling
by cowrtesy of the y

without

however, there I8 o very mates :
are to be
flushed along with the brood.” ** After having
|l:-§ni-i1|'t| her three or four E£Es 1IN an ;[!'n:':inur

voung,

for a nest, the female leaves the incubation and
rearing of the young to be performed by her
husband, weak little man that he is, while she
roams about, seeking for some equally strong-
minded lady to fight with,"

The same sort of reversal of the usual state
of affairs 1s seen among the Phalaropes, graceful
birds of the North. Let us take the case of the
Ked-necked Phalarope (P
attractive summer visitor to some parts of the
and Hebrides, and to one

halaropus lobatus), an

Orknevs, Shetlands
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COURTING OF THE BUBBLE-FISH [Macropodus viridi-oiwpadin)
The male sucks habbles of afr into his thick-lipped mouth and drives them out acain conted with a Hite salivory secretion
They cohere in the water and serve (o buoy up some pleces of freshwater Alga, which form the foating bubble-nest
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district in Ireland, It is about seven and a half
inches in length, looking half the size of a
dabchick when swimming. It shows great
liveliness on the water and indifference to man’s
presence. The colour scheme in summer is a
mingling of slate-grey, fox-red, and white. Now
the female is a perfect female, but she is very
masculine in several ways ; she courts and she
fights, and she is more richly coloured than her
mate. The male is a perfect male, but very
feminine in many of his ways ; he does most,
if not all, of the brooding, and looks after the
voung ones, which have golden down to start
with, Sometimes the hen mounts guard near
the nest and warns the cock to slip off when
danger is imminent,

We quote Mr. E. W, Nelson's account of the
behaviour of these interesting birds. * The
dull-coloured male moves about the pool
apparently heedless of the surrounding féemales.
Such stoical indifference usnally appears too
much for the feclings of some of the fair ones to
bear. A female coyly glides close to him, and
bows her head in pretty submissiveness, but he
turns away, pecks at a bit of food, and moves
off ; she follows, and he quickens his speed, but
in vain ; he is her choice, and she proudly arches
her neck, and in many circles passes and repasses
close before the harassed bachelor. He turns his
breast first to one side, then to the other, as

though to escape, but there is his gentle wooer
ever pressing her suit before him. Frequently
he takes to flight to another part of the pond,
all to no purpose. If, with affected indifference,
he tries to feed, she swims along side by side,
almost touching him, and at intervals rises on
wing above him, and, poised # foot or two over
his back, makes a half-dozen quick, sharp wing-
strokes, producing a series of sharp, whistling
noises in rapid succession. In the course of time,
it is said, water will wear the hardest rock, and
it is certain that time and opportunity have their
full effect upon the male Phalarope, and soon
all are comfortably married. The captive male
is introduced to new duties, and spends half his
time on the eggs, while the female keeps about
the pool close by."

This is a very striking case. Four or five
females will sometimes worry one male, Rival
females sometimes fight with one another, just
as rival males so often do. A quaint observation
is to the effect that the male is not always keen
to take on the task of brooding, and that his
mate sometimes bullies or ** henpecks ** him into
obedience. It would be very interesting to make
a careful physiological examination of the two
sexes of Phalarope, to see if there is any unusual
contrast in the sex-hormones or any marked dif-
ference in the time at which the malesand females
become quite grown-up or " marriage-ripe,”

LXVI

ANIMALS

HE circle of man’s life cuts into that of
many animals, such as those which he uses
for food or in domesticated partnership,
We wish to give a variety of instances of these
inter-relations. But the circle of many an
animal's life intersects man’s, sometimes as an
enemy and sometimes as a dependent and some-
times as a parasite. This also deserves illustra-
tion, necessarily very diversified,
Very characteristic of the shallow water near
The shore is the oyster—not an animal
Oyster.  ©f many " habits,” yet of great in-

AND MAN

terest. We might have given it a place among
our "' shore-animals " in this book, but we have
taken it here because of its long-standing,
indeed prehistorie, gustatory interest to man.
When the month has not an ** r** in its name
then we may eat oysters, and an enthusiast has
written of
" those four sad months wherein is mute that
one mysterions letter that has power to call
the oyster from the vasty deep.”
In other words the oyster is "' in season " from
September to April, though the impatience of the
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palate has often led to spelling August with an
“r.” The meaning of being " in season " is
simply that the oysters have recovered their
condition after the exhaustion of spawning,
which usually occurs from May to July. Accord-
ing to the ancients the full moon brings the
oysters into good condition : Luna alit ostreas.
This is not a foolish idea, but modern biologists
put in a big mark of interrogation here.

When we allow the ** native " to glide past our
taste-buds—'" that flash of gustatory summer
lightning,”" as Huxley called it—we are not
usually in a mood for scientific reflections, All we
want is to enter into intimate but non-intellectual
relations with a hors d'ceuvres stimulant of a
subtle pleasant taste and of very rapid digesti-
bility, which prepares the way for more serious
food. The oyster pulls the trigger of digestion ;
thus, when it is accompanied by a sprinkling of
lemon, it evokes a " chemical messenger " or
hormone which serves as a key to open the lock of
the sweetbread or pancreas—the most potent of
our digestive glands, Besides all that, the succu-
lent mollusc produces a feeling of general pleased-
ness which helps us to make the most of our meal.
We can understand, then, why there are not
many edible animals that have been so enthu-
siastically described as the oyster, especially by
the Romans, who, by the way, had the good
sense and the bad manners to chew the delectable
morsel.  Sallust, we believe, condescended to
overlock the defects of our ancestors, the " poor
Britons," because of the fine ovsters they pro-
duced, and this left-handed compliment was
worth having from a countryman of the critic
who

" could tell
At the first mouthful, if his oysters fed
On the Rutupian or the Lucrine bed
Or at Cerceii."

Perhaps we do not think enough of the pre-
historic discovery of the oysters. The trend of
anthropology is to show that prehistoric man was
not the condensed menagerie that used to be
supposed, but a kindly, sociable fellow, full of
inventiveness and fond of art. No modern in-
ventor like Edison can be compared for a moment
to our unknown ancestor who first made a fire or
a wheel, an alphabet or a boat. And besides
these big things we must remember with grati-
tude the ages during which prehistoric men

pursued, in regard to plants and animals, the
scientific procedure known as the * trial and
error "' method. If he ate couch-grass he had
severe pains ; if he ate the wild wheat of Mount
Hermon he had the content of a good meal ; if
he tried the carrot or the earth-nut he found
satisfaction, but when he tried another member
of the same natural order Umbelliferae, namely,
the hemlock, why, he came to a full-stop. Simi-
larly when he tried the dog-whelk or the false-
oyster (Anomia) he knew the repentance whicl
George Eliot speaks of as * the weight of undi-
gested meals ate yesterday ' ; whereas if he
ventured on the winkle and the true oyster he
dined. We are not grateful enough to our remote
ancestor for starting a physiological * black
list " and for discovering such delicacies as the
oyster.

It is not, to look at, a very prepossessing
animal, and it is almost the only one except the
cheese-mite that we voluntarily eat alive. As
King James was wont to say, * He was a very
valiant man who first ventured on eating of
oysters.” The same sentiment is expressed by
the poet Gay :

" That man had sure a palate covered o'er
With brass or steel that on the rocky shore
First broke the oozy oyster's pearly coat,
And risked the living morsel down his

throat.”

But what of the irrelevant scientific reflections
on eating an oyster ? One is that we are enjoying
the end of a very remarkable life-history ! The
parent oyster, unlike the periwinkle, or *' poor
man's oyster,” is male and female in one, some-
times in alternate years, and it is extraordinarily
prolific. It produces so many eggs, that it is
very difficult to count them conscientiously, and
the estimates vary from 300,000 to sixty mil-
lions, the figures showing that naturalists, like
Nature, sometimes work with a big margin. But
a six-year-old female oyster may be safely cred-
ited with a million eggs, and more of course in
the American species. * How fertile be the
floods in generation," as Spenser says in his
" Faery Queen.”

The microscopic fertilised eggs of the oyster
accumulate about the gills and mantle-folds, and
the animal is said to be ** white-sick.” In about
a fortnight they have developed into greyish or
bluish ciliated larvee, and then the oyster is said
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to be " black-sick."” The mollusc opens the
valves of the shell and ejects its offspring or
“spat " in living jets. The minute creatures
then enjoy a period of free-swimming, but this
cannot be extended beyond forty-eight hours.
The first big chance against success in life is that
the spat be washed away to quite unsuitable
places, where it could not settle and where
oysters could not grow. A second chance against
them is that they may be speedily swallowed by
the hungry creatures, such as other bivalves,
worms, sméll crustaceans, and yvoung fishes, that
feed on the microscopic stock of the sea-soup.
A third mischance would be a spell of cold
weather, for the spat will not " fix " if the
temperature of the water is not fairly genial. We
mention these chances of death because they
show that non-prolific oysters counld not have
survived in the struggle for existence. The
succulent delicacy that we enjoy is elect among
millions. " How careful of the type she seems,
how careless of the single life."” It has been
calculated that out of a million eggs only one
becomes even a half-sized oyster.

If the larva is lucky and sinks in relatively
shallow water on to a suitable substratum, such
as one with clean and empty oyster shells, it

fixes itself, loses its locomotor lashes or cilia, and
begins to grow rapidly., In six months it has
increased from a twentieth of an inch in diameter
to the size of a threepenny bit. In a year it has
attained the size of a shilling or half-a-crown ;
and it goes on growing at the rate of about an
inch every year for perhaps ten years. It is at
its prime at five years, and if we swallow the
elect at that age we may console ourselves with
the reflection that they have had two or three
opportunities to replace themselves in the sea.
It may be mentioned that the rings of growth,
which we see on the outside of the shell, are not
annual marks, for several are made in the course
of a season.

But the young oyster’s troubles are by no
means over when it settles down. It is too
palatable to be free from enemies. Crabs and
octopuses break the small shells ; skates devour
large ones ; many of the camivorous sea-snails,
like the dog-whelks and buckies, get at the
delicate flesh, perforating the shell by means of
an acid secretion and the flexible file which they
all carry in their mouth. These perforations are
not to be confused with those due to a minute
boring sponge called Cliona, whose disintegrating
work we often see on oyster shells thrown up on

Photo : 5 port and General Press A pency.

GROWTH OF THE OYSTEHR.

The four shells, from left to right, are three months, six months, one year, gud two years old.
un inch mcross on its longest dinme=ter ; and it i often said that an ovster is o3 many vears obd as it is inches across

when about five years old.

When a year old the shell is often alwoimn
An oyster s ot its best
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SNELL OF THE OYSTER.
The lower figure shows the convex outside of the left valve, the lower one in life, with five

dbstinet sones of growth

margin ks anterior (A}, The hinge line is dorsal |1

zones of growih,

the beach. One of the oyster's worst enemies is
the soft-mouthed starfish, which is deadly to
mussels as well. In four hours a starfish has
been known to open and eventually digest a
smell ovster the size of a shilling, The starfish
protrudes its very elastic stomach and partly
envelops the oyster ; it thus manages to intro-

The stralghter mangin of the valve 8 pesterior (), the more curved
the gaping meargin of te shell is ventral (V).
The upper figore shows the fal ootside of the right valve, the upper one in e, with (e same
A bdg rone olten corresjonds 1o a yent's growth, bot this i not pecesaatily {he
case, for several big zomes are sometinges ladd dewn during n geed year,

duce a toxic juice which
paralyses the clgsing muscle
so that the valves must gage.
Then all is easy. Another
and frequently recurrent
risk in the oyster's life is
that of being smothered by
extraneous growths on the
shell and by shifting débris.
Throughout its life, then,
the oyster is being sifted,
and those we enjov represent
the result of the final win-
nowing of the fisherman's
dredge. Meanwhile, happily,
there has keen profuse sow-
ing to balance the severe
sifting.

One is not sorry to hear
that the oyster sometimes
turns the tables on an in-
cautions molester by rapidly
closing its gaping wvalves.
Exposed oysters have been
known to shut their trap on
biggish animals that had
taken to hunting at wvery
low tide. Rats have been
caught in this way, but we
have not salt enough for the
story of the fox which the
oyster drowned.

Another of the zoologist's
reflections when he swallows
his ovster concerns -'_thu
intricacy of the internal
structure, Prehistoric man
wis s fond of them as we
are, as his huge ** kitchen-
middens " prove, but one of
the differences between us
and him is that we know we
are swallowing Osfrea edulis,
a bivalve molluse in the
order Pseudolamellibranchiata, By anv other
name would it taste as sweet, or does a soupgon
of conchology give the final touch to palate-
tickling #  What a piece of work is an oyster |
It has neither head nor foot, but it has many
intricate organs such as heart and liver, kidneys
and gills, a central substantial muscle for closing
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the valves, and around all a
fold of skin called the
“ mantle " which
the shell, adding to it period-
ically, line upon line, laver
upon layer of carbonate of

secretes

lime and an organic matrix
called conchin. The gills,
which form the oyster's
* beard,” are attached to
the mantle, and consist of a
multitude of flaments cov-
ered with beating cilia. If
a little piece be cut off, 1t
will swim away ; and we
cannot wonder at the en-
thusiasm of Leeuwenhoek,
oneof the greatest of the early
microscopists. ** The motion
| saw in the small compon-
ent parts was so incredibly
great that T could not be
satisfied with the spectacle.”
The lashes on the gills serve
to keep up a current of water
for breathing purposes, but
they also waft microscopic
food-organizms to the mouth.

The oyster is a wvery
dainty feeder, depending
mainly on  microscopic

plants known as diatoms,
and on microscopic animals
known as Infusorians. If
less innocent organisms or
injurions particles get past
the sieve of the ciliated gills,
they tend to be rejected by
the fastidions lips which sur-
round the oyster's mouth,
The much-prized *' green "
oysters of Marennes
their colour to a particular
bluish diatom on which the
oysters feed in the fattening
ponds or * claires "' ; and it
may be noticed that oysters
dredged from muddy waters

Wi

can be readily made quite clean by keeping
them for some davs in a wholesome current,
Though Shakespeare indirectly confirms the

AN OPENED OVSTER {Ostrem)

The lower valve 18 the 120, turnesl dowowards and oflen fived in the lviog anbinol. It is
seuceT-like, whereas the right valve, terned apwatds in the Hvibg animal, 5 veory flat.  As the
we is moch lighter than the left, it B by Witing 1t that the oyster opens s shell, The
= strsctures are shown on e animal lving in the left valve 1 M, the mantle or =kin-flap
lnkne the shell and making the shell ; G, one of the four cilinted gill-plates, o pabt on cach side ;
MU, the elosing mosale which draws the two valves fordbly togethaer | P, the diisted palps or lips
walting mbcroscopic food-particles into Use mouth (MO).  Alove the closing musche 2 o regon
occupied by the stomach, the liver, the heart and the reproductive crgnps, A the oysior 5 a
seddeninry valve, the muscular ¥ fool,” wsnally strong in these animals, is usdeveloped.  In the
hinge near the oldest part of the shell, there i an elastic gl or ligament (L) of ooochin, which
lclpe the ralsing of the right valve.  In the upper valve, thoown open a2 iU were, the vight hall
of the mantle (A} is seen linkng the shell, to (e siee of wihich it s alwoys adding A k= anterior,
I posterior, 10 diorsal, V' venlral

common saying, ' as stupid as an oyster,” its
point seems to us somewhat blunt. There is no
stupidity in the way the oyster shuts its valves
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when the shadow of the dredging boat activates
the sensory spots on the margin of the mantle.
There is no stupidity in the way they can be
educated to keep their shells shut for a longer and
longer time when out of water., The oyster-
farmers gradually increase the period during
which they leave the oysters exposed, and the
oysters learn to retain a quota of water by
keeping the shell-closing muscle firmly con-
tracted. They used to open their valves on the
journey from Normandy to Paris ; now they keep
them shut all the way ! That is very far from
saving the oysters, for it makes them more
desirable than ever, but no one can call it
" stupid.” We cannot leave oysters without
speaking of oyster-culture, and without regret-

ting that there is not more of it in

m Britain, which long ago furnished the
Romans with some of their best
stocks. It is a pity that oysters are not more

abundant, for they form a very valuable com-
modity, and the creatiires are like bees in not
requiring to be fed. The main reason why
oyster-culture is not more widespread is fhat it
requires, as we shall see, a combination of happy
circumstances if it is to be a success,
Ovyster-culture has been practised in Britain
for many centuries—Whitstables were famous in
the time of Agrippa (a.p, 78)—Dbut, so far as we
know, it has never passed from culture to
selective breeding. When ovysters from one
country are bedded out on the shores of another
—as the Romans took those of Richborough in
Kent, to stock their Rutupian beds—that is still
culture and nothing more.  What man has mostly
done has been to collect the settled larvae or
" gpat "' and place them in conveniently situated
natural or artificial shallows—the ' park "—
where they may be sheltered from many of their
enemies and find abundant food whereon to
grow and wax fat, For fat oysters are favour-
ites. When there is a good " spatting '' year,
which is not very often, arrangements are made
io secure for the larvae suitable surfaces—such as
tiles and twigs and empty shells—on which to
settle down. This may be within the precincts
of the oyster * park™; or the shells and tiles with
adherent voung oysters may be shifted from
more open waters into shelter. The difficulty
is to find a suitable site for the parks, As
Huxley tersely puts it, " They must be protected

from storms, and vet have free access to the sea ;
shallow, and yet not liable to become too hot in
summer or too cold in winter ; open to currents
which bring nutriment, and vet not liable to be
silted up by mud.” There is bound to be diffi-
culty in fulfilling all these conditions ; yet most
of the successful British oyster-beds are artificial.
Transplantation of young ovsters from natural
beds to artificial beds is very common and very
profitable.

The advantages of the artificial park are
manifold : the oysters can be more readily lifted
when wanted, without tearing up the beds with a
dredge ; they can be sheltered (more or less) from
such enemies as dog-whelks, tingle-whelks, and
starfishes ; they can be kept free from smothering
growths and impurities in the water ; and they
can be supplied with abundance of suitable
natural food. It has been mentioned that all
oysters feed daintily on microscopic organisms.
Those that give trouble to normally constituted
consumers have ceased to be fresh and have
developed ptomaines ; or are * out of season,”
iLe, laden with eggs or sperms; or have '
sojourned in water that contained dangerous
microbes. But oysters are as safe as most
things.

It is astonishing at first sight that oysters
should ever be scarce and dear, for the animal is
so prolific. Professor W. K. Brooks, a distin-
guished American zoologist, computed that an
average Marvland oyster lays about sixteen
million eggs, and that if half of these were to
develop into female ovsters which also laid eggs
there would be in the second generation eight
million times cight million oysters. In the fifth
generation, if all went well, there would be
enough of oysters to make a mass eight times
the size of the earth, allowing eight cubic
inches to each oyster. There would be sixty-
six with thirty-three noughts after it. It is
hardly possible that our European oyster
could ever produce quite so many cggs as
the American one, but it has the advantage
of keeping the eggs within its shell until
after they are fertilised and have developed
into larvee.

But there is no doubt that our British oysters
are very prolific, and it is probably safe to credit
a five-year-old Whitstable oyster with producing
about a million eggs when it is in a female state,
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If we swallowed it in the September of its fifth
year, what should we be doing from a biological
point of view ? (a) We should be destroying the
possibility of millions of oyster spat in years to
come, for an oyster may survive for ten years or
more, even in a world unfriendly to such palata-
bility. (#) We should be swallowing the elect
out of a million, for that is the percentage of
survival calculated by Professor Moebius for an
oyster that has attained half-size—and five inches

Phalo » Erclusioe News A geacy

OYSTER WORKERS IN THE

Orysters hroaght in from & natoral bed moy e * Inttened]
newly fixed young ovsters, wav be brought from elsewhcre to sk

im i o
Itered or of
flrst to last in suitable places where abtundance of fodd is scoured and encmies like

is more than that. (¢) But we should be destroy-
ing, and this is our biological excuse, an organism
that had been allowed three or four annual
opportunities of replacing itself in the sea,
The general fact stands out clearly : there is
a prodigious birth-rate, but there is terrific in-
fantile and juvenile mortality. And it is this
mortality that oyster-culture lessens.

: How are we to get

It has been suggested that we

The practical problem is

more ovsters ?

BASSIN D'ARCACHON
nily construcied seashore poned

rwise fivourable culture. grounds

starfish are weeded out

' that is tn =y
Bt peared frem

* fallen spal
of oyslers miay
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Im dreds
comabd=ratle
these aevident

should eat fewer, which is absurd, as Euclid used
to say. Evervone knows that in these affairs the
greater the demand, the preater will be Lhe
supply.
there would soon he more. It

If more people wished for more oysters,
has also been
suggested that more care should be taken of the
natural beds, so that over-dredging is avoided
This bas been in some cases attempted by means
of * close times,” " minimum sizes,” * protective
measures,”” and so0 on; and of course everyone is
in favour of taking all reasonable care of natural
But the difficulty is that, in spite of
regulations often as stringent as is practicable,
the natural beds tend to dwindle.

resources,

It 13 not easy
for man to protect animals in their patural
environment,
culture and still more ovster-culture,

The sure line is more ovster-

No doubt the fishermen of all times have had

intimate knowledge of some of the habits of

iz of thires (o twenily fathoms, there Is allen @
vices at Arcachon and clsewhere (s to
e mended and marketnble,

the fishes thev caught ;
necessity pave an edpe
to their
Natural His-
But the definite
:|,!||;|1v_1|in|: of science 1o
the and
improvement of fish-
large and small

Fisheries.

tary
conservation

eries
is very recent, and must
be cautiously illustrated.
(a) The elementary fact
that the developing eges
of almost all the marine
food-fishes float near the
surface was till recenily
ipnored or denied by
practical Aishermen ; but
it is of great importance
sinee it that
trawling along the floor

shows

Canmot
the
and early stages.

of the sea dir-
eggs

The

anly exceptions of im-

ectly injure

portance in Britain are

the herring and the

skate, and their near
relatives. (6 The estab-
lished fact that some

s fishes have spawning-
grounds in one part of
the sea and feeding-grounds in some other part, as
in the case of plaice, suggests the plan of trans-
planting millions of voung fry from the crowded
nurseries to grounds suitable for growth, though

not for spawning. Thus there may be a
peopling or re-peoplirg of relatively empty
areas. (¢) Whatever practical excuse there
may be for * over-fishing,” there seems to be
no escape from the conclusion that hmited
areas, such as the North Sea, have begun

from the intensive
which are in certain aspects wasteful. From the
Natural History point of view it is extremely
short-sighted to catch fishes before they have

to suffer use of methods

had an opportunity of replacing themselves by
In weeding on land, where the end
desired is elimination, it is important to remove
the weeds beforg they seed, But the more this is

:'ipil'\-‘u'l'l'ill;.!

done in fishing, the more is the persistence of
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an abundant supply endangered. Thus it is in
the long run very unprofitable to catch haddocks
before they are two vears old, or, let us say,
before they are six inches long, for these im-
mature haddocks have not replaced themselves
In natural conditions there i, of course, stringent
and continuous sifting, but the chances of death
are reduced with increasing age and a balance
Nature
risks. But when man intervenes and secures
big catches of fishes that have survived the
severe natural sifting during early life, and

15 reached 1n between numbers and

yet have not spawned, the result must be
an upsetting of the balance. When haddocks
are caught after their first spawning, there has
been an of the
numbers removed by fishing, until, at least, a
limit is reached when the intensity of capture

antomatic counterbalancing

far exceeds the possibilities of replacement.

The problems are difficult, and there is much

difference of opinion in regard to details, but
there is all-round agreement on two points ; that
the regulative control of fisheries must be based
and that
the shrewdest measures are those which increase

on secure Natural History data ;

the chances of marketable fishes reaching their
best growing period and, at the same time,
spawning age. (d) On a small scale 1t has been
proved that the number and average size of
loch
by tumbling in cartloads of bracken and similar

The bracken by
these and some of the results of their

trout in a freshwater may be increased

material, 15 decomposed
bacteria ;
activity afford sustenance to infusorians ; these
feed small crustaceans, which in turn are re-
incarnated in trout. This kind of intervention
depends on an understanding of the linkages
or inter-relations in Nature, and it is probable
that similar methods may have to be utilised
to counteract the effects of over-fishing in limited

FPhoda ;

Exclusive News Agaacy

DREDGING OYBTERS : NEW JERSEY.

Ovsters usaally live together in large numbers on banks thatl are suit

suitable débris of seawved, sea-prass and the liked They
of o dredge—a somewhal wasteful method

hand or by using rakes and tongs,

03

alde for the fxing of the young spat and aleo afford abundance of

b at depihs of three (o twenty fathoms, nod afe in mosi ases collected by mesns
But young oysters are often cultbvated in shallow mrti

cial beeds, from wildch they can lee gatbhered by
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areas in the sea. Mackerel feed mainly on
swarms of copepod crustaceans, which depend on
'the myriads of diatoms and Peridinid Infusorians
living near the surface of the sea, whose rate
of multiplication is correlated with the amount
of sunshine. It is on a recognition of this com-
plexity of linkage that control of fisheries must
be based if it is to be successful.

In North Europe the three most important
food-fishes are the plaice, the herring, and the
haddock. 1If it be asked why not
emphasise the great halibut, for in-
stance, the answer is that this fish
does not spawn in the North Sea; and, moreover,
the halibut does not show the influence of man's
interference to anything like the same extent as
the plaice. If it be asked why not emphasise
the lerson sole, for instance, the answer is that
its relative the plaice is much more of a favourite,
and grows to be a much bigger and plumper
fish. Or if it be asked why we should think
more of the haddock than of the whiting, the
answer must be that the haddock is much more
abundant, that its average size is larger, and
that its flesh is firmer and suited for curing.  We
believe that nearly half of the immense total
weight of fish caught every year in the North
Sea is made up of haddocks. Their value may
exceed £3,000,000 In one vear.

The haddock is a good average representative

The
Haddock.

After Harold Thomaon,

SCALE OF A HADDOUE.

This scale waa taken from o haddock about sixteen inches in length.
bt it is possible that theee of Uhese are pol ansoal,
and teguires to be checkod by other data

Reading the scules of fishes is often very diffhealt,

of the cod genus (Gadus), and its chief distribu-
tion is in northern waters, It differs from its
relatives in a crowd of rather trivial features
which we call species-characters. Thus in front
of the lower jaw of a cod there i5 an inch-long
barbule, believed to be tactile; but there is
only a vestige of this in the haddock, and it is
absent altogether in the whiting. It may be
said at once that size does not count for anything
in distinguishing fishes, since most of them
grow and grow without that limit of growth
that punctuates most animals, One reason for
this is simply that the weight of the growing
body is supported by the water.

Although a haddock may grow to be nearly
a vard long, it grows at different rates at
different times of vear—very little in winter ;
and as this is registered on the growth-rings
of the scales it is readily possible to tell a
haddock’s age, just as we can tell the age of
a tree by counting the rings on the sawn surface
of its stem. The haddock, like other Gadoids, s
one of those fishes where reading the age from
the scale-rings is quite secure and relatively
easy. The same is true of the salmon, whereas
in the case of the herring, authorities differ
greatly as to the proper way of reading the vital
hieroglyphics. Some haddocks grow to a large
size, as we have mentioned, and attain to an
age of ever a dozen years. But, so far as we
know, there is never the
least trace of ageing or
senescence.  The old had-

dock dies young, and
some people who pay a
wise attention to the

character of their food
say that the haddocks
that are best on the table
are the big "' jumbos," as
they are called. It may
be noted that the large-
sized haddocks from Iee-
land waters, which are
much sought after for
curing purposes, seem to
represent a distinet race
or variety, differing in
slight, yet practically im-
portant features from the
ordinary North Sea

It shiows cight rings of growth,
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COD AND HADDOCK CONTRASTED.

The upper figure (1) B8 the Cod (Gadua marrhua or callariar).

like one another two distinct species may be ; and it must be remembered that & large haddock may be the size of o small ol
that the cod has a long sensory barbule banging down from the front of the lower jaw ; this is very short in the haddock, Above the pectoral

fin in the haddock there i3 a dark patch of pigment-cells (* 8t. Peter’s thomb-mark ") ; this is absent in Lhe cod
differences of this sort, (Nustrating what “ species " means. Each i itself and no other

haddocks. There is no reason for supposing that
an over-thinning of the North Sea as regards
its haddock population would be compensated
for by an immigration from the more northerly
stock.

The life-history of the haddock is very different
from that of the plaice. Both live for the most
part on the floor of the sea, but the haddock
prefers much deeper water, and is not much
in evidence at depths less than ten fathoms.
The spawning occurs in the early months of the
year, especially from mid-March to mid-April.
The eges and larva (about one-sixth of an inch
in length) float in the upper layers of the water,
and the same is true of most of the fry. But as
the summer months pass the young haddocks

The lower figure (1) &5 the Hoddock [Gadws aglefinu)

They illustrate ow
It will be noticed

Thete are many detmiled

leave the surface-waters of the open sea and
settle down on the bottom. But they are
never found along with young cod and saithe,
not to speak of plaice, in the shallow waters
nedr Hard statements are
impossible, especially as the full-grown haddock
is given to roving, but in a general way we must .
think of this fish as a tenant of the deeper waters
of the North Sea—down to a hundred fathoms.
Forty per cent. of the North Sea catch is obtained
between thirty

shore, and fast

twenty and fathoms, and
fourteen per cent. at fifty to one hundred
fathoms.

The young haddock feeds greedily on the
smaller animals that frequent the floor of the
sea at considerable depths, and it grows rapidly.
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At the end of its first year its average size is
seven inches, and most of the growing is done
in summer. At the end of the second year the
average length is a little over ten inches; at
the end of the third year twelve inches. Thus
we have the usual result that while growth
goes on year after year, its annual increments
decrease in amount. It is wsually when it is
three years old that a haddock is ready to spawn
and it is estimated that a good-sized haddock
may liberate 100,000 eggs in a season. This
seems to leave a large margin for safety, but
the chances of death are huge.

The eggs are delicate and easily damaged.
They are slightly glutinous, and tend to form
little groups during their development. They
drift about in the sea, and are widely scattered.
After about a fortnight the larvae are hatched
out,” but the time required varies with the
temperature.

Very little is known as to the habits of the
haddock. Like other bony fishes it has a brain
of a low order, especially as regards its cerebral
hemispheres. It is far inferior to the brain of
skate or shark or dogfish, which are gristly
fishes on a different evolutionary tack. An
interesting feature in the haddock’s life is the
gregariousness, and the fact that the members
of a group tend to be of the same age.

Multiplying Salmon

The life-history of the salmon, which we have
described, has many chapters, and each is full
of risks. Aswe have seen, the chancesof death are
many ; and the salmon in a much-fished river may
become scarcer and scarcer, even though a hen-
fish of twenty pounds liberates about 17,000 eggs.
Thus the question rises : Can anything be done
to counteract not only the natural losses but
the results of over-fishing. Only a few times in
this book has it been possible to sound the
practical note, but the salmon is an interesting
illustration to take. It is a very palatable and
very nutritious food. Although absurdly dear,
even at four shillings a pound it is said to be
cheaper than cod at a shilling. Moreover,
salmon-fishing is a very fine sport. Experts
assure us that the yield of salmon in Great
Britain could be doubled, if not trebled, in a
few years. How could this be done ?

Let us begin with a visit that we paid to a

salmon-hatchery, not one of the very large
ones, but full of interest, There in the month of
December we saw the extraordinary process
called " stripping” the salmon, which means
artificially liberating the egg-cells or ova from
the hen-fish and the fertilising sperm-cells (the
milt) from the cock-fish. !

In a big tank there were about twenty ripe
fishes—handsome lusty creatures that had come
up from the sea into the swift river that ran
past the hatchery, Perhaps they were five years
old, and we doubt very much if we could have
lifted one, they were so heavy., The expert
pisciculturist, who had very strong arms, lifted
a salmon out of the tank very carefully, using
a hali-net, half-basket arrangement at the end
of a long pole. Considerable resistance was
offered and the fish gave great thuds with its
tail. It seemed to be over a yard long, and the
expert had to take care that it did not hurt
either itsell or anyone else. It was emptied out,
so to speak, on what looked like a hammock,
and there its rebellious behaviour began to
subside. Only to begin again, however, when
an attendant fisherman put his fingers in behind
the gills and gill-cover on each side and lifted
the fish bodily upright, steadying it between his
knees. The expert hung on to the tail, and by-
and-by the living pendulum ceased to swing.
There was an interesting change in the colour of
the gills, which turned distinctly blue ; and it
is probable that the salmon passed into a sort
of faint. It hung quite still over a tub, and then
the expert began a sort of slow massage, gently
pressing with his fingers and thumbs along the
sides and belly of the fish—always in a tail-
ward direction. He tried one fish after another,
but nothing happened. Each was put back into
the big tank, where it soon began to swim about
with what looked like enjoyment of regained
freedom and dignity. The males and females
were together in the tank, but salmon will
never spawn in such artificial conditions.

After a while the expert caught a beautiful
ruddy hen-fish, which' liberated a cascade of
orange-red eggs into the tub—one of the
strangest sights one could wish to see. For
though it is occasionally possible from a bridge
to watch the female salmon shedding her ova
into the gravelly furrow, the egg-laying is
usually, we believe, in the dark hours. “A caseade
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of eggs " is mo exaggeration, for a hen-hsh
of twenty pounds may yield about 17,000 eggs.
The gentle pressure of the expert's fingers and
the thumbs liberated the eggs from the ovary,
effecting artificially what would come about
paturally in the river by the contraction of the
salmon’s own muscles,

The same " stripping " was done to a male—
the expert said he knew the one sex from the
other " by the look "' ; and the sperm-cells of
the expelled “ milt " penetrated the egg-cells
in the tub. This penetration of egg by sperm
seems to be extremely rapid—all the eggs are
fertilised in a few minutes. The intimate union
of the invisible, minutely microscopic, sperm-
cell with the conspicuous red-currant-like egg-
cell is ferfilisation, and after that there is the
beginning of the individual life of each of the
multitudinous offspring.

After the beautiful translucent egg-cells have
been fertilised, they are transferred very care-
fully to hatching boxes, through which a current
of well-ierated water flows. Just underneath the
surface of the water in these boxes there are
trays of parallel glass rods about the thickness
of pencils, and the thousands of eggs rest in the
shallow furrows between the rods which are
almost touching. After a while they will show
two minute dark spots—the developing eves ;
and then the pisciculturists know that things
are going well. The boxes are usually arranged
on a staircase plan, so that water flows from
one to the other on each stair. The current,
however, does not flow over the eges but at a
lower level in the box. Otherwise there would
be a jostling of the eggs, and this would be very
detrimental. The developing eggs must remain
quite still, and they have to be carefully watched
lest anything goes wrong, such as an intrusion
of microbes or moulds. As we have seen, the
development of the salmon proceeds slowly, for
the water is very cold ; but in three months
there is hatching, and in another month or two
there are tens—indeed hundreds—of thousands
of fry which can be emptied into the river.

In the hatchery we visited the first food
given to the fry was bullock's blood, but later
on the diet became more substantial. A
favourite meal consists of grated egg and minced
flesh forced into vermicelli-like threads, for the
ittle fishes like wriggly things.

In the natural conditions of the river there
is great wastage ; it seems that about fifteen
per cent. of the eggs are never fertilised, and
that another fifteen per cent. never reach the
fry stage. And after that there is still great
mortality. The object of emptying the artificially
hatched fry into the river is to counteract the
wastage of life in the early stages, but there are
some who believe that it would pay better to
rear the yvoung fishes to a later stage—until
they are smolts. For the older the fish, the
safer it is. Statistics are not very abundant as
vet, but they indicate that the return of fry
to the river as adult fish is only three to five
per thousand, while the return of marked smolts
is twenty to thirty per thousand. In some
places it would not be difficult to arrange for
" nursery streams '’ in which the fry and
parr could grow safely into smolts, shel-
tered from their natural enemies and with
abundant food in the form of insect-larvee and
the like,

Another practical recommendation that has
been made is to plant in the natural spawning
grounds some suitable boxes containing "' eyed "'
eggs. This lessens the wastage, and it may be
noted that to rear the eggs on to this stage
does not require the time, the attention, or
the money that is demanded by a properly
equipped hatchery for fry.

We need not follow the problem further, for
we have taken it simply as an illustration of
the control of life which will be increasingly
sugpgested as Natural History grows. It is
necessary to have a jealous care of the purity
of rivers ; it is possible to do something to make
rivers richer in their food supply; it is practic-
able to sow upon the waters and reap a fish-
harvest after many days; but there is some-
thing more fundamental still, and that is not
to kill the goose that lays the golden eggs.
Man is always apt to be shortsightedly greedy ;
he is apt to over-fish. In one of the Pacific Coast
States {where thereis a different kind of salmon)
there is an annual artificial hatching of
186,906,525 eggs, and vet the salmon fisheries
are declining. For the fishermen are not leaving a
sufficient stock of parent fish each vear to secure
by their sowing a continuance of the natural
harvests. Without this it is vain to look for a
multiplication of salmon.
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The Turkey

Looking at the poulterers’
shops at Christmas time, we
wonder if there can be any
turkeys left for next vear;
and we might well doubt
this if we were drawing {rom
a wild supply, as in older
times. Man could not keep
his hands off the wild turkey,
and was fast exterminating
it ; but in the nick of time
he threw over it the shield
of domestication, and the
turkey is safe till the millen-
nium comes with its compul-
S0y vegetarianism

There is no doubt that
we owe the turkey to
America, where the wild
[r|1'|:|'| I'.1|!r'||r'n';_j}."5 :_'n':'ll"f'n:-!.":
still hingers. It used to ks
incredibly common  over
nearly one-half of the United
States, but it was too tempt
ing, and it paid a heavy tax
for its palatability Apart
from a recent change for thi
better, to which we shall
refer later on, its range has
been persistently restricted,
and its numbers have
dwindled towards the wvan-
ishing point. Dr. Hornaday
doubtsif even one flock exists
in the north anywhere west
of Pennsylvania. It is still
to be found in some of the
open forests of Virginia and
Florida, and there are flocks At
in Texas and Oklahoma

It was about 1530 that

4 afe #Hven whet Uhe fi=h slnks hack int

turkevs were established in

Britain and on the Continent, and there 15 no
doubt that they were imported from North
America. We are here adopting the view that
r|‘||'|r' is one species  of wild turkev in the
United States—Meleagris gallopavo—with three
geographic varieties ; ‘but it is maintained by
some ornithalogists that our black Norfolk breed

SALMON LEAFING FALLS

J L I s formibdable woterfall
¢ power is bo be found
ternl strokes of displece
and vefy wigoTous SirnkKes

tile feamt

} of the w

le in the posterior L
aifrd before the

tse etresam after its

came from the source we have mentioned, while

the more variegated Cambridgeshire breed came
from Meleasris mevicana, with which it agrees in
having its tail-coverts and quills tipped with
white or pale yellow

Ouite different, and resisting domestication, is

the brilliant Ocellated Turkey of Yucatan, British
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Honduras, and Guatemala, a resplendent green
bird with beautiful tail eve-spots, worthy of
being compared with those of the peacock,
We suppose there must be some subtle dif-
ference in
between this species and the other, for it
is difficalt to keep the Eyed Turkey in cap-
tivity, while the ordinary species is readily

constitution and temperament

acquiescent. jut  though acquiescent, the
domesticated turkey has surrendered wvery
little to man’s whims: 1t retains on the

whole a sturdy independence, except when ad-

New ‘:"-'.u-l' Zoological Society.
FEMALE

Photo ;

WILD TURKEY
During & large part of e yvoar the cocks and bens Hve apart, bat they come together in Socks

Melgagris gal
in the winter months when they seck the more shellered vallevs
small animals,

the Southern M. mesicong. Hub there B not very much difference

The hen is & very good mother and leads ber voung Sock about for months, defending
them with coumge. Actording o some authorities the domesticaied turkey of Burope has had o
double origin in the two North American species or varieties, the Northern Meleagris guliopavo aod
helween Yhem

vantage is taken of the hen's strong brooding
instinct to turn it into an incubat ing machine for
No bird can stand brooding month

fli".ll'l:‘-. eegs

after month !

“The king of upland game-birds "' the wild
turkey has been called. A large male may be
forty-six inches in length and twenty-eight
Their flight Lo the roost-trees
is powerful and silent, with not more than " a
Mr.
Archibald Rutledge notes that in mountainous
country, turkeys do a good deal of sailing down
long slopes, and get up a
speed of about a mile per
minute., * This wild vol-
planing is & most beauatiful
and impressive sight. The
o
curve slightly deownward,
and the rush of the wind
through makes a
sound like a howling shrap-

pounds in weight.

soft swish-swish " of the large wings,

birds' wings are set

these

nel.” There is some safety
in the lofty roosts and in
the rapid flight,
turkeys spend of
their daylight o1
the ground, searching for

soeds,

but
most
hours

fruits, and other
parts of plants, with an
occasional insect or lizard
for relish, At these times
their safety depends on
quick running and keen

It
has

SUNSES is said that

there been a very
notable increase in wari-
since the

much

ness numbers
reduced.

and hearing are

Wers S0F
Vision
extraordinarily acute ; the
most trifling movements
and sounds are detected at
OTee

The sportsman's plan is
to discover the bird's line
of advance and wait for

Teparal
him patiently.. As Mr,
They feed on seeds, Irults, grass and Rut ll'i{:’.{l" SAVS | i T]“;

only real way to stalk a
wild turkey is to have him
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MALE WILD TURKEY (Melsagris gallopa

This handsame bird was oace al home over nearly one half of the United States, but jt

densely wooded regions. In a lew pleces it is agnin on the incrense,

now for the most part restricted to vety wild and
Almost the only difference between the wild Turkey Cock and the

domestionted form is that the tnme bird has sometinees a greal splash of white atove the root of the tail, on the feathers called the lail-coverts

stalk you." When they are off their guard they
make a good deal of noise themselves, shuffling
among the leaves, and, like our capercailzies,
they often knock clumsily against branches
when they take to flight. They avoid dense
undergrowth and frequent the open glades,

" sometimes venturing on to cultivated land
They seem to be very hardy, ascending even to
10,000 feet,

In both sexes the head and neck are almost
naked, there are livid wattles, and the forehead
bears a long pendulous process or caruncle which
stands upright when the birds are excited. The
male is distinguished by his larger size, his strong
spur, and a bunch of long black bristles on his
chest.
in the spring, each trying to secure at least one
hen. In this country we are more familiar with
their strutting about before their desired mates
the raising of the tail into a gorgeous wheel, the
drooping of the quivering wings so that they

In the wild state the cocks fight fiercély

sometimes scrape the ground, and the uttering of
curious puffing and gobbling noises, The word
turkey refers not to the ' gobble,” but to the
ordinary call-note furk, turk ; for, like some other
creatures, this bird is always repeating its own
name,

After the pairing the cocks and hens separate,
and a nest is made in a well-concealed corner. It
is lined with dry leaves, which are shifted over
the ten or more eggs when the brooding bird has
to leave them for a hasty meal. The turkey hen
is a devoted mother, taking great care to keep
her chicks dry and well fed. A bird that nests
on the ground is always at a disadvantage, but
the wild turkey hen does all she can to hide the
nest and the eges and to protect the young., This
maternal virtue goes so far that it is safe to say
that if man's persecution had not been so ex-
treme the wild turkey would ke as common
In the fall of the year
the cocks and hens unite in flocks, and move

as it is rare to-day.
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NEST OF WILD TURKEY

Turkevs roost in trees, b
The lafpe eges nre aften fror
birds abont in ttle Aocks, carefully keeping ot «

{ the way ol cocks

about in the winter months searching for

food.
According to Darwin the fleshy process on the

turkev's forehead is simply an ormament that
stands upright as a symptom of excitement at

the time of According to Mr, J. T.

Cunningham, who believes in the transmission

courtship

of the results of blows and strains, the caruncli
is connected with the combats of the cocks, If
there is anything in this theory it is necessary to
suppose that the caruncle has secondarily become
part of the hen's inheritance, for the hens do
not fight., There is no doubt that the lusty cock

fight with some ferocity, striking at the head an

d
gripping one another by the wrinkled wattled
skin of the neck. We do not

that the direct results of peculiar exercises of this

ourselves believ

sort can be entailed, even in a representative

degree, on the offspring ; but this is a question in

regard to which we should keep an open mind.

brooding

wil The nest is a simple collectic

to state Mr. Cunningham's

wish

Therefore we

deliberate conclusion @ * In all probability the
naked head and neck of the turkey, with the blue
and red wattled skin and long fleshy process, are
to be regarded as exhibiting the inherited scars
of a long line of pugnacious ancestors.”
muscular birds,
When the wild
birds are migrating in search of food they go
atoot

settle down

Turkeys are obviously very

but they do not usually fly far

When they come to a broad river, they
After

some noisy consultation, which may last for days,

and think over the question

the leader gives the signal, and they all mount to
the tree-tops, and thence take wing. They are
in their flight
Yet they are better
swimmers than one would think, and the crossing

1ot very confident, however, and

:ome tumble into the water

is usually effected in safety, though often with
bewilderment. Turkevs do not seem to be ilil'd[—i

of great intelligence, even in their wild state, and
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domestication has not improved matters. Apart
from their amorousness at the breeding zeason,
the strongest point in their character is the
maternal care, which is very marked. Perhaps
it is the feminine expression of masculine passion.
The care is purely maternal, for the hens go
apart before egg-laying begins. It is said
that the males, who are emaciated after the
love season, will devour the eggs if they find
them.

One of the interesting facts in regard to the
wild turkey in the States is that it is at present
on the increase. It has been on the verge of
extinction, but now it is coming back, " diffi-
dently perhaps, but none the less certainly,” to
some of its, old haunts. Thus Mr. Archibald
Rautledge reports from Pennsylvania the presence
of flocks of two dozen or more. This is good
news, for there is a certain splendour about this
largest of game-birds, and the gobbler in the

Pholo: W. 5. Yerrdge, F.Z.5.

forest strikes a note of wildness that is precious
in these sophisticated days.

Domestication does not seem to have effected
very striking improvements in the turkey ; in
fact, breeders have to watch against a tendency
to going back in size, vigour, and decorativeness,
One of the frequent results of the domestication
of animals has been to extend over a long period
what is in natural conditions restricted to a short
one—the egg-laying of poultry and the milk-
production of cattle being familiar examples.
Something similar is illustrated in the case of
turkevs, for the hen is trained to brood month
after month on successive clutches of the eggs
of fowls, or to act as foster-mother to many
successive sets of chickens. This is apt to
be exhausting. Very interesting in another
direction is the turkey's strongly ingrained
instinct to roost in a tree at dusk—an instinct
which has sometimes disconcerted a farmer

OCELLATED OR HONDURAS TURKEY [ Melsapris ocellata)
Ome of the most gorpeous birds b Ue workd, found on the borders of Guatemala and British Honduras, rather spsaller than the other turkeys,

but approaching a pencock in its splends

wer,  ‘The bare skin covering the hend has a deep blue colowr, studded with orange knobs.  Most of

the plumage i= metallic green, bat there are bloe and putple © eves " on the tall.  This bird does not wsually thrive in captivity.
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Fhoto reproduced by cowrtesy of * Poulivy.
CAMRBRIDGESHIRE TURKEY COCE
The Cambridgeshire breed of turkey ls more varlegated in colour than the Norfolk beeed.  Some paarts of the plumage bave a bright metallic
Rloas | the tnil-coverts are tipped with white or light yellow : the chicks nfe us ually mottled with beownish-prey, According to some suibe rities,
this hreed la descended from the Wild Turkey of the southern United States, which s often distinguished as Meleagriz mrmcana
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driving a flock of turkeys along a road in the
evening.
The most important steps in domestication
and cultivation are prehistoric; and we know
very little about them. Thus the
Domesti-  when, the where, the whence and the
cation and ot r i
Cultivation. how of the domestication of cattle,
horses, and sheep remain obscure ;
and the same must be said in regard to the origin
and history of most of the directly useful
cultivated plants. In a few cases something
precise may be said, as, for instance, that most
of the races of cultivated wheat may be traced
back to the Wild Wheat which =till grows on the
shoulder of Mount Hermon. Or one may derive
the domestic dogs from several species of wolf.

ORIGIN OF THE

One of the many fine things that prehistoric
man did was to domesticate the dog—which
became the trusty guardian of his flocks, his
partner in the chase, the sentinel of his home,
and much more besides. That our ancestors
turned a wild dog into a tame one is certain,
but we do not know how they managed it, or
' how often they did it, or how many different
wild stocks they used.

Of wild dogs in the strict sense, belonging to
the genus Canis, there are three groups, all gre-
garious—(1) the Covotes, or prairie wolves of
North America ; (2) the Jackals; and (3) the
True Wolves of the Old World. Seome aunthori-
ties are of opinion that the domestic dogs arose
from each of these groups independently, so that
there are coyote-dogs, jackal-dogs, and woli-
dogs. Most authorities are inclined to exclude
the coyote as an originator, though they would
not deny that its blood may have mingled with
that of domesticated dogs originating in the Old
World and afterwards taken to America. This is
one of the many uncertainties,

The best-established view is that the domestic
dogs of the Old World arose mainly from small
southern wolves, but that there may also have
been an origin from grey jackals (Canis lupaster
or sacer) or from wolf-jackals (Canis anthus), It
seems very unlikely that the Common Jackal

Or, similarly, it is generally admitted that the
multitudinous breeds of domestic fowls can be
traced back to Gallus bamkiva of India and
Malava, as the domestic pigeons to the wild
Rock Dove,

But whether the origins are less or more
obscure, it*may be safely said that biclogy as
such has not yet contributed much to domesti-
cation and cultivation. Perhaps the list of the
domesticated is for intrinsic reasons short,
perhaps modern man is lacking in prolonged
patience, perhaps, in the case of domesticated
animals, he has lost the art by losing his sub-
conscions sympathy with the creature. Our
point is that the more important conquests were
made before the days of science,

DOMESTIC DOG

(Canis awrens) of North Africa and other parts
had any share in credit of giving origin to
domestic dogs.

When an unprejudiced person is told for the
first time that the domestic dog is descended from
a wolf, he is inclined to be incredulous. For the
dog's nature seems very different from that which
we are accustomed to associate with wolves. It
is probable, however, that a considerable part of
the popular picture of the fierce wolf is hearsay
Natural History. Dr. Antonius, in his book on
Domesticated Animals (1924), quotes from one of
the most experienced of European huntsmen
who had in fifty years known of only one case of
wolves attacking a man! In thinking of wolves
we shall Be guided to some extent by the
insight of the pictures given in Kipling's
* Jungle Book.”

An interesting point about wolves that are
born and bred in captivity is that the unusual
conditions of their upbringing leave their mark
on the characters of the skull and teeth, often
bringing them nearer those of domestic dogs. It
is not likely that the change from wolf to dog
came about in this direct way, but it is inter-
esting that a very considerable change can be
effected in the course of one generation. Perhaps
it makes it easier for us to understand how thou-
sands of years of careful sifting and breeding
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from among the new departures or variations
that are always cropping up, have resulted in
establishing the differences not only in skull
and teeth, but in too, that
separate dog from wolf, and that distinguish
the numerous races of domestic dog from one

temperament

another,

one of the first animals to be
This took
place in the early Neolithic Age when man was

The dog was
domesticated, and probably the first
still using stone weapons—though of a finer type
than before. The question rises how we can say

Frluaio

F. W. Bond

NORTH AFRICAN JACEAL [Comin andkus),

Larger than the Common Jackal, more clegant, with long
It hoes a bright tawny colour with dark bands
ill 15 hianling andes coves of darkness,
anything about the early chapters in the dog's
partnership with man, seeing that it began so
long a time before history. The answer is that
there are a great many remains of "' prehistoric
dogs "' in caves and about lake-dwellings and
even burying places. To some extent it has been
possible to piece out the prehistoric history.

The oldest known European domestic dog is
called, after its discoverer, Studer’s Stone Age
dog (Canis putiatini), a dingo-like or pariah-like
animal about the size of a collie. It was found
in a Stone Age settlement near Moscow, and

egs suggesting those of a greyhowmsd
In"disposition it is shy and suspldoss, and it does

there is much to be said for regarding it as
the the

domesti

ancestor of most of breeds of
dowr,

There were some other very old * prehistoric
dogs,"” but it is probable that most of them can
be traced back to Studer’'s Stone Age dingo-like
dog. Thus, there was the old-fashioned peat-dog,
Cants palustris, whose remains are found near
Neolithic lake-dwellings in Switzerland. Among
its representatives to-day may be mentioned
the Scotch terrier and the Siberian or Samovede
Then

there was the ' inter-

dog, usually of a beautiful white colour.

Canis
infermedins, also from

mediate dog,”

Neolithic remains, al-
most certainly a des-
cendant of Studer's
dog. It
is represented to-day

Stone Age

by hunting dogs that
follow by scent, such
as foxhounds and
setters.

