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PREFACE

THERE has long been o need, not enly among the
general public intercsted in notural history, but also
among an ever-increasing number of students taking
freshwater biology as an ncademic subject, for a com-
pact, pictorial puide to the identification of aguatic
animals amd plants. It is hoped that this lietle book
will go far to mect thot need.  Inmevitably, in such a
small compass it has been impossible to illustrate or
deseribe everything likely to be found on a pond-
hunting expedition, but by selecting for treatment
typical representatives of each group, the plates, text
or keyvs should enable an identification of farmaly or
genus to be made.

The illustrationa are, of course, a vital part of the
book, and an author of such a worl: as this is fortunate in-
deed to have as collaborator Mr. Ernest C. Mansell. His
skill and artistry will be apparent from an examination
of the plates, but 1 should like to express appreciation
also for the painstaking care he has devoted to making
the illustrations as accurate and helpful as pnssihle,

Wherever possible, actuzl specimens, alive or pre-
served, have been used as subjects for illustrations, and
I must here pay tribute to the collections of the Hasle-
mere Education Muscum, over which | have charge.
Where original sources have not been available, 1 have
drawn on standard reference works and [ am indebted
ta the followimg publishers and authors who have per-
mitted the adaptation of illustratiofls appearing in their
books or scientific papers: The Syndics of the Cam-
bridge University Press: A Trearite on the Britich
Freshcater Alpae by the late G, 5. West; the Ray
Socicty: monographs on Brivish Hgdmmr:‘m by Soar
and Williamson; Aquatic (Naiad) Stage of the British
Dragonflics by W. ]. Lucas; Polyzoa by G. J. Allman;
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British Chareplivia by Groves and Bullock-Webster;
the Freshwater Biologieal Asseciation: Seience Fubli-
cation No, 23 A Key to the British Species of Plecoptera
(Stoneflies) by H. B. N. Hynes; Science Publication
No. 13: A Kev to British Fresh- and Brackish-water
Gastrapods by 1% T. Mucan; the Royal Entomological
Society: Tramsactions, Volume g1, Part tro: The
Taxonwomy and Feolozv of the Nymplis of British
Plecoptera by H. B. N. Hynes; and various papers on
the Inrvae of British Trichoptera by Dr. M. E. Hickin;
the Essex Field Club: Tramsactions, Volume XXVI,
for diagrams of Aeffus by D, ]. Scourficld; and to
Messrs. Wheldoen and Woesley Lad., for the loan of a
rare continental work on leeches.

The pictorial keys which form the end papers of the
book are adapted from one that illustrated an article
by Mr. L. C. Johnson in the Sehool Seience Revremn,
Volume XXVII, No. 1oz, and 1 am grateful to the
editor of that perindical for permission to adapt the
key for wse here, and to the author, noet merely far
allowing it to be uszed but for sugzesting modilications
to increase its usefulness. Mro Johnson, too, is
responsille for the dichotomous keyvs which form the
appendix to the book, for which readers as well as
myself will be sincerely grateful.

The classification of amimals follows that given in
The Imvertchrata by L. C. Borradaile (Cambridge
University Presz) and I acknowledge my debt o this
and to the other reference works specified in the
Biblicgraphy on pages 123-124 which have been froely
drawn upan in writing this book,

JOHN CLEGG

HASLEMERE, SURREY o
L]

The issue of o new impression has given the oppor-
tunity of bringing the nomenclature of some of the
groups up to dare, and of making a few minor altera-
tions to the text.

J.C.

January, 1961
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* INTRCDUCTION
LIFE IN FRESHWATER

FRESHWATER habitats are within reach of most of
us. Ponds, lakes, streams, ditehes, rivers, reservoirs,
ornamental *lakes™ in city parks, even bird baths and
rainwater butts, all provide fascinauing material to ob-
serve and study.  Each has its characteristic commu-
nity or papulation of plants and animals, in many ways
interde pendent on one another.

The earlicst kinds of plants and animals that
accurred on the carth lived in water, and many millions
of vears elapsed before some kinds became adapted to
live on dry land. Water, as a sphere of life, posscsses
many advantages, particularly for smaller creatures.
Aquatie organisms, for instance, are less likely to meet
that catastrophe which can so easily overtake a living
thing on land—desiceation, or dryving up.