Another prehistoric
dog, bearing the
quaint, but rather
beautiful, name of
" Best-Mother dog™
(Canis malris oplime),
has been found in
Bronze Age stations,
and it
besn

seems to have
the ancestor of
sheep-dogs. 1t leads
to old-fashioned forms
like the Belgian sheep-
onwards
like

dog, and
to finer
the Collie and the Alsatian
So far, then, we can make a provisional genea-
logical tree ;—

races

el e.g., €8
Foxhounds Collies and  Scotch Terriers.
Alsatians,
L] [} A

" Intermediate ** Best-Mother
Dog " Dog "
)

Peat Dog ™

Studer's Stone Age Dog
i

A small .H"ul:nhq-ru Woll.
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Phata : F. W. Bond ASIATIC JAUKAL (Camis awrens)

ued by its boig pointed muzzle, the Common Esstern Jackal
o bl Father

Iistinguished from o wolf by (18 much smaller slee, thirty inches in len
is o well-known earrion - rvice as o seavenger.  The prevalent colour is dusky yel
than brave, voraclous and noisy, thievish and clever. They can be tamed bat they have a vile smell

wish. Jackals bunt in pocks

Frolo: F. W. Hond PALFEARCTIC WOLF [ Camis up

What many regard as one species of wolf s ly distritated in Europe and Asia—a fiercr
gregarioqn in winter. It is about five feel long fror p of snout to tip
inches, A woll howls, but never barks, There were wolves on Dartmoor during the reign of Qu abeth, amd they persisted in Seotland
il a7as

wore, msunlly solliary 8 ssmumer mad
unts for about twenty

tail, but the tail, which 15 rmight dow
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But the pedigree of domestic dogs is not so

simple as our scheme suggests. Some of the
skulls of prehistoric domestic dogs have wolfish
characters combined with those of Studer's

Stone Age dog, or with those of one or other of
its three descendants. There 15 general agree-
ment among experts that apart from the actual
origin of Studer's Stone Age dog from a small
southern wolf, there has been additional admix-
ture -of wolf's blood. This is especially true of
some of the strong forceful races that are not
merely ' watch-dogs " or

* shepherding dogs,”

Photo : F. W. piond,
PRAIRIE

This Ametican woll fanges lrom Mexico northwards throngh the Great Plains and Rocky M
more than a * dog-like yelping, hali-howl an
im Grey Well, which |8 nearly related to that of Europe,

menns " barking," butl experis do fot credit iL wit
and st=ady deep-liass howl * af the Amer
are wieful in keeping down " prairie-dogs

" nnd olher rodents

but courageous defenders of the flock against the
attacks of wolves. Just as the reformed poeacher
would probably make the best gamekeeper, if he
got a chance, so it is likely enough on general
grounds that crosses between wolves and domes-
tic dogs would result in courageouns defensive
types. A wolf is loval to its pack, and the
domesticated dog probably accepted man as
an unusual but admirable kind of leader, who
commanded and deserved obedience and faith
fulness.

There is evidence from the complex minglings

of skull characters that early forms of domes-
ticated dog were crossed with wolves. This is
said to be true of some of the fiercer or sturdier
Taces, the Siberian ** Laikis,” the
Englizh ** Bobtails,” the curlyv-haired Hunganan

such as

sheep-dogs, the Saint Bernards, the Molossus-
dogs of Albania, and the Leonbergers of South
Germany. This does not happen nowadays, so
far as we know, for the wild and the tame do not
usually like one another, and even if there is
pairing there are no offspring,

The pedigrees of many domesticated animals

WOLF OR COYOTE (Camis ladrans

tin reglon to Alberta.  1ts name—lalrans—
ull bork, " wery different from the * peolonged
Coyoles may be troublesome, but they

turn out to be much more complicated than used
to be supposed, and this is very true of the dog.
Dr. Antonius, who has recently given. much
attention to the history of dogs, tells us that
grevhounds probably arose to the south of the
Mediterranean from a wolfish ancestor of the
present-day Pariah dogs, perhaps with the
assistance of the North African Wolf-jackal
dut many of these greyvhounds

f L amis anifnnus)
were taken north into Europe, where their stock
wias probably strengthened by crossing with

some of the dogs that had wolf's blood.
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The besi Enown of the Askatic Wil Ass il home in Persia, the Punjab, and the oodntey of Catch A awill cremtur
|

the great expanses, uniformily lowwish like the desert backsround, it i= apporently tameable and o probable ancestor of son
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With the ebb and flow of peoples, such grey-
hounds were again taken to the south. It is this
sort of crossing and re-crossing that makes the
deciphering of pedigrees so very difficult ; and
we are lingering over the problem because it
must serve as an illustration of what is true in
many other cases,

When America was discovered by Europeans
there were already many kinds of domesticated
dog. Those of the Incas, for instance, were of
sheep-dog, dachshund, and bulldog tvpes, and
the guoestion is where they came from. Some
authorities have maintained that some or all of
the North American dogs arose from a prairie-
wolf or from a true wolf ancestry, but the general
view nowadays is that explorers of ancient days,
coming from the north a very long time before
Columbus, while a land passage across the
Behring Strait was still possible, bronght Old
World dogs with them.

Conclusion. Let us sum up this long and
difficult, but verv interesting, story. If we ask
where a Collie or an Alsatian or the like came
from, the probable answer is that it may be
traced back to ' the best-mother dog," Canis

Diyawen by Miss £, Bonn, under direchion o) faoard U, Ash,

mafris optima, But this ancestor of sheep-dogs
can probably be traced back to Studer’'s Stone
Age dingo-like or pariah-like dog (Canis putia-
fini). But where did Studer's Stone Age dog
come from? As we have frankly admitted,
there is as yet no certainty ; but the probability
is that Studer’'s® dog was descended from a
smallish species of wolf. After domestication
had been effected, and other domestic dogs, like
the ** peat-dog,” the " intermediate dog,” and
the " best-mother dog,"” began to arise from the
dingo-like stock, the probability is strong that
there was, in some cases, further crossing with
northern wolves and also (in the case of grey-

hounds) with grey-jackals,
The domestic dog is a credit to man, but the
domestic cat is a conundrum. Has any human
being the hardihood to say that he

Efunl or she lln(h'l'r-‘!i‘l.r'l_d:- acat ¢ Affection-
History ate but capricious, attached but
UC[atI‘h: reserved, proverbially tame and yet

with hidden wildnesses, sociable yet
walking alone, what a bundle of inconsistencies
is a cat | The Domestic Cat of Europe is probably
the descendant of the Caffre Cat, Felis caffra,

ATTEMPTED RESTORATION OF THE PREHISTORIC STONE AGE DN,
The old=st known Buropean domestle dog, Studer™s Stone Age Dog, was found in o Stone Age settlement near Moseow. Tt was o dingo-like
of pariah-like aoimal, about the size of 4 medium Alsatian, an | was probably the origin of most of the subsequent races. "

64
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which the ancient Egyptians tamed and mum-
mified. Some authorities think they got it from
Persia or Babylon, But other domestic cats,
like those of China and India, seem to have been
derived from other wild species, and the lineage
has been complicated by crossing with various
wild cats. The African Caffre Cat, the Indian
wild cats, and the European Wild Cat will all
breed with the domestic cat. Besides the
complications due to multiple origin and to
crossing with wild species or wild ancestors,
there is another source of confusion that dom-
esticated individuals readily resume wild ways,
becoming “ feral,” as it is said. The British

blood of our Wild Cat in their veins. Apart
from subtle differences between the Wild Cat
and the Domestic Cat, such as that the soles on
the hind feet of the former are not quite black,
there are two common-sense reasons against the
theory that our Wild Cat was the direct ancestor
of our Puss, The first is that the Wild Cat is a
very intractable creature. As to this, Mr.
Millais writes : ' Lynxes, leopards, and lions
may all become amenable to discipline, but the
Wild Cat always has his back to the wall, ears
down, eves glittering, and paws ready to strike.
Well-named, it is the real untamed and untam-
It is quite otherwise, Professor

able savapge."”

Drawn by Miss E. Bonn, under direction of Edward C. Ash.

ATTEMPTED RESTORATION OF THE PREHISTORIC FEAT-DODG.
This 0ld ruce, Camis palusiriz, probably sharing a common ancestry with Steder's Stone Age Dog, or derived from [t, is known from remaing

found near Meolithic lake-dwellings (o Switeerland.,
diog and the Beoich Terrier,

Wild Cat, Felis caius, which lingers in Scotland
in secluded places like Ardnamurchan and the
shoulders of Ben Wyvis, is an improbabls, but
not an impossible, ancestor of the domestic cat.
There are marked differences, such as the short
and clubbed tail, but some authorities regard
these as indecisive. Perhaps a compromise
between the discrepant views might be found
in saying that our pussies originated in the
Caffre Cat (Felis caffra), which we do not
distinguish from the Nubian Falb Cat (Felis
maniculata), but that they have some of the

Among Its modern representatives may be reckoned the usually white Siberian or Samoyede

Keller points out, with the Nile Valley cat, for
even to-day wild kittens are brought into the
village houses in Nubia and North East Africa.
They are readily tamed, and are useful in check-
ing the ravages of small rodents. The other
argument against looking for Puss's ancestry
in the Wild Cat is that the domestic form was
for a long time rare and valuable in countries
like ours, where the Wild Cat was at home.
The story of Dick Whittington's cat is proof
enough. The learned say that the very word
* Puss "' takes us back to Egypt.
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Drawn by Mizs E, Boan, under direction of Edward ©. Ak,
ATTEMPTED RESTORATION OF THE PREHISTORIC INTERMEDIATE DOG,
Another prehistorie dog, whose remalns are found in Neolithic deposits, i called the ** Intermediate Dog " (Camis indermedivg]. 1L wos
almost certalnly a descendant of Studer's dingo-tike or pariah-like dog. and is represented to-day by hunting dogs that follow by sceat, such

as Foxhounds amd Setters,

Drawn by Miss E. Bonn, under direchion of Edward C. Ash,
ATTEMPTED RESTORATION OF “ BEST-MOTHER " DOG.

A fourth prehistoric dog, technically called Camis matris optime, the dog of the best mother,
and was probably ancestral to the sheepdogs, first to more primitive forms, like the Belginn sheepdog, and then to

s known from remains in Bronse Age stations,
the highly evolved Abatian

and Colle.
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From the Natural History point of view, the
cat has no end of interesting features, and
Professor St. George Mivart wrote a big book
(" The Cat,” 1881) in which the feline framework
was used as an introduction to the study of
mammals, Let us select a few features. On each
side of the cat's upper lip there are about a dozen
strong whisker-hairs, technically called vibrissze.
The bulb at the base of the hair is entered by
nerve-fibres, so that each serves as a touch

Phoio : Humpheey foel,

FOXHOUND,

The outeome of very cafeful sclective loceding, with speclal reference to speed, endurance,
sense of Bmaell, and ediscability in giving voice when on soent or keeping silent when not. Among
its features may be noted the large head | the strong, short back, the long groceful eans, and o white

colout with black or fan markings,
organ, There are some other sensitive hairs
near the wrist.

When we look at a cat’s fore-paws we see
seven pads, gripping cushions of fibrous tissue
and fat. Four are close together in front, corres-
ponding to digits 1l to V ; then comes a large
three-lobed pad, corresponding to the ends of
four palm bones (metacarpals) ; a little farther
back to the inside is the small pad for the thumb ;

on the opposite side, a little farther back still,
is the pad corresponding to one of the bones of
the wrist. So that makes seven. On the hind-
paw there are four pads for the four toes (11 to V),
and a large three-lobed one for the end of the
sole-of-the-foot or instep bones (the metatarsals).
There is no big toe, except in so far as that is
represented by a dwindled metatarsal. Of more
importance is the almost vertical position of the
bones of the sole and palm, for this gives the cat

* and all its kindred a highly
developed tiptoe (digiti-
grade) way of walking, so
different from what we see
in bears, for instance, or in
The members of
the cat tribe are always, so
to speak, on tiptoe, mentally
as well as regards their
bones. We must not con-
tinue in this anatomical
vein, but we cannot leave
pussy's foot without men-
tioning the claws of steel
within the velvet glove, The
claw or sharpened nail, borne
by the last joint of each
finger, is drawn back into a
sheath on the outer side of
the second last joint by a
very elastic ligament, which
keeps it in this position
when the cat is resting or
walking, When the need
for action comes, the claw is
drawn forwards and down-
wards by the backward pull
of a long flexor tendon
which runs along the under-
surface of the finger, and is
worked by a strong flexor
muscle above the wrist., The
same holds for the hind-feet, but the claw is
drawn back on to the upper-surface of the
second last toe joint. The net result is that the
retractile claws are kept sharp in their sheaths,

ourselyes,

and this is characteristic of all true cats,

One of the interesting points about a cat's
eyes is the change in the shape of the pupil when
the iris contracts in bright light. The pupil,
which is the open window surronnded by the
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Phote : Sport and Gendral
BCOTCH TERRIER.
A favourkie breed of dog, compact in build, short of leg, with a short, thick, firm coat, with erect cars and an intent expression. The Scotch

Terrier, practically the same as the Skyve Terrier, i3 a clever, enefgetic, cheerful dog, whom to know i to like,

Photo ; Spor and General

COLLIE.
Among its marks may be mentioned the long hesd, m
Greater importance, however, attaches k

eyes set rathes
, amnld devotion.

g in

i3 cleverness, educab

nhile sheep-dog of ancient origin,
bet, Lhe small ear diooping slighily st the tip
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Photo S part and General,
ALSATIAN WOLF HOUND,
A breed that hos become & great favourlie of recent yenrs, nnd deservedly beciunmse of its combinntion of good qualities—sirength, loyalty,
aleftness, and good-ter Its woll-like head sugpests some recent introdisct
im well-bred types. It is probably no nearer o wolf than a Scotch Collie s,

it of woll's blood, bat thefe setens no secnfe evidence of this

‘Fhato 3 5 powri and Geneval,
BLOODHOUND

lly in following & wounded an

l, stirong head. In

A breed famous for jis fine sense of smell, epe
strong and tan-coloured, with long enrs and with o d

sl from which blood drops, The Bloodhound is larie,
somae caees they have heen successfully used in tracking murderers,
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Even when we keep

to the strictly bio-
logical, there are many
puzzles about the cat.
Thus white cats with
blue eves are generally
deaf, and true tor
toiseshell cats are
usually females, the
former fact more of a
puzzle than the latter
The brother of a tor-
toiseshell female is
sandy, There seem to
be two main types of
pattern among domes
tic cats, when there 1s
any pattern at all. In
the one, the head
15 ‘-hU'i['-'.".j lllllj.;il'llilﬂi-
ally and the body

TABRY CAT

Thete ks great variabibty

a colour variely, predominantly grey, with bl
on the back, and paraliel dark curves on the sides and

thigha

coloured iris, is circular in the great
majority of domestic cats, but it is
sometimes a pointed oval, or between
these two shapes. When a lion or a
tiger comes into the glare the pupil n
front of the lens contracts to a small
circular opening ; but in the cat, as
also in genet and civet, the pupil con-
tracts into a wvertical slit with two
pin holes, one above and one below
The use of the contraction 1s to prevent
gver-lllumination of the eve, but the
particular shape that results 15 an
idiosynerasy. In the back of the cat's
eve, in the layer called the choroid,
there is a circular patch of a golden-
yvellow colour, called the tapetum. It
has the power of reflecting light, and
it.accounts for the cat's eves ' shining
in the dark.” There is no light-pro
duction, only light-reflection ; but the

tapetum may be of service in enabling  proe; B, M, Beti

TABBY'S HEAD

ir & ki :
the cat to make the most ”{ a little This photograph of a familiar subject shows very clearly the vibwlsse or
]IL:h[- In a true " dark room " the sensitive " whisker-halrs, " which are of great importance fo cuts in thelr nocturnal
i X bunting. They are exquisite tooch-organs, with oo irkcale inservation of thelr
¢at's eves do not shine. sunllen Toots
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variety is unknown, but
it probably arose as a
sport or mutation. It is
interesting to notice that
varieties with very short
tails have been reported
from various parts of the
world. Then evervone
knows the beautiful An-
gora variety of Asiatic
origin. Its long silky
hair may be a variation
suited for a cold moun-
tainous home, Finest of
all are the Siamese cats,
The kittens are brilliant
white albinos with pink
eves, but as they grow
older the fur becomes a

curious fawn colour and

Photo : W, 5. Hevvidge, F .25

CAFFRE CAT/{Frlis caffra]. a little pigment appears
A South African wild cat which s regarded by some authorities as one of the ancestors of the Domestic L S e gre
Cat, or of a domesticated race of cats. Chesses between Use commen Domestic Cot and the Caffre Cal L th" Eyes. The Y are

wre said to oocur, yielding fertile offspring. HI'H’H[ MOUsers, Very l:li'\"t'l'
transversely, as in the Cafire Cat. In the other, and usuvally reliable,
the * tabby ' type, there is a grev ground-colour The Natural History of the cat is full of puzzles,

on which vertical and wavy black bands are but its psychology is an unknown quantity. It
almost concentrically disposed on the flanks requires audacity to write about it. In a kind of
and thighs. Where the " tabby ' pattern came  way we understand a dog : it has accepted man
from we do not know:
it does not blend with the
striped pattern, and the
Iwo types may be seen
in one litter, illustrating
what is known as Men-
delian inheritance
Another interesting
question is that of varie-
ties, but it is extremely
difficult. There is the
Manx variety without a
tail, with very high hind-
legs and a big head. In
a cross between a Manx
and an ordinary cat, the
absence of tail proves to
be what is called an im-
perfect dominant. That
15 to sav, some of the lit-

FPholo: W. 5. Beeriige, ¥ .£.5.
2 EGYPTIAN OR FETTERED CAT [Felis wanieslala)
have a she at one, Ihe This animal lives in Kgypt aml Alyssinia, and s sometimes cnlled the Falh Cat. Tt s about the

el : 3 size of an average domestic cat, but with a longer tail. 1t s found in mummified form i ancdent
origin of this Manx Egyplian momements, amd is regnrded by many as the origin of the domestic cat of Eumnpe,

ter have no tail, others
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kel ¢ S pord s i {
Ph port dnd Gremera FERBIAN CAT

O the widely accepted view that the common Domestlc Cats are detived from the Egvptian |
diztingilsh within the species i nimbet of LFoe-le
Cats with blue eyes. Among these a place would be found for the beantiful long-halred Angorss and Pes

wamicilala, 11 woukd be

convenlent (o

Hing varietbes, sach a8 Manx Cats without o tafl, Cais with peadent cars, aw Siamess

RLLDY

Phaota ; C. Reid, Wizkaw, N_H.

PERSIAN KITTENS
A besutilul long-haired varicty, related to the Angora Cal, probably a form of Felds masiculata, perhops of Asintic otigin, It often atiains
to a large size, exiggerated by Lhe bong silky hair: bt it 5 very markedly 8 house-cat and apt to be lars
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as the leader of a pack that is now only a
It iz innately loyal, faithfal,
devoted. It loves and seeks to be loved, It hangs
on word and look for approbation. It is lonely
the lost dog is an epitome

reminiscence,

without its master ;
of misery. The dog is responsive, sensitive as a
child, sympathetic in joy and sorrow, and asking
for sympathy in return. The appeal in its eyes
is irresistible.

But a contradictions.

cat 15 a bundle of

Affectionate, of course, but reserved, capricious,
. I

Hond,

A very bemutiful domesthe cal {(Feis man i mobilis], nol
priced in Clhina and Japan. It is clever, affect
with plak eves, bat they differ from pure albinos in

the vars and feet are bl face is very dark, the ge:

acht, Bl

and detached. It has no enthusiasms. Fond of
its master or mistress, but preferring the house
to either of them.
thousands of years and with no end of polite
ways: vet, when not pampered, how full of
lurking wildness. Unlike the dog, which was
domesticated for utilitarian reasons, and second-
arily became a friend, the cat was adopted for
@sthetic reasons, and it has remained a pet. No

Dependent on man for

often seen n Europe, Blghly
afd 4 good mouser
ssuming oot a little colour later on
ril colour i silver-grey

one can call a cat a friend. A dog becomes low-
spirited if you do not assure it of your affection
and approbation, but the cat will not turn a hair.
It likes to be petted in moderation, and purrs
most delightfully ; but it can go without and
be quite happy. As we said before, the cat is a
conundrum
Let us make a few notes on the cat's sénses.
Most cats are very quick to detect certain sounds
that interest them Dbut they cannot have much
Their serenading proves that.
They are much excited by
certain odours like valerian
and cat-mint, but smell does

ear for music.

not bulk so largely as in a
dog's life. The dog's world is
VETY

mal kl--!l_'l.' a smell-

world, but the cat is in the
main eyve-minded. Notable
is the wvariety of its nc-
quired tastes ; thus neither
milk nor fish can have been
available to the wild
We have seen a cat

an-
cestors,
hawve
known one that was fond of
cabbage, and another that
loved toffee. We donot think
that a cat will

eating flowers; we

evier
starling, whose flesh is said

eat a

to be peculiarly unpalatahle,
or f which
repellent odoriferous gland

shrew, has a
along each side of its body,
fut the cat i1s a good -_a]u_mn.:-.-
kill many
a creature that it will not
eat. The killing is often
effected by a buffet on the
the

man, and may

head with fore-paw,
the high wvelocity making
up for the lack

The kittens are whiie
Thus

eyed are biue,

relative
of weight in the momentum,.

A well-known feature is the cat's love at first
sight for certain men. It sometimes exhibits
a remarkable attachment to a stranger passing
by or to a stray visitor to the house. Yet we do
not think that cats are good judges of character.
They are far too self-centred.

Of their intelligence there is no doubt, A
dog is clever, but a cat is a sphinx. The brain
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FPholo : F, W, Boid

JURGLE CAT (Felis chaus)

T_h“- s the Common Wild Cat of India, also common in Africa, s great hant

inclining to reddish in some parts, nnd white below,
on the tail, especially in the young

levving toll on game, The colour fe vellowish-grey above
There are few spots on the body, but there are stripes on (e muzzle and limbs, and rings

Pholo ; F, W, Bomd

PAMPASR CAT (Felis pajeroa),
This South Ameriean Wild Cat b= marked by its long bair and shortish tull, It Is pale vellowish-gtey in colowr, with yellow or brown Lars,
running ohilquely from the back and the flanks. It hunts the small mammals of the Pampas and does very litle in the way of harm
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THE OCELOT DR TIGER-CAT (Felis pardalis)
Although in colouring the Ocelot of Central Arn
of its back and sides are marked with lrreguliar
amall, 4 good cHmber, and spends much of lts teme

i

perica i not anlike o small leope only its legs The pabe-yellow body-colour
umd bands of black, and these horizontal stripes distinguish it (o all other cata. It is
g the lower branches of trees

P hodlc F. W, Bond
THE SALT DESERT CAT (Feliz salimariom)
A membser of the Ocrlof group of thger cats, th Diesiert Cak is found at high altitudes in the Argenithine It B somewhal lareer In the
by Uhadi the domestic cat, with slender legs, but it s samaller than e Ocelot, and the vellowish bodyv-colonr fs marked with hilack sparts
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is of a high order, though the cerebral hemi-
spheres are not so much convoluted as one
would expect—nothing like those of an organ-
grinder's monkey, for instance. We have seen
a cat put its paw into a narrow-necked vessel and
sponge up the milk till none was left. At inter-
vals it would look up at its mistress with an
aggricved air. A cat has been known to open
the latch of a door by jumping up, or to work
the knocker, or to ring a bell. A cat after
buffeting its own likeness in a looking-glass
kept gazing at it, but felt with its paw
very carefully round the corner. It seemed
surprised at finding nothing on the other side.
A cat, whose fur had been accidentally wetted
with paraffin from a lamp, took fire on the
hearth. With her back in a blaze she dashed out
of the open door, sped up the street for several
yards, and plunged into a watering-trough. She
had been in the way of secing the cottage fire
put out with water every night !

Cats have certain instincts, that is to say,
inborn capacities for effective behaviour which
do not require to be learned. Thus in its second
month the kitten has its " mousing " instinct
suddenly awakened by the sight of a mouse,
and behaves in a perfectly definite way which
ends in it seizing the mouse by the back of the
neck. Then there is the play instinet, in the
expression of which kittens serve an apprentice-
ship to the future business of life, and have also
an opportunity for testing their individualities
of behaviour. When an adult cat plays with a
mouse it is relapsing, as various animals do, into
juvenile playfulness, just as grown men do with
their boys' miniature steam-engines.

Cats show considerable aptitude in forming
associations. Thus Professor Thorndike used to
sit near a cage where his cats were kept, and,
having made sure that they were looking at him,
would clap his hands and say, 1 must feed
these cats.”" After ten seconds he would take a
piece of fish, go to the cage and hold it through
the wire netting within reach of a particular cat,
which immediately climbed up, After from thirty
to sixty trials the cat learned to climb up when
it heard the professor clap his hands and speak,
without waiting for him to get the fish. This is
a simple instance of association-forming, and it
is a kind of mental operation that bulks largely
in’ the life of cats.

Professor Thorndike’s cats showed consider-
able cleverness in getting out of puzzle-boxes,
The animals were hungry ; the food was outside ;
the problem was o get at it. There were various
ways of getting out, such as pulling a wire loop,
raising a thumb-latch, or poking a paw out and
clawing a string outside. When put into the box
the cat tried all sorts of movements desperately,
perhaps too hungry to be wise, and the right
movement was hit upon by accident. " Only
very gradually, as the experiment was repeated
again and again, were the useless movements
omitted, until finally the right one was per-
formed at once.”

Cats have good memories, for people and for
places and for experiences. A very simple but
pretty instance is given by Miss Washburn, in
her " Animal Mind.” A cat had shifted her
kittens from an upper storey to the ground floor
of a house. On coming into the house for the
first time after this change of eradle she started
upstairs to the old place, but stopped half-way
up, turned and ran down to the new one,

After we have allowed for instincis, such as
that which may lead a cat to mother a young
rat, and for establishing associations, and for
memory, we must admit that there is a delightful
residue of activities which exhibit intelligence, a
power of putting two and two together and
making some sort of judgment or perceptual
inference. But after we have granted in-
telligence, the cat still remains, in the domain
of feeling, a mystery.

Another interesting attribute of the cat is
homing. Put into a closed basket and takenin a
railway carriage to some distance, the cat may
find its way back. Its attraction for place seems
sometimes stronger than its affection for people.
Take a single well-documented case. A house-
hold migrated from Kirkcaldy to an Ayrshire
village, taking their cat with them. The change
did not please the cat, which was well advanced
in years, and in a few days it was missing. Ina
short time a letter arrived from Kirkcaldy, stat-
ing that the cat had appeared at the old home.
MNow it is a far cry for a cat from Ayrshire to Fife,
and we do not know how the journey was made.
The possibility of the cat’s taking observations
on the outgoing journey was excluded, but we
do not know whether the cat made many mistakes
on its way back, whether it followed the raillway
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Phota : F. W.

Bond,

SOMALI WILD ASS (Equus somalicus)
s Bomnliland seems to
ool

This Afrbcan Wild Ass fr
It has & grey
siripe and the dorsal siripe is
on the lega

africanus smaller cafs, o long

fidnt ;

bat, as the photograph shows,

route or went across country, whether it got a
lift or went the whole way on foot. It would
have been interesting to have repeated the
Kirkcaldy-Ayrshire journey to see if the cat
would " home ™ The kind of
" homing " eapacity is exhibited by wvarious
other animals, including sheep, which are
certainly not clever ; and it would be of scientific

again, same

interest to devise some experiments which might
throw light on the mysterious power.

To speak of the donkey as stupid is wvery
wide of the mark. A donkey is much cleverer
than a goose, and that is saying a good deal
But donkey and goose suffer from popular mis
understanding, both have brains of a high order

be quite diffetent (rom the Nubian Wild Asa (Eguss
sl more Aowlng mane
there are

There is general agree-
ment that the domestic

donkey is a
The

Dionkey. direct de-

4 scendant of
the North African wild
ass, but it must be
remembered that there

has also been domesti-
cation of other wild
asses, like the onager of
What the don-
key might always be, il

Assyria

properly cared for, may
be inferred from what
the wild ass still is—a
creature of high spirits,

alert SENSeS, keen in-
telligence, and great
beauty. Sir Samuel

“ Those
who have seen donkeys
in their
have no conception of
the beauty of the wild
or original animal. It is
the perfection of acti-

Jaker writes :

civilised state

vity and courage, and
has a high-bred tone in
the deportment, a high-
actioned step when it
trots freely over the
rocks and sand, with the
speed of a horse when
gallops over the

boundless desert.””

Thiete §s twr shoalder
HEMETORS Cross siripes it

One is reminded of the old hines :-

" Who has sent out the wild ass free ?

Or who has loosed the bands of the wild ass ?

Whose house [ have made the wilderness,

And the barren lands his dwellings.

He scorneth the multitude of the city,

Neither regardeth he the crying of the driver.

The range of the mountains is his pasture ;

And he searcheth after every green thing.”
The reference in this Old Testament passage is
probably tooneof the Asiatic wild assesor onagers,
which the Nineveh bas-reliefs prove to have
been domesticated in Assyria by at least boo B.C.

Of the kulan or onager of the Kirghiz steppes,
Brehm tells us that it is " a proud, fascinating
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creature, full of dignity, strength, and high
spirits. He stares curiously at the horseman
who approaches him ; and then, as if deriding
the pursuer, trots off leisurely, plaviully lashing
his flanks with his tail. If the rider spurs his
horse to full speed, the kulan takes to a gallop
as easy as it is swift, which bears him like the
wind over the steppes and soon carries him out
of sight. But even when at full speed he now
and then suddenly pulls himself up, halts for
a moment, jerks round with his face to the
pursuer, neighs, and then, turning, kicks his
heels defiantly in the air and bounds off with
the same ease as before.” It is often said that
the onagers of the steppes cannot he overtaken
by horses, and that they are quite untamable ;
but neither statement conforms with the facts,
Our picture of the wild ass is that of a very

" L

Phoio : C. Reid, Wizhaw, N.BE.

active, alert, high-spirited, hardy animal, able
to thrive on Spartan fare. They are polygynists,
and the males fight savagely with intruders and
upstarts. The foals are playful and roguish, very
trustful of man, and almost always easily tamed.
The problem that arises is how such fine creatures
have given origin to donkeys, often stunted,
sluggish, and dull. The first part of the answer is
that the domesticated degeneration is far from
being a necessity, In countries where attention
is paid to breeding there is a persistence of many
of the excellent qualities of the wild ass. There
are many handsome and lively breeds of don-
keys: and they hand on some of their good
qualities to mules. But in many countries the
ass is the poor man’'s horse, and this too often
means that the owners have ceased to pay any
attention to breeding. The degeneracy of the

DOMESTIC DONKEY AND FOAL.
_ The orlgin of domestic animals s involved in great obecarity, and care must be taken to keep o cautions statements,
maintain that the domestic donkey had its origin o the Nubian Ass |(Eguas teaiopus), also called E. africanur and E. asini,
woild add that domestic donkeys of fine breed were alo defived from the Asiatic Onnger | Eguus onager),

Muny autboritics
To this, others
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Photn : H. M, Heill
MOIEIAL SHEEP

A large-borned, hardy sheep from (e mounteins of the Punjab, with the

e meck fhickly bearded, It has a reddish-he

donkey is a diagram of what
must ||:Ij'l|:l'll without * _L;Ilili]
breeding ' or eugenics, A third-
rate donkey is a diagram of bad
breeding !

The second part of the answer
i2 that close confinement does not
suit the ass, which is as much a
child of the desert as 18 the
Bedouin [hev sav that the
donkev's frequent objection to
cross a streamlet traversing a
country road i1s due to mutiny
on the part of its ' Unconscious,
which came into being when its
ancestors were wild asses in the
desert More simply, the don
kev's desert past lives on 1n 1ts
costermongernng present

The donkey is a creature of

frugal tastes, and its OwWners Phow: »
e

sometimes take thoughtless ad Thets

vantage of this by feeding i

Ir|.|'||1|:||J|I'I.|11"=_‘._' This is The bor

wm colomr alsdve, Hghlet
below. The points of the large boras are directed fwnrds

e, Bowdays i

terorwerd
the males

depressing in itself, but it may have a
deeper influence by disturbing the normal
activity of the ductless glands, whose
chemical messengers of hormones exert a
regulating influence on the life of the
body, This is just a guess, we admit |
but there is certainly a suggestion of
there being something wrong with the
ductless glands in some of the wvery
dwarfish and very depressed donkeys of
poor localities—some of them, as Darwin
noted, ** not much larger than a New-
foundland dog.” But, without any
.~|1|'-".l|:l11r:.'|_ Wi ::|:1_1;'.|=1'r11'¢' [hr'ill'!.:l'll.t'r:l-
tion of the donkey, when it oceurs,
partly to careless breeding, which affects
the hereditary constitution, and partly to
bad * nurture ' {including food, stabling,
grooming and treatment), which affects
the individual, but may be re-impressed
on each successive generation.

They say that the donkey's fondness for
rolling in the dry dust is another re-
awakening of an ancient desert memory,
and whether this be sound or not, we
must regard the domesticated animal as

MOUFLUN (MALE) [Qwus munimon)

some of tem have a very restricted distriba
-tadled Mouflon, once with o wider mnge, frequents
-y, with some white about the fnce and elsewhere.




Sheep are

tigh strompes

in the

rum

BHEEF ON THE HIGHLANDS.

nernl way distinguished from goats by their father stouter build, their thick feece, and the absence of beard. The horns, i present, nre usually twisted, and occar in bolk

The playfuloes and pdventurouwsness of lambs o domesticated conditions may be interpreted as o juvenile sutvival of the primitive wildoess

1S e

IVHNINY
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NYVH NV

Z0I

€



1026 THE NEW NATURAL HISTORY

o e - e
- t"' I

This is a handsome wild sheep confioned to Northern Africa, sor

vrud of Aoudad. 11 hos ccmpanotively smooth obfve-
coloused borns, which show a marked approach to the borns of goats y

s the Barlary Sheep lnkz on to the goat,
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in some measure a spirit in prison. The wild ass
is so singuolarly a child of freedom that man's
depression of the donkey is something like a
breach of faith. We do not sav the domestica-
tion, but the depression, for there are many
places where donkeys are well bred and well
cared for, where thev live long and cheerful
lives, But we cannot help wondering some-
times whether the depressed donkey represents
a naturally gay creature that has lost heart, and
whether its apparent stupidity is not a self-
protective device against man’s lack of appre-
ciation, We have read
that when horses and
donkeys are in great
herds together on Ameri-
can ranches the larger
species follows the lead
of the smaller, and show
an evident respect for
its sagacity. From an
animal with such a fine
brain as a horse has,
this is a great compli-
ment |

We have not yet ex-
plained why a donkey is
an ass, and not a small
But the asinine
specific distinctions are
familiar, We think of
the tail with the tuft at
the end, the dark stripe
the the
upright mane, and the
absence of warts on the
hind-legs. Then there is
the length of the ear-
trumpet of which
Wordsworth spoke so characteristically, " and
on the pivot of his skull he slowly moved his
long left ear.” It may also be noted that the
blood crystals of an ass are different from those
of a horse. DBut it is perhaps easier to under-
stand what a difference between two species
means when we hear the neigh and the bray.
The bray is only intelligible when we think of it
as a voice calling in the wilderness,

It is a great pleasure to watch the lambs at
play in spring, and the sight raises many Natural
History questions :—What is the meaning of

hiorse,

o shoulders,

Why do the adventurous lambs
Where did these
COme

this play ?
become such stolid sheep ?
domesticated sheep from ?

Let us take the last question first
The probahility is that domestic

sheep had a multiple origin from several kinds of

Sheep and
Lambs,

wild sheep, including the mouflons of Cyprus,
Corsica, and the East, the Urials of Turkestan,
and the long-hormed Argali of Tibet,
Cossar Ewart has shown that oné of the most
primitive sheep in Britain is that which eccurs in
Soav, a small island to the west of St. Kilda. It

Professor

A LINCOLN EAM

The mabe of the sheep is well-known for its strength, i3 combativeness, and Iis stromgly developed sex.
The bowes of the skull are very strong and the crash between two rival remes cften leaves neither any the
worse,  In all probability the original home of tame sheep was in the mountuing of Asia,

is a short-tailed small animal, the rams stand-
ing just about two feet at the shoulder, and
the homless ewes distinctly smaller.  The
the limbs are slender, and
the horns of the ram are large and curved.
The point is that the Soay sheep is wvery
like the wild mouflon of Cyprus. Another
primitive form is the brown, Loaghton of
the Isle of Man, and there are others in the
Faroe lslands, Shetland, and Iceland. It is

ears are small,

interesting to find that on islands where pasture s
scarce the primitive sheep will eat the seaweed
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on the shore, and will even go the length of
feeding on dried fish.

The outstanding differences between domesti-
cated and wild sheep are two: the former
usually have wool and the latter have short
tails. Wool is an exaggeration of the under-fur
or under-hair, which becomes delicate and thick
and tangled; the ordinary outer hair of the
sheep is visible on the legs. The sheep's fleede
corresponds to * sealskin,” both consisting of
the under-fur. The entanglement of the woolly
hairs is often so extensive that great patches
come off coherently, and then people go ** wool-
gathering " to good purpose. In the brown
“ murrid "' (moor-red ?#) Shetland sheep, whose
wool is knitted into deliciously soft shawls and
“ jumpers,” the whole fleece is sometimes pulled
off in a piece. What Neolithic man did was to
breed from wild sheep that showed that they
were changing in the direction of increased
woolliness of the under-hair,

In all the wild sheep the tail is short, but it is
far from being true that in all domesticated
sheep it is long. There are various short-tailed
breeds, and there is very marked reduction in
some of the black-faced sheep. On the whole,
however, there has been a tendency towards a
lengthening of the tail in domesticated sheep,
and this sometimes becomes so excessive that
the tail touches the ground. This can be remedied
by docking, but where the tail fattens greatly
and is regarded as a luxury by the herdsmen,
it may have to be provided with a little wheeled
vehicle like a child’s toy-cart. In this cart the
sheep trundles its fat tail behind it—a good
illustration of the queer things that may happen
under man's protection. Nature would soon
curtail an absurdity of this sort.

Our second question was about the sheep's
sheepishness, Why is the sheep so stupid ? Why
has its brain gone badly back since it came into
the hands of man ¢ The reasons are not far to

Photo : C. Beid, Wiikaw, N'B

GOAT AND EIDS.
The general view s that the Persian Wild Goat (Capra or Hirows egagri), whose slomach secvetion prodnces the * besoar stone,” is ons
of the speches, pmil probably the principal species, from which domesticated goats have been derived.
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¢ Uniderwood Press Service.

GOATSE ON THE ALPS, SWITZERLAND,

Gouts differ from sheep in their spare build, thelr backward-arched horns not spirally teisted, their beard, and the mok smell o
The Buropean breeds are regarded by many anthorities as derived from the Eastern Besoar Goat (Capra of Hiroes sgagrus). Somewhs

[ the males.
{ chaumis

like forms are common on the Alps; but they are not wild in the true scpse

seek. In the first place, man sifted out, that is
to say, afe the adventurous, experimental,
independent sheep, which were troublesome
members of his flock. In the second place, man
made things too easy for his sheep, giving them
a sheltered life, yet not admitting them into
any enlivening partnership like that established
with dogs and with horses,. No doubt the
Himalayan Hunia sheep carries salt and borax
across the passes ; no doubt the Punjab Barwal
sheep becomes a prize-fighter ; but the ordinary
domesticated sheep lives a stolid life and s
stupid. It does not live dangerously enough.
To put the matter in a nutshell, sheep miss
wolves badly ; and man 1s to blame.

As Mr, P. G. Hamérton remarks in
" Chapters on Animals,"” sheep belie the promise

his

of their youth. If you had never seen a

sheep, and a young lamb were presented to you

for the first time, would vou not augur well for
the future of an animal so charmingly merry
and playful ? You would say, * Here is a creature
born to learn all things rapidly, since at his
second sunrise he is already so much at home
upon the earth.' But every day the lambs
become less charming and less beautiful, and
at last, when fully fleeced they present scarcely
and they eventu-
ally show a lamentable poverty of wit and in-

more form than a hedgehog

vention."

This contrast between the lamb and the sheep
is VETY striking, and has not received the atten-
tion it deserves. Although lambs have not the
brains of a kitten, they are sprightly, expern-
They have three or four
different games, and we have seen traces of a

mental, and playful.

sense of humour Jut they soon begin to

relapse. They have betraved, for a briefl space,
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the' wild past that lives on in their present ;
they have shown for a moment the sheep’s true
self ; but soon they give way to a growing
sheepishness, The reason is that they are
victims of a terrible process of ' repression "—
an automatic sinking down of their lively
promptings and emotions into the depths of the
* Unconscious.”'

It is plain that the chief repressive forces
must be found in the profound respectability and
stolidity of their parents. They find themselves
in an ovine world that is intolerant of fun and
originality, experiment and adventure; and
there is no escape. The stultifving works in a
vicious circle, for the more readily the promiseful
voung creatures submit or acquiesce, the more
repressive will they have become when they
have lambs of their own !

When we compare the domesticated pig with
its ancestor the wild boar, we see¢ how apt man

is to make a muddle of things from

E:;Fiﬂ the point of view of beauty. For
the Boar.  the wild boar is a handsome shaggy

animal, with wide-awake eves, rapid
movements, and great courage, whereas the pig
is obese and out of proportion, disagreeably
naked-looking, with eves half-hidden in fat, legs
too weak for the body, and a timid disposition.
Well might the pig have said : Save me from my
friends. But we cannot undo the spoiling which
our Neolithic ancestors began. Moreover, most
people prefer bacon to beauty,

** Pigs are a race unjustly calumniated,” said
Dr. Johnson, and never were truer words spoken.
A greedy gluttonous cfeature ! But who would
not be greedy if descended from ancestors that
could not count on regular meals and had to
make the most of them when they were forth-
coming ? Truffles cannot be stored. A dirty
creature ! But who would not be dirty if con-
demned to pig it in a pigsty ! Those that are
kept in the open on the new method are not
dirty, though they undoubtedly enjoy a mud-
bath. The phrase * wallowing in the mire "
betrays a prejudiced mind, a jaundiced eye. But
the corpulence of the animal! Yet is this not
man's fault, since he gives over-abundant and
easily-obtained food to the descendant of boars
that had to lay up fat for the unfriendly winter ?
And he selects with prejudiced eugenics in favour
of the best fatteners. As Dr. Johnson said :

" Pig has, it seems, not been wanting to man,
but man to pig."" Justly indeed may the pig
turn on man the domesticator and accuse him,
saying : Where are the ears of my forefathers
that used to be long and shapely, as the Japanese
have left them in the breed called ** Masked " ?
Where are my ancestors' stout legs, able to
outrun a cantering horse ¥ Where are the pleas-
ing lines that spoke of strenuous work, and where
the strong tusks that spoke of battle ? The fact
is that man has made rather a fool of the pig,
converting a solitary animal to gregariousness,
and turning a creature of the darkness into a
lover of the garish day.

The origins of most of our domesticated ani-
mals are very difficult to trace, and we would
not be dogmatic about the hog. But the proba-
bility is that it arose at least twice in Europe,
and a third time in Asia. One of the European
domestications began in the region of the
Baltic, and its source was the North European
Wild Boar (Sus scrofa). The second domestica-
tion began somewhere in the Mediterranean
region, and its source was a wild form inter-
mediate between the Northern Wild Boar (Sus
serofa) and the Asiatic Boar (Sus vittatus). The
latter formed the” material for the Oriental
domestication, perhaps the oldest, and its
introduction into Europe had a great influence on
the domesticated forms of Northern Wild Boar
origin.

An interesting example of the past living on
in the present is the occasional appearance of
colour-stripes on young pigs, which is of general
occurrence in the wild state. Another, but very
different, echo of the past s heard in such
place-names as Boar-stall, reminding us that the
wild boar.was at home in England till about
the end of the fifteenth century.

P. G. Hamerton, in his delightful ** Chapters
on Animals,” is unusually appreciative of the
mental aspect of pigs. " The animal, though
obstinate and self-willed, is really not stupid,
and is capable of the warmest attachment, and
of great fidelity to those he loves.” It is much
to be regretted that Saint Anthony did not
leave any impressions of the pig, who was his
chosen friend and companion. Few men have
had such a fine opportunity, and most of the
records of the intelligence of pigs are very casual.
Romanes tells of a year-old sow that shook a



ANIMALS AND MAN 1031

RED RIVER HOG {Polamocheris pewicillatus],
This wikl pig 8 found in West Africa and in Madagascar; but it is not far apart from the troe pigs of the genus Sus. Many of tbe kinds
show o fine mddy colour In their hairs and bristles, The long slender ears are continoed into & woving pesdil of bairs, to which the name

penicillatiss refers

- -1

Phalp » E. B. Gamag
PECCARY [AMERICAN WILD MO

L » Paraguny and Poatogonia. It gels varlous tec
mnalvorous, It lives gregarioustly and hu
big=k-hig

bcal names, Dic E
s at might. There i3 &

Thiz small pdy ks represented
Precard, and Tavnsu i
musk-gland on the top of the
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ENGLIEH WHITE 30W.

Many of the domesticated bieeds of p|g have diverged greatly from the wild type. Thus they show o decrense in the length of ihe legs,

an increase In rotundity and fainess of body, and an improvement {n the delicacy of the fesh,

in a year, with four to eight in a litter, occasionally with a dozen.

voung apple tree in the orchard and listened for
the thud when the fruit fell. " After they were
all down and eaten she shook the tree and
listened, but as there was no more to fall she
went away.'' This Eve was no doubt a far cry
from Newton and the apple, but the story shows
that the pig is not without the root of the
matter, There are stories of both tame and
wild swine combining successfully against a
wolf, and this is more interesting than the
records of ' performing pigs,” where there is
little more than forcing the animal to establish
certain associations. We cannot endure this
adding of nsult to injury. Pigs are clever at
opening latches and the like, and the young
ones are playful, which is always a good sign. As
Dr. Johnson said, we do not allow time for their
educatipn,

The Ancient Britons worshipped the boar,
but “ pig " 15 the last word of reproach. Mr.
Hamerton notices that even the peasantry in
France reserve the name for supreme occasions
of abuse, and to keep the barb sharp will use
* some quite different name for the animal itseld,
They have their pators words, of course, but

The sow is very prolifie, often with two litters

" when they speak pure French they use a peri-
phrasis of quite remarkable elegance, hitting
upon the only peculiarity about a pig which re-
minds one of genteel society.” They call him
un habille-de-soie, "' a dressed in silk,” the allu-
sion being to the beautiful white bristles, shining
in the sun. But why is the pig so much a beast
of reproach ? Not because it is not beautiful,
not because it is dirty, not because it is omni-
vorous and insatiable, not because it is a focus
of parasites. What then ? We think the right
answer must be one that we found in a book on
Domestication by Dr. Antonius, who points out
that the pig is the mark of the " settler " as
contrasted with the * nomad.” Pigs cannot be
moved about like sheep and cattle, and the old
shepherds and hunters focussed their contempt
for the " settlers " on their most characteristic
the mg. Religious, hygienic and
®sthetic considerations were secondary: con-
tempt for settling down was primary.

Another of man's dependants, the Common
has suffered from misunderstanding.
Everyone appreciates 1t good qualities when it
is dead, but few have realised what a fine bird

]

animal-

Goose,
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There is bad Natural History
in such a phrase as ' the silly goose,” for the

it 15 when alive.

creature 15 alert and clever. Like
E:ﬁe some of ourselves, the goose is
much wiser than it looks. Their

“ cackling," as we contemptuously call their
conversation, is oftenest an expression of a
sociable disposition—they wish to pass the
time of day.
admirable alertness, a defection H_.f- the stranger :
“Who is this that comes riding sae boldly
through cor town ? *

Where did this domestic bird come from ?
Some say it is older than all poultry. We know
that the Greeks of Homer's time had flocks of
tame geese, and that Penelope fed them in the
precincts of the palace. Of the origin of the
Domestic Goose there is no doubt © it is a scion
of the wild Grey Goose, a migratory bird of
Central and Northern Europe that flies to the
south and east on the approach of winter, and

Or else it expresses, often with

returns in March. There cannot have been any
difficulty in annexing the goose to man’s stock,
for, unlike most domestications, which remain
secrets of the remote past, the domestication of
the Grey Goose can be achieved to-day.

What is particularly interesting is that the
Grey Goose, under man's shield, has lost so little,
The Domestic Goose is an easy-going, placid,
pliable creature, inclined to be stout and heavy-
footed, and with greatly reduced power of
flight—in part, no doubt, an individoal conse-
But it has
remained very much ifself, and while it is what one

quence of lack of aerial exercise,

might call a tranquil conservative type, it has
retained many of its wild characteristics, such

as quick wits,

There is very little in the Domestic Goose
corresponding to  the
familiar among pigeons and hens,
for this is simply that the goose is an organically
conservative type. The other reason is that the

multitude of wvarieties

One reason

Fhoto ; C, Redd, Wiskaw, N B,

DOMESTIC FIGB.

Ao

Jing o maoy sutharities the makn race
v screfal, which ling

especially 1he Astatic Sss vifatus,

! Euwropean domesticated pig (3u wifa d
Bat it s not inconsistent with this view to |

have glo given rise to domesticated boreeds, and may hove been cifossed with 5

1 im DMrlimin il the sixtecnth century,

ed {rom the Wild Hoar
il that other wild pigs,
or its derivatives.

fica) has been detiv

ui mcrafi
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in Africa to relapse into a
quite wild bird. As such it
extends from Egvpt to the
Cape. It is sometimes
domesticated in Britain.

As we have said, the wild
ancestor of our Domestic
Goose is the Grev Lag,
which still breeds in the
North of Scotland. It does
harm in cornfields, for it
has a big appetite, but it is
a very attractive bird. It is
monogamons in the strictest
sense, and the gander guards
his children. There is a goed
deal of education of the
goslings, which are taken
to the water a few hours
after hatching. There is no
posting of sentinels, we are

Phoio ; W, 5, Berridge, F.2.5.
GREY LAG GOOAFE {Anser auser),

This §s the only kind of goose Usat nests In Tritaln, the others being winter visitors, 1ts  assured, but there is extra-

nesting-places are now confined to the North of Scotland and some Hebridean lslands, According e o R,
to some; the Grey Lag owes ils name to the fact that it lagged behind while others migrated, ir!'{l.l.[!l.'lr}. Wariness. The
Ul]l}' t]l!lt‘mll}' 15 a certan

goose was from the practical man's point of view  liability to get nervous towards the ordeal of
so mearly perfect that divergent varieties were moulting time, when the loss of feathers involves
rarely welcome. So they were not taken care of.  a riskful period of flightlessness. Tt is then that
Not that wvarieties are entirely absent, for the geese, leading their young ones, will march
there is the pure white Emden Goose, with through fields and woods to some new home,
blue eves, orange feet, and
vellowish-red bill—a very
beautiful bird ; and there
15 the Sebastopol Goose—
a small variety with what
ong might call -curly
feathers. The Canada
Goose, sometimes domesti-
cated in Britain, belongs
to a different, genus alto-
gether. Similarly, the tame
goose often depicted on
ancient Egyptian monu-
ments is another quite
different kind, but also of
great beauty and wvalue.
For ages it was domesti-
cated in large herds, as
may be seen in a British

Photo ;. W. 8. Breridge, F.Z.85,
Museum picture from WHITE-FRONTED GOOSE (Anser albifroms),

Thebes, but for some reason This is & common winter visitor to Britain, that nests farther to the North. It is smaller than
i the Grey Lag, and owes its name to 8 ool white botid at the base of the hill. It is sometimes
or other it has been allowed  called the Laughing Goose because of its lowd challenglog note
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and when they get there will
march back again, often losing
some of their charges by the
way, Isit to this instinctive
searching for a safe place
that the nursery rhyme
refers ;
“Goosie, Gooste, Gander,
Where shall we wander ' ?
The Grey Lag is the only
wild goose that breeds in
Great  Britain, but  others
come as regular winter visitors
—the Pink-footed, the Bean,
the White-fronted, the Bern-
icle, and, commonest of all,
the Brent Goose, which is
sometimes seen in extraor-
dinary numbers on the
East Coast. These all leave

us early in the year to
This poese nests in Arctic Regions but often visits Scotland in winter. It feeds mostly by

make their nests in the
Far North : the Grey Goose wisht and mainly on vegetabie food, though it will also eat molluscs and crustaceans,  [ts namse

fefers to the old confiused jdea that ship-bormacls gave tise to goese

fags behind, and so, a great
etymologist tells us, it is called the Lag-goose. speaks of its " lofty spirit,” still proud and in-

The true inwardness of the goose was appre- dependent in spite of domestication; of the
ciated by the late Mr. W. H. Hudson. He * ancient instinct of watchfulness,” excelling
that of a dog; and of its
affection—sometimes chival
rous. He has left a picture

BERXICLE GOOSE (franfa lewoodsia)

which one does not readily
forget, of two South American
geese at the migrating time
“The female was walking
steadily on in a southerly
direction, while the mals,
greatly excited, and calling
loudly from time to time
walked at a distance ahead,
and constantly turned back to
see and call to his mate, and at
intervals of a few minutes he
would rise up and fly, scream-
ing, to a distance of some
hundreds of vards; then
finding that he had not been
followed, he would return
and alight at a distance of

Phelo : H. M. Bell

BAR-HEADED GOOSE [Amser tndicu forty or fifty vards in advance
A day-fording, veygetarian " Grey Goose,"” ot home in Cs al Aska and North Tndia, occastonally of the other bird, and bl_"l_:.t”
ket im Britaln on mental pomds, and soanethmes sscay 1t owes Ii= o the pr :

of two black crescents on the back of the white head walking on as before, The
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FPhate ; C, Reid, Wishaw, N.B.
DOMESTIC GEESE (Anser cinereus of A, domeslicns).

A good example of conservatism in constitution, for the tame forms are very like the wild, Young

wild geese are readily tamed, but do not lose thelr migratory impulse, A case is known of @ wild oo

retutning fo the farm where it had been reared,

female had one wing broken, and, unable to fly,
had set out on her long journey to the Magellanic
Islands on her feet ; and her mate, though called
to by that imperious imperative voice in his
breast, yet would not forsake her ; but flying a
little distance to show her the way, and returning
again and again, and calling to her with his
wildest and most piercing cries, urged her still to
spread her wings and fly with him to their
distant home."

One agrees with those
who insist that the wild
geese say something
better than ‘' honk,
honk,” as they make
their way north in
spring ; but what is it
that they say? As
Miss Violet Jacob writes
in her ' Sons of Angus'';
“And far abune the

Angus straths

I saw the wild geese

flee,

A lang, lang skein o’

beatin’ wings,

With their heads to-

ward the sea,

And ave their cryin’

voices trailed

Ahint them in

amw. .

0 Wind, hae mercy,

haud yer whist,

For 1 daurna listen

mair."

The Robin

As an instance of a
half-sentimental relation
between man and cer-
tain living creatures, we
wish to take the robin
redbreast, most univers-
ally liked of birds. In
the wintry season es-
pecially they are full
of friendliness. During
the summer they
are a good deal pre-
cccupied  with family
affairs, but in winter they seem rather at a loose
end and inclined to be sociable with mankind.
At this time they seem to live mostly as soli-
taries, an adaptation probably to the difficulty
of finding food. For it is easy to understand
that one robin may thrive where two would
starve—especially when it is kept in mind that
they are mainly dependent for food on insects
and other small animals. They may utilise
berries and occasionally seeds—and crumbs,

the
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of course—but in the mam they depend on

animal food

There was one with us the other davy who
was delighted with the parings of the un-

fried
part

breakfast ham S0

is probably in
a cupboard love that

brings the red
h"ll*-l. I[l
everywhere in our case—in
the

jaunty

breast so much about th appears

the kitchen, in

dining-room, in the bedrooms—alwayvs
arid
and hungry

all the time,

well

cheerful, alwavs self-possessed

We suspect it iz the same fellow

for we never see two : and besides,

it 15 known that the robin has a wvery

strong belief in the rights of private properts
In other territorial

tameness 1s

words, there is a strong
" This is my preserve,” he
!llul-\ out.”’ ]’l':l[ I||l'

extraordinary—he is not abashed by

SENse SAVS.
intruders
OIr con-
versation, and he is not much d at our
movements.

We had to catch a

COTICEr T

visitor robin the other

GOOSE
Domesticated forms of the
colout, with reduced

wer of Bight, and with shorter tall. Acosding to

day that had got into dificulties when the
blind was drawn down, but he remained quite
hand, and his he

our Aart was

not going pit-a-pat as the heart of an ordinary
What we
should like to know is whether this confidence

peacefully in
bird does in similar circumstances

is simply a matter of temperament, or whethe
there has grown up among robins something
like a tradition to the effect that man is a
harmless creature. For no normal man would
hurt a robin

Often in the winter we hear a robin singing in
the garden, evidently enjoying a glint of sun-
shine, and the bird is well known as one of those
that sing outside the breeding-season—all the
year round, indeed, except at the moulting-time,
that occurs towards the end of July. What in
most birds is restricted to the time of courting
and mating has here overflowed, and saturated
the whole life with jov. Another interesting point
is that the female sings like the male,

though

AND GANDER

wild forms they are heavier in be
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perhaps less ardently. For ourselves, we may as
well confess that we cannot tell a cock-robin
from a hen bird, except when we see the two
together at the courting-time, when we conclude
that the male is the one with the brighter breast
and the more strenuous display,

The song has not a great range, but it is good
hearing, and there is much more variety mn it
than one is at first inclined to think. John
Burroughs wrote :—

** His song is peculiar, jerky, and spasmodic,
but abounds in the purest and most piercing
notes to be heard—piercing from their
smoothness, intensity, and fullness of articu-
lation ; rapid and crowded at one moment,
as if some barrier had suddenly given way,
then as suddenly pausing, and scintillating
at intervals, bright, tapering shafts of sound.
It stops and hesitates, and blurts out its

—

Fhote : M. H. Craxford.

notes like a stammerer ; but when they do
come they are marvellously clear and pure."

We did not get so much as all this out of the
redbreast's winter song ; but we see the force of
a comparison John Burroughs uses, that some of
the redbreast’s sounds are like those you hear
when green hickory branches are thrown into a
fierce blaze. Very familiar even in winter is the
danger-signal, which sounds like * tik,”" by
which the robin in one territory pas=es on to his
neighbour the news that the big, slowly-moving,
awkwardly crumb-scattering creature is on the
prowl again. Owur impression is that three " tiks"
is the robin's way of spelling cat.

Cock-robin 15 an amorous bird, but he likes a
quiet place for his courting. He raises his bill to
the sky, cocks up his tail till it peints almost for-
wards, puffs out his red breast, and sways from
side to side before his desired mate. She stares

THE ORCHARD ROBIN LOOKING FOR CATERPILLARS,
The Hedbreast [Erithoruy rubecnla) §s pepresentod by several forms, which Jdiffer slighily in colour, The diet vaties considerably, from
witms 10 insect larvie, from fiying insects to eplders, from soft berries to semds.  Everyone kinows how they welmme treadorumbs and the

like in winter,
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at him out of her big
black eyes, In a more
matter-of-fact mood, he
sometimes presents her
with a particularly
plump spider or juicy
caterpillar ; and it is
interesting that long
after these pgoings on
are over he brings her
food when she is brood-
ing. Not that he is
unwilling to do his share
of that. Both parents
unite their energies in
providing insect-food for
the young ones.

The rather bulky nest
of withered leaves,

~‘1.‘\\

i

BIASSES, IMOSS, often with
hair and feathers to the
mterior, 1s to the credit
of the mother-bird : and
she often builds it in a
place where there 1s
some shelter This ac-
counts for nesting in old
kettles and other gqueer
places such as the unlit
lamp of the platform of
a Highland railway sta-
tion. The newly-hatched
young ones cannot be
called beautiful — big-
headed, blind, helpless
and flabby. “ Ugly," as
(zeorge Meredith said,
“is only half-way to a

FPholo : M. H, Crawford

HEN ROBIN ON NEST.

There is great variely in the site which the robin is willing to gtilise for a orst, nol metely holes in
walls, banks, and trees, butl a flower-pot, an old lamp, a scarecrow,  But the robin k= not aware bow

thing,"” and the newly.  strange kis chaice is in man's cyes.

hatched robin is not half-finished. Quickly,
however, it puts on strength and grace, and
becomes unsurpassable. There may be two or
three broods in a summer,

The redbreast or robin is held in universal
regard, and there are several reasons for this,
Its orange-red or tawny-red breast is wvery
pleasing ; there is a charm in its intelligent eye ;
there 15 ﬁumi*lhin!._;‘ winning in its ' bobs and
flicks and jerks " ; there is a sugpestion of
efficiency in its whole behaviour ; and its song
15 a delight. There is probably something, too,

in the fact that the redbreast does not desert
us in winter ; for although there are partial
migrations, and although bands of the Continental
variety pass over part of Britain as birds of
}mhn.’tg(’ in spring and autumn, the redbreast is
a resident bird and sometimes keeps to one
place all the year round. But the probability
is that the redbreast has especially won man's
heart by its confident trust in him.

We take the sparrow as another example of
those creatures that hang on to man, so0 to
speak. We should like sparrows better if
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there were not so many of them. Their chirping
and twittering is cheerful ; they show admirable
alertness in rising at the last moment
Sparrows !

from under the horse's feet; they
are good parents ; and the natural man enjoys
the zest with which the cocks hurry to share
inany “scrap.” *Isthisa private foight, or may
a gintleman join in ? " and they do not wait for

O\

»

¥
- }

Phota : 5. Crook,
ROBIN IN SNOW,

The robin i a cheetinl bird and sings in winter a2 well as in summer,
to that of the nlghtingale, and some experts maintain that it is pot confised to the males, a8 is psaal,

In winter nt least it is climed that the female sobins sing,

an answer. Soon there is a little throng, all
pecking and swearing and tumbling abont with
the utmost recklessness, But it is onlv a gust ; in
a few minutes they have forgotten all about it,
and no one seems a bit the worse,

No doubt the cock-sparrow is a handsome
fellow, and his mate, though plainer, is worthy
of him, In summer the male is distinguished
by ash-grey on the head and rump, and a deep

1L
=
*

‘w S\ 8\%
) "‘ ¢

: & %
.'. h " ] "
LW N \

black gorget contrasted with a white cheek-
patch and a bluish-black bill. In winter the
bill is brown, the white is vellowish, the black
and grey have dulled into brown. In short, the
cock’s plumage in winter is nearer that of the
female and the young bird. The tide of maleness
is less strong in the cold season. The hen-sparrow
has a brown bill and a conspicuous streak of
buff behind theseye ;
she has no black gorget,
no white cheek-patch,
no ash-grey, and the
colour of her mantle and
wings is brown instead
of mahogany red. We
have cited these details
because they afford a
familiar instance of the
puzzle of the often
marked contrast of male
and female (sex-dimor-
phism), and also be-
cause it is ridiculously
careless to speak of a
cock-sparrow as “'a
little brown bird." There
is a good instance of
individuality in the con-
trast between the House-
Sparrow, of which we
have been speaking, and
the nearly related Tree-
Sparrow, where the
colour scheme is quite
different, There is also
a good instance of our
ignorance in our ability
to give any reason why
the sexes in the Tree-
Sparrow should be prac-
tically alike, whereas
there is marked contrast
in its cousin. An interesting little detail is the
rubbing away of the light tips of the House-
Sparrow's throat feathers in spring, which has
the effect of giving prominence to the dark
colour of the deeper portions.

The House Sparrow is a very successful bird,
distributed all over Europe, represented by
races of the same species in North Africa,
West Asia, and India, and introduced into North .

s/

e

Its song is compaed by some



Specially drawn for this work by

THE ROBIN
The Robin or Redbreast (£rithacus rubepula), one of the most attmictive of birds, beatiful in form aned colowring, (dainty
amd engaging in its wavs, a fine sougster, a high-spirited pugnecious creature, o o fuil parend I'he sexes are alik T hire 1
s nafrow blue-erey morgin Deiween the olive-brown of the back ol the rel breast
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America, Australia, and New Zealand. Its
success may be explained by its gregariousness,
its long bill of fare, its plasticity as regards sites
and materials for the nest, its prolihc multipli-
cafion—often with three broods in the year—
and its insistence on linking itself to man.
But to these must be added a temperamental
quality of pertinacity and aggressiveness, which

may be illustrated by the way in which it some-

FPholo

Langford.

hedge-sparrow is not a sparrow or anywhere
near it,

What about family affairs ? The cock-sparrow
has not the resplendent dress of the goldfinch or
the chaffinch, and he has certainly not got the
lintie's song, but he has his courtship on-goings
like the rest of the finches. He hops and poses
before his desired mate, who often rewards him
with a severe pecking. He has a quaint way of

NEST AND EGGE OF ROBIN

The large nest s made of withered leaves, dry grass, and moss, and dadniily lined with bair amd featlers

Five or six eggs afe laid, wihilte

in general culour with spots or hlotches of red,  They are aften laid in March, or it may b enrller in the year,

Hi JSe

An interesting

bird, such as a
Martin, and occupies its nest,
point about the sparrow’s nest is that it is
built with a dome when in the open, but the
cover is dispensed with when the nature of
the site In the Tree
Slmrrr_nv occasionally
structed.
rows are finches, and no other British finches
build domed nests. In calling the sparrow a
finch we may be pardoned for saying that the
b

times ousts another

makes it
also a

UNnecessary.
dome 15 con

This is noteworthy becaunse spar-

drooping his wings and throwing back his head
as if to show off his brilliant black gorget.
Edmund Selous says that an attempt to look
sentimental seems to struggle with his habitual
self-satisfaction, but this sounds like rn-unl.in;_: the
man into the bird. Two cocks sometimes court
the same hen at the same time, and that of course
But when everything is settled
the sparrow is monogamous. The hen broods
according to some observers,
turn. Both

means a fight.

very devotedly

the cock occasionally takes a
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Photo : 0, &. Pike.

larvee which are in many cases those of injorious species.
parents share in feeding the young ones, and as
there may be five in the nest this is no light
labour of love,

Everyone recognises that the House-Sparrow
has attached itself to man in a unique way—
which approaches the parasitic. It is not for
nothing that it is called Passer domesticus
but we do not know of any instance of friendli-
ness on the bird's part. It is very different from

HOUSE-SPARROW (Passer domesticus).
Most familint of hirds, associating itsell closely with man, yet always remaining suspicious,
Gregarious, prolifie, combative, high-spirited, doing consbderable harm, but feeding its young with imsect

the robin. In lonely
places it is rare, but
wherever a hamlet
grows the
make their appearance,
And they have
trived to follow
from Europe to distant
colonies. The case of
the European sparrow
in the United States is
familiar, but we are
slow to learn the lesson
of the story. About a
dozen times from 1830
onwards the sparrow
was deliberately intro-
duced into the United
States; about 1,500
were imported in twenty
vears. The hope was that
they would check the
ravages of the destruc-
tive elm-tree caterpillar,
and they did some good
in that way. But they
found themselves in con-
ditions of material well-
being and multiplied
exceedingly. They
found abundant food,
convenient nesting-
places, unlimited room,
and no enemies. In a
few wears they inun-
dated the continent and
they remain a curse.
They destroy crops, they
drive away more useful
birds, and they are
blamed for spreading at
least one diseaseamongst
poultry. The sparrow is the costhiest alien that
North America ever admitted.

In recalling this well-known instance of the
penalty man has had to pay for interfering unre-
flectingly with the Balance of Nature, we are
not suggesting that the sparrow is altogether
against man, It must be kept in mind that the
voung sparrows are fed on the larvae of insects,
many of which are injurious; and that the

:w]_li_{t"['”“'.‘;
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man
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adults refuse an insect

convenient opportunity

never if they get a
They have been known
to destroy green-flies, caterpillars, sawfly larva,
and perhaps they
would devour more if man were less careless with
' Predominantly, however, house-

and other injurious insects ;

his “ crumbs.’
sparrows feed on grain, seeds, fruits, and buds ;
and it is pitiful to see the havoc they make of
the crofter’s exiguous harvest. To be quite fair,
one must remember again that some of the seeds
they devour and digest are seeds of weeds ;
but against this has to be put the damage they
do in uprooting the sprouting seeds of such
crops as peas. There seems to be something like
mischievousness in the way they tear up certain
flowers, such as crocuses and primroses, but it

is possible that they are attracted by the presence
of some minute insect.

Photo : M. H. Crawford
HOUBE-SPFARBROWS NEST AND EGGS,

When the nest is bailt in o bole it is litile more than o beap of strows and fibres, cushioned inside with [
domed nests are often constructed among ivy or on trees, and even in hedgerows
Thete are five of six eggs, very variable o colotring

evictions are known 1o occur
may be three broods or more in a vear

WITH ONE NEWLY

We cannot leave the sparrow without recalling
the interesting observations of Professor Bumpus
which ought to be repeated. One winter day
in the States, after an uncommonly severe storm
a great many sparrows were found benumbed,
and 136 of them were brought into the labora-
The result was that 72z revived and 64
Professor Bumpus then made a wvery

[l‘l[}.'_
died.
elaborate comparison between those that sur-
vived and the others. This led to the interesting
conclusion that the birds which survived had
certain structural characters which those that
perished did not possess. In other words there
was evidence of discriminate elimination. Those
that did not revive were eliminated not fortuit-
ously but because they were unfit. If the
weather had suddenly improved there would
probably have been a natural selection of the

;i N " Cd
b “ 4 7 e

45#_‘-4#3:- o+ 4ipide ":.

HATCHED FL

TDGLING

5 ; but lnrge, tegularly bailt,
louse-martin is often utilised, mnd
There

The last year's nest o
It is beelieved that the hen dioes all the brooding
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relatively fitter sparrows. But the elaborate
comparison also showed that the process
of selective elimination actually observed was
most severe with extremely wariable indi-
viduals, no matter in what direction the
variations had occurred. Except in one measured
character, the range of variation was greater
in those that perished. Nature is against
extremists : Ne miminm is one of her mot-
toes. General stability of structure was the

essential characteristic of the surviving sparrows,

| e

Phate : M., H. Crasford.
YOURG HOUSE-EFARROW,

The female sparrow has none of e black on the head and throat that marks the handsome mabe,
The photograph shows a young cock-sparrow, just able to @y, 1t has alrendy assumed most of the

characteristic male plumsge,

We knew we should find a moral to adom

our tale !
Sparrows are general favourites in large cities,
nowhere more markedly than in London. In
spite of their ravages among the

Eﬁg‘;“’i crocuses in the parks, in spite of their
sm"'_' untidy nests, and in spite of their

expulsion of finer birds, most
people like them not a little. What is at the
back of this liking ? It is not merely due to the
fact that for miles of streets the sparrow may be
the only sign of Wild Nature—above the level

of insects. It cannot be that there is a wide
recognition of the useful part that sparrows play
in destroying a great variety of " crumbs,"
which might attract much less desirable
creatures. Few people think in this way.

We wish we could believe that the popular
appreciation of the sparrow has an ssthetic
basis, but we cannot. No doubt there is a
general admiration of the neatly built body
and the beautiful movements of flight, but to
most people even the cock-sparrow  remains
““a little brown bird."
How few can shut their
eyes and see him-—see him
in his summer dress, a
really handsome fellow.

No doubt we admire the
sparrow’s alertness in rising
& at the last moment from
under the horse's feet or
from under the front of the
car ; no doubt we have
sympathy with its plastici-
tv in adapting itself to the
difficult conditions of city
life; perhaps we com-
mend the bird's virtues as
mate and as parent, for
EPAITOWS are Inﬂﬂﬂgﬂmlﬂl&.
and both cock and hen
work hard in feeding four
or five nestlings, three or
even four times a year.
All this is true, but we are
inclined to think that our
liking for sparrows is
largely sentimental. We
read the man into the
beast, and make a
homunculus, i.e., a little man of the bird.

We make it a sort of emblem of cheerful pluck.
Not intellectnally, but emotionally and in
part subconsciously, we say: * Are sparrows
downhearted ? " Their chirping and twittering
on depressing days pleases our fancy. So does
their * chapel service” in a park or garden
about the time of sunset. We know that they
have a hard time, and this enhances our appre-
ciation of their buoyancy. There cannot be
many people who know an individual sparrow;
we think of them in the mass as a cheerful crew.
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Photy : Spori and Gemeral,

SPARROWS IN A LONDON FPARK.

The so-called House Sparrow, Passer domentions, I8 widely distributed in Europe and Asio, and has been introdused clsewhere.
of course a wild bind, whereas the plgeons seen in London squates are domesticated descendants of the wild Rock Dove, Columba Hida, still to
be found on some of the sea-cliffs in Britotn and elsewhere, The large Ring-dove or Wood Pigeon, Columba palumbus, with while on neck and
wing, is common in Losdon parks, The Stock-dove, Columba @nas, is another wild species, not ancommoen in Britnin ; and the Turtle-dove

iStreplofelia furinr) 15 & British lilrd of passage.

It remuains
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And it is in virtue of their gregariousness that
they can indulge in their natural aggressiveness,

Mr. Hudson wrote in his inimitable way of
the pugnacity of the sparrows at the Tower of
l.ondon, and their teasing warfare against even
pigeons and starlings who have been their
neighbours for ages. When a stranger bird
appears they hunt him in a pack from place to
place * until they have driven him, weak with
fatigue and terror, into a corner where they
can finish him with their bludgeon beaks”
Mr. Hudson quoted that interesting verse from
the prophet Jeremiah, suggesting the rough
reception birds give to strangers with con-
spicuous plumage : “ Mine heritage is unto me
as a speckled bird, the birds round about are
against her.”” Every bird is a ** speckled bird "
to the pertinacious sparrow.

Mr. Hudson thought that there must be a
permanent population of far over a million
sparrows in London and a mortality of perhaps
five millions every year. Their success depends,
in the first place, on their varied bill of fare—all
sorts and sizes of ' crumbs.” The supply has
been greatly reduced in recent years with the
diminution of horse traffic, the increase of
motors, and the use of tarry material on the
streets. Sparrows survive, in the second place,
because they are many. There are often three
broods in a season and there may be five nestlings
at a time. There is great plasticity in utilising
nesting sites, such as holes in walls, shelters
under eaves, the recesses of ivy, and the tangle
of bushes in the garden of a square. But besides
the long bill-of-fare and the prolific multiplica-
tion, there is survival-value in the qualities of
alertness, buoyancy, and plasticity, and it is
no small thing that the average man has a soft
heart to the sparrow !

Among the bivalves whose life-circle is cut
by man's, we give a prominent place to the
Mother-  Mother-of-pearl oyster, which is the
of- source of much beauty. Ewven the
Peael. name is fine! How much greater
would be the attractiveness of a book on zoology
if all its technical terms were like " mother-of-
pearl.” Even in German there is pleasantness
in *' Perlmutter "'—a pretty name for a pretty
thing. The polished shell of the pearl-oyster
makes a plate on which one might hand fruit to
a queen, and many beautiful things, such as

fans, boxes and brooches can be cuot out of it
that would " adorn the parlours of heaven."
They often seem like crystallised pieces of rain-
bow, so brilliant is their iridescence,

The shell of a mollusc is a non-living product
of a part of the skin that is called the mantle.
This forms in bivalves a flap on each side of the
body, comparable to the lateral halves of our
own jacket. The mantle lines the shell and
makes the shell, and it is remarkable in the
looseness of its connection with what it makes—
very much looser than that between the skin
and the shell in a crustacean, such as a crab or
a lobster. The mantle of a bivalve, like a clam,
is bound to the shell at the attachments of the
two shell-closing muscles, and also along a line
near the free margin ; but otherwise the shell is
strikingly free from the skin. None the less is it
true that this skin or mantle is continually
making fresh contributions to the shell. These
contributions increase the size of the shell along
the free margin, and increase its thickness over
the whole internal surface. A shell never grows
in the strict sense, for there is no life in it ; yet
it is continually being added to. In other words,
the mollusc's shell is a enticle, which may be
defined as an external supporting and protecting
covering, not in itself living or cellular, but
made (and sometimes re-made) by the underlying
living skin.

In many bivalves, such as freshwater mussels,
marine mussels, and pearl-ovsters, the shell is
clearly divisible into three main layers. On the
outside, and apt to get worn, is a non-calcareous
laver, the periostracum, made of an organic sub-
“stance called conchin. In a common shallow-
water marine bivalve, the clam Lutraria, shreds
of this greyish-yellow pellicle can be easily torn
ofi the outside of the shell, and it is interesting to
notice that it is continued into a transparent jelly-
like sheath over the long breathing-tubes of this
sand-burrowing species. When we pull off a
piece of the pellicle or of the gelatinous sheath,
and hold it against the light, we are looking at
pure conchin, which may be called the most
characteristic chemical product of molluscs. It
should be contrasted with the chitin of crus-
taceans, insects, and spiders, and with the
hom or keratin of the reptile's scale, the bird's
feather, and the mammal's hair. A mollusc is
known by its conchin.
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Fhoto : Exclusive Newn Agency,

THE OUTSIDE OF A MOTHER-OF-FEARIL SHELL (Aricula margaritifera).

The source of Mother-of -Pear] i8 a bivalve related (o the true oyster

Queenalivml, Lower Californin, Pannma and clsewhere

It is widely distributed in the Indian Ocean, and in waters off

The internal necreous layer is cut into knife-hondles, buttons, studs, and the like

The roagh cutside shows lnes of growth and rough prominences which may prevent shell-boring spails from geiting a grip,

Beneath the organic outer pellicle comes the
prismatic layer, often the thickest part of the
shell, where the carbonate of lime is laid down
in prisms of calcite (as in pearl-oysters and
marine mussels), or in prisms of aragonite (as
in freshwater mussels).
are both carbonate of lime, differ in
hardness, specific gravity, mode  of
crystallisation. Each calcite prism corresponds
to a crystal-unit of calespar; the aragonite
prism is built up of "' sphero-crystals,” Internal
to the prismatic laver is the mother-of-pearl,
consisting of platelet crystals of aragonite and
typically, though not necessanly, showing a beau-
tiful, iridescent lustre. Thus for shells like those
of the pearl-oysters or of the {reshwater mussels,
we may use an alliterative mnemonic, The three
layers are periostracum, prismatic, and pearly.

Calcite and aragonite
but

and

But whenever we probe into these matters a
Thus
many shells, as of scallops and edible oysters,
have the innermost layver made of calcite, often
in the form of very narrow platelets ; and in the
majority of marine bivalves and gastropods the
inner lining of the shell is like |'.|un'.f-l.11n, consist-
ing of needle-like or fibre-like crystals of aragon-
ite, often united into platelets. To find the three-
layered shell-structure we should look in the
first instance members of the families
already mentioned—pearl-oysters, marine
muszels, and freshwater muszels. The mother-
of-pearl layer is well seen in the Pearly Nautilus,
the only living cuttlefish or Cephalopod molluse
that iz ensconced inside a shell. Or, again, in
the polished top-shells (Turbo and Trochus) so
often and deservedly used for ornaments, the

little we find diversity and complexity.

for
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Pholo : Underwood Presa Sermice.

INSIDE OF MOTHER-OF-PEARL
sucl aa cockle
down in
it mre £
[ the mantle

"DYSTER
The r missse]
[4) tsen e
vet always

L 1 ¥
shell, but ar

brought
two

s

unmistakable mother-of-pearl has been
to the surface by

layers.

sconring  off othet

The question that especially conce
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mainly on recent researches by Professor W, ]
Schmidt, of Bonn

It has been for
mother-of-pear]l consists of very thin plates or

known a long time that

lamell®, partly organic and partly calcareous,
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Over
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continuous smooth laver, it shows in

with, a

the gprowing zones a fine relief, a graining, a

multitude of minute terraces at diffierent levels.

The fact is that the mother-of-pearl is built up
te isolated contributions, which eventu
tes

whole internal surface of the

Of Mminu

ally grow together and coalesce to form

of nacre But ths
shell is often far from being at the same level ;
gaid, a system of terraces,

make

there i1s, as we have
The individual items that

plate of nacre ar:

up a minute
rhombic crystals of aragonite,
varying in their details of form, and thev take
shape and arrangement outside the hiving skin
altogether.

At the margin of the shell
furnished by the edge of the prismatic layer, the

on a foundation

mother-of-pearl extends not its thickness, but
organic sub

its area., The mantle secretes the orga

stance called conchin, with pgas-containing

bubbles, and amidst these there appear isolated
1|_I:-l.-|lk." |"|.:'|l.!-l-. ar
crystals of aragonite
These platelets coalesce
into a primary plate or
limella, and it must also

be borne in mind that
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cemented together by
an inconceivably thin

mortar of conchin

The big fact is that
the mother-of-pearl is
the outcome of a Process
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rhythmic and the

mollusc’s skin, has, after all, the last word in

the growth
determining the particular architécture of the
shell in all its rich variety. What comes from
colload ™
lime in

secretion of conchin

This is

the mantle 13 a
with carbonate of solution,
formed by a surface and by an edge of skin,
which varies in detail from type to type; and
we are inclined to differ from Professor Schmidt
in attaching more importance than he will
allow to the fluctuations in the growth and life
(metabolism) of the mantle,

We have not alluded to the connection be-
tween the structure of the mother-of-pearl and
the optical properties which give it so much
charm. That is a quite separate problem, really
outside biclogy, and for the most part solved.

We have also skipped another question, which
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is not easily answered : How does the prismatic
laver grow in thickness 7 But we have perhaps
said enough to show how the chemist joins
hands with the naturalist ; and though the
subject is difficult, everyone should be able to
answer in a general way the question: How

does a molluse make 1is shell ?
It is very important to think of man’s multi-
tudinous enemics among animals and among
plants too. For this was the earliest

Man's phase of man's struggle for existence
Matural ; A
Enemies —a struggle that helped to make him

what he is. He had to hold his own
against beasts of prey stronger than himself and
against venomous snakes. He had to learn to
distinguish between poisomous plants and those
that were useful or indifferent.

This primitive struggle doubtless meant much
for man, and for many ages it must have
continued on rough-and-ready lines before the
results of experience began to be gathered and
registered as lore. Very gradually, for the most
part in recent years, man began to use science
to help him to master or to circumvent his
natural enemies. Thus an anti-toxin treatment
has been found effective in baulking the effects
of snake-bite. Or hay fever, now shown to be
an extreme irritation which some susceptible
persons experience when they sniff up the
pollen of grasses and some other plants, may
be counteracted by injection-treatment, which
is the outcome of exceedingly difficult and
intricate biological research. Perhaps a better
instance might be found in the modern
differential treatment of weeds, which are more
hostile to man than the directly injurious
" poison-ivy "' and the like, Thus the yellow
charlock, one of the worst of weeds, may
be treated with a spray of copper sulphate,
which runs off the smooth and erect leaves
of the cereals, but gathers on the rough,
more or less horizontal, leaves of the weed. Or
the field may be dusted with finely powdered
kainit—a potash manure containing a consider-
able proportion of common salt. This is most
profitably applied when the weed is young, when
its leaves are wet with dew, and when a sunny
day follows. The kainit kills the charlock and it
also helps to manure the soil. This instance of
man's increasing control is of considerable
interest in itzelf, and we have given it because it

is typical of many. It illustrates the use of a
particular method—discriminate elimination—
which Darwin recognised as characteristic of the
whole process of Organic Evolution. One may
say that the modern weed-eliminating farmer is
" following nature': from another point of view
he is applying a very theoretical conclusion to an
urgent practical problem.

From the dawn of history the serpent has been
classed as the traditional foe of man, and for that

reason it may not be out of place
%m. to speak of these reptiles in the

present part. The widespread belief
in the wisdom of the serpent does not seem to
have much zoological justification. Efficiency in~
movement, in food-capture, in attack and in dis-
appearance—all that they show. at a high level,
but wisdom is far to seek. As we have seen in an
earlier chapter, what the snake does is in virtue of
engrained hereditary capacities which work well,
but there is not much evidence of plastic intelli-
gence or judgment. When an animal’s inborn
equipment is sufficient to enable it to cope with
nine out of ten difficultics in everyday life, it is
not likely to show much understanding. It is
rare for an animal to show more intelligence than
it needs, Even when the mind of the snake
finds expression, it is not what could be called
brilliant.

Snakes have a restless tongue, which is whipped
out and in as a touch-organ, and seems to be very
sensitive. The eyes are well developed, though
lacking one of the usual muscles—the retractor,
The risk of injury when the animal is creeping
among obstacles 15 lessened by the fusion of the
lower eyelid to the upper. The result is a com-
plete transparent blind over the front of the eye.
The immobility of the lids gives the snake its
unlimited capacity for staring. The Secriptures
speak of the deaf adder that stoppeth her ear,
and although they have no ear-hole that they
could stop, the description conveys a good idea of
their listlessness to most sounds. They have no
drum to the ear, and it is safe to say that
hearing does not count for much in their life,

In the mysterious movements of serpents,
their elusive ways, and their frequent deadliness,
we must find the basis for a wholesome respect
which has credited them with a wisdom greater
than they possess.  From very early days ser-
pents have been symbols of the demonic powers
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of the earth, and it is one of primitive man’'s ways
animal the
abilities of the Power which it symbaolises

to transfer to a symboli virtues of
[hus,
the serpent has greater subtlety than any other
beast of the field, and a somewhat commonplace
mentality has been invested with extraordinary
wisdom

Snakes have been given credit for doing many

things that are impossible or vastly improbabl

Eve-witnesses notwithstanding, it is impossible
that a smake should put its tail into its mouth

and make a hoop or wheel of its body. Ewven if it

knew it would become a symbal of eternitv if it
succeeded, it could not do it.

snake may begin to swallow another

It is said that one
which 1s
and
this has been used by profane persons as a sym-

at the same time engaged in swallowing it
bol of logi It is vastly improbable that any
mother snake ever temporarilv swallows her
YOUng ones, even (o savy them from ETeal ‘l-'.“_L"'l
The description of the thrilling scene has been
given by people who got it at first hand from a
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known where the male parent breeding

inside his mouth, So we have not said that it
Is impossible for the mother snake to save 1ts
young ones by swallowing them for the time
being, we have only said that it is vastlv im-

We havi

we could swallow

probable. heard several accounts, but
none that
We are sceptical, likewise, in regard to the
snake's susceptibility to the soothing influence
of music, said to be illustrated when the wily
Hindu pipes to the "' charmed " cobra. The poor
cobra has had its poison-fangs wrenched out, and
often at least its behaviour is under coercion. It
was a better trick that the Egyptian magicians
played Pharaoh,
sticks and back again

into

well

befor: turning snakes
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known phenomenon of animal hypnosis—a pecu-
liar fatigue-state of the nervous and muscular
systems. The snake is held firmly by the tail and
just behind the head., Orders pass out from the
central nervous system commanding the muscles
to contract. But no proper contraction is
allowed, and the result of this contradiction in
terms is that the animal soon becomes stiff and
motionless : it lies inert without being held. "The
snake becomes a stick. By and by, the blood
begins to circulate freely, the fatigue effects pass
off, the wheels begin to go round again, and the
stick becomes a snake. But there is no wisdom
here.

We are inclined to say the same in regard to
those snakes which ** feign death " when they are
suddenly and hopelessly cornered. Perhaps we
are wrong—the subject requires further investi-
gation—but it is probable that the * lying low "'
is closely akin to animal hypnosis. It is a state
into which the animal passes, reflexly, not reflec-
tively, when it gets a sidden shock or is quite
baffled. In all likelihood it is at a much lower
level than the ** playing "possum "' exhibited by
a genuinely clever animal like a fox. But there
are experienced naturalists who would be more
generous to the snake than we see our way to be,

Dr. Hornaday is director of the New York
Zoological Park, and has a large experience of
snakes and many other animals, It is fair there-
fore to notice that he would not agree at all with
the tone of our remarks. In his * Minds and
Manners of Wild Animals " (1922}, he speaks of
“ the keen intelligence and ratiocination " of
snakes, basing his belief on ' the success of all
species in meeting new conditions and maintain-
ing their existence in face of enormous diffi-
culties.” But efficiency is not the same as intelli-
gence, and alertness is not ratiocination, Dr,
Hornaday says again, 1 have emerged with a
fixed belief that, of all vertebrate creatures,
snakes are the least understood, and also the
most thoroughly misunderstood. The world at
large debits serpents with being far more quarrel-
some and aggressive than they really are, and it
credits them with knowing far less than they do
know." This authority attaches great impor-
tance to the case of a Reticulated Python,
twenty-two feet long, which had been on its long
journey from Singapore, ** unable to shed its old
skin on schedule time,” and had to be peeled to

save its life. At first it writhed and resisted, but
the five keepers " worked quietly and spoke
soothingly,” and all went well. ** For a long hour
or more, and even when the men pulled the dead
scales from the eyes and lips the creature made no
resistance or protest. 1 have seen many people
fight their doctors for less, That wild, newly
caught jungle snake quickly had recognised the
situation, and acted its part with a degree of
sense and appreciation that was astounding. [
do not know of any adult wild mammal that
would have shown that kind and degree of
wisdom under similar circumstances.” We have
great respect for the experience behind Dr.*
Homaday's conclusions, but they seem to us
over-generous, Perhaps it depends on what is
meant by “ wisdom.” Our main point is that
snakes have engrained or inborn reaction-
capacities which are suffieient for the ordinary
problems of life, and that when something unex-
pected happens they manage to wriggle out of it
with credit. If they were less efficient they might
perhaps be more intelligent. b

We almost forgot to say that we do not believe
in snakes " fascinating'' birds. We have
watched what happens—a sight tolerable only in
the interests of bio-psychology—and it seemed
to be a clear case of fear-paralysis. The birds
were dazed with fear ; they moved stiffly twice
or thrice, and then stood rigid. We have seen a
a pony so * fascinated "' by a motor car that we
had to share in lifting it, like a frozen animal, off
the road. So even in regard to the so-called
" bird-charming,"” what impressed us was the
efficiency of the snake, not its wisdom.

How true it is that the little things of this
world are often able to confound the strong.

Size does not count for much. The.

Eﬂhtm fh’ giant falls before a microbe and the
Wheel. germs of some diseases are so small

that they have never been seen at
all—even with the ultra-microscope. Darwin
was one of the first to be vividly impressed with
the summed-up importance of little things in the
world of life ; for did he not prove that earth-
worms have made most of the fertile soil on
which everything else depends? Pasteur was
even more convincing with his demonstration
that many diseases are due to almost incon-
ceivably minute microbes. But neither of them
had any idea of the importance of insects in the
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spread of human diseases. In fact that must be
called a modern discovery, and it may be of
interest to set in order some of the steps which
have led to our knowledge of the part played by
the fly on the wheel of the chariot of civilisation.

Long before Darwin, it had been recognised
by the Berlin botanist, Sprengel, that insects
often carry the fertilising pollen from flower to
flower, which is one of the most important
linkages in the world. The semi-domestication
of hive-bees and silk- s is a very old story,
and in many other ways the occasional utility

of insects had been recognised. Men often made

FPhoto : Hugh Mxin.
WWWMUMimumJ
Mosquitoes are gmats in the family Culickls

afe ten of a dogen different kinds in Britain, iu.dg.d.l“m
Dapple-wing (Anopheles macwliponniz] which carries the
germ of malaria in countris like Ttaly, and used to do s
in Britadn as well, In most ceses it bs only Uee adult female
that bites, bat there seems to be noreal need for her taking any
food ot all,  The feeding is done in the noquatic larval stage.,

meals of locusts, palliated with wild honey,
and various insects figure in the list of
* animal simples " — the
supposed cures for many diseases.

On the other hand, it did not need zoo-
logy to acquaint man with the ravages of
locusts and other obvious plant-destroying
insects; with the unpleasantness of horn-
ets, mosquitoes and lice; or with the
contamination of flesh-food by flies, But
apart from popular suspicions and a few
pioneer guesses at truth, the idea of
insects as carriers of disease is only about
half a century old.

In warm countries the blood of man
sometimes contains multitudes of micro-

"\-'l

are tumetous, but on U female they e scanty.
a knowledge of the Hife-history of this mesquito and the habits of the aguatic
larwwe, yellow fever has heen conguered.

scopic thread-worms or filarias which may bring
on a horrible thickening of the arms and legs
called elephantiasis, because suggestive of an
elephant’s hide. The carrier of this very minute
worm is a mosquito, as was proved by Dr.
Patrick Manson. This, we believe, was the
first case in which a disease was conclusively
shown to be insect-borne. The discovery was
very important in itself, but not less so in its
introduction of a new and revolutionary idea. It
should be recalled that Manson reached his con-
clusion by patient work under difficult conditions
and in the face of an indifference which was
much more discouraging than incredulity,

The microscopic animal (Plasmodium)
that causes malaria was discovered in
1880 by Dr. Laveran, a French Army
surgeon, working in Algeria; but the
definite proof of the mosquito’s réle as
the intermediate host between man and
man was given by Sir Ronald Ross in
18g7. After yéars of toil and trouble
he found the malaria organism in the
cells of the stomach of the " dapple-
winged mosquito,”” and this discovery
must rank as one of the most important
that man has ever made. The ' dapple-
winged mosquito "' may be captured in
! many parts of Great Britain to-day, but

Photo : Hugh Main.
FEMALE YELLOW FEVER MOSQUITO
This particular kind of mosquite 8 the vehicle or disseminator of the

(| Steguniyaa fasiuata).
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Phato : H u;ﬁ Miain.

LATERAL VIEW OF MALE HARLEQUIN FLY OR MIDGE (Chiromowsus),

kind the knowledge that
makes the conquest of mal-
aria relatively easy when-
ever people have sufficient
energy and goodwill,
Influenced by Ross, and
worthy of being linked with
him, was Walter Reed, who
proved in 1goo that the
vehicle of the deadly Yellow
Fever organism is the
common house-mosquito of
tropical America, His ex-
periments in Cuba were
models of carefulness ; and
it is very significant that
in one year's campaign
" conducted by the famous
General Gorgas, yellow fever

The Harlequin Fly i8 gnat-like in form, but it i o harmbess midge. It bos oo projecting = Wwas  ousted from Havana
proboscis and no plercing mouih-parts.  In all probability te winged adults do not feed ot all, :
When they are resting, the front legs are rnised amd hedd forwnrds like feclers ;  gnats usually raise where it had been a sCourge

their hind-legs when at rest.

it seems to have ceased to carry the malaria
germ. We should remember, however, that it
used to do so, for the old and widespread
" ague," sometimes so serious that it interfered
with farming operations, was the same as
malaria. But Sir Ronald Ross has given man-

Fhoto : Hugh Majn.

DORBAL VIEW OF MALE HARLEQUIN FLY OR MIDGE (Chirosomis).

for 150 years. General

Gorgas had similar victories elsewhere, notably

in the zone of the Panama Canal. He was the

organising genius who acted on the scientific

conclusions which Reed had established. In all

these cases there has to be team-work, and

while we have laid emphasis on the work of

Reed, we are not forgetting

1 that others had thought that

Yellow Fever might be

carried by a mosquito, and

that he had loyal collabo-
rators.

One of these fell a victim
to the fever, and another,
along with Reed himself, dicd
soon after the discovery, all
three having indirectly, if
not directly, given up their
lives m the Cuban experi-
ments, The probable cause
of the disease, according to
the investigations (1919 of
Dr. Noguchi, is a Spirochat,
a microscopic organism allied
to that which causes relaps-
ing fever. Noguchialso pre-

As I:.‘h::!ntpl::; the male of the Harleguin Fly has beautiful plumese feclers or antenne, pared a useful counteractive
whereas emale are narrow and rather inconspicacns.  The larvee are suatic, and swim 1 :
rapidly by contorting their bodics Hke hasboquins. They are bright red In colous and are popu- | ! but the conquest
lurly known as * blood worms."  They have the sume blood-pigment (hemoglobin) as we have. O Yellow Jack depends on
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y; Jokm J. Ward, F.ES
OT OF BLOWFLY

geots, ki
burrow into the meat and feed wor

Photo ; Jokn J. Ward, F.E.5.
EGGS OF BLOWFLY MAL

The Blowfly or REluchot
hundred long, narrow, min
takes place. in foud of five days, The narmow end is

The while legless mi wii (o aoglers as " geniles, "™

ly, ntinining Uselr full size

Photo : Jokn [, Ward, F.ES. Fhclo
BLOWFLY MAGGOT CHANGING TO PUFPA STAGH.

From the imeat 1§ ull-grown maggol pases into the earth or
some Sbeltered corner, and forms a beown pupa-case. The larval

Lspady b dissolved ; & new body is built ap
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keeping out the mos-

N
5

quito

Sleeping Sickness is
one of the severest
scourges of mankind
not merely because it
kills, thev sav, about
S0, 000 natives evVery
year in Equatorial
Africa, but becanse of
the terrible symptoms

lethargy, emacia-
ti1on, :|.||"] r|||-|||;1|
breakdown. Itsspeci-
fic canse is a Trypanosome, a
very active Infusorian. which
lives in the blood, the lym
phatic glands, and the nervous
system of man, and produces a
deadly toxin or poison. But
while a T'ni;rrw-rnpjr Protozoon
15 the caudse, the Tse-tse flyv is
the carrier, as was proved by
Sir David Bruce and others
How the particular kind of
Tse-tse fly (Glossina palpalis)
that bites man becomes itsell
infected with the Trypanosome
is uncertain, but Bruce showed
that another Trypanosome,
with which another kind of Tse-
tse infects horses and cattle, has
its home, so to speak, in the
blood of antelopes and other

“big game." To these, however,
it seems to do no harm. The
accustomed host of a parasite
has often evolved a counter-
active or anti-toxin which pre-
vents serious damage. It is
transference to an unwonted host
that is so deadly.

In Malaria and in Sleeping
Sickness the actual cause is a
microscopic animal and the
carrier an insect. Many other
dizeaszes are due not to Protozoa
but to Bacteria, which are in-
cluded among the simplest
plants, and here again insects are
often the wvehicles of
dissemination, Thus
the plague, the old
“ Black Death,"” 15 due
to a Bacillus which is
primarily at home in
the rat. It is intro-
duced into man by the
bite of the rat-flea.
Typhoid fever, due to
another Bacillus, isalso
often carried by the
house fly which intro-
ducesitintoman's food.

Photos : fokm J. Ward, F.ES

hind-wines are
adbestve pads with line

of the wing

PARTS OF THE RLOW-FLY.
ponih-parts under the r
teristk

for Instanee, o pakr of
reed bw many delicate
H pervires.”  The
into * mi of = font, bearing two clows and two
hairs or scime that sectete a sticky fuid

! the very ch

til— T R e W . e Wi
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These illustrations of
the flv on the wheel
show the immense im
portance of the vital
linkages which bind
living creatures to
gether even when they
seem very far apart
They also show how
man conquers by un-
derstanding, and is
persistently removing
unnecessary handicaps
by & growing control of
life. He is continually
taking great risks, and

it seems sometimes as

if he made new ene-
165 4% he con-
FMES A SUHS W0 s L Reproducal from * The House-Ely,” C. Gordon Hewalt, 0.5, FR5.C.. by conrtery of ihe publickers, S

|t|||'T1'|| the old. But Cambtwidge Umicernidy Pre

X THE HOUSE-FLY | Muza domeslica)

it is always Progress Sevetal species of Ay oorur in thse trme Bl iy 15 mcstly grevish, with some vellow

tiy L:q-1 1_!“' |I-I"||H't |_.f pater o willi four black sireaks T T T LT[R R the fromi of thornx nil o single
sireak on the ahbomen. The insed shows Ue hesd of the

enemies that sift man-
kind without discrimination, taking the wheat amount to much—only ** flea-bites."” The flea

along with the tares has been called the homoeopathist's leech, and
There are varnous insects which are unmen- one would not call the leech a ]I.1.1.I\-i.§I'."|.l'H1.i|.1.1.

tionable in polite society, and the flea is one. one? Jut this is perhaps hair-splitting ;

The Or, rather, it is many, for about five whatever terms are wused, evervone knows,

Mimble hundred

Flea

different
kinds have been de
geribed, and forty-six
of them are found in
Britain. We do not
know why there should
be such a multitude of
different species, ©x-
cept that it means that
fleas have discovered a
profitable mode of lifis

an elusive " ecto-
parasitism.”’ Few
naturalists will agree
with us, but we doubt
very much if  they
should be called para-
gites at all : they are
maore like beasts of prey

Johw. I, Ward, E.ES
whose bites are so HOUSE-FLY [Muses domestica) WITH 1TS DATCH OF EGGS,

IT'I!.l'ﬂh“.ﬂP.!l' that thev Owver i haalred minute white eggs are laid by the fen on any mEdisl org
x e larve onn feesd.  After & doy or two the while legless maggols arc hatched oul
do not of themselves they beoome pujer | in aboot m fortnight the flics cnerge

67

iic rublssl om which
1 i werk
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Photo: fohn, J. Ward, F.ES,
FOOT OF HOUSE
The foot of the House-fv

LY
ids in Bve short joints, onlked
the tarsals, and the last of these bents o poir of clows.  Under
rach cdaw is a coshlon-lke pad, wihich §s coveresd with fine
halrs, on which o sticky adhestve fluld cxndes

Highly wngndfed §

up to a vanable | what fleas are
and do,

Some structural features are of interest.

it

The body is compressed from side to side,
whereas most parasitic insects are flat
from above downwards. There i neither
neck nor waist The body 15 strongly
armoured, and bears numerous backward
projecting of
value, A flea cannot retreat among the

bristles, also protective
fur of its hpst ; it must always advance
or jump off at a tangent. The legs are

pxtraordinarily muscular, and useful not
only for jumping and holding fast, but for

levering the body through narrow passages

and crevices There are piercing and
sucking mouth-parts, too intricate for
brief description, and there are two

pumps, one for injecting salivary juice
into the victim and another for drawing
up the blood and forcing it through a
valved gizzard into the stomach, where
it is digested. Partner-yeasts live in
the salivary glands, and their ferment
probably the blood
pressure in the so-called * host,” and
prevents clotting. The irritation of the
flea-bite, which seems out of all propor-

increases local

tion to the minute and neat wound,
in part duoe the
introduction of the yeast, and, it may
b, other the
blood of on
different
depending on the anti-toxic state of
the blood at the time.

Alike in promenading and in jump-
ing, the flea displays great energy, and
we are not surprised to find that it has
a relatively large heart and a finely
developed respiratory system. There is

is presumably to
micro-organisms, into
the wvictim. The effect

individuals 15 very diverse,

almost no hint of the parasite in its
structure except that kinds of
fleas blind. Socrates con-
descended to inguire how far a flea

s0Ome

areg Once

™ Joka [
PART OF
The hemd of

I euch lens there 18 6 corneal foee
v chaorncteristic
sfmyde ey

Ward, F.E.S

THE EY]
i fly benr

OF A HOUSE-FLY
twnis large comips

Highly magnifled
eves with humbreds of lenses,
mnd 1he haiekied

ihe surface of the ey

I these give
appearnnoe i Ther

=, with one lens each

ufe nlso
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y paler and more pointed body than its |
Stahle-fiy, that often aitocks catil
harp prick.  Compared with the
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joints of Aooring. Out
of the egg in a few days
there emerges a minute
whitizh

|l':;:'||'*-\.*- |.I.1"'.'Il.

and it is interesting

that the breaking of the

ecpe -shell, as i the
chicken, should b

effected by a special
“tooth,” which soon
disappears. The larva

is an active creature,
moving about with the
help of its bristles, and
for organic

minute

searching
débris of SIFE.
Perfect cleanliness is the

fundamental counter-

active of fleas : 1t 1s to

the accumulation of

{ erumbs in the wide sense

Pinta : fok Ward, F.ES : that their multiplica-
FEMALE COMMON FLEA (Pulés prrifani {Highly magniied

The shafe «
satifex] Lo Ui mse
B tles mipmET

B very w nex] froam

iling if=e

i

have what

but
he pot as answer.
that there is a fallacy in all calculations to the

could jump, we

Wi

forgotten
may notice, however,

effect that if a flea were as large as a lion it
could jump as far as a lion endowed with the
energy of a flea. The relation of muscles to
skeleton is entirely different in the arthropod
like
the muscles are inside

and wvertebrate types. In arthropods,
insects and crustaceans,
a non-living cuticular skeleton : in vertebrates
the muscles are outside the living bones. But
this 15 not the only fallacy in the caleulations
to which we alluded. As to facts, a flea can
jump four inches into the air and about a foot
on the level,

Fleas belong to the higher insects with com-

It is quite far enough.

plete metamorphosis, and are perhaps not very
far away from the two-winged flies or Diptera.
There are the usual four chapters in the life
history—egg, larva, pupa, and adult. In many
cases, as in the fleas of cats and dogs, the eggs
are laid in the fur of the beares
may develop in the sleeping-place. In the case

and the larve

of the common human flea (Prlex dreilans),
which is also found on the badger, the develop-
ment takes place in dusty crevices, like the

mack, for they all

miile
Th
perd

o bt tion, like that of rats, 15

regati

due

After a couple of
moults the larval flea falls into the quiescent pupa
state. It undergoes the great change which
results in the development of the adult insect

on an entirely new architectural plan. A very

Phata ; fokm f. Wad, F.ES

EGGES OF COMMON FLEA |Puler dreilans)

The FgEs s
are one-fortieth
where ther

witl nmd whitish, slightly adbesive. Their diameters
i onesixtieth of an fsch. They are laid in places
mulations of dirt ond dust, swch o2 rags,  Out
of e eges come whitish, wriggling lurve

are
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1act
JHa=

l[l'ljlill"!illlr
15 that the
tential flea lies
made
the
|.'4|<|r|-1-|‘;\'|-|_|r'|||-
until
some vibration,
that
caunsed by a hu

ready
within Co-
resting

such as

man footstep,
pulls the trigger
of activity. Thus

sudden "emergence of fAeas when we

accounts for the

iilﬂ]'ﬂ‘ill an empty house, or take a
drive in a carriage which has not been
used for some time. In his admirable
British Museum guidebook " Fleas,"
the maost exciting pennyworth we
know, Mr. James Waterston, B.D,
D.5c., tells us that the sand-martin's
fleas become impatient in their wait-
ing. They have been restine through
the winter in the burrows of the mi-
gratory birds, but they are restless in
spring and hatch out

‘congregating

in swarms round the entrances of the

burrows, where on a fine April morning
thi

an almost

one may se¢ them WRILINnG 10T

It is
ril of the sand-

Phewgh !

arrival of visitors.'

idvllic picture —the v

martin's fleas

since an adalt flea must have blood

John

Ward, F.I

PARTS OF

st

for food, one can understand that
many must l"[rll"r;:l' Iroim l]}q' P“Fn.l_
ase only to die. No doubt many
do. But the full-stop, which is what

man desires, is often evaded by the

W

img * habit.” Moreover, the
hungry larvee have eaten so much
in the way of organic dust that the
adults emerging ||'||I1|;I||-- COCOUNS
crein very pood condition, and can
!—'l:"".l'1'._!|

with food for

The males

|!|i'\-\.E|| 5
who are in a
When I];-e_'

females appear, pairing takes place,

months
minority, hatch out first
and fertile eggs will be laid if the
female can get an appropriate meal
of blood For :|li|||-|'-"."- do not ke
mammal's blood
nor mammal
fleas birds' blood.
Here
sa1cd

wi almost
. l.‘]"'l'\liil'll-
tially "—there is
another chance

against the com-

pletion of the
vicious eircle
[he mother - fAea

must have her

5.