The density of water too, supports delicate and fra-
gile animals and plants and many forms are thus able
to exist in water which would be quite incapable of
living on land where they would have to support thir
own weight,  Many minute kinds of both animals and
plants called collectively plankion (Greek = drifting,
roaming), whith ane o important in the economy of
lakes and ponds, spend their whole existence floating
about in the water.

This property of buovancy, allied to the mohility of
water, enables quite tiny ereatures (and plants) to move
about easily, even with such apparently feeble means
of transport as the cifia, or lashing hairs, and the whip-
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like flagella, with which some of the lower forms of life
are endowed,

On the surface of all water there is a laver called the
sterface-film which acts like a skin, supporting light ob-
jects which are on top of it and also capable of holding
some specially adapted animals, such as gnat larvae,
from its underside.  This junction berween the water
and the atmospheric air is of great importance to many
aquatic animals, particularly those that have to come
to the surface to breathe.

Water iz a poor conductor of heat and also takes a
longer time to warm up or cool down than air.  Gener-
ally speaking, therefore, femperaiure fluctuations are
less viclent in freshwater habitats than on land, which
is an advantage 1o both animals and plants. The
fransparency of water enables light adequate for plant
growth to penctrate all tvpes of freshwater habitat
except the deeper regions of some lakes and rivers,

Cueancat Factons

Pure water would not maintain living organisms for
long, but natural waters are almost always richly
supplied with substances, both gazes and solids, which
have been dissolved in it OF the gases, oxygen and
carbon dioxsde are the two most important, The
former iz obtained partly by being dissolved at the
suMace, where air meets water.  Any violent agitation
af the surface causes more air, and therefore more
oxveen, to be dissolved, which explains why river
water, splashin®; over stones as it mpves along, is much
better oxygenated than the still waters of a pond.
‘Fhus, a8 a rule, aquatic creatures that need a lot of
oxygen for respiration are usually found in rivers.
Oxygen, too, is given out by green plants during the
hours of daylight when the process called photosyn-
thesis is going on, In this process plants take in the
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gas carbon dioxide and, with the aid of water and
sunlight, manulacture the carbohvdrate part of their
food. Oxypen is given off as a waste product, and in
aquatic plants goes into solution in the water to aug-
ment the upply already there. On a brighe, sunny
day in summer, o weedy pond mav in fact contain
more oxygen than can readily be dissolved and ic1s then
zaid to be supersaturated with oxvgen.

Oxypen 1z a necessity for the existence of all living
things, both plant and animal, and where it is scarce,
as for example in black evil-smelling ponds where the
decomposition of decaying matter by bacteria has used
most of it up, other living organisms may be absent
altogether.

Maest of the simpler aquatic animals absorb oxymen
through the whole of their *skin™ by the process of
diffusion, but others have special arens or organs such
a8 gills where this difusion can take place,

Carlon disxide is the gas that is given off by animals
in the process of respiration and as it dissalves fairly
readily in water some of the supply there, which as we
have seen is of importance to the plants in making their
food, comes from the animals.  But it 15 also obtained
from water entering a pond or lake, and a reserve
supply 13 maintained in all matural waters in the form
of chemical substances ealled bicarbonates and ear-
bonates which con give up their carbon dioxide umder
certain CIrcumsiances.

Other chemical substances which are important in
water are nitgates, sulphates, chloride® phosphates of
various metals such as potassium, sodium, magnesium,
calcium and iron, as well as soluble silica compounds.
These are obtained by being dissolved out of the soil
or mud on which the pond or lake is standing; from
the decay of plant and animal remains; or by being
washed into the water from the land, The presence
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or absence of these substances determines to a great
extent the kinds of plants and animals that will be
found in any particular streteh of water.  Thus a poor
supply of caleium salts will usually coincide with a
gearcity or even complete abscnee of vater gnails,
gince these animals need ealeium to build their shell.
Similarly, water plants will generally be more abundant
in waters rich in calcium, as for cxample on chalky
soila.