THE COMMON FLEA
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Beproduced by courdesy of the Tradess of the Britivh Museim [ from Natural Hidory
pamphlad No, 3—" Flaas," by James Wakersion, 8.0, B.5¢.).

MALE ASIATIC RAT-FLEA (Xewopsyla cheopiz). THE LARVA HELOW.

2 flea

is a menace to mankind. A flea is
the intermediate host of a tapeworm
found both in dog and man. * Much
. loss is annually caused to poultry
rearers in the tropics and certain
portions of the United States by the
drain on the health of their stock due
to a sedentary flea; and a closely
allied species attacks man, causing
sores painful, or even crippling, if
neglected.” But that is as nothing
compared with the fact that eleven
different kinds of fleas have been
proved capable of transmitting the
microbe (Bacillus  pestis) of the
Bubonic Plague—the "Black Death"
of yore. Between 1806 and 1911
upwards of seven million people died
of Bubonic Plague in India alone,
mainly through the bite of the rat-
(Xenopsylla cheopis), which
transfers the virulent microbe from
rat to rat, and from rat to man. As
the plague lurks in many of the great
ports of the world and is ever blazing
out afresh in India, the importance
of flea-control and rat-control is
obvious. This is but a particular
instance of the general fact of the
correlation of organisms in the web of

This flen bs the veldcie of the microbe of the Plague |Baciling pestiz), When life. The flea does not live or die to

the Mea lewves the dencd rat and bites man, the Lacilles is lnunched on a new cateer.
Az usual the larva §s o whitish, foothess, wriggliog naegot with many bristles,
It feeds on dry organic particks and the parasitic life

which help in locomotion
ddowm neit beggin umtil the fully formeesd lea emerges after metamorphosts.

draught of blood, and, in many cases, it must
be of a particular brand. One of the outstanding
facts of life is specificity,

Zoologically regarded, if we can attain to
adequate detachment, fleas are admirable,
Without wings, which every respectable insect
should possess, they are able to pass from man
to man along the length of a tramcar. Their
muscular explosiveness verges on the miracolous.
Dependent on the blood of higher animals,
they have (so we think) refused to accept the
stigmata of parasitism. With an extraordinarily
precarions life-history, they have been able to
get the better of a dozen difficulties. To lie
waiting till a host passes by is a stroke of
genius,

But we cannot remain detached, for the flea

itself !

Shipworms

We found on the shore a piece of timber
about two feet in length, broken off from we
know not what, which was traversed by the
long burrows of the shipworm or Teredo,
Where the interior of the borrow was exposed
it was seen to be plastered with a white
layer of shell-like secretion, but there was no
trace of any animal. Except where some bent
outwards to open on the surface, the burrows
were all in the same general direction, following
the grain of the wood ; but one never broke into
another, though the partitions separating them
were often thin.

Shipworms are strangely transformed bivalve
molluscs, with an elongated body, and the shell-
valves reduced to two small boring instruments
at the anterior end, which is lowest down in the
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Phaodo W. H. 5. Cheavin, F.E.5

FEMALES OF THE HEDGEHOG FLEA AND THE MOLE FLEA
One of the many interesting fact= about fleas b that particular species arc
speciis from isclated vatietics.  But it is very far from being true that =

ich Bl of muammnanl hoe its own
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Pholo : Hugh Main, 1 .5c
G FLEA [(Pulex wrrmficsps),

setae of bristles on Ui compresscd Lack, apd the strong developoent of jointed legs
that the dog's flen §s the host of the Lladder-werm (hat beoomis o taposcrm in the dog when the. fhea

is awallowed

burrow. The narrower posterior end of the body,
which looks superficially like a worm, bears a
pair of slender extensile breathing-tubes or
siphons, one for the entrance and the other for
the exit of the water. At their base are two
platelets of lime, very variable in shape, known
as the pallets, Their use is to shut the door of
the burrow when the breathing tubes are drawn
in. 1f the shipworms are on the piles of a wharf
the water can be retained in the burrow when the
tide is very low,

There is no doubt that the boring is effected by
a rocking movement of the two shell-valves,
which have a peculiar shape, very different from
those of a mussel or a cockle. They show a deep
right-angled notch, and parallel with the edges
of this there are ridges with microscopic sharp-
pointed ** teeth " which rasp against the wood,
As the older ridges get their teeth blunted new
ones are continually being formed at the margin.
The ridges are, indeed, the familiar lines of
growth that we see on ordinary shells. Between
the two right-angled notches there protrudes the
mollnsc's soft ** foot,” which acts as a sucker,
adhering to the wall of the hurrow and giving

Highly magnifed )
This speckes of Hen infeats the dog wnd alss the cat, and some other mammais, 11 may Lile man,
Dut il does not make s habit of i The piotogroph shows very well the mumetous Eckward-pointing

1 the shell-valves purchase
in their rasping. The
result is a symmetrically
excavated burrow.
When the creatures are
at work the sound made
by the files may be
heard, and Dr. Calman,
in his British Museum
booklet on boring ani-
mals, quotes from Mof-
fett's Insectorum
Theatrum "' (I034),
* Rodunt dentibus, per-
forantque robora, wvel
sonp teste,” or, in TﬂP-
sell's translation, "They
gnaw with their teeth
and pierce into okes, as
vou may know by the
noise,”’

There has been much
discussion over the food
of the shipworm, and
the probability is that
it wvaries at diflerent
times and according to the character of the
surrounding water. There is no doubt that the
animal swallows the sawdust produced by its
boring, but this would not in itself prove that
it fed on the wood, since rock-dust is found
in the food-canal of some relatives of the
shipworm that bore in rocks. But it has been
shown that the liver contains a ferment which
attacks the cellulose of the wood and changes
it into sugars and the like. In a recent investi-
gation by Messrs. Dore and Miller, of Berkeley
(1923), it was found that the wood loses about
80 per cent. of its cellulose and 15-56 per cent.
of its hemi-celluloses during its pagsage through
the shipworm's digestive tract.

Not less interesting is a recent study by Mr.
F. A. Potts, of Cambridge (1923), showing that
some of the cells of the shipworm's liver behave
like hungry amebe (phagocytes), and capture
microscopic particles of wood-dust which pass
in from the stomach. In the food-canal of some
animals that feed on dry wood, like the termites
or white ants, there are, as we have mentioned,
singularly beautiful Protozoa which ingest the
wood-particles and change them into sugar,

It is believed
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When the Protozoa die, their stores are at the
disposal of their host's food-canal ; the sugar is
absorbed and partly changed into fat. We have
also seen that in some other cases, such as the
voung stages of death-watches, the food-canal
_ contains yeast-plants which brew the wood. But
the shipworm does not have any partner
Protozoa or partner yeasts ; it has to digest its
food for itself. As Mr. Potts says, it has to be its
own cook. It 'is suggested that
the hungry amahboid or phagocy-
tic cells that engulf the wood
particles and digest them have a
very limited length of life, and
that they disintegrate, thus liber-
ating the sugar which they con-
tain, and placing it af the dis-
posal of the shipworm's food-
canal.

Mr. Potts did not find in the
stomach and liver anything but
wood, and there were only very
occasional diatoms in the in-
testine, This is against the view
of most students of shipworms,
for it is generally believed that
part of the food consists, as in
ordinary bivalves, of microscopic
organisms swept in, by ciliary
action, along with the water used
in respiration. 1f a little Indian
ink is ‘put into the water the
particles are soon afterwards
found in the food canal and the
liver, and the same thing is
believed to happen with micro-
scopic drifting organisms. Per-
haps the apparent discrepancy
may be due to a variability in the
shipworm's diet. TFor a time it
may depend wholly on sawdust,
and then it may rest from its
burrowing and feed on the drifting " plankton.”
This seems an almost necessary conclusion, for
there is in the wood only a very small amount of
protein material, and ordinary animals cannot
live long without proteins, We adhere, there-
fore, to the conclusion that the shipworm ekes
hul'. the wood dust with a plankton diet, which

ofl 1o the tight.

is of special importance for purposes of growth

and repair.

Thie Piddock | Fholies disudving) B able W bore i pocks,
muscubir fosl belworn the gaping valves, and there s also a long reathing siphon,
et of the sldpworm’s long soit tube are seen two bfenthing siphons pod two * palleis.
At the boring end are the two relatively smull shell-valves, which have been separated

The question of the shipworm's diet may seem
remote from practical affairs, and vet the reverse
is true. The demonstration of the digestion of
wood particles shows that the method of soaking
the timber with some poison is sound. There is
assured intimacy of contact between the poison
and the digestive juices. As Messrs. Dore and
Miller say, " Digestion of wood constituents by
Teredo produces optimum conditions for the

BORING MOLLUSCE, FIDDOCK AXL SHITPWORM.

Apter Guym Joffrivs.
The fugure (o the lefl shows Lhe
Al the

1t is by the movemenis of these vilves that the wood (8 cul.

absorption of toxic substances contained in the
wood.”

The practical importance of shipworms was
greatly deereased when vessels began to be built
of iron and steel, but, in spite of sheathing,
scupper-railing, and crecsoting, they still do a
great deal of damage to the timbers of harbours
and the hke, We guote a good sentence from
Dr, Calman's booklet : ** The dreaded shipworm
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Photo ; Jokn J. Wand, F.E.5.

WORK OF A TIMRBER-BORING MOLLUSC, THI

In many cases a big bog i5 so thoronghly riddled with the boring shipworms that there i more to be seen of hobes than of wood

aige of barrow les the dameter of a load prncil

as Linnzus called it—has
been an enemy of seafaring men since ships first
the attacked the

Athens and the gallevs of Venice, it rotted th

— calamitas navium

sailed geas it triremes of

timbers of Drake's Golden Hind, and it is causing

anxiety in the present-day revival of wooden

shipbuilding ; in the dyvkes of Holland it has mor
than once threatened disaster to a nation @ and
world 1t still defies all the
of the

shipworm is the

in many parts of the
resources of the harbour engineer
difficulties in dealing with the

munuti

i
sizee of the free-swimming larva when it
settles down on the wood and begins to cred
about,

[t mayv be only a hundredth of an inch
in length, and a very minuate exposed surfac

will allow it to begin its per foration. Fora long

time there mav be only a pinhaole opening to the

hidden burrow. Another feature is the rapidity
Thus Mr

four days a new raft at Samoa was penetrated by

of growth Potts tells us that in twenty
burrows containing shipworms that were them
three
months a box was so much penetrated that all

selves producing larve In less than

SHIFWORM {Teredo
A colnmen
the available wood was used up, and any further
burrowing would have meant penetration into
neighbouring tunnels. At this point the animals
did not simply suspend operations and live on
plankton ; they died
with the

The rates of growth vary

greatly species, the wood, and the
sea ; but a burrow cleven inches long was exca-
A full-

Tevedo navalis

vated at Plymouth in thirtv-one weeks.
grown specimen of the common
inches in
length, with a burrow about one-fifth of an inch

15 from twelve inches to sixteen

in diameter. The kind known as Xylophaga,
which has sometimes done damage to dock gates
and harbour timber in this country is recorded as
boring into the sheath of submarine telegraph
cables, and it is also interesting as a link between
the shipworm family (Teredos) and that of the
Pholads or piddocks, many of which bore into
rocks, The whole story of these h-;'ll'ill;_' bivalves is
a fine illustration of the intensity of the struggle
for existence and on the indomitable will to live

The life-history is remarkable, almost roman-

tic. In some species the minute and Very
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numerous egEs pass out by the exhalant breath-
ing tube and are fertilised in the sea. In other
species the fertilisation is internal and the oges
develop for a while in the cradle of the gills,
A large female Teredo may produoce, it is said,
a hundred million eggs, and an interesting point
is that, in at least some kinds, the young small-
sized individuals are males which turn into
females when they grow big. Whether the
fertilisation be external or internal, the eggs
give rise to actively swimming larve which may
continue to develop in freedom for about a
month. Eventually they settle down on wood,
but move about on the surface as
if seeking for a suitable depression
or crevice. They moor themselves
with a single glutinous thread and
begin to scrape off microscopic par-
ticles which are cemented over the
minute body. In about two days they
begin to sink in, having undergone a
considerablé transformation, losing
the structures suited for free swim-
ming. The larva is only about a
hundredth of an inch long when 1t
settles down, but in two weeks it
has assumed the characteristic boring
form and has increased hundreds of
times in volume., In thirty-six days
it may be four inches long. Dr,
Sigerfoos reports that he took speci-
mens of Teredo dilalata four feet
long and an inch in diameter at the
anterior end from piles that had been
in the water less than
Indeed these long shipworms were
only about a vear old—a case of
prodigious growth.

There are many different kinds of
Teredo,and the genus Bankia has also
a world-wide representation, In both
cases the boring is due to the rasping
of the margins of the shell-valves
against the wood. Another genus
called Martesia links the worm-like
Teredo and Bankia to the common-
place clam type. Its borings are
rarely over two and a half inches in
depth, and thus there is no need for
the body to be drawn out into a long
tube. Practically it is of considerable

WO vVears

pamphile No. 1o

importance because of its relative indifference
to creosote. In a few months, we read, it man-
aged to sink a barge built of heavily ereosoted
lumber,

Some timbers are more resistant than others,
but all vield eventually to the persistent borers.
Concrete and metal structures are doubtless
resistant, but they have their own tendencies to
deterioration. There is some efficacy in charring
and tarring the outer zone of the piles | and there
is even more security in the expensive method
of armouring the timber with zinc, copper, or
other hard coatings. But the most practicable

= MWarine Moring Awimals,' b W. T, Colman, I}.5c.).
BURROWS OF SHIPWORMS

Although the buttows mmide by neighbouring shipsorms or Teredos come very
close 10 one amother, they seldom encronch,
sls log of woed shows the clange of direction a8 the barrower approached one of
its neighhonrs

A wite put into one of Use burrows in
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Reprodimesd &y courfery of the Trusiees of the Britieh Al sgeion
pampklel No, 1o0—""Marine Boring Andmals,” by W, T
FART OF

Tevedu morvegica

(from Natwral History
Calman, 1.Se ).

A PILE FROM TORQUAY HARBOUR, ATTACKED BY

coasts. A thorough investigation of
cause and cure has beendn progress
for some time in the United States,
and an excellent report by Atwood
and Johnson has been published by
the National Research Council {1g924).
The problem is in many places of
importance where there are
long stretches of unprotected wooden
It is of special interest to
harbour engineers and their elients.
=0 far as timber 1s concerned, there

great

piles,

are two chief kinds of destructive
marine borers—namely, molluscs and
crustaceans—and they have wvery
different working. The
molluse 1Il.lll:'I:':-|I like the Hhi]_*'n\'u]‘n]

ways of
which we have already discussed,
enter the wood when they are voung
and small, and enlarge their burrows
as they grow. Thus the interior of the
timber may be honeyecombed without
there being much external indication
of what has happened, for the
entrance apertures are minute and
readily The wood-
boring crustaceans, on the other
hand, make shallow galleries just be-
neath the surface, and often occur in

overlooked.

such huge numbers (e.g., two hundred
to the square inch !} that the outer
zone of the timber breaks off alto-
gether, exposing a new surface to

The sarfece of the wood has been nibbled away by the boring crustacemms, attack. Thus the erustacean borers
Limnoris wid Chelurn, and this has rxposed the deeper and quite different burrows = Saa F
of the hoting molluse, in this cwse Teredo morpia. The lning of the shipwotm are much less insidious than the

barrow |5 glistening wishie wien froslily exposed

remediary measure at present seems to be to
saturate the timber with some toxic substance
like arsenious oxide. which may very profitably
have creosote as its vehicle or medium. The
borers are not casily baffled, but poison is a full

stop.
What we are trying to illustrate is the variety
of ways in which the circle of human life and
human interests is intersected by the

$f_hfi_: life-circles of other organisms, some-
imber o
Bl times for good and sometimes for ill.

One of the intersections on the minus
side that has been attracting much attention
recently is the destructive activity of
that attack

marmc

borers wooden piles along  the

molluses ;
doing, Tllu:j-.‘ also work more slowly, for ** under
conditions conducive to the greatest activity the

one can see what they are

molluscan borers may destroy a fourteen-inch
pile in a few months, while the crustacean
borers have not been known to do this in less
than a year,"

The most important crustacean tunber-borers
are species of the genera Limnoria, Chelura, and
Sphaeroma. The first and third of these (we
have put them in order of importance) belong to
or wood-lice, and
flattened

second

the Isopod order of * slaters "
have somewhat slipper-like bodies,
The
Chelura, belongs to the sandhopper or Amphipod
the body Hattened from side to side,

from above downwards. barer,

order, with
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Reprodinced by comrieny of the Triestees of the Beitish Masewm | from Nadweal Hiafery fampblet Mo, po—" Marine Noving Amanals,”

by W, T, Calman, 2.5

f. LIMNORIA LIGNORUM, Folanged (after Sam'. A fattened Isopod Crostean, that does much harm by devouring and disintegrating

the wood of harbowe-piles and the like

2. CHELURA TEREBRANE, Female, Enlarged (after Samsl. The mmle differs in having much longer tall appendages {urepedds) and
dorsal apine.  An lropod Crustacean that nibbbes ot wosd and shnilar sub=tances and can give o good  secount of itsell as o

burruwer.  There are considernlibe differcnces hetween the sexes

3 SPFHAEROMA TERFBRANS. FHolamged. A fatlencd, brosd bodied, Tsopod Crustacenn. often found among devaying materinl, and

sometimes n genuwine batrrower,

The most familiar of these crostacean borers is
the gribble (Limmoria ligmorwm), which gave
Robert Stevenson considerable trouble when he
was building the Bell Rock Lighthouse, more
than a hundred years ago. It is a woodlouse-like
animal ene-eighth to one-quarter of an inch in
length, with nineteen pairs of appendages,
ingluding seven pairs of clawed walking-legs by
which it ereeps in its burrow, and a pair of stout
jaws that do most of the boring. It is a hardy
amimal, with a wide geographical distribution,
The burrows often run along the softer early
summer wood, hat they also interlace irregularly.
A common diameter is about a twentieth of an
inch, and it is uniform for each size of animal.
There may be 300 to 4oo gribbles of all ages in a
single square inch of wood, and naturally enough
that area of wood does not last long. The voung
ones are miniatures of the parents when they
hatch out of the six to seventeen eggs that are
sheltered in a brood-pouch between the legs on
the underside of the female, and they are able

‘to bore from the very first. Although the

ean borers usually work just below the
this is impracticable when the wood is

well creosoted.  In such cases the gribble
" frequently gains an entrance at a knot, abra-
sion, or other point of thin treatment, and works
inwards until it reaches the untreated centre.
This portion of the timber is promptly destroved,
and the outer treated shell left intact.”
Enthusiasm for slugs and snails is perhaps an
acquired taste but there is no denying their
interest, They are dmong the highest
backboneless animals, and they are
not tyrannised over by instincts like
ants, bees, and wasps that are always being
cracked up to us. We have already referred to
Darwin’s pleasant story about two snails that
found themselves in a very inhospitable garden,
S0 one of them, with more vigour than the
other, went exploring over the wall and found
a land of plenty. What did it do but retrace its
steps to its companion, to whom it somehow or
other told the good news. Then the two of them
set out together over the garden wall. Had
not the first snail memory as well as morals ?
An American lady taught a snail to form an
association. When she touched itz lips with a
tit-bit it not unnaturally made munching

Slugs and
Snails.
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their everyday life. This is particularly advan-
tageous for these that confme themselves to
special kinds of food, such as mushrooms.
I'hey know them at a touch,

Some vears, when there 12 much wet weather,
there are multitudes of black slugs. What
handsome fellows they are, with their finely
ridged and wrinkled skin, usually like black
velvet, but of almost any colour when they
are young There 15 often a red seam at the
junction of the cylindrical body with the flat
creeping sole, When we watch them we see
the large breathing aperture on the right side,

leading into a sort of lung :  the two pairs of

sensitive horns, the longer with eyes at the tip ;
the exudation of a special slime gland at the
hind end. This special gland is absent in the
Grey Slugs (Limax), which also differ in having
a remnant of a shell hidden beneath the skin.
It is interesting to make an evolution-series
an ordinary snail (Helix) lives in a strong spiral
shell ; the carnivorous slug {Testacella), which
persecutes carthworms ferociously, has a small

of the British Mwemm (from  eXternal shell, a |LE_|H'|r'I with the merest hint
Mariwe Horing Amimals,”" Sy

of a spire; the grey slug has a tiny hidden
SHELL OF THE NORING PIDDOCK (Mholas dartyus platelet of lime; but in the Black Slug the
The right-hand fignre shows the dorsal surface of the shell of thie  reduction has been .11[.‘{':_| further, and all that

bozing Lividve and the presence of severnl exira platelels letween e

15 left of the shell i1s in the form of scattered

valve The Jefi kgute i3 o side-view, and shows rows of shafj,

rasping tecth on the shel, granules of lime below the skin. The popular

movements. But
at the same time
she tooched its
head with a glass
rod and she con-
tinued doing this
patiently till thy
snail learned to
make the munch-
mg Mmovements
when there was
no touch of food
but only a touch
of pglass, This
wis a water-snail
wie admit, but all
snails and slugs

have this degres

of educability, FIDDOCKS DORING 1IN ROCKS

and it |'|'|1"' an i il it Intvaly lisch lim L strong shells, should be able to burmow into versy
fonck I K 1 I th i B b wont 1he 9l pes I it

IMportant part in The Fiddo telnesret 1 A ferm il xid scifetin, wod 1 £
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error dies hard that
slugs are spails that
have crept out of
their shells for the
summer |

We must always
call a slug or a snail
“it " ;. for the crea-
ture is male and fe-
ma'e by turns, Most
of the Helixes have
arrows of lime which
they jerk out at one
another—strange Cu-
pid’s darts | The eggs
of slugs are clear
spheres, usually laid
in the ground ; those
of Helix have delicate
shells of lime, and
some of the huge

. Photo : Joba |, Ward, F.E.S
land-snails of warm

BLACK SLUG (Arion ater) CREEPING OVER A'ROCK.

countries have en-
ﬁhl‘”t‘(l '.HRS as ]HTH‘;‘ brown, Ted, or vellow

This landsome slug may reach a lemyth of four inches.  Tts comumbmncst cobour s black, bt 1t nany be
The shell i represcnted by o few pertiches of lme spder the shicld or mantke,”

on the dorsal surface behind the breathing aperigre,

as a sparrow’s. What
comes out of the sgg is in all cases a mimature
of the adult—a good example of the way in
which larval stages, such as we find in fresh-
water snails and sea snails, may be suppressed.
In adaptation to the terrestrial lifs, there has
been a telescoping of the juvenile stages, so that
what leaves the egg is able to fend for itself
from the very start.

Life often seems a very delicate kind of
activity. A tap on the
animal's head and it is
allover. Agust and the
flickering flame is out.
On the other hand, what
piten impresses us is
life’s toughness, its
power of persistence, we
may almost say dogged-
ness, We are thinking
not of Californian * Big
Trees,” living on and
on for two thousand
years, but rather, for the
moment, of snails"horms,
Each horn has a glisten-

Photw : E. Step, F.L.S,

Most slugs are vegelotkn, it Testacclln jreys on «

3 2 : PR ek wnderiroam], and hes s vellowish-lrown cslogr, The body slsows tw
ng cye at its np, w hich sHme, and Ue narower enid is in front

can be withdrawn right into the interior of the
head, just as if a glove finger with an elastic
band attached intermally to its tip, were re-
tracted into the palm portion of the glove,
Now, if a snail's horn be cut ofi—it has been
done so shamelessly often that it need never be
done again—it is replaced by a new growth
from the stump—eve and all, and in no make-
shift fashion.

arihworms
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Fhaler i E, Skep, F L5

ROMAN SNAIL (Neiy pomatia) AND SECTION OF ITS SHFELL.

The photograph fo the )
bt chosed with a Hd (or epiphrogm) of Hme and hardened slime,
spital staitemse of the shell

wirich has

But it is pleasanter to think of the snail's
power of persistence in natural conditions.
When winter comes, it snuggles into a cranny in
the wall, closes its shell with a door of lime and
slime, sinks into lethargy and waits for the spring
The Black Slug has no shell, but it contracts into
a helmet shape in a secluded corner. * Reculer

pour micux sauter"—that is the slug’s policy.

Cobwebs

As an example of an animal that flouriskes
under the shelter of man’s shield we take the
the maker
of cobwebs. We have been watching a cobweb for
think
that the spinster must be dead, for it has Been a
cold winter, and the window of the room is often

House Spider (Tegenaria domestica)

months and nothing has happened. Wi

open for hours, There are probably some voung
ones hidden away in crevices, spending the
winter in a state

of lethargy Perhaps the

waiting with eerie

mother 15 also in
patience, after the many other
animals, for the return of warmer weather and
small insects, The room is very clean, but manv

hiding
manner of

shows the soail in its winter, gquicsernee, with the mouth of the
The other Ggure shows the beartiful
ety gradhially sdded o a2 growih continoed

like
come in throughout the

midges and  the
summer, the most un-s
welcome being a small
dark-coloured mi squito
that makes a very ir-
ritating  wound. We
got one to identify from
a minister of the Church
of Scotland, and the
pill-box in which it ar-
rived was labelled ©* The
Deval.” not

sorry to see o few eob-

S0 W Are

webhs in the room, and
for several vears we have
had the company of a
pair of large house-
She (s

spiders. OVEL

three-fifths of an inch
in  hody-length, not
counting the legs ; he is
well under the half-inch
and much slimmer. The
general colour is ochre-
there

is a pattern in brown,
In the case of the female, at least, the duration

shicll all

ous vellow, but

f-‘.._*"‘d‘u““*-.ﬁ
;
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TEETH OF THE 8NAIL'S RASPING RIDBON

On the floor of the mouth of goalls there 8 o fexibile fe—the
tidula. It bears row afler fow of lhaed tecth, and I8 can b protrmsded
omal reirncted by mascles. It forms on instroment for rasping through
lenvies anml Lse ke,  Hx ef¥ kind of sieail hos its own particolar pattern
of booth arrangement

N LT

k L ﬁ L1 Lt
Ll i O

Flay Wand, F.E 5.

Highly mmgnified. |
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of life may be four vears,
s0 it may have been the
same -]-i|1:|r-r that we
have watched for viears.
As far as we know, the
male does not make a
web, though there are
often three webs in the
room. Aswe have never
S0P More rll.i'!'. [III' LW
spiders, we believe that
plenty a
single female may weave

in davs of

It is well
|
supply of

thi
have

several wihs,

known that when f

is scarce the

silk dwindles, and

:"|"'I'|"I' may  not

enough even to keep
the web 1in good repair.
A5 Wi

noticed, some spider= do

]l.!".'l .|]Il'.:l:.'\

not make any web, but
all
paving

lime " of silk when cir

have the habit of

Oout ol
rm of domes k
Thus

spiders, which pounce upon their victims, fix th

CUMmMsSLances an i I11'|l'.I! t

Jumping

end of a drag-line just as they

safe-guarding themselves against a bad fall. If

we suppose a drag-line to form a tangle among

the grass and herbage, we have the first

snare. The cobweb is a secor

there

the evolution of a

stage, wher 15 a sheet of zlk threads, but

no particular architecture. In the intricate wehs
of the Garden Spider there is the evolutionary
climax, a maximum of efficiency combined with
of heauty An

different

d maximum | just as r_lil It are

several kinds of irrepular snares or
tangles, so there are different grades of cobwehs
and of true webs

A corner is the favourite place for the cobweb
smider’s operations, or some re-entrant angle
across which a horizontal sheet can be stretched.
She fixes a thread on one side: perhaps a couple
she walks

round to the opposite side, holding out the thread

of inches from the innermost cormer ;

as she pays it out and keeping it from entangle-

ment ; she then pulls the line taut across the corner

It is the outermost line of the future sheet, and

it can be made particularly strong by repeating
b

the process and binding several lines tosether

Continuing her work, the spider draws line
after ine from one side to the other, and as the
hammock becomes stronger and the lines

to walk round the
Finally,

in the innermost corner she makes a tubular

rter, she i not need

wall, she can cross by her own bridg:
resting-place, open at both ends, in which she
lurks and into which she drags the victims that
become entangled on the concave upper surface
|lf r||-- -|||'-l.'u ]l_
thi

Or crevice

T'he spider prefers a site where
inner end of the tube leads into some cave
'\‘-'llil']l. CiIl Serve as d |||;i|| retreat ;
but this is not essential, for in connection with
the cobweb in our room we see no trace of any
hele

The common House Spider has six spinnerets,
which are transformed abdominal limbs, and
each is like the rose of a watering can, covered
with minute tubes or spinning-spools, out of
which there comes the multiple jet of liquid silk,
hardening instantaneously on exposure to the
air. Each spinning-spool is the opening of a
duct from a syringe-like internal silk-gland, and
the thickness of the thread will vary according
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are  eight in  number
and very short-sighted
She lays many eggs,
perhaps sixty in a batch,
and these are carefully
surrounded by a bag of
zilk, the outside of which
may be very inconspicu-
ous because of entangled
fragments of plaster and
dust. There
great juvenile mortality.

House - Spiders, like
their kindred, appear to
be very sensitive to vi-

must be

brations and to changes
of weather, Whether
they can hear in our
sense of the word we do
not know, for the stories
of their fondness for
music are of an anecdotal
order, There was, for
Beet-

which

instance, young
hoven's spider,
used to lower itself on his
violin as he played.
His mother, disapprov-
ing of the companion-
ship, killed the spider,

¥ E. J. Balford '.'-'Elrln-l]Tmﬂ [.Ilrh‘-'i;.}
A SPIDER'S SNARE AMONG WOOD-SEDG] broke his mstrument.
It mav be convenbent (o keep the termm * wels ™ for & well-constrocted arangement witls o definite 3 5 T Mo b
Pt using the term ™ eobweh ™ for 4 shieet Uhat b8 ascd n lnsecl-catching, vel hns ive t” after years he d ":"d
1= Then = wore ™ gpare  may be geed for a simpler construction, little mege than an clabotale the Td]|-l iu].l']il'll\: that
tinghe of silk threads. s
everyvthing, even flies

to the number of plands that are activated
The common House Spider has actually 360
There does not seem to be any

silk threads.
staunching blood, as

spinning spools

appreciable stickiness in the fine

If cobweb is uséd for
Bottom unsed :i1_ then it should be a |'|".5|', open-
obweb hke that made

a1r o by the Labyrinthine

Spider among the grass—a "' cobweb dew-be-
diamoned

As is usual among spiders, the relation be-
tween the sexes appears to be what people call
* difficult.”

the female to

The male finds it hard to persuade
give him due attention, and they
sometimes come to blows., We suspect that
he steals food from her web, and this will not

recommend him in her eves, which, by the wav,

would at that stage have fled
But the spider's

and spiders,
before his terrible scratching
world is wvery largely a world of tremors and
vibrations

We have often saved our spider’s life, remem-
"1f you to live and
thrive, let the spider run alive.™
in this way, that the spider likes a drink, and

bering the adage, wish

It comes about
lowers herself into the wash-basin, the walls of
which happen to be vertical. 1t is easy to get in,
and she enjovs the droplets on the sides and Aoor
of the basin, but it is very difficult to get out.
Over and over again we have lifted her, but she
has shown no reciprocity. She is not like the
spider that Christian 11 of Denmark made a
friend of in his prison, which used to come when
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he called. The only advance our spider ever
makes is to lower herself from the ceiling to-
wards our prostrate form in bed. There in the
morning light she dangles between heaven and
earth, sometimes pausing, sometimes sinking
nearer. But just as we are thinking that she
wishes to say “ Thank you,” she changes her
mind and climbs up the rope-ladder again,
coiling it deftly as she ascends, so that there is
no trace left of her escapade. A neater trick vou
. never saw,

The Case against the Kea

As a puzzling and dramatic instance of the
way in which animals may unexpectedly work
against man's interests, let us take the story of
the Kea Parrot of New Zealand. It is a very
difficult case, and of great biological interest,
bearing, as it does, on the question of the
transmissibility of bad habits. We meet people
who have been in New Zealand and are con-
vinced of the Kea's guilt. There is no doubt,
they say, that this insectivorous and frugivorous
mountain parrot has learned, since sheep-runs
began in New Zealand, the pleasures of carni-
vorous diet. It chivvies the sheep and lights
upon their loins, 1t holds on with its upper beak
and digs with its lower jaw ; it tears through
the fleece and the skin ; it pierces to the kidney-
fat, for the sake of which it risks its life. Itisa
gregarious parrot, and in some places a company
of them will account for half a dozen sheep in a
night. Some sheep ranches have had to be
abandoned ; the parrots have been seen in the
vicinity of dead sheep ; queer holes have been
found in the sheep's back; and how can one
have any doubts at all when the Government
has put a price on the Kea's head, and actually
paid for 3,584 beaks in 1923! The last piece
of evidence must be quite conclusive, for why
would the Government pay out this money if
the Kea was not guilty 7 Besides, as a New
Zealander said, " 1've shot five parrots myself.”

There is nothing impossible about the charge
against the Kea, for several cases are known of
a rapid change of dict among birds, We know,
for instance, how the Herring Gull, pre-emin-
ently a fish-eater and a devourer of the wastage
of the sea, has become fond of gouging out
‘turnips, pecking potatoes to pieces, and despoil-
ding the stocks in the harvest-field. But for a

parrot to attack living sheep and vivisect them,
why, it gives one pause, And if it be said that
the bad habit began in a small way through the
Kea pecking at pieces of fat on the sheepskins
hanging outside the country stations, well, the
theory seems almost as ingenious as the parrot.
Another theory is that the Kea began by mistak-
ing the sheep for a big tussocky cushion-
composite, such as it is said to tear at in search
of insects ; but this comes perilously near con-
tempt of court,

Another line of argument is to inquire into
the Kea's character. Is sheep-killing what one
would expect from the prisoner's antecedents ?
In answer to this question it is pointed out that
the Kea has unbounded inquisitiveness, and
this is a quality that often leads to evil : that
it is very “ familiar " and mischievous; and
that it is a nuisance in the neighbourhood of
camps because of its thievish propensitics, We
do not know that its melancholy cry, ** Kea,
kea,” has been interpreted as indicative of a
guilty conscience, but we have heard it said
that you have only to look at its strong, curved
beak to recognise its sinister possibilities.

More to the point, perhaps, is an inquiry into
the bird's feeding habits ; for one would, of
course, have to acquit a hummiing-bird charged
with killing bees or destroying fruit. But the
case of the Herring Gull already mentioned shows
how careful one must be in arguing from the
past to the present in a world where evolution
is still going on. As a matter of fact, the Kea
has a long bill of fare. It likes fruit and honey,
seeds and grubs, It will condescend to roots
and lichen. Its home is characteristically in
the mountains of the South Island, sometimes
in the open country above the bush line, some-
times in the forests. Although a strong flier, it
does not seem to range over a wide area, but
bad weather will drive it from the heights to
the low grounds. This might bring it into places
where its natural food was not available, where
vagaries such as sheep-killing might be sug-
gested by the spur of hunger. But the edge is
taken off this plansible idea by the great diver-
sity of the Kea's natural vegetarian and frugivor-
ous diet. It cracks seeds, it munches berries, it
pecks out grubs, it sucks nectar, it splits pithy
stalks, it digs up roots—why should it risk its
life for tit-bits of kidney fat? The fact is that
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the a priori evidence, or presumptive evidence,
as the lawwers call it, is neither here nor therc.
That the bird i= sometimes a thief does not
prove it a murderer, and its appreciation of
maggots does not prove that it is addicted to
mutton., -
But there lay the dead sheep with queer
holes in their loins, and there were the gay
rrots in their olive-green costume, faced with
E?ack, and touched-up blue, yellow, and scarlet,
flying about nonchalantly and screaming ** kea."
It must have been the parrots that killed the
sheep, just as the golden eagles drive deer over
precipices and vultures carry off children in
their talons. So the fama arose, and grew like
" Russian scandal," becoming more and more
picturesque, * till not a popular natural history
could be published without a reference to the
mountain parrot of New Zealand and its un-
paralleled change of diet from grubs and berries
to live sheep; until not a museum in the
Dominion was complete without a caricature of
a mangled sheep with sealing-wax blood, and a
stuffed specimen ot the unholy bird engaged in
its feast." So writes Mr. J. G. Myers, in an
article in a recent number of the New Zealand
* Journal of Agriculture,” an article which shows
this at least, that the case against the Kea is
not vet scientifically ended, though the Govern-
ment continues to subsidise the bird's destruc-
tion. Ferhaps the verdict will eventually go
against the Kea, but the evidence seems to be
much less convincing than most of us suppos:d.
It is an astounding fact, vouched for by Mr.
Myers, that ' up to 1907 there was not a single
recorded case of a witness who had ‘actually
seen a Kea attacking a sheep.  Nevertheless the
statement was circulated throughout the world,
received general eredence, and in New Zealand
became an article of national faith.” A careful
observer, Dr. L. Cockayne, declared in 1899, in
a paper reard before the Philosophical Institute
of Canterbury: " I have never seen it attack
sheep, nor have I met with anvone—shepherd,
musterer, or mountain traveller--who has done
s0; the most that my inquiries have elicited
is that sheep are found from time to time with

holes in their backs, and that Keas have been
seen hovering round sheep.” Man loves the
anomalous, and the sheep-killing habits of the
Kea were accepted as proven, :

The case against the Kea has been stated with
care in two papers published in 1907 by Professor

W. B. Benham and by Mr. G. R. Marriner, the

first referring to ten eyve-witnesses and the
second to over thirty, But neither of these
inquirers seem to have actually observed the
Kea at work. After studyving all the evidence,
Marriner said: * Reckoning over the whole
Kea country, 1 am certain that five per cent. of
the flocks would well cover the annual loss due
to Keas." It seems quite plain that the story of
the bird's depredations has been greatly ex-
aggerated, and that the proportion of Keas that
take to sheep-killing {like man-eating tigers) is,
to say the most, very small.

But why, it may be asked, does not some
naturalist shoot a Kea found in the vicinity of
dead sheep and examine its stomach ? This has

been done, and the sheep's flesh has been found

in some cases. But this is no proof that the
sheep were killed by the parrots. That the Kea
may settle on sheep that have died through
natural causes is admitted, but Mr. Myers will
not say more than that Keas occasionally attack
living sheep, and may possibly kill a few. '* The
strongest proof against tht Kea lies in the
occurrence of wvery peculiar wounds in the
neighbourhood of the sheep's loins.. Such
wotnds have been found only in Kea country,
and cen hardly have been produced by any
other agency than Keas.” Yet this does not
prove that Keas kill sheep, for the wounds may
have been made after death, And as to the
photograph of a living sheep with a hole in its
loins and a kidney exposed, this may have been
due to a motor car.  Yet is it not the case that
our uncle in New Zealand had an experienced
shepherd whose brother saw the Kea killing a
sheep ? Perhaps this was one of the few cases
that may have occurred ; yet it was the same
man who saw the mother snake saving her
brood from destruction by swallowing them !
Sa, long live the Kea |
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LXVII
THE ACTIVITIES OF THE ANIMAL BODY
81
THE FUNDAMENTAL CHEMICAL PROCESSES IN LIFE

HE story of the study of the animal body

is the story of all the sciences: it tells

of each generation of thought looking more
and more closely, scrutinising in ever greater
detail, in the hope of decpening and clarifying
our knowledge of the whole. It is the story of
the slow change of an outline sketch into a
glowing picture, not yet finished but greatly
entiched ; to which, we may fancifally _-'-.'1_1.',
chémistry has lent its dyes and physics its
knowledge of action, and many another science
has contributed. It is far over 2,000 years
since Aristotle took the first effective step in
this process of subdivision, in recognising and
studying the various organs of the body: and
science had to wait almost till the nineteenth
century before another stage was reached, and
the tissnes of which the organs are composed
were separated and distinguished. In the middle
of that century
the work of
Schwann and
Schleiden showed
that all living
tissnes—plant o
animal —werc
composed of eedls,
and another
milestone was
passed. In the
sister science of
Physiology,
which is concern-
ed with the work-
ing of the animal
machine rather
than with its
form, the same
sequence is ob-
served | since the

RUCLEUS AND PART OF THE SURROUNDING CELL-SURATANCHE IN THE
GANGLION CELL OF AN OX

Livieg maiter is venlly n Auid, pasing remdily inlo a sort of jelly.

it has no visible mictoscopic strociore, omd the petwork of [oam-like appearances

who discovered the circulation of the blood, it
has turned from organ to tizsue, from tissue to
cell ; yet it has never forgotten to use each new
and more accurate unit for the reckoning-up of
the functions of the whale,

The simplest animals are not divided into
cells; and though many are complex, others,
like the Ameceba, may be regarded
as the type of simple unspecialised
There are cells very like them
in our blood [phagocytes): moving, changing
shape, engulfing foreign bodies and bacteria,
independent  and themselves,
They contain a complex central nucleus, a world

Simple
Cells.
cells,

complete in

within a world, of whose chemistry and physio-
logy we know very little! and outside this lies
the surrounding protoplasm, a living jelly,
streaming this way and that as the cell moves,
and, except for a few scattered granules, almost
entirely without
visible structure.
Flant-cells have
firm walls of cel-
lulose, and at the
boundary of the
animal cell there
is a faintly visi-
ble film or mem-
brane, which, in
a strangely
lective and vari-
ableway controls
the passage of
substances into
and out of the
cell 1 and we do

B8=

not know to what
extent there may

{Froam Bitschl ) ik
be partitions of a

When Hving
like nature with-

often seen nfter Axiog amd stodning and sectioning, are arificda] productions  which

dﬂ.:ﬁ'ﬁ of Hﬂ.r\'ﬂ}'. enn be mimbcked in gelathne or albansen

in the cell itself,
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In the higher animals the component cells are
not of this generalised type, but are nearly all
specialised in some particular direc-

alz“m‘ tion. Some are compacted into
Cells. orderly pavements and form mem-
branes like the outer layver of the

skin and the walls of the blood-vessels. Others
form the stringy, elastic connective tissue that
binds different organs together, Others are still
more elastic and, like powerful springs, ready to
contract ; these form our muscles, All cells are
chemical laboratories, but some are highly
specialised in this way and produce quantities of
particular chemical substances, such as the

-

FPhotz ; F. B, Hialing & Son,

CROSS-SECTION OF THE STEM OF THE BUTCHERS
RN
The stem of 5 it contains o oumbet of bundles or strands,
which setve partly for strengthening and partly for the tanspert
of sp both up amd down,  These * hro-vascular © bundles are
ween bere s clrcles imbeddesd in n groond tesne of laree oells.

digestive juices, which thev pour either into
special ducts or into the blood stream. The chief
cells of the blood—the red blood corpuscles—are
highly specialised as gas-transporters. Then
there are all the wvarious cells of the nervous
system, those which receive tidings from the
outer world or from other parts of the body,
those which send messages down their long
thread-like outgrowths, to and from the brain,
and the cells of the brain itself, the seat of
memory and of thought, activities of the inner or
mental life, the physiological side of which
eludes® our understanding. Walls, girders,
springs, gas-carriers, chemical factories, a

THAGRAM OF A SECTION THROUGH A FRAGMENT OF
PLANT TISSUE, SHOWING FOUR CELLS.
Acell b= 0 unit aren or corpuscle of living matter or protoplesm (b},

umber the control of & kernel of ouclens (). In plant-cells in purticular
there may be vocuoles (¢} contalning very liguid motetial, The cells
here are bexagons, separated by walls of cellulose,
system of communications! These are but a
few of the special purposes to which cells are
adapted ; and let us note that the generalised
cell of the Ameeba is, in some measure, cach of
these things at once. Most marvellous of all are
the germ-cells; male and female, simple enough
under our closest scrutiny ; yet from their union
is "' minted and coined,” in Harvey's phrase, the
animal body with all its specialisations and
adaptations, true to its race and parentage in
every detail. The orderly development of a
complex whole from a single cell—that at least
i beyond the reach of the generalised cell,
Ameeba, or phagocyte, or whatever it may be.
All cells, whatever their particular tasks, arein
some degree chemical laboratories. Let us think
Chemisiry ©f the chemistry of the cell. There
of the Cell. are eighty-eight named chemical
elements known to exist on the earth's erust,

[T
S

DIAGRAM  OF FOUR CELIS OF CILIATED COLUMNAR
EFITHELIUM IN A ROW (4) AND ONE DETACHED (#),
All animale with o body are built up of cells and modification of

n_-1E; The cells bere fumired are from the liniong of the wintdpipe,

Ench shows living lashes or citla (o), which strafghien and Dendd st

the free ened | also o opicless (00 in the middle of (e cell-spbstunce

=
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but, fortunately, only a very few of these have
much significance in the life of the animal. The
element carbon, which occurs almost pure in the
diamond, in graphite, in charcoal or lamp-black,
has a special importance, because of its extra-
ordinary, power of forming compounds. There
are more compounds of carbon known than of
all the other chemical elements put together,
and they form a special branch of chemistry,
which, because of its close connection with living
organisms, is called Organic. The reason for this
is that each carbon atom
may not only unite with,
say, an atom of hvdro-

o
'DQ

two. But nitrogen does not readily combine with
other elements, and though it enters the lungs
it 1s not really taken into the body (i.e., the living
cells) in breathing, as oxygen is; the nitrogen
which the body requires for its proteins is
all obtained from the food, and it behaves in
the body in quite a different way from the other
elements. Sugars, fats and proteins all contain
some oxygen and more hydregen. Little notice
need be taken of the other elements essential to
life : many of the proteins contain sulphur and

000000000000,

MIST, CLOUDS 0
AND WATER umun%%o

gen on the right and a &£ IN THE AIR Q?_
group of oxygen-plus- “bﬂ
hydrogen on the left, it o,
may at the same time %
be united with other s A ¢ S
similar carbon atoms pay & __..--"4' e, e 2
before and behind. This AND 9 o O ART OF™ aB ety S

: . . 0
power of forming chains 5NUW8 ',ﬂ" ENTERS STARCH,™ |INTO AIR ©
of similar atoms, with 0 & INTO SUGAR A o

Q 'CDMPDSFTIDN o m
all manner of other ele- "DF‘ ANIMALS EX .}i
ments attached on either : W i1
side, is almost peculiar e ¢ ABSORBED § é’j
to carbon, and is of the % H BY H g
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ance. The sugars are 9‘50 “WASTE g d:f‘
chains of carbon atoms, .._ & P
six or twelve in number, Cg 4 acﬁd
; - oo ., P
united tooxygen and hy- Pogar Ooooo"
drogen, and most of the Doﬂiﬁﬁn_?_giﬂco
fats are triple chains of
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- CHEMICAL AND PHYSBICAL CYCLE OF WATER.
tains about twent}’ car- I the cuter clrebe waler posses from the soll (o streams, wnd thence 1o the !niE T rises ns mibst from (ke
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are whole series of sugar-
groups united together;
and in the proteins, in some ways the most
essential and characteristic constituents of living
matter, atoms of carbon and nitrogen alternate
to form a vast structure which chemistry has
never yet completely unravelled or imitated.
Sugars and starches, fats, proteins : these are
the three great classes of compounds which go
to form living matter ; and the chain-forming
power of carbon is essential to each of them.
The three other elements mentioned above,

to enttih

‘nitrogen, oxygen, and hydrogen, are all gases,

and the air we breathe is a mixture of the first

in building np rbon-<compounds.  Tisse are eaten by antmals, and the surplos woler returns

phosphorus ; thesaltness of blood or tears is doe,
like the saltness of the sea, to dissolved minerals
such as sodiurh chloride ; bone is a compound of
phosphorus with calcium, the element present
in lime; and small traces of many elements,
especially of iron, are essential to the life of the
cell.

Carbon, hydrogen, oxygen, nitrogen—these
are the most important of the elements with
which the laboratory of the living cell deals.
The next question is, how does it deal with
them ? A complete answer to this is the goal of
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CO, IN THE AIR in the least chemi-
ANIMALS PRODUCE cally similar to life,
mE’DIN INT_IE_HN#.L as we know it, could
L?LEELLEA#E"‘.T“.‘}'F exist in the absence
IN THE BREATHING of water, TIts chemi-
EEEIE:?:FPHI 55 s cal and physical pro-
ABSORB perties, such as its
CARBOM ANIMALS i5-
DIOXIDE SNIMALS  great power of dis
i]nom TH-F OXYGEN  solving other sub-
IT Rl..'lshs,P li?lix ﬁg"@gﬁ stances, its resistance
E CAR . ML=
IN CARBON- EQRF?A%NT to ::ha.nge&l of h,m
COMPOUNDS OF THEIR perature, its resist-

AMD LIBERATE i
OXYGEN INTO NTAELonG Ance to the passage
THE AIR RUN FRoM of electricity, and its
%&Eg;ﬁh great power of form-

mJILT U‘F& ing colloidal or jelly-

OXYGEN IN THE AIR

FART OF THE CHEMICAL CYCLE DR CHAIN OF CARBON AND OXYVGEN.
Carbomie achd gus passes from air to plant ; aurbop-compounds pass from plant o anined ; carbonke ackd
puases from animal 10 alre, Oxygen passes from plant to ait, from e b aieal,

the science of bio-
chemistry, the
chemistry of life, a
goal not yet attained
in spite of a great
and rapid progress of
knowledge, of which

only the broadest out- -"".H:\::.EE;;EH"'

line can be sketched cpprureD " PROTEINS

i, o # N ANIMALS g
One of the great “Maonc' 8 Y ‘:::m L BECOMED

foundation-stones of BACTERIA { WASTE PE@EL;\
a i H o RETURMNED

the chemistiry of life T St E

has already been
mentioned—the f{or-
mation of long chains
of carbon atoms.
Another, of even
deeper and wider sig-
nificance, 1s wafer. It
is easily possible to
imagine some other

BALTPETRE OR
POTASSIUM MITRATE
AND THE LIKE,

IN THE BOIL

like systems with
the complex carbon-
compounds of living
matter, all these are
of fundamental im-
portance not only to
such animals and
plants as live in the

element replacing
carbon, without too
much change in
chemical processes re-
sulting; but nothing

CHEMICAL CHAIN OR CYCLE OF NITROGEN.

Nitrates and the like in the soil are dissolved out by sireams and poass to the sea. Thence, Urough the
agency of de-nitrefying bacterin, nitfogen is returned to the afr. By means of nltrogen-fiatog bacterin, sach
a8 Usose in Uhe roots of legumkneus plants, {he mitrogen of the ndr can e recaptured and brought back 1o the
starting-pednt it the sodl

The knner circle shows how nitrogen from the soll’s nitrates becomes part of plant proteine omd thenee of
ankmal proteins.  The decaying bodies of plants and animabs and the waste-products of animals bring back
the nitrogen 1o the soil, npnin with the belp of Lactetia.
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seas or the rivers, but to all
living things, Foragreat part
of the weight of the animal
body is the weight of the water
it contains, which bathes the
whole, passing from cell to cell,
and remains the medium in
which the chemical processes
of life are carried on, even in
animals and plants of the
“dry " land and the air. The
body can risist Tack of solid
food and great loss of welght
much better than it can stand
being deprived of water. In
an even deeper way, as we
shall see, the propertics of
water may serve to illostrate
and explain the great types
of chemical processes that are
carriedd on by the laboratory
of the living cell.

The first of these is the pro-
cess of analysis and synthesis,
the breaking-down
and building-up of
long carbon chains,
link by link. The
green plant, starting with
compounds so simple as water
and carbon dioxide, builds up
complex sugars and starches ;
and though animals cannot
quite achieve. this, they, too,
have a great power of joining
links together and forming
chemical chains,
is one of the most important
properties of living matter :
the power to construct, When
cane-sugar, whose molecule is
a chain of twelve carbon
atoms, is digested, it is split
into two shorter chains of six
atoms each, and passes into

Up-building
and Down-

the body in this simpler
form; these short chains
may be joined together

again, within the body, tw

substance, called glvcogen or animal-starch.
The proteins of the food undergo an even more

Indeed, this i

-

4

4
o " .
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Reproduced from * Essendials of Histology,” Sir Edward Shaspey Schafer;, F.RS., by tourtosy of the
PHI"I‘I]MI, Miesore. Longmaia, Greci O Ca,, Lid,

THE ORDINARY PROCESS OF CELL-DIVIBION (MITOTIC DIVISION WITID
RARYOKINERIR}

The meost hmportant fact is that when o cell divides nto two after the fasldon called mitotic
ot kar yokinetic, sach of e daughter-cells has o very precise hall of everything that there was in
the original cell, 1. The nucleus n o resting state | o ceptrosome in the ol substance oulaide
the muclems. 2. The cemtrosome divides into two; the msclear mads or chromosomnes can be
counled ; here there are four. 3 and 4. The chromesomes heoome nitanged al the equator.
Each is split longitudinally into two, 5 and 6, The halves of the chromosonses, somewhbat borse-
shoe-like, move along the delicade splivdle townrds each of the centroscmens. 7 and 8. Two new
nucled are constitated ; one cell becomes two oells | the festlng stale is resumed,

extensive breaking-down and reconstruction.
One point must be emphasised : it is easy to
pull two links apart, but difficult to join two

form a complex
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links together. Construction requires energy,
which the plant cell obtains from the sunlight
and the animal cell from its chemical stores ; it
is construction, or synthesis, which is character-
istic of living matter,

The Living Fire

The second great chemical process that goes
on in the living cell or the living body is the
burning of the fire of life. The first great step in
the science of the chemistry of life was the
comparison of the animal body to a flame. To
understand the complex life of the one, we must
study the other,

Candle grease consists mainly of compounds
with long carbon chains, to which are attached
atoms of hydrogen. When the melted prease
burns in the wick, the chains break up and the
carbon atoms and the hydrogen atoms combine,
as far as they can, with atoms of oxygen from

[ Repradurad from * The Prodlem of Ags Growth and Death,” Charles 5. Minf, by sourtery of the publishers—

Jodon Mwrray,

the air. That is why a candle—or a fire—gocs
out if it cannot get enough air. When there is
an ample supply of oxygen, however, the ¢arbon
atoms combine with it to form carbon dioxide ;
O=C =0 X
and the hydrogen atoms combine with it to
form water ’
H—0-—H,
When all the carbon atoms and all the hydrogen
atoms have taken up as much oxvgen as they
possibly can, that is to sav when they form
carbon dioxide and water, the burning process
is over.
In the living cell exactly the same process
takes place, though, of course, more slowly. The

long carbon chains of fats, sugars and proteins

are split up, and their carbon and hydrogen
atoms combine with oxygen to form carbon
dioxide and water. The energy which the candle
gives off as light and heat is used by the living cell
for various purposes:
it keeps up the heat
of the body, furnishes
energy for the contrac-
tion of muscles, en-
ables othercompounds
to be constructed, and
also furmishes electri-
cal energy. Living
matter is always
smouldering, or, as
the chemist says, al-
ways partly oxidised ;
sugars, fats, and pro-
teins are combined
with oxvgen, and the
process vields carbon
dioxide, water, and
energy ; that is the gist
of the whole thing,
and the whole of the
chemistry of life is
based upon this one
fact of burning, com-
bustion, respiration,
oxidation, or whatever
we care to call it.

SEGMENTATION OF THE EGG OF THE POND-SNAIL PLANORBIS, [After Rahl.) wc may I_"ﬁgﬂ.rd

(Magnified nbout jo0 time.)

v The ripe cgg ghves off the first polar body, which carries off hall of the chromossmes of the nacleus

water as a neutral

[reducing division). 2amd 3. It gives of o second polar bady, bt there B o further reduction in the mumber 'Pﬂ,int in the process of

of chiom somes, for each is split longltudinnliy, 4. The egu-cell or ovmm divides inte two oclls or blastometes.
5. Clenvage or segmentution into four cells, 6 to 5. A bull of cells is formed, some lurger, some smaller

burning or oxidation,

7=
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with its two atoms of
hvdrogen and one of
OXYEen ;

H —0— H,
Any com-
pound which contains
more hydrogen than
this can take up more

Réle of
Water,

oxygen, till water is
formed again @ it is
still capable of being
“burnt.” A com-

pound which contains
more oxygen, such
as hydrogen peroxide
(HyO,), readily gives

up the excess and
returns to the neutral
point — water; the

chemist uses this com-
pound for bleaching
and the hiving cell ap
plies it to many prob-
lems. This is an im-
portant idea to think
the of
balance between oxy-
gen and
whose neutral point is

OVEr- idea a

hydrogen,

water.

Water (H,0) is a
neutral point in
It may
be thought of as di-

vided in another way:

another sense,

(H =) (—0 H). A PR
On the hydrogen side  , pyorocrarn oLy
it leads towards the STAMENS OF A MALLOW

; Eacl pralan b= a permm-oell, o the
corrosive acids, and on a genen macleimd The. lalt
the oxygen-plus-hy- ©e ™ithiatheowmy. 1l
drogen side to the caustic alkalies, both of
which are powerful chemical tools. Even a
glight disturbance of this balance mav have
disastrous consequences for the living cell,
and the neutral point is somewhat strictly
adhered to.

The chemist's chief tools, then, are acids,

alkalies, and heat., Living matter is delicate,
and cannot make wvery full use of
Ferments,

i

these two-edged weapons. The chief
tools of the laboratory of the cell are called ** fer-

MAGNIFIED)

OrF RIPE POLLEN-GRAINS FALLING FROM THE

FLOWER AN ENORMOUS QUANTITY OF LIVING MATTER
strict sense o spore-oell. 1t msclons divides into o polien-tube moclens and

er | twn mmnle-ce il o { the=ie fertilises the cpg-cell, within the
cell then divides nmd re-divides o form Use emlbire

ments " or ' enzvmes.”  They occur in all cells ;

their chemical structure isunknown, but certainly
complex : and their function is to promote, as-
sist, and control the reactions which go on within

the cell The power ol forming these ferments

is characteristic of living matter, and of the
greatest importance

The chemical activities of the cell may now
be summarised in a few words. The living
protoplasm is a thin watery jelly of proteins

fats, and sugars. Oxveen 15 constantly entering
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the cell, and combining with the carbon and
hydrogen atoms to form water and carbon
dioxide. This process vields energy, which is
used to supply heat, or energy of movement, or
electrical energy, or the energy required to build
up complex snbstances, In this building up, and

in the burning, the complex ferments made by
the cell exert a controlling influence, The con-
sumption of oxygen, the formation of complex
substances, and the use of ferments: these are
the three great characteristics of the chemistry
of the living cell,

§2
THE CHEMISTRY OF THE FOOD

INCE its cells have so great a power of

building up their own complex constituents
from simple materials, the animal does not
require to find these constituents ready-made
in its food. It has not, of course, as much
independence as the green plant, which erects
the most complex chemical edifices with the
simplest of materiale—carbon dioxide and water.
But an animal can live and thrive, for example,
on a diet containing no proteins but only the
simpler amino-acids, of which each protein
molecule is a vast aggregate. Indeed, there are
so many kinds of aminc-acids, and so many in
each protein, that every kind of animal has its
own unigue and peculiar proteins: and the
introducticn of a * foreign " protein into the
blood may have most serious effects.

But amino-acids, however desirable they may
be as a food, do not occur very commenly in
nature, whereas proteins bulk largely
in the diets of all animals, whether
of flesh or eaters of grass, What
happens is that the protein of the food is
attacked, simplified, and split-up into amino-
acids, which are absorbed by the body and
reconstructed, in a new way, into the pro-
teins characteristic of the animal in question,
One building is taken to pieces, the stones
moved ong by one, and built again into a new
building in a pre-determined style of architecture,
The process of taking the food te pieces is called
digestion. It is carried out by means of ferments
or enzymes, not unlike those which within the
cell control the processes of oxidation and
synthesis, but with one great difference: the
work is done, not inside cells, but in a space
surrounded by cells, the alimentary canal—
stomach and intestine. Many of the cells which
line the alimentary canal pour into it enzymes

Dhigestion.,

eaters

and other chemical substances which aid the
process of digestion.

The simplifying or digestive process may then
be regarded in a slightly different way: it °
answers the question of how the foodstuffs are
to be got from the alimentary canal into the
surrounding cells, and thence into the blood,
to be transported to various parts of the body.
Protein molecules are too large to be absorbed
and transported in this way ; they must first
be broken down by digestion into amino-acids,
So that even a purely cannibalistic animal,
feeding on proteins identical with those of its
own body, must needs break them down and
build them up again. This way of looking, at
digestion, as a simplification necessary before
absorption and transport can take place, is
particularly important in connection with the
fats, These are split into parts (glycerine and
fatty acids) by digestion, absorbed in parts, and
immediately put together again. The subsequent
transporting of the fats is carried out in a rather
special way,

The first part of digestion is mechanical
grinding, This does not by any means stop
short with the teeth: there is a continual
churning up of the undigested food during the
first part of its passage down the alimentary
canal, a process which also serves to bring it
properly into contact with the digestive juices.
Many animals have special provision for grinding
up the food : thus birds swallow rough pebbles,
which remain, till their corners are rounded off,
in the muscular gizzard and act as grindstones.
The * gizzard" of the lobster is a compli-
cated mill,

The chemical processes of digestion proceed in
an orderly manner and step by step. They begin
with the saliva of the mouth, which contains an
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STRUCTURE OF THE SHEEIMS STOMACH.

The hastily chewed grass passes down the gullet (G} into the first chamber [RI7), the rumen of paunch, whose internal surface, shown below,
in like velvet pibe.  An overfiow of sappy fuld pesses knto the secomd chimber (RE), tie feticulum or Istrycomls, whese hexagonnlly-marke
bnternal surince i elown below.  Toluses of grass pass from the pounch ap the gullet o the mouth and are thorougly chewed (* chewing the

cud ")

Fussing down the gullet aguin, the chewed grass skips the fitst two chambsrs and msses plong a groove ko the thind chambst (PS),

the pealterium of mnyplies, which has miny fotersal plaits, shown Lelow,  Thence thie food passes into the troe stonmeh (AB), (he sbumasm

or reed. D s the duodenum, the begluning of the small intestine,

enzyme capable of splitting starch into sugar.
The first step in the splitting of proteins is taken
by the * pepsin® juice of the
stomach ; and into the stomach,
too, is poured considerable quan-
tities of acid. Further on, in the * duodenum "
of backboned animals, the pancreas pours
in a powerful juice which contains protein-
splitting, fat-splitting and starch-splitting
enzymes, whose action is greatly aided by the
" bile " juice contributed by the liver. Unable
to carry on the digestion of itself, bile is, never-
theless, a valuable ally. At the same time the
reaction changes from acid to strongly alkaline,
Strong acids and alkalies, which eannot be allowed
to accumulate in the cell itself, may do no harm
in the cell-surrounded channel of the alimentary
canal, and the same is true of the powerful
ferments. In the long coils of the small intestine,
the proteins are finally resolved into amino-
acids, the sugars and starches into simple forms
with only six carbon atoms, and the fats are
also divided. It is here, too, that the lining cells

Steps in
Dicesti

of the enormous surface of the tube, a surface
increased by finger-like projections, absorb from
the digested food the simple compounds which
they pass on to the blood.

The lower levels of the alimentary canal are-
crowded with bacteria, simple one-cclled plants,
which thrive exceedingly upon the undigested
food. They, too, form powerful enzymes, and
may help in the process of digestion in this
way, and may also be useful in destroying
poisons.  Moreover, they attack substances
which resist the animal's digestive juices. But
they tend to produce gases, and evil-smelling
compounds, and even poisons with which the
body has to cope. If the bacteria increase
beyond normal limits, they may constitute a
serious menace © but, though uninvited guests,
they are not too easily turned away.

The fuod, then, must consist of substances out
of which the animal can build the sagars, fats, and
proteins it requires; and wsually will consist
of other sugars, other fats, and other proteins,
which are taken to bits step by step in the
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process of digestion, absorbed in fragments, and
rebuilt in a new and appropriate way, The diges-
tion is carried out by ferments made by the cells
which line the alimentary canal ; some of the
ferments are aided by the presence of acids, and
others by alkalies, while all are favourably influ-
enced by the relatively high and constant body-
temperature of the warm-blooded animals-
‘mammals and birds,
Sinceall proteinsdonot contain the samemino-
aeids, it follows that some are more valuable as
D foods than others, There are some of
F}h:g_’“f the amino-acids that are essential
to the continued life of the cell, and
others are required if growth is to take place.
Some proteins, chiefly derived from plants, are
deficient in these most valuable constituents, and
hence unable to support life of themselves, The
distinction between “good " and “bad’’ protein
is fundamental in all problems of nutrition.
There are, moreover, to be considered those
chemical elements which the animal body
réquires in greater or less amounts, although
they do not seem to be necessarily bound up
with the most central and distinctive processes
of the chemistry of life. In the more highly
evolved animals, at anv rate, there are many
substances which must be present in the diet ;
fortunatelv, it is not often necessary to take
special precantions to supply them. Thus, most
flesh-eating animals get as much as they require
of the ordinary mineral salts, such as sodium
*and potassium chlorides, without knowing it ;
but some eaters of grass are periodically driven
to the seashore ur to outcrops of natural rock-
salt to make good their deficiencies in this respect.
Iran has to be supplied to safierers from anemia;
the occurrence of goitre in certain regions is
probably due to the absence of iodine ; and this
list could probably be greatly multiplied if we
knew more of the function of some of the
elements present in the body.
Two elements on which much attention has
been focussed in recent years, and which seem
; to be closely inter-connected, are
and calcium and phosphorus, whose com-
pound calcium phosphate is the
_chief hard constituent of bone, Obvicusly both
‘must be supplied, and, it would seem,
supplied in the right proportion, when bones are
being formed or repaired. Calcium is essential,

“.n_ [ .

too, to the life-saving process of clotting which
occurs when a wound allows the blood to escape
either outwardly or within the body. Phosphorus
plays an even greater part in the life of the body,
and partly becanse it combines to form com-
pounds which are not very stable and easily
disintegrated. Phosphoric acid combines with
the sugars, and it seems likely that all the sugar
burnt in the body, and all the phosphorus which
goes to form bone, passes through the stage of
being sugar-phosphate, The nucleus of the cell
contains very complex proteins, which contain
sugar, and phosphorus, and complex groups
allied to uric acid. The fats, too, form com-
pounds with phosphorus, and, perhaps, when fat
is transported about the body some of it is
changed into this form for convenience, These
phosphorus-fats, too, occur in every cell and are,
no doubt, of the greatest importance, perhaps
because of their very great readiness to change
or break up; and especially, and, perhaps,
significantly, are they associated with the cells
of whose working we understand least—the
nerve cells. Phesphorus and caleium, then, are
two elements quite essential to the life of the
body ; and in some way not very clear, they are
connected together.

But apart from the obviously essential things,
like sugars, fats, proteins, and water, and the
equally intelligible salts and metals
and phosphorus and so on, there are
still certain substances which must be present
in a diet which allows to the animal the full
measure of life. The first hint of the existence of
these necessary substances was faintly heard very
long ago, in the days when sailors, especially in
whaling vovages, fed chiefly on preserved food
and suffered severely from scurvy; a disease
which they escaped if fresh meat and fruit were
available, It turned out, too, that if rats were
fed on a diet of carefully purified fat, sugar,
protein, and so on, as much as they could
require, yet free from all traces of impurities,
they did not thrive; they lost weight and
eventually died. But if a very small amount of
fresh, unpurified milk were added to this
" artificial " diet, the rats throve. It was clear
that there were substances hitherto unknown,
which the animal body required and could by
no means do without, but of which it required
only very small amounts,

Vitamins.




1088 THE NEW NATURAL HISTORY q

These unknown substances were named
" accessory food factors' or ** vitamins';
and, to the chemist, unknown they remain to
this day. There are two, we know, present in
most natural fats—cod liver oil, butter, beef-fat,
and so on. In the absence of one of these,
animals cease to grow and suffer from disorders
of the eye; in the absence of the other, their
bones are not properly formed and they sufier
from * rickets.'" It seems, however, that light—
ordinary sunlight in the one case, the ultra-
violet light of the quartz-mercury lamp in the
other—is a great preventive of these results of
" vitamin deficiency.” Two other vitamins are
not associated with fats, but occur in milk,
veast, fruit, and so on ; the results of deficiency

of these factors are the diseases beri-beri and
SCUTVY.

That there are certain substances, of unknown
composition, in whose absence the animal does
not thrive, is certain. But the whole question,
with the distinction between “'good' and
* bad " protein, and the necessity for who knows
how many chemical elements; is not yet un-
ravelled. Meanwhile, let us remember that a
normal and natural diet, with fresh foods, with
not too much cooking and stirring, with not too
much husking and paring, will supply all the
* good "' protein, and chemical specimens, and
vitamins, that anyone can require. 1t is pleasant-
est to be disciples of Monsieur Jourdain, and eat
chemicals all our lives without knowing it.

§3
THE CIRCULATION OF THE BLOOD

E see and feel the throbbing of the

pulse on our wrist ; we know that an .
artery is expanding because the left driving
chamber or wventricle of owr heart is con-
tracting. There should be about seventy or
eighty contractions in a minute, and three or
four ounces of blcod are forced out at each beat.
The continued beating is automatic in the sense
that it is part of the nature of the heart muscle
to beat, but it is influenced by the nervous
system, which supplies both spur and curb.
The heart, which is about the size of our closed
fist, has two receiving chambers or auricles, the
right for impure or venous blood from the body,
and the left for pure blood from the lungs. It
has two driving chambers or ventricles, the
right for driving impure blood to the lungs, and
the left for driving pire blood to the body
generally, In the great arterial trunk or aorta
which bends over to the left side the rate of
flow is about sixty feet per minute, and may be
compared to the stream of water from an ordinary
household tap. The rate lessens as the blood is
forced from the main streams into the tribu-
taries : when an arterv is cut the blood comes
out rapidly in spurts, corresponding to heart
beats; but when we cut some minute super-
ficial capillaries, as we often do, the blood oozes
out slowly and steadily.

As to the circulation, the pure blood urged
outwards from the heart flows through the art-
eries, and thence into very fine capillarics which
form networks in and around the tissues. There
is a passage of dissolved substances and oxygen
from the capillaries into the fluid, called lymph,
that bathes the tissues; and thus they are
nourished and toned up and supplied with the
oxvgen necessary to keep the fire of life burning.

But the network of capillaries begins to give ¢

rise to larger tributaries, which become wveinlets
and then veins, and now the blood is on its way
back to the heart. The veins are not so thick
nor so elastic as the arteries, and they are abund-
antly supplied with walves, which allow the
blood to flow only heartwards. Thanks to these,
every movement of our limbs helps to urge the
blood in the veins—where it no longer feels the
force of the heart-beat—in the right direction,
and that is why it is so much more tiring to
stand still than to walk. If we stroke our
arm towards the hand we see in the bluizh
veins little temporary swellings; we are
making temporary dams where the valves
are, If we tie our arm tightly with string,
the part below the string will soon become
pale and cold; we have cut off the arterial
supply of blood. We have almost proved the
circulation !
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¥ To return to the veins carrying the impure complete the whole: the tissue-bathing fluid

blood from the body, they lead eventually into  (lymph) diffuses in part into the capillaries,
the right auricle of the heart, and thence the but also is collected into lymphatic vessels
blood passes through a valved portal into the within which there is a valve-regulated flow ;
right driving chamber or ventricle. When the at intervals there are minute filters or nodes

right ventricle contracts, at the

- same time astheleft, theimpure
" blood is driven direct to the

lungs, and spread out in num-
berless capillaries on  their
enormous  internal  surface.
The blood loses its surplus
carbon-dioxide and gains fresh
oxygen from the in-breathed
air which fills the lung ; and
then again the capillaries run
together to form eventually
the large pulmonary wein,
which leads to the left auricle
of the heart. Just as the pul-
monary artery is the only
artery which carries impure
blood, so the pulmonary vein
iz the only vein which carries
pure blood. From the left
auricle the pure blood passes
through the valved portal into
the left ventricle which drives
it through the great arterial
trunk to the head and body.
There is a short heart-lungs-
heart circuit and a long feart-
body-heart circuit; but it is
one continuouns system, and
indeed the two circuits are
the two loops of a figure-of-
eight, with the heart at the
centre. On an average, they
say, it takes an imaginary
drop of blood about forty-five
seconds to make a circuoit, and
if we could suppose a drop of
blood to retain its individu-
ality, it might be said to make
a journey of a mile in a day.
If all the capillaries of our
body were placed end to end
they wonld reach across the
Atlantic! It should be added
that the circulatory system

| just described does not quite
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Reproduced from Keith's * The Enginer of fhe Hgman By, by courtesy of the publishers, Mrsora,
Williams & Norgae,
THE GENERAL SYSTEM OF VEINS AND ARTERIES,

Into the right auricle comes all Use tmpure lood from the body by the anterior and posterior
cuval weins, It pusees inlo the right ventricle and s curied to the lungs by the pulmonary
arteties—the only arterics carrying impure blood, From the lungs the putified blood returns
by the pulmonary veins (the only veins carrying pate bood) 1o thee beft anricle, amd thepes o
the left ventiicle, whence it 18 carried to the benad s armms and pesteriorly by the dorsal norta,
which splits far back knto two iliac arterbes for the two hind limbs,  The portal system of
‘blond-vessels gathers digested proteins and carbohydeates from the stomach and intestine, and
the portal vein breaks up in the liver. The altefed blood i eventually eollected from the Hver
by tribetaries of the hepatic veins, and these lemd tnto the apper cnval vein, or, what some
wiomihd call, the upper part of the inferior vena cava,
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Reprodwced from Keidh's * The Enginet of the Human Body," by courlesy of bhe

publishers, Messes, Williams & ,‘\'mgqr.*.

VALVES OF THE VEINS.

A, wpwelling on g veln, Indicating the presence of o valve within it,
laid open, showing the valves partly open: hiood Sowing in the direction of the
artow will bave free pussage between the valves.  C, showing the sulves shot © blood
foroed backwards in the direction of the armows will find the valves closed ngninst 1t

which strain out injurious substances from
the clear fluid.

This is obviously a very bald account of
remarkably well-adjusted arrangements; it
leaves out the adaptations which secure a steady
flow without either too much or too little blood,
which preventthu current reversing, which offer
alternative routes should one be blocked, and
so on. It leaves out also the story of the many
nerve-fibres which mn to the arteries, causing
them to become firm and small, or looze and
expanded—auntomatic, watchful nerves bevond
our control, as those who suffer from sudden
pallor or flushing know only too well. There
are, also, the two great nerves of the heart,
one of which causes it to accelerate, the other
to slow down, and they again are to be stimulated
only by internal messages from the body, and
not by our will,

So far, what every person, so to speak,
knows about the circulation—all wvery easy
as long as we keep to superficial
aspects. And yet, as regards this
surface knowledge, which is every-
one's property to-day, how long is the story
of attainment, told so well in Dr, Singer's
" Discovery of the Circulation of the Blood."
The Egyptian physicians felt the pulse in
1500 B.C., and Hippocrates connected it with
the heart. Yet the Aristotelian school made
the heart the seat of intelligence and the

History of
Di

(3

source of bodily heat. In the second
century of the Christian era Galen, a
student of the medical school of
Alexandria, who became physician to
Marcus Aurelius, formulated views
which remained current for fifteen
centuries, influencing our poetical
literature, for instance, down to the
time of Shakespeare. The older
poets could not get on without
dragging in the heart! But Galen's
views, though including the radically
sound idea of * vital spirits " being
c. diﬁtr"tbl.th::d from the heart, through
the arteries to the body, were full of
impossibilities.  Against some of
these the awakening spirit of inde-
pendent observation began to rebel
in the sixteenth century, headed
by the inquiries of that towering
artistic and scientific genius, Leonardo da Vined,
who showed, for instance, the practical sig-
nificance, of the valves at the roots of the great
arteries and the erroneousness of Galen's view
that the pulmonary vein took asr to the heart.

.Then came the somewhat comic chapter of
which Vesalius, a Belgian professor at Padua,
was the hero. He worked out a splendid ** Fabric
of the Human Body "™ (published in 1543).
which was based on personal observations and
was a scientific landmark. Vesalius saw for
himself that Galen was quite wrong in supposing
that blood passed through pores from one
ventricle of the heart to the other, and yet he
seems to have refrained from saying so until
he had resigned his professorship and become
physician to the Emperor Charles V, the greatest
monarch of his age. Then came a new out-
spokenness. Even the great anatomists are not
untouched by human weakness.

The next chapter is a tragic one, for it concerns
Servetus (1511-1553), physician and theologian,
who gave the first clear account of the heart-
Inngs-heart circulation, vet hardly knew what he
had done. * So near, and yet so far from,
being a great physiologist.” For his heretical
" Restitution of Christianity "' the Protestants
burned him alive in Geneva, and the Catholics
just a little behind time, had to be content with
burning his effigy.

The credit for making the circulation clear

B, the vein
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rests, as everyone knows, with Harvey, though
it would be absurd to deny that he was influenced
by his predecessors, especially by Fabricius, his
anatomical teacher at Padua.
" Anatomical Dissertation concerning the motion
of the Heart and Blood in Animals,” published
in 1628 and dedicated to King Charles I (who is
likened to the heart !), it is shown by arguments
based on dissection and experiment,  that the
blood in animals is impelled in a circle, and is
in a state of ceaseless movement ;
the act or function of the heart, which it performs
I saw that the

by means of its pulse .
blood, forced by the action of
the left wentricle into the
arteries, was distributed to the
body at large and its several
parts. In the same manner it
is sent through the lungs, im-
pelled *by the right ventricle
into the arterial wvein (pul-
monary artery).” So was
enunciated the great discovery
which changed the whole
science of physiology and the
whole practice of medicine, It
was reserved for Malpighi in
1661 to observe what Harvey
had only inferred—the capil-
lary network connecting the
ends of the arteries with the
beginnings of the veins; for
Swammerdam to see the red
blood corpuscles; for Leeu-
wenhoek in 1688 to give in
the web of the frog's foot
ocular demonstration of the
circulation of the blood, which
he had himself forcefully dis-
believed-—and there are other
links in the chain. But the
fundamental clear thinking
was Harvey's, and he had the
uniasuial satisfaction of having
his conclusions generally ac-
cepted within his own life-
time.

Before passing on to consider
what exactly the blood does
for the body, and the meaning
of this complex system of

communications—so vital that the beating of
the heart is considered the surest sign of
life—it may be well to describe
simply the nature of the blood
itself, the fluid distributed so care-
fully to all parts of the body. The most
important fact is that it is not a simple,
homogeneous fluid. There is, of course, a fluid
" background,” the blood plasma, pale and
watery,containing dissolved gases, food materials
and mineral salts. The last give the blood its
salt taste, and it is interesting to note that they
are present almost in the same proportions as in

Blood

In Harvey's & L

that this is

THE HUMAN HEART.

Thete are fout chambers, two auricles of recriving chombers and two ventricles of driving
chambers, The right auricke (R A) receives the impure blood from the body by two wwh-:
vene cave (5 V) amd one inferor vena cava (I ¥V Ch.

The hlaod is prased into the tight ventricle (R V), whenee it is driven to the lungs through the
pulmonaty erfciies (PP A),  From the lungs the purified blood returns by the pulmonary velns
(P V] o the left suricle (I, A)

From the 105t awricle it poses to the left ventricle (1, Vi, whenoe it s driven up the systemic
urch (S A) to the body. The systemic mrch first gives off a right inocminate artery (1K K],
dividing into right subdavian und right carotld, to mrm and bead respectively. 10 then gives
off o fieft carolid (C) and n lett subcluvian (8 C L), to hend amd arm respectively. 1t ls contineed
dotsaily backwards to form the domal aorta (D A), the great artery distributing pure blood to
the wiale posterior body.

T R is the windpipe of ttachea ; T R, & bropchial tube from the windpipe carrying air (o the
lungs; BV, a biood-vessel o tlie wall of the heart itself,
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PULMONARY ARTERY of the complex red pigment or
UPPER AQRTA colouring matter of the blood,
cavaL PULMONARY VEINS the hamoglobin. The blood as

LEFT

LOWER CAYAL
VEIN

LEFT
VENTRICLE

RIGHT WENTRICLE

ST s

Eeproduced from Keith's “ Engines of the Hwman Body,” by omuriesy of the publishers, Mlessrs,
Wiiliame & Norgate.

THE FOUR CHAMBERS OF THE HEART AND THE VALVES WHICH GUARD
THEIR OFENINGS,

From the opper caval vein (superior venn cova) and the lower caval vein finferior vena cava)
the imprire blood from the body enters the right noricle, 3t gosses Umough an opening, bordered
by a thoeefodd (tricospid) valve (dark) into the fight ventricle. The membunoos flaps are
worked by tendinous strings (chordie tendinew) attoched to popillary muscles projecting from
the wall of the ventricle

From the right ventricle the impute Wocd is driven throogh the pulmonasy arteries to the
tangs, and the base of the pulmonary trunk is goarded by three membranous pockets, the

AURICLE

valve

a whole has several wery
special properties, such as the
power of preserving its neo-
trality andalmost never becom-
ing harmfully acid or alkaline,
and the power of forming clots
instead of escaping when the

walls of its containing vessels ,

are broken.
The first great function of
the blood is a simple and

Fiitie obvious one. It
of the receives from the
Bloodd.

cells which line the
intestine large quantities of
food materials, digested and
absorbed, which it "carries
throughout the body to be
burned in the cells. First of
all, however, the blood runs
from the intestine to the
liver, which is the great
" clearing-house " of the body,
and has a controlling influence
on all the three great classes
of food-stuffs. In particular
it takes up the absorbed
simple sugar, and stores it in

semiilunar valves.

From the hngs the pulimonasy veins curry purbibed Blood to the et anticle, whenee it [rsae
into the left ventricle through a funnel-like opening garded by o mitral valve with two mem

branous faps, worked by strings and muscles as hefore.

From the left ventricle the pure blood passes by the aorta to the body, and the base of {he
The meaning of the whole system of valves is to

aortn is puarded by three sentdlunns valves
keep the Blood flowing i the rlght direction

sea-water, taking our thoughts back to the time
many millions of years ago when blood was
first established as an internal mediom in animals
living in a primeval sea. In the blood plasma
there float enormous numbers of single cells or
corpuscles. A minority of these are the * white ™"
corpuscles, many-sided old-fashioned cells not
very unlike simplest ameeboid animals in their
power of independent movement and of engulfing
solid particles. But the great majority of the
blood-cells are the “red blood corpuscles,” of
which there may actually be thirty million
million in man’s body—several millions in the
smallest drop of blood. These are disc-like cells,
specialized to one particular purpose, the carrying

the form of the complex
" animal starch "' or glycogen.
From these stores it doles

out sugar into the blood as
the body requires it, so that
the amount in the blood is always very much the
same, Stores of glycogen are also formed in muscle
tissue, and fat is stored similarly in various
parts of the body. There are no stores of protein,
except in the living tissues themselves, yet in
starvation the sugars and fats are used up first
and the protein is preserved as long as possible.
Hence we believe that the nitrogen-containing
protemns are, of the three classes of foods, the
most fundamentally essential to life.

No fire burns without air and no cell can live
without oxygen. We have seen this already,
and it is well to insist upon it. In all the highest
animals the oxygen comes from the air. Some
simple forms seem to be able to manufacture
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Raproduced by tourfesy of Mewes, F, Davidwon & Co

RED BLOOD CORPUSCLES OF MAN,

Each cell or corpuscle is a croular disc, o an average about 5% of an
inch in dismetet, nod about one-fourth of thai in thickpess. More ilsn o
million will lie on & square inch. The disc surfaces ore mot flot, but
slightly copcave ; =0 ihe corpuscles are thinnet in the middle than ot the
murgin. Their colour is fnint vellowish-red, dve (o Uthe pgment hormo-
globin, which bas o grest affinity for oxygen The mammakian ted
Blooad corpusche does not show any nuclens except in the early singes of
its developmment e whitle biood cofpuscles afe lafger, nucleated, and
Frrepulur, 1 wdd lood corpuscles e mostly made in the moarrow of
the bones and mestly destroved in the lver and gplorn

it for themselves
or something else; the humbler aquatic animals,
like shrimps and oysters, fishes and tadpoles, find
it dissolved in the water ; but the higher aquatic
animals, like turtles and sea-snakes, seals and
whales, must at frequent intervals come up to

by splitting up carbon-dioxide

the =urface to breathe.

Respiration in the broadest senze must always
mean taking in oxygen and getting rid of carbon-
Breathing. dioxide, t'ltln.- waste |1r4:l'11ur1 of all com-
bustion—including wvital combustion,
There are many animals without blood, eg.,
sponges, jellyfishes, corals, zoophytes, and the
simplest worms ; and these must, of course, respire,
in the sense that they must take in oxygen and
get nid of carbon-dioxide.

But in animals with blood. breathing is the pro-
cess of charging the blood with oxygen. The gills
of a fish are organs so thin-walled that oxygen
can pass through to the blood from the water
outside, The lungs of a mammal are bellows with
enormous internal surfaces with very delicate walls
through which gases can diffuse. The movements
of breathing are the movements required to draw

fresh air into the lungs and to force used air out
of them. Although in the ordinary way we are
not conscious of these movements, and do not
have to command each one te take place, they
are not automatic as the movements of the
heart are. Messages are continually sent to the
muscles which expand the chest by a special
" respiratory centre "’ of the brain. In general
the frequency of these rhythmic messages is
decided by the state of the blood, to which the
respiratory centre is very sensitive. But the
centre will also obey the messages from higher
levels of the brain, as when we voluntarily hold
our breath, or from the nerves of the body, as
when we gasp at a pin-prick. At each message
from the respiratory centre, muscles contract,
the chest expands, and about a pint of addi-
tional air is drawn into the lungs; the return
of the chest to its original size is automatic.

Through the thin wall of the lungs oxygen
passes into the blood ; some of it dissolves in
the fluid plasma, but a much larger part com-
bines chemically with one special constituent,
the colouring matter, hamoglobin, which is car-
ried by the red corpuscles.  The corpuscles, with
their temporary load of oxygen, are borne to

Ll

Beprofwced from
Schifer, F.R5., by
ferrem & o, Lid

Sir Edward Sharpey
8, Messrs, [ongmiani,

FOUR EED BLOOD CORPUSCLES AND A WHITE
CORPUSCLE OF A FROG THE LATTER HAS EN-
GULFED A WORN-OUT RED BLOOD CORPUSCLE.

{ Magnified Goo diamieles, )

cles [of ervilitocyies) differ froms
aving o perelstent pucleus. They
elliptical iderntily lorger than the
coscnve ciroydar discs characteristic of mumnmals. I say be
moted  that inm  the ¢ oof camels the noed blood corpascles
have the elliptical outline seen bn birds, repliles, pmphilinas
and Hzles

The frog's el Blood eoff
those of mean amd smammals

disrn, x
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(A] THE MINUTE ANIMAL CALLED AMEBA COMPARED WITH (B) A FHAGO-
CYTE OR COLOURLESS CORPFUSCLE OF THE VERTERRATE'S BLOOD,

In both cases o [ood-parthcle a k8 seen, and its ™ enguliing " in the living protopdasm

of the microscopdc cell—there to be dissolved and digested by ' eneymes ™ or * ferments

==jg shown. The food-particle bere taken up by the Phagocyte is a kind of mictobe, &

Bpirillum. Tt is digested and destroyed. &, water surrossding e food-particle engulfed

by the Ameeba ; ¢, 0 vicuobe or Hguld-holding spece in the protoplasm ; J, the cell-nucleus.

the heart and thence throughout the body ; in
the delicate capillary vessels the hamoglobin
parts with its oxygen to the surrounding tissues,
The corpuscles return through the heart to the
lungs and take up fresh loads of oxygen. There
is continual coming and going between the place
of oxygen-capture, the lungs, and the place of
combustion, the tissnes.

L]

We see, then, that the blood
brings to the cells of the body
from the intestine food materials
for tissue-building and especially
for fuel, and from the Jlungs
oxygen to combine with this fuel
in the burning of the fire of
life. The final results of this burm-
ing are, as we have seen, water
and the gas carbon-dioxide. Both
of these find their way from the
tissues into the blood in the
capillaries. From the blood the
water escapes as vapour through
the skin or through the walls
of the lungs, or is removed from
the blood by the kidneys or
elsewhere. Nearly all the carbon-
dioxide, however, is carried by the
blood to the Jungs, and here passes
throngh the thin wall and is
breathed out.. This is the other
side of the process of breathing—
the getting rid of the carbon-dioxide produced
by the body. 1In the blood it is carried
not so much by the corpuscles as dissolved
or combined in the fluid plasma. If it aceumu-
lates unduly in the blood the sensitive
respiratory centre of the brain responds and
sends to the lungs messages calling for another
or deeper breath.

§4
THE MUSCLES

N an ordinarily active animal a great deal of

the chemical fuel and oxygen brought by the
blood is used up by the muscles, where the
chemical energy of the food materials is con-
verted into energy of motion. Even during
sleep, the beating of the heart, the expansion of
the lungs, and the slow movements which force
the food down the alimentary canal, go on
steadily and have to be maintained, though
they require no conscious control. There are
different kinds of muscle: those which are
directly under the control of the will, typically
quick and powerful in action, as for example in
the limbs, have a striped structure, and are

seemingly more complex than the more sluggish
plain muscles which move the internal organs.
The heart muscle, with its innate capacity for
rhythmic beating, is different from both, The
striped muscle may be selected for more detailed
description.

Muscle has as its chief characteristic siringi-
tess. Evervone is familiar with the "' grain "' of

‘most meat, and the microscope reveals a sub-
‘division into finer and finer parallel fibres. Each

fibre consists of one or several cells, though very
unlike the generalised Amceba-like type, since
they are long and very narrow ; and within each
fibre are finer " fibrils.'! When a muscle is
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TENDON
Rependweed from K=ith's

VThe Fugines of ke Human Baody," by
cowrteny of the publichers, Messrs. Willinms & Nowrgade,

A DRAWING OF THE RICEPS OF THE UFPER PART OF THE
RIGHT ARM, SHOWING ITS TENDOX, ITS BHLOOD-VESSELS
AND ITS NERVE.

A temdon o slnew fastens & muscle o o bone : the urtery brimps
oxygen and food-material for the musce | the veln carries away carbon-
dioxide and waste | the nerve conveys the stimulus which provokes the
muscle to contract. The bicegs lies along the upper arm or humerss |
ita upper end B conpected by two temdons with the shoglder-Blade
or senpnila ;Ui lower emd bs connected by g tendon with the rdine, one
of the bones of the lower arm ;| when the biceps coniracts, beooming
sbhorter and broader, as we can focl it dedng, 1 rakees the lower arm nenret
the nppet arm.

stimulated, normally by a
message running down the
nerve which controls it, or
artificially by an electric shock
or atherwise, the fibres become
shorter and thicker, and the
whole muscle contracts in
length but becomes wider in
proportion : the volume re-
mains the same., 1If the
stimulus is a weak one, only
a few fibres mav contract,
but each fibre, once started,
contracts as far as it can.
It may not seem clear how
contraction can produce all
the movements with which we
are familiar, bending and
straightening the limbs, for
example, but this is managed
by lever-like arrangements,
to which we shall return later
on. The muscles of the limbs
are fixed af their ends by
iendons to the bones, and

Willimnd & Nowgake,

their contractions the bones closer
together. .

A muscle can be artificially connected up
with levers so that it draws a record of its
movements on a smoked paper, and in this
way the contractions can be studied. After
a stimulus is sent down the nerve which con-
trols it, there is a brief "' latent period,” during
which nothing happens. Then the muscle
contracts swiftly, a wave of contraction pass-
ing down the fibres, and as swiftly it relaxes
to its original position. But if, after many
such contractions, the muscle becomes fatigued,
then its response to the stimulus is greatly
weakened. It does not contract nearly so
much, and it takes much longer to regain its
original position ; great cold and certain poisons
have a similar effect. If one stimulus follows
another very closely, the muscle may not relax
in between, but remains for some time in the
shortened state.

Muscle fibres are elastic, and can be pulled
out to abnormal lengths, In this way they
resemble springs, but they are springs which,
when they receive a stimulus, suddenly tend
to become much shorter than in their normal

pull

CONMEETING RO
cRANK PiN

Reproduted from Keik's * The Fagives of the Human Body 3 by courdesy of the publichers, Afesrs,

THE ENGINES OF MANS ARM.

The upper flgare represenis e two great musches of the upper arm of humers, the engines
which move the lower srm,  The anterlor beackial or bloeps pulls on the fore-arm and bemds
it at the elbow, The posterior htachinl of triceps straightens it again.
muscles have e imaginatively replooed by two internnl combmstion engines, which work in
petfect time with one anotber, &= e muscles do,
the oiher must be descending.  The connecting rod wonld :_'\-.-rﬂ-_l.;nn:j to @ teindon

In the lower Sigvre the

When the piston of one is nscending that of
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TWO KINDS OF MUSCLE-FIRRES, STRIFED OR STRIATED,
AND SMOOTH OR FLAIN,

A. A siripedt or strinted muscle-fibre, quickly contracting, showlng
alternate dark oowd light cross-bands. It is baill op of very delicate
fibeils (M FL), It b stimulated by afperve-libre (N F), which divides
into an end-plate [N E) on the contmctile substanee. A striped
mugscle-fibre Is due to the great clopgation of o ccll, with multiplicaticn
nl‘lmrh. (M), or sometimes to n fusion of severnl clongated cells,

B. Three smooth of umstriped miscle-cells (M C), elongnted spindles,
dovetalled fnto cne another, ench with a sucleus (M),  Thete may be
longitudina] fitrillation. Smooth muscle-cells are slowly contracting,
They oot in such sitmtions s the wall of the food-canal, the wall of
the biadder, the wall of the arterhes; and abundantly o sloggish
nnlmals, such a8 sea-squirts.

resting state. What is the change caused by the
stimulus which makes the spring-like fibres
" dissatisfied,” so to speak, with their usual
length, and attempt to contract ?

It is only in the last few years that satis-
factory answers to this question have been
available, but now a fairly complete story has
been worked out. When a nerve-message
reaches a muscle, it causes the formation of
lactic acid, almost the same as the acid of sour
milk. Everyone knows the astringent, puckering
effect of swallowing anything sour, and the
muscle fibre feels it too, and in the presence of
lactic acid it contracts. What the lactic acid is
formed from is not certain, but it must be some
member of the sugar family, and it must always
be present in muscle. In any case, the contrac-
tion has now taken place, and so far, let us note,
there has been no " burning "' or oxidation, no
using up of material.

But to enable the muscle to return to its
original condition, the sour lactic acid must be

got rid of. Till this is done the story is only half |

told. The most economical way to get rid of the
lactic acid is to change it back into the substance
from which it came, and, as far as possible, this
is done. But this is a building-up process, a
synthesis, and it requires energy to carry it out—
energy which must be furnished by some process
of burning or oxidation. The solution is a neat
one : a small part of the lactic acid is burnt to
carbon-dioxide and water, and this burning
furnishes enough energy to convert the rest of
the lactic acid back into its unknown source—
substance or " precursor.” The muscle is then
able to return to its original state, and it is the
return, not the contraction, which requires a
supply of energy. In the same way, a piece of
elastic may contract spontanecusly, but it
requires energy to pull it out again into its
original taut condition, though the story of
muscle contraction is not quite so simple as that.
It seems likely that fatigue of muscles is due to
lactic acid accumulating and not being
thoroughly removed.

When a muscle contracts, a certain amount of
heat is generated, and an electric current is also
set up. Both these require energy, which is, as
far as we can see, more or less wasted: the
efficiency of a muscle is not quite perfect. Yet
the whole process, whereby a sugar yields an

o
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acid that causes a fibre of protein to contract,
and the acid sacrifices a part of itself to convert
the rest back into the sugar so that the protem
may return to its former state, is a marvel of
interaction and economy that * puts to scorn all

- machinery,”

Animals often anticipate man, not only in
what they do and how they do it, but in having
structures that are like human tools. In some
eases the animal structure may have suggested
the human tool, but there is not much evidence
of this. In the construction of aeroplanes and
gliders, some experimenters have been humble
enough to study the flight of insects or birds, or
the sailing of the dragon-fly and the albatross ;
but there are not more than a few human
inventions which can be shown to have been
suggested by Natural History. Perhaps there
would have been more if the study of animal
life had come earlier to its own. We firmly
believe that there is fame and fortune awaiting
the man of inventive genins who will condescend
to study animal achievements. Why should the

.firefly beat us in solving the problem of the
most economical illumination ? Many animals
have tool-like structures as parts of their body :
the lobster has its forceps, the wood-wasp has a
very effective borer, the sea-urchin has little
snapping organs like three-bladed scissors, the
leech has its adhesive sucker, the sawfish its
saw, the beaver its chisel-edged teeth, the angler
fish its rod and baited line.

A bird has an interesting pulley by means of
which a muscle on the breastbone raises a wing
above the back. It seems strange that a muscle
on the under surface of the body should, by its
contraction, raise the wing, but we see the same
when a sailor on the deck of a ship causes a sail
to rise by pulling a rope downwards. In both
cases the explanation is to be found in the
presence of a pulley. The rope in the bird is the
tendon of the muscle, and it works through a
pulley, the foramen triosseum, where three
bones meet.

There are not any wheel-like mechanisms
among animals, but there are plenty of levers.

We suppose that they simply had to
be, for in moving the body and

moving other bodies, the most
effective asrangements are levers. No doubt
they were somewhat rough-and-ready to begin

Levers of
the Body. .

with in the animal body. but in the course
of millions of years of varyving and sifting they
have become very perfect. As everyone knows,
levers are divided into three classes according
to the position of the fulerum. To move a
felled trec we may press the lever down on a
fulcrum—a solid, fixed support on the ground
near the tree. We are familiar with the same
leverage when one child lifts another on the see-
saw. The fulcrum is between the weight and
the power. We illustrate this in our body when
we use the foot to push the pedal of a harmonium
or a sewing machine, or when we nod the head
backwards and forwards on the first vertebra or
atlas which serves as the fulerum.

In raising a large flat stone the workman
sometimes gets in the end of his lever, and,
pressing against the hard ground, lifts hard at
the other end. The fulcrum is at one end of the
crowbar, where it is pressed into the hard
ground, and it is nearer to the weight than to
the power, This is a lever of the second class,
and is illustrated when we stand on tiptoe : the
weight of the body, falling on the ankle, is
raised by the contraction of a group of muscles,
mainly the hamstring or calf muscles above the
heel ; the fulerum consists of the balls of the
toes, which press against the ground. Another
lever of this type is illustrated when we keep
one thigh bent up towards the body in hopping :
the fulcrum is at the hip-joint, the power, due
to the contraction of the muscles in front of the
thigh, is applied at the knee ; the weight of the
limb falls between the two.

In whipping a trout out of the water with a
fishing-rod, the fulcrum is the heavy end of the
rod, which may be pressed against the angler's
body ; the power is applied by the hands a
little higher up; the weight is the trout. In
levers of this third class, the fulcrum is at one
end, but nearer to the power than to the weight.
When we lift a cup of coffee to our mouth we
illustrate this kind of leverage. The fulerum is
at our elbow joint, the weight is the forearm,
the hand, and the cup, and the power is due to
the contraction of the biceps muscle lying in
front of the upper arm, but this power is exerted
a little below the elbow, where the tendon of the
muscle is fastened to the radius bone of the
forearm. This kind of lever allows of great
rapidity of action, and is familiarly exerted in
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striking a tennis ball. When a dog bites, it
illustrates the same third kind of leverage : the
power of the contracting muscles is applied to
the lower jaw between the jaw-hinge and the
weight, which is that of the jaw and teeth, but
must include the resistance which the object

bitten offers to compression. We have given very
simple instances, but enough to show how more
complex leverages in our body may be tackled.
The snake's jaw, for instance, with its many

hinges and sliding movements, is a very much

more complex problem than the dog's.

§5
THE NERVOUS SYSTEM AND THE SENSES

T'HE twigs of the great branching tree of

the nervous system reach into every part
of the body. They lead at last to a central
stem, the spinal cord, enormously developed in
the head, in the higher animals, to form the
brain, the seat of the highest activities of the
nervous system, such as binding the body into
a harmonious whole, and of the mind, such as
judgment. The nervous tissue, like any other, is
made up of cells, which are specialised for one
particular purpose—commumnication.  All the
nerve cells have issuing from them branching
fibres which link them to their neighbours, and
many have one main fibre which may be several
feet long. These fibres serve to carry messages
to or from the centre, the brain and spinal cord,
and the visible strands of nerve are bundles of
“such fibres,

.+ The whole system may be divided into two
parts, one having to do with messages towards
the centre, the other bearing messages ontwards
from the centre. No
single fibre ever does S
both of these things.
The two sides of the
question are linked
together at wvarious
levels, simply in the
spinal cord and more
complexly in the brain,

Suppose that the

(P
C.
=

DIAGRAM OF A SINFLE REFLEX ARC IN A BACKBONE-

record the fact, and a message speeds up the
sensory nerve fibres towards the centre. A
moment later a message comes from the
centre to the muscles of the leg, which
obediently contract, so that the knee is bent
and the foot removed from the source of irrita-
tion. This kind of response is a very simple one :
it does not require the intervention of the brain
at all. One of the linking cells in the spinal cord
has received the incoming message and de-
spatched the command to the muscles: this-is
known as a reflex act.

The analogy of an army is a useful one, If
the scouts report a disturbance which is not
serious and may be dealt with quite

Ef{ﬂf simply, the necessary action may be
G.H.Q-  {aken by (let us say) the brigade
Execative  headquarters—the linking cell in the
giﬁmﬁﬂ" spinal cord. A more complicated

affair may have to be referred to the

divisional or even to general headquarters—the

brain; and may, in-
deed, require the
exertion of conscious
intelligence or even
abstract reasoning.

dizturbance
suich as we have
described, commands
from higher up may
forbid the local au-
thorities taking the

simple

Even in the case of a

sole of thf’ foot is LESS ANTMAL LIKE AN EARTHWORM,
tickled, or 1, A senscry perve-cell (5.0.) on the surface recefves o stimulos,
Rﬁﬂlﬂ touched 2. The stiminlus travels along the sensory nerve-fihiere (20,1,
- 5 3. The sen=ay netve-filte banchies in the nerve-cond
with some- 4. Itz brapches come into close contact (5Y') with these of un

thing unpleasantly hot
or unpleasantly cold.
The sensitive nerve-
endings in the skin

mssociative or communicating nerve-cell (AU

5. (Mhcr branches of the mssocintive oell come nlo close contact
[S%F) with the branches of dendrites of o molor nerve-cell (ML.C).

G An kmpulse or command travels along the motor perve-ilire or
axis cylinder of the motor nerve-cel]

7 The motot perve-fibre ends on o muscle-libee (M. F.] onenr the
surface.  This moves and the reflex action is comiplete.

action they otherwise
wounld—that is to say,
conscious or uncon-
scions commands from
the brain may prevent
a reflex response to

4

andd. . 2
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SKIN

DIAGRAM ILLUSTRATING
ANY BACKRONED ANIMAL.