Tyres oF Frisnwaten HanrraTs

It may be as well o say a few words about the
characteristics of the tvpes of freshwater habitats that
one may cxpect 1o encounter.

Ponds. Ponds are of many kinds but typically are
small bodics of shallow, stagnant water in which rooted
plants can grow cven in the decpest parts. Water
movements are slight and tempertures tend to fluctu-
ate rather widely. The abundance of plants ensure
that during the hours of daylight exygen is plentiful
but at night, with the cessation of photosynthesis and
with the plants themschees taking in their normal
supplies of oxvgen for respiration, the supply of oxygen
may be very low indeed.

The characteristic animals of ponds are those that
livi*on the bottom or among the plants—water bectles,
water bups, dragonfly nymphs, caddis larvae, and the
like,

Streams aftd Rivers. These prowde a habitat
quite different from that of a pond.  The flow of water
prevents the growth of much plant life and necessitates
modifications to the body structure of the animals to
prevent their being earried away, such as the flattening
of some mayfly nymphs.  Oxygen is more abundantand
fl:Tllpl:ﬁthICS are more constant. Stream creatures
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transferred to a still-water aquarium usually die fmrly
quickly because of the higher temperature and lack
of oxvpen in the water.

Rivers, of course, vary greatly in their conditions
throupghou® their course—the swift, torrential waters
of the upper renches, the quicter Howing stretch on the
plain, and the brackish area near the mouth all have
their characteristic fauna and flom,

Lakes. Lakes are wide cxpanses of open water,
with depths oo great for higher plants to grow there.
Exposed as they are to the full force of the wind, wave
action, particularly on the shore, may be an important
feature in determining the type of plants and animals
that live in them.  The lakes of the Lake District and
Wales are typical examples, but the large artificial
reservairs now common in many parts of the country
for town water supplics are true lakes in this sense.
When lakes are on hard rocks, from which very [ew
mineral salts can be dissolved, they have a very sparsc
plant and animal life; whereas on softer rocks, lakes
usually have an abundance of both higher plants and
minute plankton forms, and these in turn enable o
wealth of animals to live in them. ‘The first kind of
lake is called a primitive fake and the second an evolved
fuke.

Aguatic AMiMALS AND PraxTs

In freshwater there are representatives of all the
main groups koth pf plants and anima®.  Some of the
commoner examples of each of these groups will be
described in the pages that follow. It should be
borne in mind, however, that although many, perhaps
most of them, are primarily aquatic organisngs in the
sense that their ancestors have always lived in the
water—there are a few groups containing o large
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number of individuals, that have only taken to the
water late i their evolution. These, o which the
term secondarily aguatic is given, include all the flower-
ing plants, all the aquatic insects, mites, spiders
and some of the water snails.  IF this factsis borme in
mund, it will help sometimes to explam some peculianty
of structure or habit that iz puzzling.

Pictures of most of the specics likely to be en-
countercd are given in the followaing plates but as «
quick guide to the animals that can be scen at the pond-
side with a naked eve or hand lens, the kevs on the
end papers may be helpful,

Natuarally these cannot inelude all the kinds of
creatures that may be found and the simplified
deseriptions ray lead to some [alse trails, but the kevs
should cover most of the commoner groups that waill
QCCur.
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Plate 1
SUBMERGED PLANTS
(See also page 18 of text)

1. Canadian Pondweed, Anacharis (= Eloden) cana-
densie, A plam which was introduced from N.
Amerier about 1540 and quickly became so rampant
us to be a pest.  Although widely distributed it is now
nothing like so abundant as formerly,

3. Water Starwort, Callitviche sp.  Common plants
in ponds, ditches and even in muddy places. "There
are a number of species which are difficult to distin-
guish from one another.

3. Water Milfoil, Myrfoplvllum spicatum.  Fairly
common in ponds, lakes and ditches, preferring cal-
carcous waters. Leaves usually 4 to a whorl, whereas
in M., werticiflatiom they are usually in whorls of 5.

4. Hornwort, Ceratophiyliunt demersum,  In lakes,
ponds and ditches, usually in somewhat shaded places.
The leaves are twice-forked, whereas in the rarer C.
subanersane they are thrice forked.  The inconspicuous
flowers are borne in the axils of the leaf-whorls and
appear in late summer.