REFLEX ACTION IN MAN OR

From a semsory nerve-ending (5. K] in the skin, o stimulus passes
' mp o semary nerve-fibte (5.F) tooa sensory merve-ocll (8.0.) in the spinal
panglion of a dorsal of afletent root [1.R) of & spinal netve. The filire,
cotithmend from e sensory merve-cell, divides in the spdnal cord (8P.C),
and the message passes on to an assoctative, intermedinte, o interouncial
merwe-cell (A}, Thenoe it is shunted to a motor netve-cell (MO}, from
which o command passes down o motor neeve-fibee (M F), tsuing by o
wventral o efferent rool (V R) of a spinal nerve. The motor nerve-fila:
enids in & nerve-plate (MF) on p onescle-fibee (MT7), which is stimulated
to comtract, Then the reflex action is complete.
any irritation or stimulus.
Even when a stimulus has
been effectively dealt with by
the * local anthority ' in the
a.'piuﬁ.'f cord, by commanding
the proper reflex response on
the part of certain muscles,
4a " report " both of the nature
of the irritation and the
response may reach the brain,
We know very well when we
have touched a hot plate,
but our hand is reflexly with-
drawn before the brain has
time toissue any commands,
It is only by preparing our-
selves beforehand that we can
overrule the ' local authority ™
and prevent the reflex with-
drawal, if we wish to handle
anything unpleasantly hot.
The outward messages are
not restricted to commanding
the muscles to contract.
Some of them go to glands,
such as those which pour the
saliva into the mouth, and

command them to act, or to cease from acting.
There are mnerves, too, which the
muscles that sfraighten the leg to slacken
as the muscles that bend the leg contract. The
heart beats of itself, but messages travel
to it by different nerves to say ' slower ™ or
“faster.”” Nor is it absolutely necessary that
the messages should come from the mysterious
activity of the linking cells of the brain or the
spinal cord; it is sufficient in experiments to
pinch or to shock electrically one of the out-going
nerve fibres to cause the muscle it commands to
respond.

For all that, we know next to nothing about
the nature of the impulse that travels along
nerves, An electric current accompanies it, as it
does all the activities of living matter, but the
impulse is much slower than electricity. The
nerve fibre never seems to tire as muscle tires
The chemistry of nervons tissue is complex and
difficult, and the most we can say certainly i
that in nerves, and especially in the brain, the
fire of life burns brightly if eerily, since a great
deal of oxygen is used up. Of the relation

cause

MEDIAN VERTICAL SECTION OF A HUMAN BRAIN,

1n every vertebrate brain tlscre are five cicl parts : the cerebral hemisphenes (C H], here 'll"lll_‘l"'
convolytions{00) | theoptic thalami ; the optic lobes (C O, n mammals " cof poars quadrigeming
the cerebellum (CHL), with an nternal pattern called arbor vite (A V] ; and the medulla cblongata

) beaading into I cord [8 C)
Ih';mfl, {;;Inlrm l;:mrmfﬁu_—-wriq trldge of fhees, uniting the oerebonl bemispheres.
n longitnding] bridge of fibres, called the formix.
of third veniricle. Belind the fornix are seen two funsverse conumigsures cul ncross,

CRC, the muu.“‘jm] cana] contimeed down the centre of the spinal eord (8 C)

P, the pons varsdi, a tridge forming o sert of trapsverse floor o the cercbellum.  Behind P s
the * bull " or medulla obilongato.

P B, the pltuitary body, a nervous and glanduluar body growing down from tee flcer of the
optic thalami teglon, O N, one of the two optic nerves

Fis
1t makes the Toof of the optic thalom reglon,
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From (Quain'i ™ Awatomy,” by the courlery
o the publiahers, Mesers [ongpmais, Groem
& Ca, Lhi

NUMHEROUS CELLS WITH THEIR IN-

TERLACING FINRES FROM THE

HUMAN CEREBRUM OR FORE-BRAIN
(Highly magnified. )

The fore-btnin of cereluum is the seat of
the ktellectonl provesses, and the sight of
these crovded nerve-cells, sl with iis T
linkages with other nerve.cells, gives o hing
of the possibllities of inter-relation among the
mlllions of cells [n the bimin. There s o
Inctense in the mumber of nerve-cells after
birth, bui pew inter-eclations may be
estabilishied,

e .
=
konafl P L1

= <Ll

between the mental activities and
the physical appearances of the
brain we dare say nothing,
except that * mind "' and ** brain '
are closely bound up together,
some would say like the two
surfaces of a dome, others would
say like a musician and his instru-
ment. In some cases we know
that certam parts of the brain
have to do with particular mental
activities.
It is fortunately possible to be
more definite about the various
organs of sense. Not
S all of these receive
their stimulus from
outside the body : some report to
the brain the movements and con-
dition of the muscles, joints,
and internal organs. The whole
surface of the body is an enormous
SCNsSe-Organ, or pﬂ'haps better a
mosaic of different sense-organs.
For there are ' pain-spots,
* touch-spots,” ** cold-spots,” and
" heat-spots” in the skin, quite
separate from each other, each
able to create only one kind of
sensation in the brain, and
capable of being mapped out on
the surface of the skin. The
" chemical senses " are restricted
in man to the mouth and nose,
There are really only four kinds
of taste—sweet, bitter, salt, and
sour—and these are excited only
by dissolved substances in
the mouth. The innumerable
“flavours " are really appreciated
by the sense of smell, which is
stimulated by gases or wvery
minute particles. The sense
of smell is, even in man,
extraordinarily  delicate, and
is easily fatigued. But our
knowledge of the organs of
these senses is not so com-
pléte nor so informing as our
knowledge of the eye and of
the ear.

A BINGLE XNERVE-LCELL OR
NEURONE. |After Stohr.)

The pervous system is mude up of
nerve-cells wnad el outgrowing fibees
The technicnl word weurone includes
bath the coll-body mwd the oulgrowths

Nois the mucleis of the ool ; N C, the
central cell-pubsiance of cyvtoplusm, The
perve-cell  commmunkates  with  otber
merve-oells by mewns of fne protoplesmic
branches or dendrites (1), 11 gives off o
nerve-fihee [N F] o o muscle (MU}, This
Bbre hos as (15 essentinl part oo oxis
cylinder af cute, surrounded by o medul-
lary sheath [3H) of a fatty materinl;
and outwide Uds thete B o clear membrane
called the peurilesomo It will be
obsetved that the medullay sheath is
not developed at the origin or at the end
of the nerye-fllare, A latersl branch of
s fibee is shown (L B] and alo the
nerve-coding (N E) en the muscle,
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The Ear

Many kinds of ears are balancing organs which
do not hear; and even in birds and mammals,
where hearing is usually acute, the balancing
function is still very important. For many back-
boneless animals it is certain that the ear enables
the animal to move about in a balanced way, If
something puts it out of action, the animal will
gwim on its back or tumble about in a random
fashion. Before the ear was a hearing organ,
for the receipt of sound, it was an organ for
balancing or equilibrium, and, as we have said,
the primary use persists.

To nine people out of ten the word ear
suggests 1 the first place the ear-trumpet or
pinna, which is restricted to certain mammals
The use of the trumpet is to collect the waves
of sound and facilitate their location, and since

man has a very mobile head, his pinna is com-
paratively small. It is interesting to see how a
horse waiting in the street locates a sound by
moving its ear-trumpets without moving its
head, The ear-trumpet is often very large in
mammals that hunt at night, like bats and
half-monkeys or lemurs, and the jerboas in the
desert. It is absent in burrowers like the mole,
and in aquatic mammals like the porpoise,
Probably the elephants are the only wild
mammals that have their ear-trumpets hanging
down, but it is interesting to notice that this
ineffective position is common among domestic-
ated animals, like the lop-eared rabbits, and
dogs and sheep, which are, of course protected
under man’s shield. In aquatic mammals the
water is kept out of the ear-passage in various
ways ; thus the otter has a valve, and in seals
the outer ear-passage runs for a short distance

DIAGRAM OF THE HUMAN EAR. (After Hesse and Weber.)
A, e outer ear-passage ;B the middle ear ; ©, the bone |periotic) enclosing the inner ear,

1. ‘The enr-trumpet of phama, proctionlly fhmed im mnn ol onkmporiant.

In many mmnmals, swch as the horse, it helps to lcate e sound

s L anum (3] rannieg sctoss s ner end,  The dium vibeates when sound-worees stelke it 4, 5 6
:1!:1;%&‘:‘“ E:l::—r “::E&b:-‘m:::u;rhu:Tl and -ul.ll.rmp [simpeni, which by thelr movements trunsmit the vilitalions from the drom to the foer
ear. In fishes Llh-.--.- delicate omicls are represented by biggish bones. forming pert of the -.nqnl:-u-unln_t_'r framework of the jaws. Cmoly mamouis
Taae three sir-cssicles 1 hirds, teptiles, nod amplibions bave one | fshes have none. The * window ™ In the bony L T R ;I'li“hh!m
the stapes abuts is cilled the feoetia ovalis. 7. The Tustachion tube, lemding down to the back of the mouth ; t:.w 1I1+alr can ;:lrt |.|“ |md:-.
into the middle ear, 8, The larger chamber of the inmer car, called the wirlciilus, mth_lhm: sctnicirenlat canals snsing from i, ey hve to
with balancing and the like. o The sminller chismber of sacculos, conmected with the coiled pochlen, the escntkal orgen of heisting |10}, containing

the organ of Cortl. There is also shown the endolymphatic duct [ 12, which ends hiinadly

11, Anothet * whsdow  in the periothe bone, the fenesita

rotumda,  The dark colonred cavity is called the perilymph-space | it comtains a fusd cafled perilymph | it is separated from the bxternnl covity of
the ear by a membrane, within which there is endolymph. The doided tisue 5= o,
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under the skin, parallel with the surface of the
skull, so that it is closed in swimming and diving
by the pressure of the water. If the water got
into the ear-passage down to the drum, the
animal could not hear at all. Bathers know
this experience of temporary deafness.

The tense membrane (the tympanum or drum)
which is stretched across the outer ear-passage,
is a mechanical device for receiving sound
waves. It makes its first appearance in am-
phibians, and we see it, flush with the =kin, just
behind the frog's eye. This is an effective
position for catching the sound-waves, but it is
a dangerous position, since the drum is exposed
to injury. It is not surprising, therefore, that in
the higher animals it has sunk beneath the
surface. But there is surely interest in noticing
that, in the new-born American monkey, the
drum of the ear is still in its old superficial
position, flush with the surface. As the organ
of hearing in backboned animals is an extra-
ordinarily delicate instrument, it is important
to have it deeply situated and within strong
ramparts, But this means that it lies at some
distance from the vibrating drum. It is therefore
necessary to have some way of transmitting the
movements from the drum to the inner ear, and
that is effected in mammals by a beautiful chain
of three small bones—the hammer, the anvil,
and the stirrup, the innermost of the three
abutting on a minute window into the inner ear,
This is a very pretty contrivance. When we are
taken rapidly down the shaft of a deep mine
(we tricd one of about 6,000 feet near Johannes-
burg) we feel an uncomfortable pressure on the
drum of our ear, and we are instructed to make
a swallowing movement, which puts things
right. Now, in this case, we are utilising a
passage called the Eustachian tube, which runs
from the middle ear behind the drum to the
back of the mouth. In making the swallowing
movement we adjust the pressure on the inside
of the drum to the pressure outside. This
Eustachian tube turns out to be the equivalent
of the first gill-cleft or spiracle of the skate,
Thus we see again that the distant past lives on
in the present ; the apparently new is also the
undeniably old. It should also be mentioned
that the chain of three little bones is found in
mammals only ; in birds, reptiles, and am-
phibians there is a simple rodlet (columella)

running from the drum to the inner ear, and
transmitting the vibrations.

Well protected within ramparts of bone, the
inner ear is an extraordinarily complex instru-

The ment. Inside a bony labyrinth
Hearing  lies a similarly shaped membranous
Ear. labyrinth, bathed by a fluid called

perilvmph and containing another fluid called
endolymph. This internal fluid oscillates ac-
cording, so to speak, to the tapping move-
ments on the window of the inner ear; and
the movements of the fluid eventually stimulate
certain sensitive cells with hair-like free ends,
whence a nervous thrill passes to the brain, and
we hear! The membranous labyrinth includes
a portion called the utricle, which gives off three
semicircular canals, lving in different planes,
and a smaller portion called the saccule, from
which arises a spiral, twisted like a snail-shell,
and therefore called the cochlea. More than
two thousand years ago Aristotle saw the
cochlea of the ear, whose shape, he said, * is
like that of spiral shells.”” But he had, of course,
no idea that inside the spiral shell of mammals
there lies an exquisite instrument, " the organ
of Corti,” which analyses the mixed vibrations
which fall on the ear, and converts them into
the nerve impulses, which pass by the fibres of
the auditory nerve to the brain. In the organ of
Corti in our ear there are thousands of fibres
which probably vibrate like harp-strings, there
are ten thousand rigid rods of Corti, and there
are still more numerous hair-cells, with each of
which there is intimately associated the end of
one of the fibres of the auditory nerve. If we
suppose that there are about 11,000 tones
audible to the human ear, there are about as
many ear-telephones to receive them. For we
are fearfully and wonderfully made,

The Eye

Helmholtz once pointed oot that the
human eye, considered as an optical in-
strument, was hj} no means perfect. On the
other hand, when we think of the way it
combines great delicacy with everyday useful-
ness, we cannot withhold our admiration. We
can understand why a student beginning with
the human eye, and knowing nothing of the
simpler types, should conclode that it is im-
possible to think of the natural evolution of so

L]
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Ciliary mu

sefe—

Ciliary process —
Canal of Petit—
Cornea— |

Antarior chamber—

Lena—
Iris—
Ciliary process—

Clllary muscle—

- Bolarotic coat.
oy — (Chorold coat,
—Retina,

—Vitreous humaour,

From Halliburicn 3 * Hand ryaiodogy,” by the comrleny of the pubfisher Fokm Micrray
BECTION OF THE ANTERIOR POUR P-[i-'J'I!H OF THE EYEBALL

The cillary mascle s o ring of mascle arsing ot the ||| tion of coften amd sclero I:hg clinry processes nre madinting plabis posalng from
the chorodd to the margin of the lens ;) the corpen | X *; hetween it and the lens s the anterior
chamber with squeous hamour | the lenase ¥ marscle; the cenal of Petit i3 o minote
canal round the edge of the lens | the iris is watimeation of the ok In front of the leng &nd serves o regilate Use
admission of light ; the aclerotic is 1I1l. protective oulermost laver ; | e chorodd s o demsely 1I-.|L layer with many blood-vessels ; the retina
is the inoermost perclplent layer, where the imoge is formed | the posterior chamber of the eye i filled with the glusy vitroous Immuur

But the impression changes
entirely knowledge of the long
series of eves from the pin-points of a jelly-fish

wonderful an organ.

when we take

It is like studying an historical series
the gradual improvement
with this difference, that
instead of a succession of brow-wrinkling clock-

upwards.
of clocks
1l|.ruu;¢]u-||r centuries,

showing

makers there is a sequence of animals making
unconscious experiments and then putting these
to the test in the struggle for existence,
Helmholtz m:ut“11h.~1;mn.lu.:,. the human eye is
astonishingly perfect ; but we cannot give more
than representative samples of its fit-
nesses, The eye is more or less spherical, so that
it moves readily where it is well
lubricated, It is a clear example of the unity of
the whole backboned animals or
vertebrates that in all well-developed eyes from

many
in its orbit,
series  of

fishes to man, there are the same six muscles
attached to the skull at one end and to the outer
wall of the eveball at the ‘ rolling
eye " usually means that these muscles are not
very thoroughly under control; on the other
hand, they may be trained to unusual efficiency,
as in the The lids
protect the eye, and the upper one shuts down
reflexly when some object is about to strike the
That it can also be moved voluntarily
Inmost mammals, such ds the

is a well-developed third

other.

case of some comedians.

surface,
15 famihiar to all.

rablit and dog, there

eyelid, present also in birds and some reptiles.
This is drawn down over the surface of the eye,
and has a cleansing function. It is absent in
whales, where the front of the eye is continually
washed with water, It is also absent in man and

monkeys, and this may be because of the in-
creased mobility of the upper eyelid. The
distribution of tears over the transparent

window in front of the eye is chiefly effected by
the upper eyelid, and it serves to keep the pane
clear, When a man " rubs his eyes" he is
stimulating the lachrymal secretion and cleaning
his window panes !

There is usefulness in comparing the eve to a
First of all, there is the
case, rectangular in the photographic apparatus,
globular in the eye. In some
crabs and lobsters, the eye
stalk and can even look backwards.
corresponds to the photographer's stand ;
we must not delay over details,
dark, empty box; the vertebrate eye is a dark
globe filled with the jelly-like vitreous humour,
the pressure of which gives the eyeball a degree
of rigidity which is quite essential. The camera
gets that rigidity from the wood or metal of its
framework. The vitreous humour in the inner
chamber of the eve must be distinguished from
the more watery aqueous humour which lies
(the

hotographer’s camera.
e

animals, as in
is mounted on a
This stalk
but
The camera i5 a

between the transparent window-pane
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BURFACE VIEW OF A SMALL PART OF THE COMPOUND EYVE OF A FLY, SHOWING
THE NUMEROUS HEXAGONAL FACETS ON THE TRANBPARENT CORNEA.

[Highly mngmified )

To the inside of encly facet thire is an ooter or oorseal lens, inside that 8 erystalline ofne of

in foocussing : he 15 trying
to get a good definition of
the image thrown on the
plateby the lens. He efiects
this by altering the distance
between the lens and the
plate. Now, his lens corre-
sponds to our lens, but the
focussing is effected in a dif
ferent way. In our cye it is
largely effected by an alter-
ation of the curvature of the
front part of the clastic
lens, making it more or less
convex., This is brought
about by means of (ciliary)
muscle fibres, which are
attached by a (suspensory)
ligament to the transparent

tnmet lens, and inside ooch of these o small group of percipient celle surrounding a sensitive rod, ]E"nﬁ'{'ﬂpﬁult'. And jll‘_‘i as

Into the base of which there comes & delicate twig of the ptic netve,

cornea) and the crystal-clear lens. The firm
protective coat of the eyeball, continuous with
the strong cornea in front, is called the sclerotic ;
next comes the densely-black choroid, which is
also rich in blood-vessels : inside that is the
most important layer of all—the retina, which
corresponds to the photographic plate. Though
the retina is only the thickness of paper, it is
built up of ten layers, and it is here that the
image is formed. The most
important elements, if we
dare =ay so when all are
important, are the rods and
cones, which are the fight
recepiors. One obvious ad-
vantage of the retina over
the photographic plate is
that it takes, so to speak,
picture after picture with-
out any confusioft, whereas
the plate in the camera can
only be used once. Yet one
of our retinal pictures, seen
only for the twinkling. of
an eye, may be registered
in the brain, or in our
memory at any rate, for a

: SURFACTE VIEW OF
lifetime, OR OUTER LENSES FITTING AGAINST TIHE HEXAGONAL FACETS, (Highly magnifed.
]_'t 1 . . I!I the hdnse-fy there are abowt g,000 feeis, comeal lenses, crystulline cones, and groups of

¢ photographer often  percipiont eclis. Ruch serfes (fncet, carmes, cone, groap of percipient cells) makes o ve-element or

spends a tedious little while

the definition of the image
in the camera may be improved by using a small
stop or diaphragm which regulates the amount of
light that enters the instrument, so a delicate, self-
acting muscle in the beautiful pigmented curtain
or iris in front of the lens decreases the diameter
of the aperture or pupil, and makes the image
more sharply defined, There is alsoan adjustment
of the two eyves so that the rays are focussed
on the most sensitive part of the retina of sach.

BMALL PART OF THE SAME EYVE, SHOWING THE CORNEAL

ommitidiom.  Since the groups of percipient cells form an image and cortespond Lo our retio, each
I called & retinile | and the sensitive rod tiey surround s ealied thie rial .

=
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COLOUKR-CHANGE IN PFTARMIGAN

The Ptarmiipan (Lagopus ol first comisin ol the Red Growse, has theee moults in the vear From April to Jualv 1t has
its-finest plumage ; the male = barred above with brown, grey and buff, mostly white below | the female i3 more towny with
Wik buars From Auzust to October the male 5 mustly grey abose with fine wovy lnes of Mack ; the female shows more hrown

In winter oth sexe: are white, except for block on the tuil and quill £hafis

In ol phases the outer toil-feathers are black with
white tips, nnd the gquills are white with black shafts

. g
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All this is what we call accommodation, and
it reaches its finest development in birds,

There is seeing and seeing in many degrees on
a long inclined plane. For the first use of the
eye in the animal kingdom was simply to dis-
tinguish light and shade ; later on it was able to
detect movements of surrounding objects ; later
on it became an image-forming and colour-
perceiving instrument—the chief gateway of
knowledge. When light falls on our eye, passes
through the window-pane and the watery fluid,
through the lens and the vitreous humour, it
falls on the retina. There it excites chemical
changes, for instance in the pigment called visual
purple ; it also excites electrical changes. Most
important of all, it excites impulses in the rods
and cones—impulses which travel by the optic
nerve fibres to the brain, so that at length we
see. Of course no one would call * seeing
sparks ' seeing, for on a dark night an unlighted
lamp-post will suffice for that ! What happens
in such a case is that the brain translates into
terms of light every message that reaches it by
the optic nerve, even when such message is the
outcome, not of a light-ray, but of a wound or
a blow. That all the messages brought by this
one nerve are read in the same way is surely a
very suggestive fact,

Smell means much for many animals, helping
them to avoid enemies, find food, recognise kin,
and discover mates, Occasionally it
is of use in. assisting an animal to
find the way home. Its importance
is increased by the fact that it pulls a trigger or
gives the creature news from a distance—often
much further than the eye can reach. Touch
and pressure, sight and hearing, are physical
senses ; but smell and taste are chemical. In
taste there must be a watery solution of the
palatable or non-palatable material so that it
washes the taste-cells, which are usually, though
not necessarily, in the mouth. In smell there is
sense from a distance, for while the odoriferous
particles must land on the olfactory cells, they
may first have travelled a long way through the
‘air, i

Molecules spread far and wide from a volatile
substance, which slowly decreases in weight.
But all volatile substances are not odoriferous.
The odoriferous particle must have a definite

The Sense
of Smell.

't chemical basis—an organic nucleus to which

y 70

.

are attached scent-bearing " osmophores "' or
groups of osmophores. If these groups of
molecules called ** osmophores " are removed,
the odour disappears, but a great deal seems to
depend on the precise way in which the osmo-
phoresareattached tothenucleus. Forsubstances
agreeing in their chemical architecture, but
differing in the composition of nucleus and
osmophores, may nevertheless have the same
smell | But these are deep waters. We must be
clear, however, that just as there is a working
classification of odours, such as Henning's
fundamental six—" flowery,” " fruity,” and
“foul," “spicy,” ' resinous,’" and " burnt"—
so0 behind this lies a deeper and as yet incipient
classification in terms of chemical architecture,

The remark often made that backboneless
anmimals, such as insects, may detect many
fragrances that are unperceived by man, is not
convincingly confirmed by experiment. There
is great difference between the smell patches in
our nostril and the eight terminal joints on a
bee's antenna, to which the olfactory sense
seems to be restricted; but there is a very
remaskable resemblance between the bee's sense
of smell and our own, The careful experiments
of Frisch show that the bee recognises scents
that we recognise, and fails with those to which
we are insensitive, There is but one notable
exception, and it is readily intelligible, that bees
are peculiarly sensitive to their own odoriferous
secretion. It might be objected that the dog
contradicts what we have just said, for it picks
up many a scent that is quite lost on us. But
the probability is that the difference is rather in
the degree than in the kind of sensibility.
Different types of animals require different
intensities of smell-stimulation, It must be
admitted, also, that some animals and even
human beings are quite unusually sensitive in
regard to particular odours. Thus Fabre and
others have shown that some male butterflies
and moths will find the female from a consider-
able distance—even half*a mile, and will find
her in spite of such obstacles as a cloud of
tebacco smoke. Very interesting is the fact that
the male will sometimes seck out and discover
the spot on which the female was previously
resting—a fact sufficient to puncture the theory,
attractive to some minds, that a particular kind
of ““ ray "' emanates from the female all forlorn.
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All physiologists are agreed that the odorifer-
ous molecules, if they are to pull the trigger,
must come into very close quarters with the
olfactory receptor cells, but what exactly
happens is uncertain. It is likely enough that
the details differ in different kinds of animals.
When there is watery muocus bathing the
olfactory cells, it may be that the odoriferous
particles undergo some sort of external solution,
as in the case of palatable particles beside the
taste-cells. But many hold that the odoriferous
molecules are absorbed by the olfactory cells,
and undergo an internal change in the super-
ficial zone of the living matter or protoplasm,
where there is often an abundance of lipoid or
fatty material. Henning, however, suggests
that what takes place is a physical rather than
a chemical process, what is called an adsorption
not absorption, on the part of the receptor cells.
On this view the intimate process would be
somewhat like the colouring of animal fibres by
aniline dyes. Everyone knows how certain
odours, especially aromatic oils, will * eling "
about the fibres of our clothes.

It is often said that thoroughgoing aguatic
animals have no sense of smell, but as a general
proposition this is not borne out by experiment.
Observations on newts show that these animals
nose about in a very characteristic way searching
for pieces of dead earthworm hidden in the
aquarium. 1t is easy to arrange matters so to
exclude the assistance of sight ; and there is no
doubt that the newt finds its food by smell,
even when it is totally immersed. It takes water
in by the nostrils and expels it by the mouth,
and goes on testing the water in this fashion
until it has found the food. If there were any
evidence that microscopic fragments of hidden
earthworm were being drawn into the newt’s
mouth we might ask if the testing was not
tasting, but there is no warrant for supposing
that there were any earthworm particles in the
case referred to, and there are also experimental
ways of discriminating between taste and smell,

We are not, of course, pretending that it is
always easy to distinguish between these two
nearly related senses, especially when we take
account of the fact that in many animals, such
as our dogfish and the American catfish, there
is a general chemical sense widely diffused over
the skin. We illustrate this ourselves in a faint

degree when vapour of ammonia makes our eyes
water, quite apart from its smell. Many pleasant
and unpleasant sensations that we refer to taste
alone are, however, the joint effect of taste and
smell, as we experience when we have a very
heavy cold. For this smothers the olfactory
cells, with the result that our pleasure in our
food disappears though our taste-cells are quite
unaffected.

In some reptiles and many mammals there is
a paired organ (Jacobson's ergan) typically
communicating between the nasal chamber and
the front of the mouth. It contains a little
fluid and some sensory cells, and it may be that
it serves asan auxiliary smelling organ. Bromann
has made the interesting suggestion that the
frequent shooting out and drawing in of the
tongue in snakes may serve to bring the air
before the tribunal of Jacobson's organ. He
thinks that this may also be the meaning of the
rhythmic twitching of the nostrils in some rodents.

In insects the usual seat of the olfactory
receptors is on the feelers or antennee, In cray-
fishes and lobsters and many other crustaceans
the olfactory bristles are on the antennules, but
they sometimes occur on certain mouth-parts.
In ticks, the olfactory cells are localised towards
the end of the first walking leg, which is used
as a makeshift for the absent antennz. Smell
is very important to these ticks, for it enables
them to detect suitable hosts to satisfy their
thirst for blood.

We need not go further, for this is a good
instance of the general proposition that a sense
of smell iz of wide occurrence in the animal
kingdom. It has probably evelved from a
general chemical sense diffusely distributed in
the skin. The sense becomes specialised when it
is of great importance for an animal to have its
triggers pulled from a distance, whether in -
relation to enemies or friends, mates or kindred,
food or a suitable host, or even in reference to
the problem of getting home expeditiously.
Many an animal has found it profitable to follow
its mose,

Fishes are often quick to perceive movements
and disturbances in the water: some have
smell and taste, others show an
awareness of chemicals which do not
stimulate either of these senses ; but
we must be very cautious in speaking of the

Balancing
Organs.
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hearing of fishes. In a famous case where they
used to come to be fed when the dinner-bell
was rung at the edge of the pond, and where
the conclusion was drawn that the signal was
heard, more critical observation showed that a
mistake had been made. When a sceptical
zoologist took pains to approach the pond
without being seen and without appreciable
shaking of the ground, and then rang the bell
behind a screen, not a single fish came to
inveStigate. It seems safe to conclude that in
this case the fishes had never heard the bell at

all. Experiments made at Plymouth show that

fishes learned to connect the sound of an electric
bell in the water with the appearance of food, so
we are not saying that fishes can never hear. Yet
the bulk of the evidence goes to show that their
developed ears must have some other function.
Ears have they, but they hear not. Their ears
have to do with balancing or equilibration.
The same is true of a large number of back-
boneless animals, especially of aquatic forms.
They have highly developed car-like organs, vet
there is no evidence of the sense of hearing. Or
if there is evidence of hearing, it often turns out
to be independent of the ear-like organs, On the
other hand, if the organs in question are injured
or put out of gear, the animals cease to be able
to keep their balance when swimming. In some
cases they cannot even rest in the normal pose.
In many cases the balancing organ contains a
hard concretionary body, sometimes like a
minute pearl, which is supported on a little
pillar, and is bathed by the water entering from
without, or by a fluid filling a closed cavity.
Abutting on or near the little body (the otolith
or statolith) there are sensitive hairs arising from
sensory nerve cells. When the animal is foreed
out of its normal position, the statolith’s weight
is felt on hairs and cells which are not normally
affected; a message travels to the central
nervous system ; and there is an automatic or
reflex response. By certain movements. the
creature adjusts its body so that equilibrium is
secured. If it has been turned upside down there
are righting movements, which are evoked as a
reflex answer to the message sent from the dis-
turbed statoliths,
Jn some animals the statolith is a single
definite body, either wholly calcareous or partly
calcareous and partly organic. In other cases,

however, it takes the form of suspended particles
or even crystals which jostle against the sensitive
hairs when the fluid in the cavity oscillates. A
third type is seen in many of the higher crusta-
ceans, where the particles consist of finely
powdered sand taken in from outside. In some
cases the animal has been seen holding its
forceps above the opening into its *' ear " and
bruising sand particles into fine dust, some of
which finds its way in. When a crustacean
moults, the lining of the so-called ear has to be
relinquished, and when the animal is able to
move about again one of the first things it does
is to get a fresh supply of particles into its
renewed " ear.” This has opened the way for
some pretty experiments which do not involve
any operation. If a newly-moulted prawn is
kept in a little aquarium where no particles are
available, then its balancing sac must remain
empty. This means that the animal cannot swim
in a balanced fashion. Similarly, lobster larve
reared in water containing no material usable
for otoliths swim about anyhow, often upside
down. In one experiment the newly moulted
prawn was given some iron filings, and it utilised
these as otolithic particles. In its subsequent
career it used to be bamboozled by the approach
of a magnet, for this, of course, affected the iron
filings in the " ear,” and the animal showed in
its poses an interesting compromise between
adjustment to gravity and adjustment to the
magnetic attraction.

There is a small split-footed or Schizopod
crustacean called Mysis which, like some of its
relatives, has its * balancer " located at the end
nf the tail. If the organ be removed or badly
injured the Mysis swims on its back, showing
how much the equilibration has been disturbed.
It is instructive to notice, however, that when
it creeps on the floor of the pool, its movements
are normal. This means that the sense of touch
is compensating for the absence of the organ of
equilibration. The normal statolith in this
animal is interesting ; it has an organic core,
and outside that there are zones of calcium
fluoride ! As it sways about inside its little
chamber it presses upon various sensitive hairs
according to the position of the animal's body
in the water. Automatic balancing results.

There are not many kinds of sounds that
readily pass from the airinto water, and, apart
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from human contrivances, there are not many
possibilities of sound-waves being produced in
the water itself. Thus there is not much for
aquatic animals to listen to, and most of their
“ears' are nmot hearing ears but balancing
organs. These are well seen in jellyfishes and
swimming bells, and sea-gooseberries or Cteno-
phores ; they are well developed in energetic
animals like the higher crustaceans and the
open-sea gastropods, known as sea-butterflies ;
they reach a high degree of complexity in the
sr]u.iti.w' and other cuttlefishes, It must not be
supposed, however, that equilibrating organs
are confined to swimmers, for they are well
developed in slow-going burrowers, like the
fisherman's lobworm, in some tube-inhabiting
animals, and in the sluggish bivalves. Tt is
believed that they have always to do with the
adjustment of the bodily pose. As far as result
is concerned, their action in actively moving
animals might be compared to that of gyroscope
wheels in a monorail carriage, where a disturb-

ance of the balance automatically evokes the
movements that bring about its restoration.
In a slow-going animal, as far as résult is con-
cerned, their action might perhaps be compared
to the gimbal-arrangements for keeping a
compass horizontal

When we ascend the animal kingdom above
the level of fishes we find the secondary function
of the ear gaining on the primary. The ear
becomes a hearing ear, as is also the case in
some backboneless animals. Thus it has been
proved that a male mosquito hears the female's
hum. But it is in Vertebrates above fishes that
the ear comes to its own as a receptor for sound-
waves.  Yet the balancing function does not
disappear. Ewven in ourselves, in connection
with the cavity of the ear, there are four
" gravity-sacs "' with sensitive cells that seem
to respond to movements of an internal stone-
like particle, and enable us, by the tidings sent
to the brain, to keep our balance antomatically,
A preat gift to be sure.

§6
SENSES OF PLANTS

T will be useful to

make a short contrast
between plants and
animals as regards
senses. Plants have no
nervous system, and yet
they are ' irnitable,” as
the physiologists sav
They are sensitive to
various outside in
fluences, and they often
answer back by some
kind of movement.
Therefore, we may
speak of the senses of
plants. There are, it
is true, no well-defined
sense-organs, like eyes \ !
or ears, in plants; but Fhae: Jokn J. Wan, F.ES.
there are none in an
animal like an earth totouch,  When it ks stinul
worm, whi'i"h iﬁ Never- legs, the simmen moves sharply

Bt Ll lsisect with pollen Ia the gilol
theless sensitive to nre shown gripping o pla with which they were tooched

FLOWERS OF BARBERRY [Berberis
The upper surface of the base ¢
=« by contitt with a visitin

vibrations, light and
shade, chemicals and
odours. It must be
remembered that there
is a large class of
animals, the Sponges, in
which no one has been
able to find any nerve-
cells. Yet sponges are
not insensitive: and we
know of at least one
British species that
closes an exhalant
aperturewhen provoked
by an intrusive worm.
In such a case the
muscle-cells are them-
selves sensitive.  But
plants have no muscle-
cells! Their movements
are brought about by
changes in the tension
or turgidity of the

[ emch flamen f2 wery sepsil

upwards amd inwanls, ar
taph the stimulaied stomens
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cells, or by unequal rates of
growth m adjacent parts.
Thus we reach three interest-
ing conclusions ¢
There may be sensitiveness
without sense organs
there may be sensitiveness
without nerve-cells -
there may be
without muscle-cells.

movement

These conclusions are per-
haps a little self-evident when
we think of the many different
kinds of single-celled organ-

isms, that are irritable and
motile, though they cannot
have any organs. But the

conclusions are worth stating
in reference to ordinary many-
celled creatures with
An unforgettable
sometimes seen in an almost
dark, damp shed in a farm-
Stuudillij where some potatoes
have been left and forgotten
They have sprouted and sent
out long, weak shoots, which

bodies.
sight s

Piaog

The ¢

aasistiine,

take place
Lo il I-rli'l|- 44
parts bemme ¢

the

=
ok J. Ward, F.ES,
ODIFENING

r

AND CLOSTNG

have grown towards a chink
in the wall, It is plain that
their constitution has been
influenced by the scarcity of
light—{or the shoots are very
flabby :

thev have grown towards the

it is also plain that
little light there was. Here
we have to do with a diffuse
irntability or sensitiveness
and this is

YEry Ccomimon

among plants. But when a
leaf adjusts itself to a nicety
=0 as to make the most of
its light exposure, just as if
it were an invalid adjusting
his rotating summer-house,
we have to distinpuish the
blade of the leaf as the main
" receptor *' of the stimulus
and the stalk of the leal as
effector,”’

the main “ I'his

OF CROCUS FLOWER
1 dull wealher | it opens in 1) In
lant that the openi ing
crogis brought into o worm foom

sce of the pedanth of the Aower
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is the thin edge of
division of labour : and
is it nmot further than
Sponges have got ?
When unopened
tulips or crocuses are
brought into our
sitting-room in the
morning they soon ex-
pand, and this is very
delightful. But when
the room has become
very comfortable, the
flowers close up again,
and this is rather dis-
appointing ; but can one avoid the conclusion that
the plants are sensitive to temperature? Asto this
however, matter-of-fact physiological botanists
will not allow usa long tether. The tulips and cro-
cuses open because the upper side of the perianth
(the outer flower-parts) grows more quickly than
the lower side ; warmth favouring chemical pro-
cesses.  But after a while the notably increased
warmth reaches the other side of the perianth,
and that grows rapidly in length, thereby closing
the flower. If the room grew warmer still we
suppose the tulips would open again, but we
have never attained to that degree of comfort.
Somewhat subtler is the wayv in which the
wood anemone, for instance, follows the sun
with its beantiful blossom. Isitnot, in a way, a
vital thermometer? We take this case in
particular because it has been proved experi-
mentally that the movement of the wood-
anemone flowers may take place in darkness if
the temperature is periodically altered. In the

familiar case of the sunflower, the influence of
light counts as well as that of heat. There are a
few plants that bend towards moonlight, that
is to say, to reflected sunlight in the dark !
Many flowers like the daisy open and close
with the growing and waning light of day, and
many leaves have their diurnal and nocturnal
poses. By the use of delicate instruments it has
been possible to show that a tree mayv answer-
back to the shade of a passing cloud. In some
cases, especially in shade-plants, certain cells in
the epidermis are fashioned like microscopic
lenses, and Haverlandt has insisted on calling
them ocelli or eye-spots. It seems prob-
able, however, that
their function is not
perceptive, but to
concentrate the scanty
rays on the actively
photo-svnthetic green
cells beneath the skin.
It has been noticed
that the rootlets of
higher plants will grow
from a distance to a
~- moist place in the soil,
\ which is, of course,
very profitable. The
sensitive area is just

Photox ; John J. Ward, F.E.5,
MOVEMENTS OF THE LEAVES OF THE *SEXRITIVE
FLAKT " | Mimaia Hiidda)

The first fiypnre shows the Sensitive Plants folly expanded,
beautiful, compoundd pinoote leaves. If these are pently tonched
the lenflets fold together, as soen in the second figure,  The stimuhes
cun lravel from one part of the leaf to ancther, and from ope entire
leal to another, Some botanist: belicve Umt a rapidly spreading
hormone i=s concerned.  The thind figure shows the fo “up state.
This is nlso the " sleeping " position assumed ot dusk.,

N
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al

he tip of the rootlet
of
movement is due
of
growth, as is usunally

and the direction
|_!':|

Lo '-lrll"'ill:-.t] rates

the case with parts of
plants that are
growing. Darwin
showed that the te
tacles of th
are exquisitely sensi
to

‘i~
sundew
tive very dilute
of

chemicals, su

solutions certain
h as
il

salts Amimonia.

] |Jl:"_q.' IO r!l'ﬂ..-.'-i|-
of the leaf

and secrete ||I:._' SLIVE

the centre

juice. It has been
shown that the sperm
cells of ferns and the /- Ward, #.E4
like

malic

move towards

acid, or swim

from a weak solution

o a stronger one,
and it is this chemical sense that

to find the egg-cells

When a growing stem of hay is ** laid "

by the

wind and rain it is often able to right itself, and

it does so by growing more on the turned-down

It i5 sensitive to the altered conditions of
gravity

side
T'he sensitive laver seems to be a starch

sheath to the inner side of the rind. The cells of

this zone contair + starch grains which have

to change their position when the stem is no
longer vertical. This change of position
a change of pressure, and a

stimulus to growth

passes to the area of reaction where movement

occurs. Itisa difficult matter to understand, but

in ordinary conditions a stem will grow up and
a root will grow down if invert them.
ich,
I'he
the llr;]‘l touch of a thread

rock-rose to

we

A sixth sense is t ind many '||!_-_|||_- hawi
tendril will respond to
f the

mouth-like

th

it in a high degree
stamens «
thi

stigma of the musk to a pollen-grain

insect s legs,

an
leaves

of the sensitive plant to a sudden jar. It is very

interesting to hnd that there are, as in many

FLOWERS OF

TDBACCO PLANT [(Micotlaus

ani movemenl [ turgidity

pend on changes
1 |l'lli|:l'.'-\-”
stimulus of touch inwards

the

insinkings which

which convey the
On the tendrils of

animals, speci:

cucumber there are cells with minute

calcium
um

agitate crystals of
oxalate, and these excite the living matter.
the

touch-p:

movable stamens of the barberrv there are

ipillee ;

and on the sensitive plant there are touch-hairs

on the leaf of Venus's Fly-Trap

All this is very animal-like : there is receiving

the message and passing 1t on, and there

But it must be not
ells

it which messages travel

answering back

plants have no nerve or muscle-ce and
the raf
much slower than in an animal. It takes only a
i message to travel
but the
sent in when a tendril is wounded travels

hundredth second for a

from ou tips to our brain,

only

at the rate of an inch in a second.
[f the tendril is merely touched, the message
travels about one hundred and fiftieth of an

inch in a second. We see then that, while plants
||..'I| L&
* high

many senses, they are far from bemp
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E have seen that the chief products of

the burning or oxidation process which
goes on in all living cells are carbon dioxide
and water, both of which find their way into
the blood and escape from the blood through
the surface of the lungs and the surface of the
skin. But in addition to these completely burnt,
fully oxidised compounds there remain certain
unburnt ** ashes ” in the cell, which have to be
got rid of. The most important of these are
compounds of nitrogen—nitrogen which is one
of the elements present in the proteins and there-
fore in all living matter, Nitrogen refuses to
burn, either in the body or in the laboratory ;
it will not combine at all readily with oxygen,
because the two elements are too much alike
to unite firmly and easily. .

The problem of getting rid of the nitro-
genous ** ashes ** is one which confronts all living
creatures., The leaf-like body of the liver-fluke
is penetrated with the networks of two complex
systems of canals, one bringing the food-mater-
ials from the mouth, and the other removing the
mitrogenous waste products. But in the more
highly organised backboned animals this double
system of canals is unnecessary. The bringing
of the food and of the oxygen, the removal of
the carbon dioxide and the water and also of
the nitrogenous ashes—all these problems of
transport are solved by one highly developed
system of communications : the blood.

Unfortunately it is not possible for the cell
to burn all the carbon and hydrogen to carben
dioxide and water and to leave only the pure
nitrogen gas as an unburnt waste product. This
hundred-per-cent efficiency cannot be attained :
the nitrogen has to be left in combination with
some hydrogen and some carbon, which might
otherwise be burnt away to water and carbon
dioxide and yield energy. Nitrogen and hydrogen
yield ammonia : and ammonia is formed by the
cell as a waste product, and alsoiin the splitting-
up of proteins into amino-acids and other pieces
during digestion; it is always present in the
blood. But it is a dangerous compound and must
not be allowed to accumulate ; and consequently

7
FILTERS AND GLANDS

some carbon and some oxygen have to be sac-
rificed to change ammonia inte a harmless
compound urea ; this transformation goes on
busily in the liver. Urea has a special interest
for the chemist, for it was the first natural
organic compound to be artificially prepared,
and till this was done, a4 hundred years ago, it
wias believed that the chemist could never
imitate the chemistry of the living cell. It is the
simplest and in mammals by far the most
important of the nitrogenous waste products;
next comes uric acid with a host of other
¢laborate compounds which are largely formed
in the breaking-up of the peculiar proteins that
occur in the nuclens of the cell.

All these are compounds much more complex
than water and carbon dioxide, and though
they dissolve in the blood and are swept away
from the cells in the same way, they cannot be
breathed out as vapours from the lungs or
exuded through the skin. A special mechanism
is required to remove the nitrogenous waste
products from the blood, and that mechanism is
supplied by the kidneys.

As well as forming a filter through which the
nitrogenous waste can escape, the kidneys act
as a safety-valve, There must always be a certain
amount of water and of dissolved salts in the
blood, but if the amount rises above the normal
to a certain " threshold "' value, definitely fixed
for each sobstance, the excess * overflows "
(to speak wvery metaphorically) through the
kidneys. A good deal of water and of salts is got
rid of in this way daily, for more is always being
brought in by a normal diet. There is also a
threshold value for sugar in the blood, but it is
only when the body’s power of storing sugar
is lost through disease (diabetes) that this
threshold is reached and sugar passes through
the kidnevs. The sum of the activities of the
kidneys, the formation of the urine, which
consists of the exeess water and salts and all the
nitrogenous waste products from the blood,
with any other undesirable substance that may
have passed through the kidneys, is called
excretion ; and though different animals solve

ke S
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it in different ways, it is a process common to

all.
Yet another function of the blood is to act as
a carrier of chemical messengers. The carbon
dioxide dissolved in the blood acts as a chemical
messenger to the " respiratory centre "' of the
brain, and this chemical message causes the brain
_ to send a nerve-message to the muscles which
| expand the lungs. But there are many more
subtle and complex messengers than carbon

- dioxide.

After a meal, when digestion begins in the
stomach, nerve-mes-
sages et the gland-cells
of that organ to their
task of pouring out
digestive fluid into the

alimentary canal. Such
a process, when a cell
acts as a chemical fac-
tory and gets rid of the
substances it has pro-
duced, is called seore-
tion, and the secretions
of the stomach are
various: there are di
gestive ferments, and
there is hydrochloric
acid. As the process
goes on, and the half-
digested food begins to
travel further down to
the intestine, the acid
from the stomach has a
peculiar effect on the
cells lining the next
tract of the alimentary
canal : it causes them

in turn to form a secretion but this s
poured, not into the canal, but into the
blood: it is irferndl. The blood carries

this messenger-substance, which is called sec-
retin, round the body and sconer or later to
the great gland called the pancreas. Other
tissues unaffected, but the pancreas
responds to the message by starting in its
turn to form its own secretion, which consists
of digestive ferments, and is not
internal but cafernal like the stomach's, for
it goes not to the blood but to the alimentary
This secretin, discovered by Professors

dare

mainly

canal.

‘T'he small dark circles are the nuclei of the epithelial cells, which scerete the thyrmold bormone

Bayliss and Starling, is one of the best instances
of a chemical messenger or ** hormone.”’

Small glands situated close to the kidneys
form a substance called adremalin, noteworthy
as a chemical messenger whose chemical com-
position has been definitely ascertained. It is
closely allied to one of the most important of
the amino-acids, the building-stones of proteins.
Small amounts of this substance are continually
formed, but when the brain, under the influence
or fear, sends messages to the
they may pour out a much larger

of anger
glands,

Reproduced from * Exsentialy of Hisdedogy,” Sir Edward Sharpey Schafer, F.R.5., by conrlewy of tha
publivhera, Metars, Longmana, Green & Co., L,

SECTION OF THE THYROID GLAND OF A CAT.

[(Magnified 200 dinmeters.)

The
epithetinl cells Hie nmetons roanded or oblong vesbeles, and these are asuslly filled with o peculiar viscid
colloid of a protein pature. Tnio this collold the hormone (thyroxin) pasees, and thence by lymph-vessels
into the general clreulation, Thyroxin is one of the few hormones whose chhemionl composition i known,

quantity of adrenalin into the blood, which
carries it to all parts of the body. The
effect of this is remarkable, though not unlike
the effect produced by artificially stimulating
the sympathetic nervous system (which is not
under the control of the will). The blood-
pressure rises, the heart beats fast, more sugar
becomes available as a source of energy—in fact
the whole body js suddenly more fit for vigorous
action to cope with the emergency which caused
the anger or fear. The hairs of the skin * stand
up on end “—a reaction meaningless in ourselves,
but how often have we not observed an angry



I114 THE NEW

NATURAL

HISTORY

i, Longmans, Greeen & Co., L

LYMPH-VESSELS

(ETWORE OF FROM

a ¢ larger lymph-vessels, somewhat like veins, but with t
wibl e mre Hn %, Lhat is Lo say, like narr
ells have wi borders

cat seeming to grow larger and more for
midable, as the adrenalin which its rage has
called out bears the " fiery cross " throogh its

bodv, even to the minute muscles that erect
the hairs
f

The existence of these glands of internal

secretion, also called ** endocrine ™ or ** ductless *
glands, whas recognised hfty years ago by the
great physiclogist Brown-Séquard. There are
many still to be mentioned : the pituitary body
at the base of the brain, the thyroid glands on
each side of the wind-pipe, the small parathyroids
beside them, probably also the pineal body on

the roof of the brain (which is possibly the

Sharpey Schafer,

A RABRIT'S

¥ will e

third, central
eve, and is still very eve-like
the

man 1s

remains ol a

in some lizards) and

thymus, which in
usually present only in child-
hood
importance are the internal
secretions. which the sex
glands pour into the blood.
All these glands form their
various chemical messengers,
pr Dbably continually insmall

By no means least in

amounts, as adrenalin is
formed, but never in sudden
rushes, as adrenalin may be,
The chemical nature of the
hormones 1s known,
except that adrenalin from
the suprarenal bodies and
thyvroxin from the thyroid
can be built up artificially.
It is difficult, too, to make
quite sure of the action of

not

each one, since all are acting
together, and probably there

15 a delicate balance between

I|‘|"|'|'| }!f31'1'1|\'t'T_ 1t sSeems
that the hormone of one
gland acts upon another

gland, cansing it to be either
less . active. The
still much too tan-

more ol

skein 1s

S gled to be unravelled.
MIDRIFP). Children born with poorly-
I_“WI'.I!“, ued more numeron 1|_|_.‘||_'|”..;|,:.,‘] thyroid I_.:].|['|dn.
fhe grow up as cretins, dwarls
g with coarse skin and hair
and low intelligence the element iodine
pccurs in the thyroid gland and is of importance
in the prevention of this disorder Those
whose thyroids are too large suffer from ner-

are often thin, and their eves
derived

vous irritability,

protrude Evidence of this .kind,
from the study of abnormal cases, and evidence
derived from experiments on animals, t Iz us
what we know of the whole system of ductless
glands and the balance between them. They
exert a influence on growth, not
merely in size, but on the physiological changes
of * growing up " They
control fatness and thinness, the quality of skin

penetrating

and * prowing old.’
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and hair, They influence the transport and use
of the proteins and sugars as well as of the fats,
and probably many of the scarcer compounds
too, especially those of calcium, They may
preserve the body to some extent from poisons

of its own making.
~ This is a suitable place for thinking of some
of the internal defences against the insidious
iy attacks of poisons and parasites.

m Many a mineral has great capacity
of the for endurance. It iz not quickly
weathered ; it has a high degree of
chemical inertia. Bui the slowly

changing block of granite does not do anything,
and thus it is not comparable in its endurance
even to a midge, whose marvel is that it keeps
agoing in spite of expending much energy for
its size, and being the seat of intensely rapid,
sometimes almost explosive, chemical changes.
As a matter of fact, it does not keep up its
midgy activity for very long ; wyet this short-
lived insect is in its way true to the symbol of
life—the Burning Bush—aflame vel nol consumed.,

Some progress is being made towards under-
standing how the living creature is able to repair
or recuperate itself as quickly as it wastes or
wears, and how it continues doing so for davs,
or months, for years or cycles of years. It is
certain, for instance,” that vital phenomena
depend in great part on ferments, whose peculiar-
ity it is that they can do a great deal of chemical
work very rapidly without exhausting themselves.
It is also certain that part of the virtue of
protoplasm—the physical basis of life—lies in its
being colloidal ; a state of matter in which very
minute particles are held in a fine state of
dispersion in a fluid. They expose a large
surface to the action of ferments and other
reagents; they are in a very energetic state
even when they pass from the " sol "' state into
a ' gel "—from being like an emulsion to being
like a jelly.

A third feature is that living creatures have a
unique power of accumulating potential energy
in the form of complex carbon-compounds ; and
this helps them to act very rapidiv on the
defensive, They have stores and reserves—in a
word, capital. When we add to the ferments
the colloidal properties, and the accumulation
of energy, the more vital quality of being able,
at many different levels, to enregister experience,

so that living creatures give particular kinds of
answers to different kinds of questions or stimuli,
we are in a better position to inquire into their

powers of persistence in a world which, though

not always unfriendly, is certainly indifferent.
The relations between organism and environ-
ment are manifold. Thus the living creature
may utilise its surroundings, as the green leal
uses a fraction of the sunlight that bathes it, or
as we use the oxygen of the air in breathing.
Or it may act more strenuously on its sur-
roundings—shifting them about, boring into
them, undermining them—+even devouring them.
This is the living creature's thrust. Or again,

when surrounding conditions are difficult, the
organism may evade them, as the migratory
birds and the hibernating mammals evade the
Once more the living creature may

|
\nf

winter.

b

BACILLUS ANTHRACIS, THE MICROBE OF ANTHRAX
OoR 'I‘I'IJD[.-'_WITE'R'B MSEASE, (After KEoch.)

A, From a drop of Blood taken from an infected rabbit, B. From
the same, after three bours' cultivation in a drop of agueous hismo
from the eye a, the moddike bacillis, in its non-motile phase |
b, red-tlood corpuscles | 6, the bacilliss geown into o filament, the
Leptothrix phase | J, white-lood corpustle or leucocyte,
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individually develop, or racially evolve, some
protection, it may be a thick skin or polished
armour, from which the arrows of outrageous
fortune glint off, doing no harm. This js the
living creature’s parry.