5. Water Violet, Hottonia palustris, In ponds and
ditehes but somewhat local in itg distribution.  Flowers
in May and June.

6. Water Crowfoot, Remewculus aguatilis,.  There
are many varicties of this plant and they arc common
in still waters and streams.  The foating leaves, when
present, are lgbed, whereas the submurged leaves are
dissected into hairtlike scgments.  Flowers appear in
May and June.
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WATER PLANTS
CrassFicaTion oF THE Prast Kincoos
Before dealing in more detml with the plants found
in aaquatie habitata it will be as well 1o give a brief out-
line of the way in which plants penerally ste classified,
Four major groups or phyle of the plint kingdom
are recognised, and these are subdivided as follows:

r. Phylum THALLOPHYTA

(i) SCHIZOMYCETES, the bacteria, of which
gome live in freshwater.

(il) ALGAE—mumnly aquatic plants, including the
seaweeds and many freshwater kinds, e
Spiropyra, the Diatoms, Desmids, ere.

(iti) FUNCGl—toadstools, moulds, ete. Some
AGUALIC SPECICS.

2, Phvlum BRYOPHYTA—including the mosses and
liverworts of which a few species live in fresh-
water,

3. Phylum PTERIDOPHYTA (Sometimes called the
Vascular  Cryptogams)—{erns, horsetails  and
club-mosses—a few aquatic specics,

4. Phylum SPERMATOPHYTA—sced plants or
flowering plants.  Many aquatic species.

FLOWERING PLANTS

As the members of the last group—the sced plants
of Nowering plants—are those which the observer will
first encounter in his expeditions, we will start with
descriptions of these, leaving the other groups until later,

¥'he higher water plants do not belong to a single
family; representatives of many diverse families, or
natural orders, are found in and arcund freshwater
and seem to Mave taken to an aquatic habitat inde-
pendently. As is only to be expected under such
circumstances they exhibit varving stapes of adaptation
to their new environment, If the marging of a large
pend, ditch or slow river are examined carefully it will
be apparent that the plnnts are not growing haphaz-
ardly but are arranged in fairly definite zones, co-related

on the whele with depth of water and each forming a
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characteristic community. There 15, 1t is true, @
cermain amount of interminghng but the following
broad types of vepetation may usunlly be observed:
the marsh planis growing in the relatively drier situa-
ton some distance from the water and not normally
subject to ffhading; the stoanp Ih.fr.'.r.'.l':' cither 1 the
water or on the very edge: the species rooted on the
shallow water but with floating leaves; the free-floating
vegetation: and finally the rorally submerged rooted
plants, extending into the decper water as far as the
decreasing light permits,

Submerged Plants (Plate 1). As might be ex-
pected, the last group of plants show the greatest
adaptations. These are the true water plants, or
hydraplvtes, as they are termed. As we take them
from the water we notice how limp and weak their
stemns and leaves are and how pale and translucent.
They are quite unable to support themselves and if we
wiere to examine their structure with a microscope we
should find rhat they lack the woody tissue and tourh
fibres which land plants have to enable them to grow
upwards to obtain hight and air. Hydrophytes are
supported all round by the water and have no need of
such strengthening, which would in any case be a dis-
advantage, preventing them from adapting themselves
to changes of water level or to water movements,

In land plants, the whole water supply required is
usually provided through the roots and taken to all
parts by a system of intercommuniciting tubes. If
we cut a shaot or flower and place the cut end in a vibe
of water it will keep fresh, perhaps for days, because
water can &till be carried to all the parts. In water
plants, however, eqch portion of the *plant absorbs
directly what water it needs and a shoot or leaf re-
moved from the pond wilts very quickly, even if its
end is placed in water. With the water taken in by
aguatic plants a good part of their food material is also
included. In some alkoline or “hard' waters the
plants may have a chalky deposit on their stems and
leaves. This demonstrates that they have obtained

18 (eomtimmed on p, 217



Plate 3
Apove: The Brickponds, Wicken Fen, Cambridge-
shire, showing zonation of the plant life.
Below : Bladderwort { Ditricedaria wi?
large dark objects are winter-buds.

lparis). The three
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Plate 4 J
FLOATING AND FLOATING-LEAVED FLANTS



Plate 4
FLOATING and FLOATING-LEAVED PLANTS
(Nof drrten to seale)
{Sec also page 23 of wext) .

1. Leaser Duckweed, Lewirg wifmor, A very oom-
mon and widely distributed plant on still waters
throughout Britain. The fronds are between 15 and
4 0 mm. in dismeter, flat and each bearing a single roor.

2. Grreat Duckweed, Lewine polyrrhiza.  In ditches
and ponds bur local in distribution.  The fronds are
up to 1o mm. in dismeter, wsually purplish in colour
underneath and each bearing several roots.

3. Water Fern, Adzolla filiculoides.  Introduced from
N, America o5 an agquarian plant, but it has now be-
come naturalised in many places, particularly in the
south.  In autumn the plant turns red.

4. Gibbous Duclkweed, Lemnn gibba. In  sill
waters, but local.  The fronds are slightly larger than
L. mimor, convex on the upper surface and much
swollen below cxcept in winter,

5. Ivy-leaved Duckweed, Lennna trisulea.  Common
in ponds and ditches.  The fronds are submerged.

6. Frogbit, Hydracharss morsut-ranae. Common,
except in the north, Cornwall and Ireland. Flowers
in July and August.

A Water Soldier, Stratiotes aloides. A local plant,
preferring ealcareous waters,  Rises to the surface to
flower nbout July, but at other times fAoats below,
Only the femal® plant normally oecgirs in Britain.

8. White Water-lily, Nymphaea alba. Fairly com-
mon and widely distributed in larger ponds and lakes.

g. Yellow Water-lily, Nuphar Intea. In ponds and
lukes and also in streams and ditches in most parts of
Briain.
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Plate 5
SWAMDP PLANTS (Nat to scale)
(Sce also page 24 of text)

1. Flowerme Rush, Metenses wonbellatus, Found
locally at the marging of rivers, ponds and ditches,
Flowers July and August,

2. Water Plantaim, Alisma plaiteso-aguatica.  Com-
mon and widely distributed at the cdoes of ponds,
ditches and slow rivers.

3. Yellow Flag, fifs prewdacorns, A common plant
in swampy places throughout Britain,

4. Amphibicus Gistort, Polygomue amplibinm.  Al-
thouph normally prowing in the shallows of ponds,
cannls and slow rivers, there is a terrestrial form which
thrives on the drier banks by the water. Common and
widely distributed.

5. Great Reedmace, Typha latifolia, Found at the
margins of ponds, lakes and rivers throughout Britain.
The male (upper) and female (lower) parts of the
inflorescence adjoin each other; in the smaller Lesser
Reedmace (T, angustifolia) there is a space between
the two parts.

6. Branched Bur-recd, Sparganinm rantosiom, Com-
mon and widely distributed at the margins of ponds,
ditches and rivers.

7. Reed, Phragmites comnmons.  Common  agd
widely distributed except in acid or poor habitats,
The plants grow to a height of g ft. and form dense
recd beds. . .



Plate §
SWAMP FLANTS



Plate 6

Above: (left) Branched Bur-reed (Sparganium rameo-
sune}; (right) Unbranched Bur-reed (5. simplex),
Below: Arrowhead (Sagittaria sagittifolia),




some of their requirements of the prs earbon dicxide
from the soluble calcium bicarbonaite in the water, and
the insoluble caleium carbonmte loft has been d'l.'ptll:ﬁiti.'d
on Eh-_' surface of the plant as a limy coating,
. lly submerped  plants have na stomata or
*breathing pores” on their leaves but in those species
such as water-lilies which have floating leaves, thev
are present on the upper surfoce only. To operate
successfully the stomata must not get cholied with
water and in such plants the upper surface of the leaf
may be waxy so that water collects in globules and
soon rolls off,

Maost of the true water plants are perennials and the
problem of viding over the winter has been solved in a
number of different ways. Some such as Water Star-
wort and Warer Soeldicr merely sink to the warmer
water at the bottem of the pond and remain there until
spring. A pumber, which include Froghit, Water
Milfoil and Bladderwort, produce in the autumn
specin] tightly-packed buds, filled with food material.
When the parent plant decays these turions, or
“winter buds,” break looze and sink o the mud. In
spring some of the food material is used up and the
turions float to the surfice to give rise to new plants.
SWater-lilics and the Pondweeds {Potamogeton) store up
rezerve food material in swollen stems or rhizomes
buried in the mud, From these, new shoots arise in
spring.