But there is an even more intimate kind of
answer-back—what the living creature does
when the enemy is not at the gates but within
the walls, when there is fighting in the streets.
Let us illustrate these imfernal defences. An
animal is wounded and the blood begins to flow,
If that continues long, the creature will die: a
fatal hwemorrhage, we say. But what often
happens, if the wound be not too large or deep,
is that the blood clots and the loss ceases, It is
the commonest possible life-preserving reaction,
but how difficult to explain! The physiclogists
tell us that a complex substance called thrombin,
which was not in the blood before, suddenly
appears and changes
the protein " sol™ of
the blood into a hrm
* gel "' of fibrin, an or-
ganic sticking-plaster
over the cut !

Of great importance
are the reactions which
save many organisms
from the dangers of
extreme heat and cold. L{
In lower forms of life f
there is often a relapse
into deep inactivity,
which is self-preserva-
tive; the fire of life
burns very low, one
can hardly say more
than that it is " not
out.” The vital fer-
mentations cease for a
time, and the proto-
plasmic molecules are
saved from disintegra- | PR
tion by lving low. A g
goat-moth  caterpillar .
may be so gripped by

@ on
O
=h

mmED A,

VARIOUS FORMS OF BACTERIA,
ay minute sphere or micrococeus § b, larger sphere or macrmonocus ;

slowly warmed. In birds and mammals, which
are known to be " warm-blooded,” there are
delicate adjustments which keep a balance
between the production and the loss of body heat;
and we do not know which most to admire—
the ordinary heat-regulating arrangements which
secure for birds and ordinary mammals a practic-
ally constant temperature, day and night, vear
in and year out, or the exceptional conditidns
illustrated by the imperfectly warm-blooded
winter-sleepers. In most cases it may be said
that the defences against extreme variations of
temperature depend fundamentally on the
protoplasmic fermentations,

COne often sees a goat or some other animal
cating a poisonous plant, and though fatal
mistakes are sometimes made, the big fact is
that living creatures can become accustomed to
almost anything. We see the snail enjoying a

poisonous fungus, and
while from the horti-
cultural point of view
we hope the meal may
be fatal, we know that
nothing happens,
There are people in
the Tyrol who are
tquite healthy, though
they use arsenical pre-
parations that would
kill any of us the very
first time. The Ori-
ental who visited De
Quincey and put into
his mouth a piece of
poison that made even
the Opium-eater stare,
was never found dead |
The word poison is
relative ; what is one
organism'’s poison is
another's food. It is
prabable that the goat
o ur the donkey becomes
like Mithridates, King
of Pontus, who was so

the cold that it breaks
across in our fingers,
vet the broken off an-
terior end will move
about again when

¢, shorl rodict o bacillus | o, longer bacillus ] ¢, somewhat oval
Clostridiam form 1 f, very large hacillue with sulphur gramules, the
secalled peach-blosscm bacillus ; g, thrend-like Tepiothrix form :
& omad 4, a slghtly and o mere markedly curved vibrio form; & &
spirally twistod spirillum form ; [, & spiriilam folded on ieelf ; om,
a weiy short twisted form, referable to the spiriflom type; w, &
close-pet splral form ; o, o branched hacterium, the Cladotlrix type.
All except o are mugnified more than a thousand times

habituated to poisons
from his yvouth up that
he became immune to
themall! Inany case,
the living creature has

-
-

|
|



EHEY ACTIVITIES OF

_——

THE ANIMAL BODY 1117

astonishing powers of adjusting itself toand learn-
ing to counteract {requently recurrent poisons.

The severest test to which an organism can be
put is a serions infection, for that means that
living enemies have gained entrance into the
fortress. Sometimes the activity of the invaders

They mayv be properties of the colloidal balance
or equilibrium. But there is no doubt as to their
efficacy.

The second great defence is by means of
phagocvtes—a discovery mainly due to the
genius of Metchnikoff. From sponges to man,
with few exceptions, the organism has a body-

y is strictly confined to one place, and they
J";ﬁﬁiﬂ?e away cellular material at some particular
spot till a breakage (or lesion) results ;| sometimes
 they produce a secretion which has a poisoning
~ effect far and wide throughout the body ; some-

guard of mobile ameeboid cells which are able
to engulf and digest intruding microbes. In
backboned animals the phagocytes are special-
ised white-blood corpuscles, slightly different

'p.

times there is both a local and a general disturb-
ance. What the invaders bring about is, of course,
very subtle, but it means fundamentally that
the colleidal balance in the living units of the
body is disturbed, it may be fatally, by what the
intruders produce.

The first defensive reaction of the invaded
animal is the production of an anti-poison or
anti-toxin which counteracts the poisonous
influence of the microbes. Roux and Yersin
discovered the toxins or poisons that are pro-
doced by microbes; Behring and Kitasato
proved that counteractives or anti-toxins were
also formed: Roux and Martin showed how
anti-toxins produced in one organism may be
introduced into another that has been infected
by microbes, and may not be able to produce
counter-activities of its own quickly enough or
abundantly enough to secure the defeat of the
invaders. It should be noted that anti-toxins
have not as vet been isolated, and it is possible
that they are not definite chemical substances.

from their neighbours. In some cases it seems
that the invaders cannot be engulfed and
digested unless they have been previously
weakened by an “opsonin' in the blood.
This " opsonin " may be the anti-toxin already
referred to.

The defensive wvalues of anti-toxins and
phagocytes are generally recognized, but the
same cannot be said of Dr. D'Herelle's interest:
ing theory of “ Bacteriophages.” These are
believed to be ultra-microscopic microbes,
normally present in the food-canal, the deadly
enemies of intrusive disease-causing bacteria.
They are supposed to form secretions of great
potency which educate the phagocytes and
dissolve the bacteria. According to Dr. I'Herelle,
they are our unrecognised guests or partners
that help us towards immunity, though by no
virtue of our own. But this theory of friendly
and helpful partner-microbes that rise up
against unfriendly and intruding disease-microbes
is still on its trial.

: £8
COLOUR-CHANGE

S an interesting illustration of physiolo-

gical inquiry, let us consider the changes

of colour that contribute much to the beauty

of living Nature and often, also, to the welfare
of animals,

There are several different kinds of colour-
change among living creatures. In the spring
the larch trees put on a beautiful veil of green,
and that is due to the multiplication of
chlorophyll corpuscles in the young leaves.
In autumn we see ‘‘the flowers of the
forest ' in the withered leaves of mountain

ash, wild cherry, sycamore and the like—
a transfiguration mainly due to the breaking
down of the chlorophyll and to the appear-
ance of a special pigment called anthocvan,
Much the same occurs when the green apples
become ‘gradually rosy-cheeked. The colour of
a flower is sometimes changed by a chemical
that seeps into its roots from the soil. Or a
something new in colour may be due to some
shuffling of the hereditary cards, such as occurs
in animals when a white blackbird emerges.

If one explores the Cairngorm mountains in
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CHINESE PRIMROZE (Primula sineuics
M ’ r in two forms—(a) long-styvled, with e sl
the cor nd the stamens hatf-way up ; and (&) short-styls

halfsway op the tube nnd the anthers ot the |
visit the flowers they tend to carry the pollen from the
siyle or from th inmens to the short style ] and the &
that tlsese crossings vield most seed. Tids species I3 kKnown in
Rowered und white-flowered forms, this depending on temperaty

il medstate

spring, one Ssees betwixt-and-between

stages of the ptarmigan—colour-phases. inter

queer

mediate between the almost snow-white plamage
of winter and the brown, grey apd tawny
summer sgit. The new-grown feathersifontain
an abundance of brownish pigment, which takes
the place of the gas-bubbles that caused the
winter-whiteness. At the same season on the
same mountains there are many intermediate
phases of the Variable or Blue Hare ; the white
winter i

pelage is being replaced by complex

brown. The same is true of the white ermine,

which changes in spring into a brown stoat

t the month
with the

high stawmens to the
wnting thing is

atlon a9 red

Ihe
whiteness

converse winter change to

means in the main that
the hairs of the new suit have little
the

form

much in
which

or no and

]'|_-\."|]i"|'|r.
way of pas-vacuoles,

many little hight-reflecting mirrors,

but there are cases where an indi-
vidual hair changes to white. This
may be effected by the entire

removal of the pigment through the
agency of wandering ameeboid cells
or phagocytes, and the replacement
of the pigment by gas-bubbles. Or,
more simply, it may be that abun-
gas-vacuoles mask the pig
it. Ther

dant

is no white pigment

among animals, though white colowr

is common, For we must be careful
to distinguish between pigmentation
and colouration.

|.5l||_t: ExXposure 1o the sun increases
the deposition of darkish melanin
pigment in the human skin, and we
say that the explorer is tanned by
thi !I'HL"iI s, The
freckles 15, we believe, of the same

occurrence  of
nature. On the other hand, good
news changes the colour of the face,
and the physiology of this flushing
is a quickened circulation- and a
temporary enlargement of the super-
But the pallor of
that the
through the sympa
thetic nervous system, affected the

icial capillaries,

righteous anger means

emotion has

secrete
more  copiously. The
passing into the blood,
has many effects, including a lessened blood
supply tu the peripheral regions and the consze-
quent paleness,

suprarenal glands, which
vilrenalin

adrenalin

How subtle colour-change may
A \
The colour of a canary can be changed to
some extent by altering the character of its
food : and the

also due to the food-plant on which they f

colour of some caterpillars is
eed,

Whether a Chinese primrose has red or white

flowers depends mainly on the temperature of

the greenhouse, These must serve as samples

of the variety of colour-change in living creatures

for we wish to clear the ground for a short



THE

ACTIVITIES OF

THE ANIM%L BODY 1114

discussion of a recent advance that has been
made in our understanding of vet another type—
the quick colour-response of animals like cham-
wleons, frogs and flat-fish. The advance is due
to many investigators,
notably to Pr. L. T. Hog-
ben (see his Piginentary
Effector System,” 1924).

When a frog, normally
greenish in hue, is placed
in a dark moist box in a
cold room it becomes dusky
in a few hours, and black
in a couple of days. But
if it is put in a whitened
dry box in a brightly
lighted and warmish room
it soon puts on a lemon
colour. How does this
come about ¢ The colour
change is due to the ex-
pansion or contraction of
the living matter of dark
pigment - cells  (melano-
phores) in the frog's skin.
There are also cells with
yellow pigment (xantho
phores), and these show up
prominently when the
black cells have contracted
to micrescopic pin-points.
It is possible that a dark
pigment-cell, which is
much branched, may con-
tract as a whole in an
amceboid fashion ; but it
seems more likely that in
the frog and other verte-
brates there is simply a
contraction of the pig-
mented living matter with-
in the irregular interior of
the cell,
the crustaceans
like the Bsop prawn. But
it makes little difference
whether it is the whole cell
that contracts, or only the
protoplasm within the cell

What is
frog is

This is certainly
case in

Mesiry, Duckuodih & |

true for the

true with slight

Reproduced from * The Agwarinm Bopk" E, G. Houlenger, by ocowrfesy
@, L

Colour-chonge ks ilustrated very

changes for the chameleon and for flat-fishes
like the plaice ; and until recently the general
account of what happens was something like
this. Outside conditions, such as those of

of the pubiivhers,

SEATES AND THMIFISH

such n= plaice and Aoamnder,
A skate is fAaitened
e, which has Hitle
mnadd 8l ow-tufficd shde §s
sples, lemon soles, dabs, Aounders,
swim on their left zide turbot, larill, and
iprpens o be the bheavier

uy flat-fishes

the heavier) ;



Reproduced from = Amimal Life," F. W, Gambie, &y courlesy of the pablishera— fohn Murray,
COLOTUR-CHANGE IN THE MS0F FRAWN [Hippolyte)

By day the ndull #sop prawns are redlish-brown or bright green acoording to the coboir of the senweed
to which they are clinging. A green one placed on brown senweed becomes gradually brown, and vice versa.
Bait the change may take a week, Whatever the day colour may be, the prawn changes about nightfall
o & tenutiful transparent Wue or ;q'trr'u.i.l'h -blue.,  The black dots are litle groups of pigment-cells or ch.rnm.q
tophores, camdal on the tall, pewral Lowards the ventral surface, and sisceeal midwny up,  The
contnin yellow or red or hlue pigment.  The uppermost figute is the frec-swimming lnrvm ; the middle Bgm are
the adolescent stage, when it setiles on its weed ; the lowest figure reptesents ooe of Ihf muny coboured
Particular chiromutophores {chrow) are nmnda—dltlnn the little feclers of antenmules | ant, on
the longer feckers or antennme ; oc, on Ue eye-sialk | be, near the bealn ; dep, near the liver ; la, about the lips ;

warieties,

mn, the mundible ; suep, o maxillapede ; the Beart is alss shown,

illumination, affect the eye or some other
receiving station in the animal. Thus a blind
plaice does not take on the pattern of its sur-
roundings. In ordinary cases of colour-change in
fishes, the news passes from the eve to the brain,
whence orders are issued, by means of the
sympathetic nervous system, commanding the
pigment-cells (or chromatophores) in the skin to
contract or expand. In shart, the co-ordination
between the receptors (receiving the news) and
the effectors (giving effect to the orders) was
interpreted as a mervous linkage. - And this is in
certain cases among fishes an aceurate account
of what occurs, It may be, however, that the
nervous contral is not the only control in fishes.

The normal colouring of a frog is the balanced
result of nermal conditions of moisture, tem-
perature, oxygen-supply, and illumination, and

it fluctuates with
changes in these
environmental fac-
tors. According to
the brilliant re-
searches of Hog-
ben and Winton
the regulator of
the changes is the
hormone produced
by the frog's or
other amphibian's
pituitary body.
This passes into
the circulation and
induces contrac-
tion of the dark
pigment-cells situ-
ated in the outer
and. under skin.
If the amount of
the pituitary hor-
mone in the blood
circulation
changes, then the
colour of the skin
must also change.
Without the hor-
mone the animals
permanentiy
pale! This is an
portant conclusion,
E&petmll}' when we note that there is no proof
as yvet of nerves passing to the dark pigment-
cells or melanophores of amphibians. « The
advance here is the replacement of an unverified
hypothesis of nervous control by an experi-
mentally well-grounded theory of hormenic
control. Of course the deep-seated ductle:ss
glands just referred to must first be affected
through the nervons system, and that in turn
must get its stimulus from superficial receiving
stations (or receptors), not necessarily the eye.
In reptiles, such as the chamleon and the
so-called “"horned toad,” the pigmentation is
more complicated than in amphibians. The
skin shows a superficial layer of yellow or
iridescent " interference ** cells, and a deeper
layer of black cells with branching processes
ascending into the outer layer. Most of the

excecdingly  im-

1
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colour-change is due to up-and-down movements
of pigment granules in the dark cells. Bright
light and low temperature promote expansion
of the melanophores, and this means a darkening
of the skin. Darkness and warmth lead to a
contraction of the melanophores and this spells
pallor. There is some evidence that outside
‘conditions may affect the reptile’s skin directly,
but in the main the colour-change, notably the
pallor which follows irritation, is evoked by the
‘adrenalin hormone, which is secreted by the

suprarenal bodies. How far the colour may also

be affected through the eves remains uncertain,
~ What is the state of affairs in fishes, where the
colour-response to a changed background is
sometimes almost instantaneous? How quickly
a flat-fish can make itself invisible! The most
important elements here are the black pigment-
cells in the under skin (or dermis), and the
control is due to branches of nerve-cells belonging
to the sympathetic system, which sometimes
almost envelop the chromatophore. It seems,
then, that the predominant factor in regulating
colour-changes in response to ountside influences
is by pituitary secretion in amphibians, by
adrenal activity in reptiles and by direct
nervous control in fishes. But Dr. Hogben is
careful to add that these three arrangements
may perhaps co-operate in different measure in
all three classes.

In crustaceans, like shrimps and prawns, there
is often a beantiful colour-change, and there is
also a rhythm between transparency at night
and expansion of the pigment cells by day. The
chromatophores are usually multicellular or
multinuelear structures, and in many cases they
contiin more than one pigment with differences
in the rate and extent of their diffusion. It has

been shown that the response to darkness and
light is a direct reaction of the chromatophores,
independent of the eyes. But there is also a
subtle reaction to the colowr of the background,
and this depends on the receipt of light by the
eyes, the essential point being not the intensity
of the illumination, but the direction of the
incident rays,

All this wvariety is intricate and in some
degree puzzling, but it is profitable to be
patient with it, for it shows how subtle vital
changes are, and also how the same result
may be reached in different wavs in different
animals.

In cuttle-fishes, which are of course molluses,
the arrangements are again different. The
chromatophores are little multicellular sacs,
often visible to the naked éyve, and remarkable
in being surrounded by radiating muscle-fibres,
which are well-innervated. As these fibres
contract or relax, the size of the chromatophore
aor the dispersion of its pigment or pigments is
altered. The play of colour on the octopus is
singularly beautiful. There is some evidence
that the colour-response in this case is under
the control of the nervous system, but there is
also strong evidence that the chromatophores
respond directly to external changes. How
varied, at present, are the answers to the
question : How does an animal change its
colonr in relation to its environment ?

The colour-change may be of value in making
the animal inconspicuous ; it may also in some
cases add to the aggressive appearance. But it
is important to keep insmind the possibility that
in some cases it may not be of direct use at all,
but may be, like blushing or turning pale, merely
an expression of internal excitement,

§9
INCLINED PLANE OF BEHAVIOUR

* A GREAT many of the chapters of this book
have been devoted to the doings of animals,
while this more difficult physiological chapter
has dealt with what lies behind external activi-
ties, namely, the internal functions of the body,
such as muscle contraction, breathing, digestion,
and the circulation of the blood. It is obvious

7t

that these are not ends in themselves; their
significance is that they enable animals to be
doers and to enjoy their life,

Therefore it is fitting that we conclude by
drawing the threads together, for the whole of
behaviour is like a web with a pattern that
becomes more and more complex. Let us then
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revise our previous studies of animal behaviour
by beginning with the simplest and working
upwards,

I, A microscopic Infusorian in the shore-pool
answers-back to light, warmth, increasing salt-
ness, floating food-particles and other outside

F, vVag,

harmoniously, so that they drive the little
animal at a great pace through the water. When
the Slipper Animalcule meets some obstacle or
something obnoxious, it reverses its ciha,
retreats to a short distance, twists a little on its
own axis, fecls with its front end, and goes off

GUL.

C. vaC.

C.VaC.

From * Texl-Hook of Zoology,” Parker and Haswell, by cowrlesy of ke publichers, Macmillan & Co., Lid,

THE COMMON SLIPPER ANIMALCULE |Paraseciom camdainm],

This Infusotinn, common in freshwater everywhere, is about a hundreth of an inch in length, It is covered with lashing cilia.
On the ventral surface (bere uptumed) there is 0 ' moath opening,™ leading by a so-called ** gullet " (Gul) Into the protoplasm,
There is a bublile of water (F. vac,, food vacusle) round each particle of food taken in,  There are two pulsating contractile
vacuokes (C. vac.), which get rid of fuid waste, At the base of the cilin there ure protrusible mooring threads {krichoeyois).

influences. It has a number of reactions to
changes n its surroundings.

2. Very common almost everywhere in fresh
water is the Slipper Animalcule (Paramecium),
an elongzated oval about one hundredth of an
inch long, covered with rows of lashes or cilia,
which bend and straighten continually and

=

Reproduwced from * The Study of dwimal Life,” 1. Arihue Thomaen,
by cowrlery of the publishers— [ohn Murray,

BEHAVIOUR OF FARAMECIUM. (After Jennings.)

again, full steam ahead, in a slightly altered
direction, It may miss the obstacle or obnoxious
influence this time ; if not it repeats the perform-
ance. In this case there is one particular answer
to almost every question. The Slipper Animal-
cule has an engrained capacity for answeripg
back in a particular way.

3. There is a green freshwater
Infusorian called Stentor, with a
trumpet-shaped cell fixed in a pro-
tective sheath. If a shower of micro-
scopic dust be made to fall on it,
the answer may be (a) bending to one
side, or (b) reversing the action of the
cilia around the mouth so that the
particles are driven off; or (¢) contract-
ing-nto its sheath and waiting a little.
If none of these reactions proves of
any avail, the Stentor may (d) loosen
itsell and swim away to another place.

When the Blipper Animaloule (1] dimws near some obooxions indflaenee (A}, ll1 this ¢ . s aa 19 * - 2 "
It reverses its cilta |2). Hoving retteatod o short distance (1) It Lwists on 12 own I': ase there 15 trial and ¢ ITor
axis (4, 3, testing the water with fs anterier blunter end, Tt flexes fis cllia behaviour. The little creature gives
in the normal way, townnls the sharper pestetior end, ond shoots ahead (6) b P

ina pew direction, The chanoes are that it thus avobds the obnoxions inlleence ; one answer after nnnl]:t’r. until it finds

ii mot, it repeats the process.

the right one,

i :
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4. On the surface of a living sponge in a shore-
pool one sees large openings like the craters of
volcanoes, and if one watches carefullv one may
see by the motion of particles that water passes
out by these ** oscula.” It passes in by minute
pin-prick openings all over the surface of the
sponge. Now it sometimes happens that an

“inquisitive intruder, such as a sea-worm, pushes

its head into an osculum, whereupon, in certain
cases, e.g, the British sponge called Pachy-
matisma, the crater-like opening shuts. For
round the circular opening there is a ring of
spindle-shaped, slowly contracting muscle-cells
{of the type known as smooth or unstriped,
such as we have on the wall of the food-canal),
and these close the
opening. This is par-
ticularly interesting, for
there are no nerve-cells
in sponges. The muscle-
cells are directly stimu-
lated to contract, g
whereas in all animals In— &

above sponges the mus- ’
cle-cells are stimulated Pl

not directly, but ' ﬁmﬁ%‘//
through the nerve-cells
which have received the
message from the outer

.dlfﬂ'l:-'l.l."';;'- LT rlr{ﬂ'.lII i
i s

nerve-cells (General Headquarters), and the
motor nerve-cells (executive officers), In all
ordinary reflex actions there are these three
links, but in most cases each operation concerns
several scout-cells, several GH.Q. cells, several
Motor or Executive cells, and several muscle-
cells, Moreover, many reflex actions are not over
and done with in one operation, as when we jerk
our finger back from a hot iron ; thereis often a
chain of actions as when a young mammal sucks,

6. Animals are prompted by constitutional
“ urges " or *' drives,” appetites and appetencies,
especially hunger and love in the widest sense,
which demand satisfaction. They are the

fundamental motives.

T Ji';':':"r }Il:, i .
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Reproduced from ** Test-Book of Zoology,” Parker and Havwell, by courtesy of the prublishers,

world. This, then, is a
piece of behaviour sim-
pler than the simplest
“* reflex action.”

5. When a small

worm touches the ten-

Messry, Macmillan & Co., L,
DIAGRAMMATIC VERTICAL SECTION OF A FRESH-WATER SPONGE (Spongilla), SHOWING
THE ARRANGEMENT OF THE CANAL SYSTEM.

The water enters by minute pinprick pores on the surface of the sponge (DP, dormal pores| § it passes
into whnt may be called porch spaces (8D, subdermal cavities) ; it is drawn on vin inhalant canils
i1n) into the cllisted chambers (€} which ate lined by collared flageflatecella, Theace the water,
robbed of some of its oxygen and food-particles, passes into the exhalant conals (Ex), which open
(GO) into an exit passage (PG, the paragastric cavity). Thepce the water passes out by the visible
exbilant opening of ssculum (0], The ingoing and outgoing currents are kept up by the censeless walting
af the collnred fagelinte colls, which are technicaly called choanocyles.

tacles of a sea-anemone
there is a discharge of stinging lassoes, and the
benumbed grappled victim is transferred to
the mouth. This is a very simple action:
sensory skin-cells, not specialised however,
pass on a message to nerve-cells or ganglion
cells forming a deeper network, and thence
comes the stimulus to the muscle-cells in-
citing them to contract. In some parts of an
earthworm a sensory merve-cell in the skin
receives a message and passes it on to a motor
nerve-cell in the nerve-cord, whence commands
go to a muscle. This is the simplest kind of reflex
action, But in many cases in the earthworm the
chain has three links: the sensory nerve-cells
(sconts), the associative or communicating

7. When a moth is flying past the lighted
candle one eye is more illumined than the other.
This disturbs the balance of activities in the
nervous and muscular elements on the two sides of
the body, and there is an automatic tendency to
adjust the body so that equilibrium is restored.
To this unconscious end both eves must be
equally stimulated, and this usually means that
the moth flies into the flame. This kind of
engrained constitutional obligation to secure
equilibirum is called a tropism, and it is illus-
trated by many animals. The young eel making
its way upstream in obedience to an inborn
impulse, tends automatically to have both sides
of the body equally pressed upon by the current.
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If one side is receiving much more pressure than
the other there is an automatic muscular
adjustment which restores equilibrium ; and this
tends towards persistent upstream swimming.

8. We have scen that a newly hatched
Loggerhead Turtle makes for the sea and usually
persists in the right direction in spite of obstacles,
Its constitutional make-up leads it to move in
the direction of the more open horizon, which
usually means the sea, What pulls the trigger
of an inborn pre-arrangement is the difference
between an open horizon and a much interrupted
one. This seems rather different from the moth-
and-the-candle obligation.

9. When there is a definite chain of reflex
actions bound into an effective piece of behav-
iour, each link supplving the cue to the next
link, we speak of instinctive behaviour. It does
not require to be learned, though it may improve
a little by practice. It depends
on inborn pre-arrangements of
certain nerve-cells and certain
muscle-cells; but there are
good reasons for believing that
it has also a psychical side that
counts. It is suffused with
awareness and backed by en-
deavour,

Soon after its escape from its
chrysalis the female Yucea
moth makes for the Yucca
flower as if it had been doing it
all its life. It collects pollen
and the front of its head is laden
with the golden dust, It visits
another Yucca flower and lays
its fertilised eggs in the seed-
box, but before doing this it is
bound to land some of its store
of pollen on the stigma of the
secand flower. There is a chain
of events and the moth goes

reactions and one of these may serve. But it
may also hit off something new—an individual
expedient. Thus some starfishes attack small
sea-urchins and disarm them, and we cannot call
this intelligent, for the starfish has no hrains at
all. Especially in new situations many an animal
tries and tries again, but those whose behaviour
is very thoroughly stereotyped along instinctive
lines have usually less power of experiment than
those less perfectly equipped.

rr. Intelligent behaviour demands, as we have
seen, some judgment, somé understanding of
the situation, as when an ape uses a lever, oran
elephant selects out of several twigs the one best
suited for removing a leech from its body.

12. When the tide is low, hermit-crabs move
away from the light ; when the tide is high they
persistently seek the light, This periodic rhythm
i5 engrained in the constitution of the individual
and it persists for three weeks
in a tideless aquarium. The
green worm Convoluta, com-
mon on the flat beach at Ros-
coff, comes up out of" the
sand when the tide is out, and
retreats when the splash of the
flowing tide is near, This
engrained periodic rhythm lasts
for a week or so in a tideless
aquarium. Some animals, like
some men, become restless and
miserable when the usual
periodicity of their meals is
disturbed, and, perhaps, the
same kind of rhythm is seen in
the restlessness of some migra-
tory birds when the time for
their autumnal flight comes
round.

13. 1t is not difficult to get
some of the cleverer animals to
learn to associate a particular

through the routine without
error, being, in fact, ** to the
manner born,"

10. On another tack, how-
ever, there is experimental
behaviour, displaying some
novel initiative. The animal,
confronted with a new situation,
tries its repertory of ingrained

Eeproduced feom * Stwdy of Angmml Life"
1. Arthsir Thomson, by courtesy o the pud. ®
lisheri— folm Murray

STENTOR, A TRUMPET-SHAIED

CILIATED INFUSORIAN,

The species Stemicr polymerphss has o
Erecn eolour, due Lo the presence of partocr
Alpe ;  the speches Stenfor. caralens has o
bhee [ Lok e o, . T, o tube or
sheatly, when the Stentor i= nttncled
Ly ils tapering hind-end ;. X, the peculinriy
long nwclens; V, a fcod-vacusde! CV, a
oruttactlle vicuole ; ©, olin in a apdral
arcund the moulh; which les 10 one side,

sound or sight with a particular
experience. A cat or a dog
learns that a particular sound
means a particular experience,
and a dog's mouth may water
when the signal of its food is
given, though no focd is there.
In the childhood of many wild
animals there seems to be a
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period during which associations are estab-
lished in addition to those with which they
are equipped at birth. The young partridge
squats it hears the parental danger-call,
that is instinctive. But we know that a deg
may learn to link together a particular sound
with a particular action, and we have reason
fﬂ_l‘ believing that voung otters, voung foxes,
voung stoats, and the like learn (partly under
parentalinstruction) to associate certain sounds
i the country with particular kinds of acticn.
Even fishes, which have poor brains, learn to
associate a man's presence by the side of the
pond with the possibility of a meal.

14. It is useful to keep the word habit for
chains of actions that become easy in the course
of frequent repetition, so that they cease to
require attention or control. Linkages between
certain nerve-cells and certain muscle-cells that
are repeated over and over again in the individual
experience become easy; what are called
" paths of low resistance "' are formed in the
central nervous system ; the oftener the message
travels along the chain, the quicker and surer
its transit becomes. The path becomes well
trodden. We are familiar with this in writing,
in bicycling, in playing the piano. What
originally required attention and control becomes
so easy that we speak of it as automatic.

There are simple one-act habits which depend
on simple associations, the well-trained dog acts

~ or stops acting whenever a given signal is given.

But most habits are chains of actions, bound
to one another automatically, every link being
the cue to its successor. Monkeys, white rats,
squirrels, and sparrows learn the habit of hurry-
ing into or out of a labyrinth of the Hampton
Court pattern. In the case of rats we kilow that
when they are learning the secret they may make

© use of hints from sight, smell, and touch, but

when they have mastered the problem it seems
that internal cues, coming from the muscles,
the tendons, and the blood-vessels, take the
place of the external cues, which are no longer
needed.

15. Lastly, there is rational conduct exhibited
in some of Man's activities. We have many
reflex actions; we have a few instincts; we
usunally exhibit intelligent behaviour; we
acquire habits ; and occasionally we illustrate
Reason. That means that the mind experiments

with general ideas, without which the business
in hand would not be possible. A spider makes
its web tnslinctively ;  the ape uses a lever
tntelligently ; but the engineers required Reason
to build the Forth Bridge.

At seems that there are two great lines along
which animal behaviour has evolved. On the
one hand there is an entailing or engraining of
aptitudes, so that the creature is ready with an
appropriate answer when the situation arises.
The moment the young rabbit hears the danger
signal in the twilight, the thump on the ground
with the hind legs, it makes a balt for the
burrow. The moment the nestling feels the touch
of the caterpillar in its parent's mouth it gapes
and then swallows. At the proper age the sight
of the mouse pulls the trigger of the kitten's very
definite mousing instinct, and effective action
follows without any need of learning. There is
much to be said for this racial registration of
aptitudes, and we know the value of forming
individual habits in playing games and in every-
day work. To have the answer ready saves
time and it usually means a more perfect answer
than could be given for the first time on the spur
of the moment even by a very intelligent crea-
ture. To have these reflex actions, tropisms, and
instincts, may leave the creature more free for
initiative or new departure. But the danger is of
stereotyping behaviour, of its becoming too
automatic. Thus it often happens that a
creature with wonderfully perfect instincts, as
among ants, is badly non-plussed by some slight
change in circumstances,

The other line of evolution is that of experi-
ment, where the animal tries something on its
own in addition to the aptitudes with which it is
endowed as part of its racial inheritance. A
spider spins its particular pattern of web
instinctively ; it is to the manner born : but it
may adjust special lines to keep the web firm in
the wind, and that is an individual experiment.
The thrush does not know instinctively how to
deal with a wood snail, but it learns the trick of
breaking the shell on a stone. For this kind of
behaviour we must use some general word such
as "' experiment,” “ initiative,” or " trial," for
it may be illustrated by animals like starfishes
which are below the level of intelligence.

Finally, when we think over the inclined
plane of behaviour from the Ameeba on the hunt
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to the ape using a hammer to break the coco-nut,
from the Slipper Animalcule reversing engines
to the rooks letting the mussels fall so that they
break on the stones, we see that the mental

aspect, the inner life, becomes more conspicuous
as we ascend. In simple animals it seems no
more than a slender rill, in the highest animals
it is a rushing stream. 2

LXVIII
EVOLUTION

§ 1
THE ABUNDANCE OF LIFE

HEN Charles Darwin was between

\Kﬂ sixteen and seventeen years old he
went to Edinburgh University to be a

medical student ; and in his first letter home he
gave some of his impressions of the beautiful
city. One of the sights that struck him most—
* the most extraordinary thing I ever saw "
—was the street called " The Bridges.” For it
crosses over other streets, and when the young
student looked over the parapet, expecting to
gee a fine river, as he says, he saw far below a
stream of people. Now that is what we are
always discovering in Wild Nature—streams of
life that cross one another, no corner unoccupied,
mostly full of bustle. There are abundant
ereatures in the air—clouds of mosquitoes and
midges, swarms of locusts, great flocks of birds ;
there are abundant creatures on the earth—
a helter-skelter of rabbits in the warren, such a
multitude of tiny frogs leaving the pond in early
summer and making for the fields, that we can
hardly get past without trampling on some of
them. There are abundant animals beneath the
ground—we counted forty earthworms' burrows
in the circle we described on the golf-links by
swinging our club right round at full length. In
the Tropics the ants often pour into their under-
ground passages like a living cataract. There
are abundant animals in the waters that cover
the earth—the salmon so crowded in the
Canadian rivers that they choke one another,
and the wayside pool so teeming with minute
masterpieces that we cannot wonder at Tenny-
son's remark when he peered in: " What an
imagination God has."” Then there are the
resources of the sea, the schools of porpoises,
the shoals of fishes, and the animalcules on which
larger creatures feed-—so multitudinous that

there may be more of them in a gallon of water
than we count of stars on a clear night. Well
might Spenser speak of
" The sea’s abundant progeny,
Whose fruitful seede farre passeth those on
land."

Or we might begin again with the Diatoms
and other microscopic plants of the open sea, that
form what Sir John Murray called * the float-
ing sea-meadows,” and picture along the plant
line : of multitodinousness is the crowded zone of
seaweeds in the shallow well-lighted waters ; the
dense growth among the mangrove trees on
tropical shores—a rank vegetation sometimes
breaking off to form floating islands ; the luxu-
riant meadows where so many of the leaves grow
upwards, parallel to one another, like the leaves
of grasses, so that they do not overlap, There is
the keen competition for standing-room, fresh
air, and light that goes on in the jungle or the
tropical forest, or, nearer home, in the hedgerow
that has been left to itself. In plant-world as in
animal-world there is the same abundance of
life—an overflowing profusion.

There are two things to be distinguished—
the multitude of individuals and the great
s variet} of different kinds. A codfish
Mmum is said to produce two million eggs,
and it is plain that if all cods' eggs
developed into codlings there would
soon be an end of all the fishing, for the sea
would be solid! There is one of the British
starfishes (Luidia) which produces 200,000,000
eggs in a year. Huxley calculated that if the
progeny of a mother Green Fly or Aphis all
survived and multiplied they would, at the end
of summer, suffice to weigh down the whole
population of China. An ovster may have sixty

Ind.m]:luah.
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Reproduced from “Animal Lifs," W. Gamble, by
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(From o specimen in the Manchester Museam. |

The eggs of oot ¢
wonphytes, and stones,
thirtieth of an lnch

f our marine food-fishes

On an average L

fesnle hetring pe

million eggs, and the average American yield is
sixteen millions. If all the progeny of one oyster
survived and maultiplied, its great-great-grand-
children would number sixty-six with thirty

three noughts after it, and the heap of shells
would be eight times the size of the earth, We
know that these possibilities do not happen
because the chances of death are many ; there
is continual sifting and thinning. But when
there is a vole-plague, or a march of lemmings, or
a swarm of locusts, we get a glimpse of what
might happen if there were not a Balance of
Nature.

Some animals multiply much more quickly
than others, and it is not always those that
are most prolific that get on best. A mother
toad may have seven thousand eggs, but all of
these do not develop into tadpoles, and all the
tadpoles do not change into toadlings, and all the

odsces 30,000 egEs

float nent the surface, but those of the herring sink to the bottom and ate altached to seaweeds,

i the season Theilr dismmeicr varies from a twentieth to a

The
fact is that in many places the number of toads

toadlings do not become full-grown toads.

seems to remain very much the same vear after
year. Life is like the famous Mirza bridege : of
the large number that begin to cross only a few
get even half-wavy
must be said that the great majority die when
they are This is one of the big
differences between man and ordinary animals.
Man has learned how to avoid the severe thinning
that goes on in Wild Nature

Of most hiving creatures it

Very young.

Huge numbers do not always mean that a

creature has a very strong foothold. This is well

illustrated by the story of the

The Passenger Pigeon of North America,
Passenger - 5 2 ;

Pigeon, which fAourished in millions not

many years ago, and is now gone for

ever | It was a strong handsome bird, living in

great communities, and often forced to fly far
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Many of these chalk-forming animals nre
variety of architectur In many forms,
oot in fine intetlach In the other =
of the shell. The chalk chiffs of the post cor

They say that

every day to secure food-supplies,

in some of the forests there were great areas
that served as nesting-places, sometimes with a
hundred nests on one tree.  Of one of these
haunts, in the State of Kentucky, a description
has been given by an American naturalist,
Alexander Wilson It

was estimated to be
towards forty miles in |

length and several miles
in breadth, and to contain over two thousand
million pigeons, which is more than the whol
population of the gl used to

their nestis

be. The pigeons
arrive at g-place about the 1oth of
April and leave with their young before the
25th of May, for they were
shifting from one part of the country to another,

ory birds.

FORAMINIFERA.

g maude of lime, nnd there = great
1 which the living matter streams
malter sitenms out ot the month
of thi «

eatl Ao,

Mr. . G. Elliot
Natural History "

great host is an impressive sight,

writes in
(1888

“ The Riverside
“ The arrival of the
Long before
their crowded ranks appear, their approach is
heralded by a sound resembling the rising of a
gale of wind, increasing in loudness until the
birds hurl themselves into their chosen nightly
abode, when the din caused by the flapping
of myriads of wings, the struggles for a place
npon

'.']'.I' trees,

the constant change of posi-

tion, and the crashing of overloaded branches,
s so completely overpowering that not
only the human woice cannot be heard, but
even the discharge of a gon would pass

'.ll'l.‘luril:'l'l! -
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Flinge Ermest A, Foftasng

These extraordinarily beautiful shells. ench
which accumulated in Tertinry times on the foor of the Barbados Sea

uli Jemst goo speckes of these Rudiclarianzs, to which the genernl neme Polveystinn is often mpplied

Birds of prey congregated over the roosting had rambow-like neck-markmmgs @ the female
places and picked fat squabs ofi the nests showerd drab colour above and dull white
Crowds of people came and encamped near " the beneath. They did much harm in the fields, for
IMMmEense NUrsery and trees were cut down at  instance, among the rice. But the chief interest
the proper moment just before the young birds  of the Passenger Pigeon for us at present i5 that
were able to fly. There was slaughter on a huge it was for a long time prodigiously abundant,
scale, and gradually, as the yvears passed, the sometimes darkening the skv, and vet in a few
ranks of the defenceless Passenger Pilgeon wers years it became an extinct species
thinned, until, at last, all were gone. A grain of sand is in its proper place on the

T he |'.1*—-":_.:l r Pigeon, or ' Wild Pigeon.," as seashor but when i1t gets into the works of
it was often called in America, was about the mr watch we call it dirt. Buttercups
size of a turtle-dove, but with a long wedg The are in their proper place in the
shaped tail. It had a remarkable power of rapid .:?Iri'{r:ll::_.l_ll'_ﬁ meadow and celandines in the wood,
and sustained flight, often reaching a speed of a but both may be troublesome weeds
mile in a minute The male showed a dark in a parden. Some weeds are very beautiful ;

slate-colour above, purplish-bay beneath, and and when we call a plant a weed, we do not
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mean that it is ugly. We mean that it has got
out of its natural setting, and that it is spreading
without the usual checks on its increase, We
get another glimpse of the abundance of life
when we notice how weeds run riot and smother
better plants. If a garden is left to itself, the
weeds will choke many of the flowers in a short

HEDGE MUSTARD [Sinymbrium sophia),
This common Cruciferous plant i represented in Britain by three very

prolific species.

bedge-mustard in three years. But this does not happen.

time, and then other weeds will choke them.
After a few vears there may be nothing left
except chickweed and bishop’s-weed and other
weeds,

In his ** Darwinism "' (189g), Dr. Alfred Russel
Wallace, Darwin's friend and fellow-worker,
gives some good examples of the spreading of
weeds. " Hundreds of square miles of the plains
of La Plata are now covered with two or three

Omne of these may have three-gueariers of a million seeds |
I all these germinated and the plants grew to maturity and produced others
like themselves, the whole land-surface of the globe would be covered with

species of European thistle, often to the exclusion
of almost every other plant.” The common
watercress introduced into New Zealand has
grown strong past telling; a stem may be
twelve feet long and three-quarters of an inch
in diameter. It sometimes chokes a river and
causes serious floods ; but the useful discovery
has been made that if willows be planted
on the banks their roots soon become so
numerous in the bed of the stream that
they crowd out the roots of the water-
cress. Set a thief to catch a thief |

There is a common British plant
(Sisymbrivm sophia), one of the hedge-
mustards, which often has 750,000 seeds.
If all these sprouted and if the seedlings all
grew up and bore seeds, and if this went
on unchecked for three years, the whole
surface of the earth—about 197 million
square miles—would not suffice to contain
the weed. We must not suppose, however,
that weeds become dangerous simply
because they have very numerous seeds,
for there are many, such as buttercups,
which bear only a few. Weeds become
dangerous when they get into a new
place where they are free from the sifting
and singling that usually keep their num-
bers down. Suppose a plant had only two
seeds and lived only for a year, it would be
represented in twenty-one years by a
progeny of 1,048,576 plants, provided
that animals did not eat them, provided
that their neighbours did not smother
them, provided that all the seeds every
vear were properly scattered and landed
in suitable places, Fortunately for us,
these " provideds " do not happen.

Just as we speak of icebergs—floating
mountains of ice, separated off from the
shore-ends of great glaciers, so we may
conveniently speak of bird-bergs, meaning
those great sea-cliffs, often islands, where birds
nest in enormous numbers. There are many of

them on or off northern coasts,

A Visit : S

i 4 For Britain we may name Flam-
Crowded i
i) borough Head, the Bass Rock, Ailsa

Craig, Fowl's Heugh, and Foula.
These places have this in common, that there
are thousands of ledges and niches on which
the birds can rest and nest; and these are
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A BIRD-DEEG AT FARNE ISLANDS SHOWING ABUNDANCE OF LIFE

The bird-cli¥s ot various parts of the British Coast, and even more frequently further notth, aford fine illustrations of the nliindance of

At the breeding season they are crowded with guillemots, razorbills, and olher summer
Mot very far off there must be good fishing

fife visitors. In some places every ledge is ocoupicd,
for the birds

and there is o strugele for glanding room, as the photograph hows
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tenanted by more or less similar birds, some
staying throughout the year, like cormorants
and kittiwakes, others remaining for the breeding
season only, like guillemots and puffins,

A visit to a good bird-berg gives one more than
a glimpse of the abundance of life. We went
to one called Handa Island. It lies about a mile
off Scourie, on the west coast of Sutherland.

Handa is built of layers of sandstone and
pudding-stone (conglomerate) ; it has a long
grassy slope towards the mainland and preci-
pitous cliffs to the north and west. To the north
it looks on Greenland, to the west on the Butt
of Lewis and the hills of Harris. The island feeds
about juo sheep and many rabbits. There used
to be a few houses, but now there is only a
shelter for the shepherd who comes over for six
werks at lambing time. We mention this because
the small number of visitors accounts in part for
the extraordinary tameness of the birds. They
allow one to come within a few feet of them,
but one must be careful of the precipices.

We climbed up the long grassy slope and came
suddenly to the edge of a precipitous sea-cliff a
hundred and fifty feet high, built up, like a
giant's bookcase, of shelf after shelf of sandstone.
The shelves were from a foot to a foot and a half
in breadth, and they bore tens of thousands of
birds, often packed so closely that their bodies
were touching and their necks crossing. In most
cases the various kinds of birds were quite
separate, living, as it were, in different streets of
" Clifi-Town.” Lowest down there were kitti-
wake streets: then a guillemot or razorbill
section with about thirty shelves one above the
other; and then at the top, where the turf
began, there were the burrows of the cheerful
puffins. In some places there was a section of
rock-face with guillemots only: in another
place there were more razorbills, easily distin-
guished from their cousins by the compression
of the bill from side to side, Here and there a
kittiwake had established a claim to a broad
bracket of rock projecting by itself, and sat there
on itsnest surrounded by thousands of guillemots,

We went higher and higher, walking carefully
along the edge of the cliffi—for who can tell
when a slice will slide off ?—and we came to a
stretch of three hundred vards, where the cliff
was four hundred feet high. We saw the
abundance of life—the long terraces, tier above

tier, of kittiwakes, guillemots, razorbills, and
puffins. On some shelves the guillemots and
razorbills were able to stand upright with their
white breasts turned seawards, but most had their
backs outwards and their bodies pressed against
the rock. The long webbed feet must be of use
in gripping a downward sloping shelf, but it was
interesting to notice that the foothold was often
lost when an extra bird arrived from the sea
and insisted on landing on a shelf already full.
There was plenty of fighting and murmuring,
and the noise was sometimes deafening, but on
the whole it was a good-humoured crowd, and
there seemed to be a good deal of give and take.
We saw nothing like interference with the voung
birds, who were nearly ready to fly away. It
was difficult to believe that in a few days there
would not be a single guillemot, or razorbill, or
puffin left on the cliff. All disappear before the
end of July, making for the open sea and the
coasts of southern lands. For the three birds we
have named are only summer visitors to Britain.

On a section of the cliff, 400 feet high and about
Joo yards in length, we tried to make some
rough estimate of the number of birds, and
our conclusion was that there were 400,000 at
least. Why were there so many ? The first part
of the answer is that as the number of suitably
shelved cliffs is not very great, birds gather
from far and near, and return’ season after
season. The second part of the answer is that
the birds have few enemies except man. The
sea-eagle or erne is now very rare ; the buzzards,
which still frequent Scourie, can hardly venture
among the legions of sharp-billed guillemots
and it is not likely that the greedy Great
Black-backed Gulls, that we saw sailing about,
get more than the weaklings. Some of the young
birds fall off the shelves or may come to grief
when they make their first venture on the sea,
but on the whole they do very well : and it
should be remembered that guillemots, razor-
bills, and puffins lay only one egg at a time.
But the third part of the answer is simply that
there are so many fishes in the sea.  The multi-
tudes of fishes—we saw the birds carrying them
in their bills as food for the young ones—make
the multitudes of birds possible. And the fishes
depend upon crustaceans, and these on micro-
scopic animals and plants. That is how the
world goes round |
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A WOUONDERFUL BPECTACLE.
The abandance of life is well ilustrated by the vast congregations of Samingoes that are sometimes seen, At Lake Hinnd

giom, bn Cetiteal

Alricn, the sheet of waler, some six miles long and two miles broad, may be quite covered with Hteral millions of these benutiful pink birds
The Alrican species (Phowicopierss rosens) has bern seen Uhree of four times as a straggler in Britain

There is something impressive in an enormous
flock of sheep that takes an hour to pass by,
The Great T in a illl.;:“l'. l'l}:l{.{l'l‘__EF“:'!.[i.‘”Jn of rooks
Variety of  darkening a field, or in thousands of

werenl  starlings swirling above their resting-

place for the night like clouds of hot
dust from the crater of a volcano, or in a shoal
of mackerel, or in a swarm of bees, or in the
thronging multitudes of ants that we see in a
big ant-hi'l, or in a fleet of jellyfishes through
which we row the boat all the afterncon, but
there is something much more interesting than
the dense peopling of some corner by one kind
of creature, What is much more interesting is the
variety of different kinds of creatures. To take
a very moderate estimate, there are 25,000
different kinds of living backboned animals (or
Vertebrates), named and known, including
mammals, birds, reptiles, amphibians, and
fishes. And to this long list must be added a
huge number of extinct backboned animals,
especially fishes, which are only knewn as
fossils in the rocks—the gravevards of the
buried past,

.

But when we turn to Backboneless Animals
{or Invertebrates), the number of different
kinds, named and known, is enormously greater,
it is at least a quarter of a million. It must be
admitted, however, that four-fifths of these are
jointed-footed animals, especially insects, but
that leaves 50,000 for molluses, worms, star-
fishes, stinging animals, sponges, and single-
celled ereatures. To this huge Invertebrate list
there must again be added a vast number of
fossil animals, which have had their day and
ceased to be.

On a clear night one can see between four
thousand and five thousand stars with the un-
aided eye, but as many new kinds of insects are
sometimes discovered in a single year. Or,
we may siy that there are one-tenth as many
different kinds of birds en the British list
as we can see of stars on a clear night. The
British list stands at present at akout 4fic
different kinds of birds—many of them great
rarities,

It may be interesting to give a few details of
the census of living animals, but it must be
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understood that the fipures are only approxima

L1ons :
Mammals 2,850
. Birds 10,000
Backboned ; 25,000
; H!'EJTI]I."'-... 3,500 F .
Animals = v species.
Amphibians 1,000
Fishes 7,500

_’_:lnle WM "'\-E:II C1es,

to ]lr_'

Backboneless Animals ;
As for plants, there are

said about

M

J. Shepsione,

LOCUSTSE SETTLED ON OLIVE TREES FOR

lace to place, first o

t and ]

ery green Phing may

z0,000 named and known, and of these about
half are flowering plants. Thus we see that there
are far more different kinds of animals than there
are of plants; but when a particular kind of
plant, such as a grass, finds a very suitable
'|||.?|-_'|'. the number of '|r|-.|.i';';.i]1l.?|]-- SO0 COmes 1o
be {

among the

ar in excess of anything that is to be found

U

larger amimals of the reasons

whyv there is greater variety among animals than

THE

g locusts which have |u=t completed their last moult wmd becote ity ing insecis,

among plants is simply this, that the great
majority of plants (making exceptions for those
that live in water and those that are perched
on other plants) must be rooted in the ground.
There are not open to them so many ** chances,"
so many niches of opportunity, as are open to
animals that can move about and burrow and
climb and fly. In other words, experiments pay
better than
It may be said that
plants play a waiting game,
though they also have their
ventures

among animals among plants.

maost

in the Venus Fly-
Trap for instance.

do not
really make much impression
on us. 1t is more useful to go
out with a botanist and sit
down on the links, and then
without rising he will often
be able to show youn a dozen
quitedifferent kinds of plants
within reach. After walking
for a mile to another sort of

Large numbers

place he will do the same
thing again, but it will be
another dozen plants this
time! If you sit down on
the dry sand of the shore
near the high-tide mark, you
may quite easily find within
reach of your arm a dozen
different kinds of small
animals, or parts of them at
least. We once dredged up
a stone with fourteen differ-
ent kinds of
toit!

There are two rather diffi-

animals fixed

HNIGHT.

cult pointsthat require clear-
There are

in the rocks which

have their living counterparts in the sea to-day.

Such is the Lamp-Shell Lingula, which flourished

The numbiers in

ing up. some

fossils

millions of vears ago and is flourish-

Fossil : s < :
Roarala ing still, No one would count in
and the census both the living animal
Lost Races. i :

and the fossil, for that would be
counting the same creature twice. But there

are fossilised anmimals which were the ancestors

of some animals now living, and are more
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or less different. Thus three-toed extinct
horses were the ancestors of the modern horse
which walks and runs and jumps on the tip-
toe of one digit in each limb. It is clear that
the three-toed horses must go down on the
list as well as the living kinds of horse. There
is a very interesting Mudfish in Queensland
rivers called Neo-Ceratodus, which breathes by
a lung as well as by gills, and helps to link
fishes to amphibians. Now this curious double-
breather was represented long ages ago by a
slightly simpler ancestor called Ceratodus, and
both must be entered on the census paper.
Once more, there are in the fossil-bearing rocks
not a few extinet animals which are not known
to have any living descendants to-day. They
represent los! races ; they have been blotted
out entirely. Such, for instance, are the Flying
Dragons, which did net lead on to birds, and the
Fish-Lizards, and the ancient Sea-Serpents, and
the huge Sea-Scorpions. But they must be
included in the Roll of Honour. They were once
as living as we are. Is it quite clear, then, that
fossils may be (1) the petrified remains of animals
that lived long ago but are carrying on still ;
that they may be (2) the ancestors of present-
day kinds : and that they may be (3) the remains
of lost races which have no direct descendants
in the Animal Kingdom of the present day?
The second difficult point is this : What do we
mean by “ a kind “ 7 What is it that we count
in the census of animals and plants? A kind
of spectes means a group of individuals that

§

agree in many features and show these with
some constancy generation after generation.
The members of a kind or species
can all breed among themselves,
but they do not readily breed with
related species. Thus hares and rabbits never
cross. And the features in which the members of
a kind or species agree, and on dccount of which
they get a special name, must always be bigger
than the individual features that distinguish
the members of a single family. There are many
different colours of shere-crabs, but it would
never do to give these different species names,
for the same differences in colour may be found
among the brothers and sisters of a family.
The peculiarities of a species must be important
enough and constant enough to deserve a
special name. That special name is always
written second: thus Passer domesticus is
the House Sparrow as distinguished from
Passer montanus, the Tree-Sparrow. Thus
Felis leo is the lion, Felis tigris the tiger, Felis
catus the Wild Cat, and so on—different kinds
of " cats " within the larger group or genus
Felis. Sometimes there is only one species in a
genus—thus there is only one " New Zealand
Lizard " (Sphenodon) ; or ome species of a
genus in the country, thus there is in Britain
only one kind of kinghisher (Aleedo hispida).
The difficulty is when there are many nearly
related kinds, say of trout and char, bramble
and willow. Then naturalists begin to quarrel
about what a ' good species "' is.

What is a
Species?

2

THE PEOPLING OF SEA AND LAND

LL the world is a stage, and on that stage

for many millions of years there has been
played the drama of animal life. The actors
have changed in the course of ages—tecom-
ing on the whole finer, and the stage has
changed—becoming in many ways more beauti-
ful ; and the plot has changed—becoming more
and more intricate. But while everything
changes there is a sense in which everything
remains the same. The stage is the same
old , the actors and actresses are living
all akin, and the acting never gets very

far away from the two great motives of Hunger
and Love, As the poet hassaid: *“ While philoso-
phers are disputing, hunger and love solve the
world's problems.”

Alwavys, at any rate, we have to do with three
great things: the stage, the actors and the
acting. In the language of Biology, the three
great facts are ENVIRONMENT, FuNcCTION,
ORGANISMS.

The kind of activity which we call ** living,”
which iz so difficult to understand, consists
mainly in thrust and parry between plants and

i
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animals and their surroundings. But as we
dscend the scale, the inner life of thinking,
feeling, and willing counts for more and more.

As we watch a countryside from year to year,
we see changes going on—more marked in some

parts of the country than in others.
The An old naturalist once showed us
Changing : 5 : : :
Stage. a little island in a river; an island

with willows and alders on it, and
told us that he had seen that island grow from
nothing in the course of his life,

Sometimes a flood changes the appearance of
a great stretch of valley and alters the course of
the river. Sometimes a forest fire spoils every-
thing for many a wyear, changing the plants and
animals as well as the general appearance of the
region. SofMimes a severe storm takes a big
slice off the cliffs or buries several farms in sand.
If such changes can be seen in a short time, we
can understand that a great deal may happen
in many millions of years. This is very impor-
tant, because part of the drama of life consists of
the answers-back that living creatures make to
the changes in their surroundings.

The rain caught in the crevices of the rocks
freezes and bursts the fissures as if by a thousand
wedges ; runlets of water carry away the frag-
ments and grind them into sand in the bed of the
stream ; the sea hurls stones againse the base of

e cliff and we can hear them grinding against

'é}r’le another ; the glacier carves out a valley and

gouges out a lake ; and on a larger scale, there
are volcanic eruptions and bucklings of the
earth’'s crust, In scores of ways—a great study
in itself—the surface of the earth has changed
from age to age, and what is weathered off at one
place is laid down somewhere else to form the
raw materials of rocks that are yet to be. Given
enough of time, and the mountains will flow
down to the sea, and dry land will appear in the
midst of the ocean.

The stage was not very promising to begin
with :

They say

* The solid earth on which we tread
In tracts of fluent heat began,
And grew to seeming random forms,
The seeming prey of eyclic storms.”

Owar first picture is the smoking, cindery crust
of the cooling earth—not yet fit to be a home of
life. Even the atmosphere was depressing, for

it consisted mainly of carbonic acid gas, water
vapour, and nitrogen. There was very little
oxygen, for most of the atmospheric oxygen, on
which almost all living creatures depend, has
been made from CO, by green plants working in
the sunlight,

But the crust of the earth became cooler and
water vapour was condensed into little pools of

The water, These grew and flowed
ance of together into great seas, which
Luving dissolved salts out of the crust.
Creatures.

Perhaps those authorities are right
who believe in a period of universal ocean
covering the whole earth. But whether we
picture one great ocean or many seas matters
little, we must add te our picture crowds of
minute forms of life, betwixt-and-between
creatures, half plants half animals, swimming
about in the water. We do it know how
they came into being. They fed on air; water,
and salts; and they began the process,. on
which everything else depends, of splitting up
€Oy, fixing the carbon, and liberating thepxygen.
It has been recently discovered that if certain
rays of light be passed slowly through a mixture
of water and carbonic acid gas (carbon dioxide)
there is formed a simple carbon compound
(CHy0) called formaldehyde, This was what the

first living creatures learned to do, millions of * .

years ago, and this is what every green leai is
doing every day.
By a buckling of parts of the crust of the
earth, continents were formed and deeps between.
In the shallow waters near shore
m“ a new opportunity was offered | it
Vegetation, became possible for some of the
more plant-like primitive creatures to
settle down without losing the light. They would
begin to grow out into threads and plates ;
race of seaweeds began, and everyone should
mike an expedition to the seashore rocks at the
lowest tide to get a good view of this very

‘ancient, very varied and beautiful vegetation,

Some of the simple plants might gradually find
their way through estuaries and swamps into
fresh waters, and thenfee as liverworts, mosses,
ferns, on to more or less diy land, where even-
tually flowering plants appeared. But there are
some botanists, like Dr. A. H. Church, who
believe that when a slow raising of the beach
occurred, and it happened often, thére came

"

the
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about a graduoal rr.LI'm[nrmﬂEi.nn of some of the
higher seaweeds into land-plants with true roots
and leaves. In any case, water-plants gave rise
in the course of ages to land-plants.

But we must po back again to the shallow
waters near shore. For it is highly probable
that is all we dare say—that among

The First ) } o .
st the simple creatures that were be

ginning to be thorough-going plants,

there arpse another kind of creature, the

It is probable that the first animals lived in
shallow water near shore, creeping or swimming
g But
some naturalists think that animals
th farther
out. We cannot decide between these

about ams the seaweeds,

Beginnings
of Animal
Life in the
Sea

began in open water
two views, but it seems safe to say that the cradle
of life was either the Open Sea or Near Shore.
The original home could not be the dark floor of

the sea, for that is too difficult a place for the

Penzance

Msars, Gibsom & Sons,

FPhoto

There b= something very impressive in s good view of the nhandamnce
swded life, but there is o sugpestion of the archaic.
serlved ssawerds became anoestral Lind-plants

unexpeciedness in th
yegetathon, 1t may e that some of the kighl

first thorough-going animals. They were preda-
tory ; they could no longer feed on air, water
and salts: they stole what the plants had
manufactured. As they fed on complex ready-
made food, like supar and other carbon com-
pounds, they gained a great deal of energy and
began to live a stirring life. They tried experi
ments along many lines and gave rise to sponges,
poophytes, [,'D:‘i:-i].:'-:ll'ld]'l.'“\'!lﬂﬁ'n'n.:ltld]ll!'.'li't‘i’ll.lT:-!'
of ages to all the great abundance of the sea.

]

i=

SEAWEEDS ON THE ROCKS AT MOUNT'S HAY, PENZANCE.

ol senweeds exposed at very low tide, for ot only is there an
The seawerd vegetation wos long anlecedent Lo the terrestiinl

beginnings of life. It is too much shut off from
the sun, which is the great source of power. We
may also exclude the dry land, for that is a
difficult home for simple forms of animal life ;
indeed it was not a place for animals to live in
until plants led the way

We may venture to say that every race of
animals that has got on well on land came from
a stock that served a long apprenticeship in the
and Birds sprang from

water. Mammals
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Reptiles, Reptiles from Amphibians (half in
water, half on land), and Amphibians from
Fishes—which can rarely leave the water except
for a short time.

There remains the possibility that the simplest
kinds of animals began in fresh water, but there
are some reasons against this view. The oldest
fossil-plants are seaweeds, and the place where
the plants began must have been the place where
the animals began. The oldest animal fossils in
the rocks are mostly related to animals that now
live in the sea, such as jellyfishes, corals, sea-
lilies, and lamp-shells. If yvou enquire into the
first animals that gained true bodies, namely the
sponges, vou find that there are many hundreds
of different kinds in the sea, but there 15 only one
That tells a
If you enquire into the next great group

family of sponges in fresh water.
tale.
of animals, namely, the Stinging Animals, you
find that there are thousands of different kinds
swimming-bells, jelly-
but only about
half a dozen different kinds in fresh water. This
Tlrn'n' s&a 15 fl;fr' |'|".'.'_‘|!H||!Il ;fl'F.lle'.

in the zoophytes

SCA

fishes, sea-anemones, and corals

also tells a tale,

ACORN BARNACLES ON

These fived crustacenns, belonging e
mmd Begin to wall thelr microse
there is o rumpart of six shell
o platelets,

ol Case

order Cirripedin (curl-footed), start a5 free
uth by means of six pairs of two-lranched feet or thoracie ag

Ome other argument, and a curious one. When
we cut our finger and put it to our mouth we find
that the blood has a salt taste. There are several
salts carried in solution in the blood, and they
are the salts that are commonest in sea water,
Moreover, the proportions in which the various
salts occur in the blood are very nearly the same
as the proportions in which these salts occur in
sea water. This must mean that when blood
was first set apart very long ago as an internal
fluid in the body of animals, it was a fluid not
very different from sea water except in this that
it contained dissolved food., It is difficult to
avoid the conclusion that the first amimals with
blood, represented to-day by worms called
Ribbon Worms (or Nemertines), lived in the sea,

It comes to this then, that to our question :
Where did animals begin ? we must give the
either in the
Open Sea or in the shallow water near shore

answer : They began in the sea,

among the seaweed. Our own view is that the
first living creatures to be very successful were

Open Sea creatures, half plants half animals,
able to swim about by means of an undulating

ROCK {Balanuy antianabulum),

swimming Larve Thieyv settle ||-_w.'|':- on their heads

enilages. On the outside

0 size, On the up-turned ventral surface of the andmal ilscl, there are Lwo pairs

i —
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living lash (or flagellum),
and able to feed on
water and salts, At a later
stage, after seaweeds had
begun to flourish on the floor
of the shallow*water, there
arose the first animals
living on minute plants and
on the microscopic fragments
of plants. In the Open Sea
to-day there are vast num-
bers of lashed organisms or
Flagellates which seem still
hesitating between the Vege-
table and the Animal King-
doms.

If the first genuine ani-
mals began among the sea-
The . the
spreading of Well-lighted shal-

Life in the Jow water near
Sea.

air,

weeds in

shore, their first
enterprises had to do with
making the most of their
territory. For there
different zones in the shore
area, and each zone in turn
was explored and colonised.
Thus there were some ani-
mals that got on best among
the red seaweeds which grow
farthest down the sloping
floor, Others flourished
better among the brown
seaweeds, like the tangles
and the kelp. Others, that
wanted all the light they
could get, settled down
among the green seaweeds,
like sea-lettuce, in the shore
pools. It may be explained
that all the seaweeds have
green colouring matter (chlo-
rophyll), by means of which
they are able to utilise
the sunlight, but it is masked

are

in the browns and reds by other pigments.
Finally, the most adventurous animals of the
seashore area found their way into the zone
between tide-marks, and obviously the only
kinds that could flourish there would be those

b L
{ 3 et
Reproduced from "' The Agquarium Hook," E
AMlessrs, Duckworih & Co,, Lid,
A GROUP OF SEA-ANEMONES
In the foregroumd there is the mutually wrinershlp or ovmmensalism between a
hermit-cral [Eupagarsus bernhardus) and a sea-g |Sagartia parasidica). In the background,
to the left, there is o beauiifnl Plumose sen-anemone | A ctincdoba deeniba], with a frilled or pisckered
dise bearing very numerous delicnte tentackss, Thies other kinds of sca-anemone [Dahlia, Opelet,
and Strawberry) are shown ; in the background o the right there iz a Sea-Fan, o colony of small,
somewhnt sca-anemone-like polyps, with a branched central axis, In frool of this there {8 a prawn,
and the antenmee of the hermit-crab touch two tube-woroes, one of them wilth an expasded wreath
of gill-fGlaments on its hewd,

. r. Boulemger, by cosrfesy af Iké pulliskirs,

that were able to endure being left high and
dry when the tide is out, as we see to-day in
limpets, whelks, acorn-shells, and many more.

Many of the sea-shore animals are fixed, like
sponges and zoophytes and sea-anemones, but
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others are swimmers, and it would naturally
come about that some of these would venture
farther and farther from the land and become
Open Sea animals. There would be two great
inducements : first that much of the floating
food tends to be swept out to sea ; and, second,
that the Open Sea is a quieter and less upsetting
place than the shore,

But there is another way in which additions
might be made to the Open Sea population.
Many shore animals have young stages that
swim out or get carried out to sea. This is well,
for they are too delicate to stand the rough-
and-tumble life of the shore, the hammering of
waves and tides. Thus the young stages of
shore-crabs, acorn-shells, starfishes, sea-urchins,
and many more spend the early part of their
life in the open waters, returning to the shore
when thev are fully-formed and tougher in build.
Now it may be that some of these Open Sea
young stages (pelagic larvee, as they are technic-
ally called) remained in the open waters and
started a new type of animal suited to that kind
of life. Of course this would not happen quickly,
but it might happen in the course of time. There
are some animals of the Open Sea which look
a little like children that have not grown up
(permanent larva). Such, for instance, is
Trochosphmra, which is very like the trocho-
sphere larva of a sea-worm.

Let us take another, slightly different, illustra-
tion. Many of the plant-hke Zoophytes (or
Hydroids) of the shore-area bud off in the
summer season beautiful swimming-bells (or
Medusoids), which are often set adnfit. They
swim about by pulsating their bell, and they are
almost as clear as the water itself. But one can
sometimes see the mouth hanging down, like
the clapper in the middle of the bell. Many of
these Swimming Bells are not bigger than black-
currants, but some are the size of walnuts or
larger. Their tentacles have stinging cells which
benumb and grapple the minute animals on
which the Swimming Bells feed.

Now these Swimming Bells produce eggs and

male elements, and from the fertilised eggs there

Reproduced from * A simad
publiskirs, Mearea, Hutchin

THOMSON'S SEA-LILY

develop free-swimming embryos. Ewventually
the voung forms, which are very minute, settle

down on stones and shells and seaweeds in in-

el slalked
fomily

shore waters, and grow, by budding and budding

hundreds of times, into the colonies that are

tempotary atlachment.
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called zoophytes. The story is an intricate one,
but of great interest,
ZOOPHYTE - BUDS OFF SWIMMING BELLS —
WHOSE FERTILISED EGGS DEVELOP INTO
FREE EMBRYOS—= WHICH SETTLE DOWN
AND GROW,BY BUDDING, INTO — ZOOPHYTES,

This is what is called alternation of generations,
and it has a curious parallel in the life-histories
of Mosses and Ferns.

But the point at present is this, that there
are in the Open Sea a number of animals like
Swimming Bells, but having no connection with
zoophytes. It is possible that these arose from
Medusoids which
suppressed the
sedentary zoo-
phyte stage alto-
gether, and, as it
were, severed
their connection
with the shore.
Among animals
with compli-
cated life-his-
tories we can
often discover a
tendency to
lengthen out one
chapter and tele-

contrast to ‘' hard-mounthed ' animals, like crabs
and cuttlefishes, which have strong jaws suited
for eating what is hard or tough.

As the * crumbs " of the shore sank farther
and farther down the slope, some shore animals
followed them, and became suited to living in
the dark, cold water of the great depths. It
was in this way, we believe, that the animals
of the Deep Sea originated, for there is often a
distinct relationship between the animals in the
great depths and those living in the nearest
shore waters, Sometimes, moreover, a section of
the crust of the earth was depressed and a
stretch of shore
gradually sank
into deep water,
and this might
be another way
in which Deep
Sea animals be-
gan. But it
should be noticed
that only a few
of the
now living in the

animals

preat abysses of
the ocean can be
regarded as very
old-fashioned or

scope down primitive.

another, The Common
From the end Flounder is often

ofthewell-lighted  Pheto: John | Ward, F.ES found up rivers

i WO -LOUSE [Porcellio). .

shallow waters, at a distance of a

Wood-lice are flattened terrestrial crustaceans that have left the water. They
El.ﬂl:] th at means are included in the order of Isopods, sub-order Oniscoiden.  The number of sppemiages {]l_‘l?;i‘ll or more
is the same a5 in kolsters, prawns, amd crayfishes, namely nincteen paits The Ty
the end of the abudominal limbs are traversed by mivute tubes which serve for broathing molst air. miles from the
seaweeds, the sea. This is very

floor of the sea slopes down, sometimes
gradually, sometimes steeply, to the great
depths. At a certain distance on the downward
slope there is " the mud-line,” the last zone
where there iz an abundant deposit of the fine
sediment from the shore. The deposit consists
partly of rock-dust and partly of minute
particles broken from seaweeds and shore
animals, both living and dead. In the deposits
of this * mud-line "' there is a great congregation
of animals, such as worms and bivalves, brittle-
stars and sea-cucumbers, They are chiefly what
may be called ** soft-mouthed " animals which

feed on minute organisms or particles, in

interesting, for most of the Flounder's relatives,
like the Sole and the Plaice, are confined to the

The salt water, and there can be no
Colonising doubt that the Flounder was ori
of the Fresh gipally a sea fish. It is learning to
Waters. )

live in fresh water, but it has to
go to the sea to spawn, and the early life has
to be passed in the sea; but the story of
the Flounder us how the colonising
of the fresh waters might begin., If a fish,
making experiments like the Flounder, should
learn in the course of time to and
develop in fresh water, that would help still
further to clear up the rest of the problem :

shows

spawn
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How were the fresh waters peopled? The
supposition we have made is not a wild one,
for there are some fishes that can stand both
salt water andfresh. Thus the Three-spined
Stickleback makes its nest in ponds and rivers,
but it may also be found in shore pools and in
the sea itself. Theré are other fishes, such as
the Salmon, Shad and Sea Trout that can pass
from salt water to fresh, and this was one of the
ways in which the fresh waters were peopled.

Another thing that may sometimes have
happened is this: an arm of the sea might, by
changes of level, come to form an inland lake,
whose waters might - gradoally become fresh
through the inflow of streams and under the
influence of aquatic plants, which captured and
imprisoned some of the salts. There is a beauti-
ful water-snail in Lake Tanganyika, by name
Typhobia horei, whose relatives live in the sea,
and a fact like this shows us that some present-
day fresh water animals may once have lived in
the sea or had ancestors that lived in the sea.
An interesting case is the presence of seals in
Lake Baikal in Asia—a great lake far from the
sea. Of course, seals are marine mammals, not
fresh water mammals, but they live in Lake
Baikal because it was once part of the sea or
closely connected with it.

In the Far East of the Indian Ocean, two
hundred miles south of Java, there lies a small
The island ecalled Christmas Island. It
Invasion used to be a great haunt of birds,
of the they say, for there are thick beds

of phosphate salts, very valuable as
fertilising manure, and these seem to have been
due to the droppings of birds, accumulating for
ages. The late Sir John Murray, one of the
founders of the Science of the Sea (Oceano-
graphy), discovered the value of the island in
the course of the Challenger Expedition (1873-
1876), and the British Government was more
than repaid for the whole cost of the expedition
by the royalties obtained from the sale of the
phosphates. The bird droppings, turned into
rock, were carried away in ships to agricultural
countries, and transformed to make food for
growing corn and other plants; but why we
wish to think of Christmas Island just now is
because it is one of the homes of an extraordinary
animal, thé Robber-crab (Birgus latro), particu-
larly interesting because it is one of the invaders

¥

of the dry land. It is a biggish animal, some-
times a foot long and six inches broad, more
nearly related to hermit crabs than to ordinary
crabs, but originally a marine animal beyond
doubt. It must have an adventurous spirit, for
it explores the island a long way from the shore,
and it climbs the coco-palms for the sake of the
nuts ! After it has torn off the fibrous husk,
out of which coco-nut matting is made, the
Robber-crab hammers with its great claw at
one of the dimples at one end of the nut. Tt
breaks a hole through and, putting in one of its
narrower legs, it spoons out the sweet milk.
The Robber-crab gets its name becaunse it is
fond of coming near houses or workshops, and
stealing things ; sometimes it has been known
to make off with an empty meat tin, using that
as a protection for its tail !

Most animals that live in water breathe by
gills, as we see in lobsters and fishes, and these
gills are feathery outgrowths inside which the
blood is spread out so as to capture oxyvgen
from the surrounding water. A gill is like a
down-feather, or a country with a much in-
dented coast line, in that it has a large surface,
and as the water washes this there is abundant
opportunity for the oxygen to diffuse in and
for the waste carbonic acid to diffuse out.
Breathing always means the intake of oxygen,
and the getting rid of carbon dioxide
(+0; —C0O,). Now the question arises : Howa
marine animal with gills can breathe dry air on
land. For most land animals breathe by lungs,
or something like lungs, hollow sacs inside the
bady, on the walls of which the blood is spread
out. Now the Robber-crab still retains traces of
gills, but on the wall of its gill-chamber there
are numerous delicate projections which contain
blood and absorb dry air. As regards its breath-
ing, it is a betwixt-and-between animal.

Onece a year the Robber-crab gives away its
secret, It has to go back to the seashore to
spawn. The eggs are liberated in the sea, and
the young ones spend some time as free-swim-
ming larve and then as creeping creatures on the
shore. After they have grown strong they begin
to explore the dry land. Long before that,
however, the parents have scuttled back to their
home among thé coco-palms,

A very interesting point is that the cocu-palm
is not a native of Christmas Island, or of any of
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these Eastern islands,
where it has estab-
lished itself in a sort
of chance way, prob-
ably through the nuts
being carried by ocean
currents. It follows
that the Robber-crab
must have learned to
climb the coco-trees
and break off the nuts
within comparaiively
recent times,

We have taken the
Raobber-crab as a sure
and certain illustration
of the way in which
some animals have left
the sea and invaded
the dry land. It does
not stand alone, for
there are many land
crabz in different cor-
ners of the earth—all
requiring to go back to
the water to start the
next generation.

If you turn
loosely=lying stones or
break off big pieces of
bark from a felled tree
that is beginning to
decay, you see squat

OVET

wood-lice running
quickly about. You
will also find their
“ moults "—the dead

husk (or cuticle) which
is stripped off from
time to time to let the
animal grow bigger.
[f you take this
‘moult” on

far above sea-level,
your
hand, yvou will see that

live in the sen. The figure sh

with ooco-nut Alee,
it is like a ghost of the
living animal. It has been shed from the whole
surface of the body, somewhat like a snake's
" slough." and it shows the husk of all the limbs,
If you try to count the limbs on the husk or on a
dead wood-louse, using a pair of mounted needles
to separate part from part on a piece of black

THE BIG ROBRBER-CRABR (Hergua lafi

This relative of hermll-crabs oorars on &lands b the Indian Ocean and Pocific
The respiratory chamber is divided o two portions—an apper space with blood-
vessels gprond out on ridges and folds, and a lower porti
me of the robber-crule ¢
The emply coce-nul shell s srmetimes wsed by the Robber-crab for the protection
of its tadl, which is soft and full of ofl

« THAT CLIMBS THE COCO-NUT PALM AND BREAKS
OFF THE NUTS.

nml is often fommd

with risdimentary gills, The lareal slages
ging from its burrow, which is often lined

paper, you will not count them right the first
When you do count them right, the
answer will be nineteen pairs, Why should this
be interesting ' —because almost all the lobsters,
shrimps, and prawns have nineteen pairs; and
the of the number in the

time !

QCCurrence Same



" these are oft

ound between tide-marks,
as if beginning 1 exploration which the wood-
lice have finished.

But when we inquire further into the matter
we find that there are a number of “ slaters "
living in fresh water, and this makes it probable
that the terrestrial wood-lice were derived from
a fresh water stock, which in turn had its ancestry
on the seashore, In the same way it may be
argued that the earthworms, which are among
the most terrestrial of all animals (eating the
earth as well as burrowing in it), sprang from a
stock of fresh water worms, and it is interesting
to remember that there are several earthworms,
such as those called Alma and Dero, that have
tiny gill-like outgrowths near the head end.

There were, in the course of ages, three great
invasions of the drv land, and each of them had
veryimportant consequences. First, therewasthe
Worm Invasion, léading on to the earthworms
of to-day and resalting in the making of vege-
table mould and fertile soil. Secondly, there was
the Centipede-Millipede-Insect-Spider invasion
—jointed-footed, air-breathing animals—the
greatest result of which was the linking together
of flowers and flower-visiting insects, Thirdly,
there was the Amphibian invasion, starting
probably from pioneer fresh water fishes. From
the ancient Amphibians, with one foot in the
water, so to speak, and the other on land, there
sprang Reptiles, free from the water altogether,
unless they went back to it on-a new tack; and
from the Reptiles there sprang both Birds and
Mammals, so that the grand result of the third
invasion was that it started the Higher Animals
on their adventurous career.

i
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wood-lous :fﬂ one of the many proofs that this There were minor invasions of the dry land,
land ar has sprung from the marine sea- such as those led by Crustaceans, like the Wood-
slaters (techni called Isopods). Some of lice and the Robber-crab, or those led by certain

Water-snails—the ancestors of our land snails
and shell-less slugs, Bat the three great inva-
sions were the Worm Invasion, the Insect
Invasion, and the Amphibian Invasion, for they
made hislory,

The dry land is a haunt that tests the mettle
of an animal. For the freedom of movement is

less than in the sea, so the movements
The , must be nimble, or else there must
mmr. be some cloak of defence or con-

cealment, The changes of day and
night, of summer and winter, are more felt than
in the sea, so there must be something in the
way of protection. There are risks of being dried
up, of being blown away, of being buried alive,
and so on, and we find among land animals a
great many ways of avoiding these and other
dangers. No sooner did animals get on to the
land than they tried to get away from it ! Some
became burrowers, like the earthworms ; some
went up trees, like tree frogs ; some hid during
the day and came out at night, like slugs.

But the best and biggest change was to get
into the air. And there have been in the course
of the history of Living Creatures four great in-
vasions of the air. First, there was the Insect
invasion—leading on to our dragon flies and
midges, butterflies and bees, Secondly, there was
an invasion that was successful only for a time,
that of the Flying Dragons or Pterosaurs, |
which varied from the size of sparrows to a span
of fifteen feet. But they did not last. Thirdly,
there was the Bird invasion, extraordinarily
successful as evervone knows. And fourthly,
there was the invasion of the air by Bats—
mammals that can fly.

§3
THE PROGRESS OF LIFE

ILLIONS of years ago plants and animals

had spread over earth and sea, and had
established themselves in every possible place,
except that there were no plants in the dark
abysses of the ocean. DBut this peopling of
earth and sea might have taken place with-
out there being very marked progress towards

L

fullness and freedom of life. In man's case
we know that simple peoples spread over earth
and sea in very ancient days before there was
much in the way of civilisation. Both with
living creatures and with men there were long
ages of posscssing the earth before the biggest
strides of progress were taken. We have
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pictured some of the changes
in the world stage: let
us think for a little of the
changes in the actors and
actresses,

In the * Arabian Nights ™
and similar old stories we
read of the way in which
a genie could change in a
moment from one shape to
another. What was a bird
one moment was next mo-
ment a snake, at the next a
fly, and apgain a grain of
corn! Now during the
millions of vears since liv-
ing creatures began to be
upon the earth, there have
been ceaseless changes from
form to form, but differing
from the pgenie's changes
since they took place very
slowly and were never magi-
cal. Nor was it that an
individual plant or animal
changed greatly—though
that may happen when it is
taken to new surroundings
—it was rather that the
children differed from their
parents and from one
another. We see these
changes to-day when a
hornless calf or a tailless
kitten appears in a horned
or tailed race, or when a
white blackbird is hatched
out, or when a black sheep
is born, or when a copper
beech suddenly appears, or
a weeping willow, or a
* wonder-horse *' with its
mane reaching the ground,
or a pigeon with twice the
usual number of feathers in
its tail, or a Greater Ce-
landine with its leaves all

cut up, or a Chinése dog
witheut hair, or'a guinea-
pig with an extra toe, and
a0 on, and s0 on. Some
plants and animals are much
maore changeful than others,
and some are changeful for
a while and then more
stable ; but the great fact
is that from generation to
generation novelties are al-
ways cropping up. The
possessors of these novelties
(called variations and mu-
tations) are sifted in the
struggle for life and en-
deavour after well-being,
and the more advantageous
succeed, whereas the less
suitable are pruned off so
that they leave no de-
scendants or less than the
nsual number. Professor
Punnett has caleulated that
if in a population of a
thousand animals there arise
at any time 10 per cent. of
similar novelties with a 5
per cent. advantage in their
favour, then in I00 genera-
tions, all the population
will be like what once
were novelties,

[f we visit a dog show we
see and hear an extraordi-
Chianges nﬂr].'.n:-x.-:{!mhlage
Goingen —airedales,
Sull. bloodhounds,
collies, dachshunds, Esqui-
mo-dogs, fox-terriers, grey-
hounds, and so on through
most of the letters of the
alphabet, but all of these
are descendants of the wolf
and the jackal, or one
should say of various wolves
and jackals. Novelties

Reproduced from ' Animals of AU Coundeies,”™ by cowrleny of Mhe pabliahers, Wenses, Huickinzon & Co,, Lid,

JAPANESE LONG-TAILED FOWL OR TOSA FOWL.

Thin extracrdinary bird illustrates what may be called a physiological mutation, It i true-breeding freak, with continuonsly growing tail-
feaihers. They may grow to be seven ot eight feet long, and there are reconds of eighteen feet. The breed seems to be of very abcient origin. The
offspring of n eoss between o Tosu cock and a white Cochin Bantnm hen wete mostly Tosa-like, but the tall-fenthers of the cock were not so

long as wsual,
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.3 #
cropped m {from time to time—no one 15 very  formed. But the raising of the crust meant
surc #@8k—and man picked out those that weathenng and the carrying away of mud,

pleased him most, and, keeping them apart,
bred from them till he established race after race
of domesticated ﬂ;u.: If man has done this in
a comparatively short time, what may Nature
not have done in a very long time, the struggle
for existence doing automatically what man
does deliberately—picking and choosing; prun
ing and sifting ?

If we visit a pigeon show we see fantails,
pouters, tumblers, jacobins, homers, barbs, and
how many more, all
descended from the
wild Rock Dove,
which still lingers
in the seashore
Scotland
elsewhere

caves of
and
Man has
lished all these
breeds out of the
novelties supplied

estab-

from the domesti-
cated descendants
of the Rock Dove.
If he has been able
to do so much in a
short time, what
may not Nature
have done in the
long time that has
elapsed since the

Sporl and General

first bird appeared Fho

in the Jurassic ages
millions of years

The

sort of question

arises in our mind when we look at all the

ago . Sarne

different kinds of apples which man has been
able to establish by taking advantage of the
changefulness of the crab-tree by the wayside
and of its descendants when the process of
cultivation got going. Or think of the different
kinds of cabbages—cauliflower, broceoli, Brussel
all derived
from the wild sea-kale found growing on the

sprouts, curly greens, and others

seashore.

The ancient crust of the earth was buckled
up here and depressed there, so that continents
and ocean-basins, highlands and lowlands were

MANX CAT

A n..::lf-t}’nd the ordinary domestic oot with a rudimentary tail
mative of the Isle of Man, and it iflustrates what is meant by & discontinnons
vatiation or mulation of the same nature as hornless caitle,
cal is erossed with & sormal cat, the kittens are asieally Manx-like

sand and gravel, which were de-

The )

Rock posited  elsewhere, pressed and

Record. SR R : . PR e
hardened into shales, sandstones

and pudding-stones. 5o the earth got layer
after layer, skin after skin, of second-hand
rocks, and the oldest are on the whole lowest,
though there were often strange tiltings and
In many of the rocks
that had been formed from deposits on the
floor of ancient seas and lakes, there are the

other disarrangements.

remains of plants
and animals that
lived at the time,
and it is from these
fossils that we can
read the past his-
tory of life with
most security, The
rock record is like
a library on which
all the oldest books
were originally on
the Towest shelves
and the later books
on successively
higher shelves,
the modern
books highest of
all. Unfortunately,
however, the
shelves have been
broken a good deal
and there has been
damage done by
fire * p

with

It is w
When & Manx
moreover, a
great many vol-
umes are missing. so that most of the sets are
incomplete. But in $pite of all that, one can see
in a general way how one literature has suc-
ceeded another as the centuries went past.
S0 it is with the fossil-bearing rocks. They
cannot lie, but they require careful rf*:ulinp&.

Whi W s T T ;
Great Steps pas H“} show }11""1]} is this, that

in the for h'l'll-; ages, extending over many
Ascentof  illions of vears a s animal
Fpeayig ons of years, the only animals

were backboneless animals, such as
sponges, corals, worms, sea-lilies, trilobites, and
lamp-shells. Ages passed and fishes appeared,
first gristly and then bony. More ages passed,
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RACES OF DOMESTIC PIGEON DESCENDED FROM THE ROCK DOV

1. BADDOE Tosmeiew : The Tumblers are strong in fight and these known g Fiying Tumblers have o strange quality of tumbling hack-
wands in the gir. 2. BLACK TURBIT The beak i very ahari: ¢ athers are divergenl alor
Hosin ; Very inteliigent pigeons, nble to find thelr way bome from great distances
wattled pigeon, with a curiously shoped bobbinike bead. 6, PouTeR

(Columba Lima

the froml of the neck and bremst. 3. SW0W
4. Brack Morrie Tusmmwiim. 4 Bamp: A beavy-

A breed remarkable for the protroding globular erop. 7. Fantan. !
Well known for the backwnrd tilted head and the outspresd tail feathers which may be 08 many us forty, instead of the nonmal twelve,

8, Jacomiw ; With exaggeruted plumage on head and peck, forming o hood and o shool
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and in the time called the Old Red Sandstone
Age there appeared the first Amphibians. The
backboned animals had now found a foothold
on land, but there was no hint as yet of anything
higher than Amphibians, distantly related to our
frogs and toads. Amphibians had a * golden
age " in the Carboniferous Epoch, when the
great coal-beds were formed from the débris of
huge swampy forests of horse-tail and club-moss
trees. And in the next epoch (the Permian) there
emerged the first Reptiles, From some of these
ancient reptiles, long since extinet, there evolved
in later ages the Birds and the Mammals,

This, then, is what is meant by the Ascent of
Life, that as age succeeded age, finer and more
masterful animals appeared on the scene, animals
with more freedom of behaviour, with quicker wits
and deeper kindliness, All through the ages, life
has been slowly creeping upward..ﬂ. sometimes
quickly leaping, " till at the last arose the man."

What is true of animals is true of plants also.
For a long time the only plants were seaweeds

and moulds (Alge and Fungi). Then
m‘ 9 came the possession of the dry land,
1 or rather the moist land, and there
was a time (of which we have little fossil record)
when there was a vegetation of simple plants,
something like the liverworts and mosses of
to-day. Ages passed, and the vegetation of the
earth was mainly fern-like—consisting of a great
variety of ferns and tree-ferns, horse-tails and
club-mosses. Finally, out of a fern-like stock
there arose the first seed-plants, and by and bye
the true flowering plants, which form the greater
part of the vegetation of to-day. Itisalong and
difficult story, but is enough just now to recog-
nise clearly that in the plant world, as in the
animal world, there was an age-long transforma-
tion, tending on the whole towards the appear-
ance of finer and more beautiful living creatures.
But we do not know that the mind, which shines
out clearly among the higher anmimals, ever
wakened up in the plant, I

" Puffing Billy "' was the name given to one
of Stephenson’s early locomotives, so imperfect
What is that when it met a cow it was a toss-
meant by up whether the mammal or the
¥ *  engine would give way. Now what
are the great differences between ** Puffing
Billy " and a splendid railway engine of to-day 7
There are two great differences. The modern

Incomotive is vastly more complicated, with ten
parts for every one ' Puffing Billy " had, and
50 is a bird vastly more complicated than an
earthworm. In the second place, the modern
locomotive is much more perfectly under control,
it is more of a harmony, it is better knit together.
S0 is a bird compared with a worm, and that is
what we mean by " higher."

Among the simple animals are the Amaba,
small specks that can be seen creeping in a flat
glass dish if it is placed above a sheet of black
paper. A hundredth of an inch in diameter is
a common size, but many are smaller. There
are several different kinds found creeping on the
mud of ponds and ditches ; and there are two
or three kinds that live in man, doing him no
good. Each of these minute animals is quite
complete in itself. It moves by rolling along in
a sort of " tank '-like fashion, drawing in one
part behind and protruding a corresponding part
in front : it glides or rolls along. It can also feel.
It can engulf smaller creatures and digest them ;
it is sometimes a cannibal ; it takes in oxygen
and gives out CO, ; it gets rid of waste products,
It can grow bigger and it can multiply by divid-
ing into two or into many. The point is that the
Ameeba has all the ordinary activities of a
higher animal, yet it is only a hundredth of an
inch in diameter and has no ergans (like brain
and heart and stomach) and no fisswes like
muscle (or flesh) and nerve.

We can understand a little of what the progress
of life means if we compare an Ameeba with a
higher animal. The Amceba is a single cell ; it
has no ** body " in the strict sense ; it shows
almost no division of labour ; it is like a one-
roomed house. The higher animal is built up
of millions of cells ; it has a complicated body
with much divisidn of labour ; it is like a house
with a great many rooms for different purposes.
Another great difference is that Amebe do not
seem subject to natural death as higher animals
are, They may be killed, but they do not die.
They are so simple and they multiply so simply
that they never get into arrears.  Having no
body to keep up, they make good their wear
and tear quite perfectly. Natural death was the
tax levied on acquiring a body.

What we have' said may serve to indicate two
of the great lines of progress among animals.
On the one hand they became more intricate,

Y
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more differentiated, with more division of
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the elastic gullet, and the gullet teeth. And this
is but a striking instance of what is trueef all

labour. On the other hand they became moare
controlled, more unified, more integrated—
partly by the nervous system, partly by the
binding of one member of the body to another,
partly by the common medium of the blood, and
partly by the chemical messengers or hormones
which help greatly in the regulation of a har-
monious life.

But another main line of progress was the
establishment of adaptations, by which we

! mean particular adjustments of struc-

" of the Egg- ture and function that make for

* efficiency in reference to particular
needs or circumstances. Let us take the instance
of the African snake called Dasypeltis, which
feeds on eggs stolen from ground-nests. It
has not very good teeth, and there are not many
of them, but it is able to grasp the egg in its
mouth, If it broke the egg-shell there it would
certainly lose a good deal of the precious con-
tents. It moves forward the right side of the
lower jaw, holding the egg firm on the left,
Then it grips with the right side and moves
the left forward. So the egg passes to the
back of the mouth, is seized by the muscular
swallowing part (the pharynx in all animals),
and begins to slide down the gullet still un-
broken. Now, though it is almost incredible,
there are sharp enamel-pointed teeth pro-
jecting through the roof of the gullet, and
when the egg-shell is pressed against these it
is neatly broken, and nothing is spilled out.
The cracked egg-shell is then pushed out of
the mouth, for Dasypeltis always returns the
“empties""! What a series of fitnesses—the
fixing teeth, the movements of the two sides of
the lower jaw, the gripping part of the mouth,

animals, and plants too, that they are bundles
of fitnesses—special adjustments that * serve
their purpose " well. But we must not pass on
without thinking over these gullet teeth, How
can there be teeth in a gullet 7 The answer is
that these are prolonged downward-pointing
processes from the underside of the backbone-
bodies (or vertebrae) of the neck region. These
processes are quite nsual in backboned animals,
but here they are long and sharp, and turned to
a peculiar use in connection with a peculiar
habit. This is Nature's way,

But another great line of progress among
animals has undoubtedly been towards a greater
fulness and freedom in the inner life
of feeling, purpose and understand-
ing, which we call “ mind."” As we
have seen, the mind of an ant or a bee is very
different from that of an ape or a bird, but there
are common features—of enjoyment, of looking
forward, of masterful control. The big fact of
the ascent of life is that this inner aspect becomes
more and more important. Life conguers things
and mind guides life. The story of evolution is
in no small degree the story of increasing
freedom of mind, What is represented by
flashes in the Amdeeba, dreams in the coral,
glimpses in the ant becomes a more and more
perfect day |

To sum up: Not cnly did living creatures
possess every corner of the earth and sea, they
became in the course of ages more complicated
and more controlled, they gained fitness after
fitness, and among animals there was an in-
creased fulness and freedom of life, as the mind
came to its own.

Freedom
of Mind.

§4
FACTORS IN EVOLUTION

RGANIC evolution is a process of be-

coming, Our fauna and flora are descended
from an antecedent fauna and flora on the
whole simpler; and so on back and back
until we lose our clue in the thick mist of
life's beginnings. Organic evolution was com-
pared by Samuel Butler to a fugue, in which

3 :ﬁww e :

L

when the subject and counter-subject have beem
announced, there must thenceforth be nothing
new, and yet all must be new ; and, perhaps, we
may name the subject and counter-subject of
the long-drawn-out fugue of organic evolution
as hunger and love. But while the evolution-
concept states the general way in which Animate

)
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Nature has come to be as it is—by a slow natural
process of racial transformation—it does not as
such disclose the factors at work in the sublime
advancement (and the occasional retrogression)
from age to age. That is the task of the causal
theories of evolution which are still very young.
The fact of evolution is recognised by all com-
petent naturalists, but there is hesitation and
confessed ignorance in regard to the factors.
Partly through muddleheadedness and partly
through intellectual dishonesty, the experts’
frank admission of suspended judgment in
regard to the factors in evolution has been
twisted as if it implied hesitancy regarding the
evolution idea in general. ~No competent
naturalist has any such hesitancy.

Can we give any definition of Organic Evolu-
tion ? This must be difficult, but we suggest the
following. Organic evolution is a natural process
of racial change in a definite direction (or in
several definite directions in different parts) in
the course of which new forms, with new
adaptations and linkages, arise, take root, and
flourish alongside of or in place of the originative
stock. Organic evolution must be distinguished
from development, which is the becoming of the
individual—the beech-tree or the squirrel—from
their respective egg-cells onwards., It should
also be distinguished from human history, for
man stands apart in his awareness of the past,
in his power to control the future, and in his
capacity for registering the gains of evolution
outside the organism altogether, namely, in the
social heritage. It would also be of advantage
to have a different word for cases like the
making of the solar system. Perhaps the word
genesis would serve. For in the separation of the
carth and the other planets from the parental
sun there was nothing corresponding to the
processes of elimination that are characteristic
of organic evolution. , The original matter-and-
energy—we must hyphenate them now—of the
nebular mass was differentiated into a solar
system, but there was no sifting. Whereas it is
characteristic of organic evolution that many of
the organisms that shared in the struggle did not
enter into the promises. There have been many
lost races.

In the domain of things the processes that
come nearest those of organic evolution are to
be found in radio-active changes. Thus uranium

passes through a succession of changes, resulting
in the production of helium gas and a form of
lead. This transmutation is in some ways like
the transformation of species; but, nowadays,
the chemico-physical clocks are all running
down, whereas the vital clocks are more fre-
quently winding themselves up. Progressive
evolution, as in the pedigree of horse and
elephant, is much more frequent and much more
characteristic than retrogressive evolution, such
as is illustrated in increasing adaptations to
sedentary life or to parasitism. The creative
syntheses achieved by the modern chemist are
not unlike those of organic evolution, and we
might especially compare them to the combina-.
tions eflected by the Mendelian breeder or
cultivator. But the difficulty is to find synthetic
processes going on nowadays in the domain of
things apart from man., In the realm of
organisms, on the other hand, evolution
proceeds apace. New departures are common ;
the Protens still leaps ; life continues to flow
uphill.

When we try to get a picture of the sublime
process of organic evolution, which has no doubt
continued for several hundreds of millions of
years, we receive certain great impressions. One
is the multitudinous production of individuali-
ties; there are over a quarter of a million
different kinds of living animals, each itself and
no other. A second impression concerns the
persistence with which every possible haunt of
life has been and is being peopled—from sea to
land, from earth to air. A third is centred in the
establishment of fitness after fitness—often with
a marvellous nuance of adaptation, And then
there is the largest fact that in the course of
ages, as life crept upwards, the mental aspect
became increasingly manifest and masterful.

The central secret of life is the origin of the
new,just as the central secret of the musician

or the painter is his creativeness,
Departures, Among the delightful birds called

ruffs there are seldom two males
alike. That is what is called variability. Each
ruff is unique—itself and no other ;: and so is
it with every child, ' The very image of his
father,”" " a living likeness of her mother,”
people say ; but this is not very true to life!
Attention is captured by some outstanding
features that are indeed continued from parent

b T
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THE RUFF |Macheies pugnar],

As regarids oolouring wnd
of feeve, an the other hand, s
malkes make hustling rushes st one
to child, but all the differences are left un-
noticed. The proud parents are right : there is
no child in the world like theirs. It may not be
the strongest, the cleverest, the prettiest, the
best behaved
it has an identical twin, The differences among
the members of a family are often extraordinary,
and that is what is meant by variability.

We have already spoken of a visit to a pigeon
show, with its fantails and pouters, jacobins

but it is unique, unless, indeed,

and barbs, turbits and owls, carriers and runts,
tumblers and trumpeters, and many
besides. In the Rock-Dove (Columba lina),

maore

on some of our shore
fountain and origin of
So with the cochins

which 15 still commaon
clifis, we find the
all our domestic breeds,
and dorkings, hamburghs
wyandottes and houdans, silkies and
tams, all have been derived from the Jungle
Fowl (Gallus banksva), still thriving in Indian
And what shall we say of the races of
canary that
century, or of the wvarieties of cabbages and
Even when there has been

andalusians,
ban-

and

forests.

have arisen since the sixteenth

apples and wheats ?

nage 8 our most variahle British bird. Mo two
ng time the ruffs moake

1l

ure quite alike The fee
{fore the reeves, and the rival

elaborate displays bed
4 mixture of wild species, as in the pedigree of
domesticated dogs and horses, we are still left
wondering at the Protean changefulness of life.

What is so striking domesticated
animals and cultivated where
covers with his shield many new departures
that would be speedily destroyed in Wild Nature

45 also true in natural conditions: the big
fact, as Sir Francis Galton said, is organic flux.
There are, no doubt, some very stable conserva-

among

plants man

tive types, like the Pearly Nautilus, that seem
to have remained the same for millions of years,
but whenever we begin to peer into a large
number of specimens of almost any kind of
living creature we are almost certain to find a
Whether we take the jelly-
fishes stranded on the shore or the different
colours of eggs that cuckoos lay, the vertebrae

crop of novelties,

of sloths or the teeth of apes, the shells of the
dog-whelk or the markings of i*rJt.iti'}-]ll'l.'HI'H. the
different forms of shepherd's purse or the colours
of wild pansies, we are soon convinced that
variation is as common among wild creatures as
in conditions of domestication and cultivation.
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But, as we have said, Nature is not so tolerant
as man, and, in mnatural conditions, many
tentatives are only born to die. It is plain, for
instance, that Nature could never tolerate a
pigeon with a bill so short that it could not
break its way out of the eggshell. Many of
man’s pets in the dog line would make a rapid
exit in Wild Nature.

It must not be supposed that all the differ-
ences that we observe between living creatures
of the same kind have equal evolutionary value,
for some of them are merely dints or imprints
that are directly due to peculiarities in surround-
ings, food, and habits, while others are outcomes
or expressions that are doe to changes in the
secret recesses of the germecells. As we are not
certain that changes of the first kind can be
handed on, it is to those of the second kind that

-
we must leck as furnishing the raw materials of

evolution. To put it more technically, when we
subtract from the total of * observed differ-
ences " all that can be reasonably regarded
as ‘" modifications,” we are left with " vari-
ations "' and these are the new departures that
count.

It is very interesting to inspect the collection
of a Lepidopterclogist who " goes in for varie-
ties." We ask to be shown the " currant moth,"”
for instance, and the collector smiles a little,
for he pulls out three drawers with scores and
scores of different patterns, So it is in many
other cases; it is the story of the ruffs over
again, though we suspect that many of the
collector’s * varieties"” are only transient " modi-
fications "' of no more evolutionary interest than
ill-fed children with pale faces.

ENVOI

It is almost hopeless for us to think of the
length of the ages during which life has been
slowly creeping upwards. Years and centuries
have little meaning when the whole story has
taken hundreds of millions of vears. We see
the nearest star by the light that left it four
years ago, but there are distant systems whose
radiance takes 100,000 vears to reach us. On
such a grand scale has been the duration of
life ; and there may be very simple unpro-
gressive microscopically minute organisms, living
on the earth to-day, that began their existence
a thousand million years ago. Tt has been calcu-
lated that if we could arrange a great cinema
film of the evolution of living creatures, giving
proportionate lengths to the successive geo-
logical periods and organic dynasties, arranging
the whole so that it could be unrolled at uniform
rate throughout a day, beginning at g am.,
then man would appear on the film just a few
minutes before midnight!  Yet man only

among all living creatures is aware of the long
drama, and even he has but a dim understanding
of the plot.

But while naturalists are far from being clear
as vet in regard to the factors in Organic
Evolution, and while philosophers cannot clearly
explain to us the glimpses they get of the Pur-
pose of it all, there is no doubt as to the fact
that there has been throughout the ages a long
succession of achievements,  Defeats, retro-
gressions, degenerations, parasitisms, blind alleys,
there have been; vet om the whole Organic
Evolution has been progressive. As age suc-
ceeded age, there has been an emergence of
nobler and finer forms of life—an increase of
feeling, perception, and control—in short, a
growing emancipation of ' Mind,"" This has its
highest expression in Man at his best—with
a personality growing in understanding, good-
will, and control. And this evolution® is
going on,
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The elephant in the photograph is not pushing down a tree, but pulling to get free from bonds,

When an elephant pushes down a tree it approaches it with head well up, and its trunk coiled
and carried high. Placing the coiled trunk against the tree, it bears down with its head.
When the stem has yielded sufficiently the elephant proceeds to press on thie leaning tree
with one of its fore-feet. All this is the result of careful training, but the photograph shows a
recently captured elephant trying to make its escape, as also on p, 62.

Woodpecker's nest. By inadvertence it was not noticed till too late that the photograph
used was not that of a Green Woodpecker's nest, but a blackbird’s in the stump of a birch
tree. The eggs of the woodpecker are laid on wood-chips.

Flight of Kittiwakes. In the caption to the photograph showing two kittiwakes in flight
we have thrown doubt on the bird's ability to cross the Atlantic. But we find that this has
been proved for a marked kittiwake. There are records also for two Black-headed Gulls,
and for a third as far as the Azores. A Common Tern has been known to make the journey
across the Atlantic, in an easterly direction, to Africa.

Magnan's theory of flight, which he compared to the movement of a strong man using
crutches. But an expert has been good enough to send us this forcible caveat : ** M. Magnan
should, however, try the experiment of proceeding on crutches across a floor of polished glass.
He would then be able to judge how much his forward leaps were made possible by vertical
downward thrust, and how much by the horizontal pull and push through the frictional
resistance of the surface—a factor of which the counterpart in the air is negligible. Tt may
be taken as physically axiomatic that the bird exerts a horizontal force sufficient to account
for its observed (and very considerable) horizontal movement !

Squirrel’s family. An unaccountable and regrettable aberration has occurred in regard to
the number of journeys the squirrel may make in shifting her family. Perhaps we counted
each journey twice—there and back ! The records give one to six as the number of young
squirrels in a litter, but the commonest number is two or three. The average of twenty
litters, recorded by Mr. Barrett-Hamilton, from many parts of the British Islands, was three.
In the southern parts of Britain there are often two litters in a summer, For** five to eight
read " several."

Oysters, The first sentence of the third paragraph of “ Animals and Man " should read, as
the context shows, * When the month has an * ¢’ in its name, then we may eat oysters.”

Wolf-dog crosses. Two experts have been kind enough to furnish us with circumstantially
precise instances of fertile hybrids with wolf as sire and dog as dam.
One of these experts submits two cases of dogs aggressively attacking man.

By an unfortunate and inexplicable mistake a photograph of some sporangia or spore-
making organs on the back of a fern-leaf was substituted for a photograph of the mallow’s
pollen. The caption for the photograph published should read : “* A photograph of part of
the back of a fern-frond showing some of the groups of spore-making organs or sporangia.”

£
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