¢O0ne of the best known of the totally submerged
plants is Canadian Waterweed (Awacharis (= Elodea)
camadensit). It is really a North American plant but
in the hundregl years or so since it was introduced here
it has established itself in most parts’ of Britain. It
illustrates in a striking manner a feature common in
hydrophytes: that multiplication by vegetative means
is more common than by the setting of seed. For
mMAny years only the female plant was known in Britain
and its rapid spread, new happily checked, was due to
the ense with which small fragments, broken off the
brittle stems, grew into mew plants. The minute
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lilac Aowers, which are vsually overlooked, are borne
on extremely long and slender stalks,

OF the Water Milfoils the commonest species are
Myrropfiethion spicafion and M. eerticillatem.  Their
long stems bear large numbers of dissected leaves
bormne in whorls and terminate in a short spike of small
flowers, the male and female parts being bome in
sepamte Howers, although both kinds of Howers are
found on the same plant, In M. verticiliatum the
flower-spikes are long, and the fowers are in axillary
whorls; in M. spicatum the fowers are in a leafless
spike.

Hormwort (Ceratoplyiium desrersum) is one of the
muost completely adapted of all our plants to aguatic
life as it flowers and pollinates under water, The
male and female flowers, which are separate although
borne on the same plant, prow inconspicuously in the
axils of the leaves. Although at times pale shoots
called rhizoids are developed which anchor the plant
in the mud, this plant has no true roots and often
floats freely, but ercct, in the water. The related
. subwrersion has lighter-coloured leaves which are
thrice-forked, whereas in the previous species they ane
only once or twice-forked.

The Water Starworts (Callitriche) are plants in which
it is difficult o identify the individual species as such
differences as there are, appear mainly in the fruis.
Their bright green  foliage with . the  star-shaped
terminal rosette of leaves from which their name is
derived is to be seen in all waters, even in cart-ruts and
similur unpromising situations. o

The lovely lilac flowers of Water Violet (Hottorre
palustrisy are to be sought appearing above the surfacd
of still ditches %nd Jdrainage dykes. The dissected
leaves are much broader than those of both Hornwort
ar the Milfoils with which this plant 15 somctimes con-
fused by the uninitiated.

T'he Water Crowfoots ( Ranunculis spp.) which make
such a brave show with their white starry flowers on
ponds and ditches in spring, comprise a number of .
species which are also difficult o identify. The
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underwater leaves are divided into narrow sepments
but some of the species produce also flat, lobed,
floating leaves, The pretty white blossoms with
centres of vellow stamens nse sbove the water, bun
alter flowering the stalk curves downwagds and the
frunt is ripencd below the surface,

Floating Plants, We have scen that in somwe
hvdrophytes, as for example, Hornwore, the *roots™
serve as an anchor rather than @ source of nutrition.
Certain specics, frequenters of still warers, do not
anchor themselves avall but float freely in the water.

The Bladderwarts {Usercularie), one of our three
groups of carnivorous plants, have dispensed with
roots and their long stems float honizontally in the
water,  The leaves are divided into hair-like segments
on which are borne bladder-hike traps that catch and
digest the prey.

The Duckweeds, of which four of our mative five
species are illustrated on Plate 4, Aoat at the surface
with their roots hunging down into the water.  “'hey
seem to grow best where there 15 a fairrly high content
of organic matter in the water.

The true hydrophytes merge -imperceptibly  into
plants which possess floating leaves, the upper surface
of which is in contact with the air, and through which
gaseous interchanpe con take place. Compared with
the submerpged ones these leaves are usually tough, 1o
withstand the effects of wind and rain, and as we have
seen, they are able to repel water to prevent their
getting wirerlogeed.

‘The Frogbat (Hydrocharts morsus-ranae) often covers
the surfnce of ponds and ditches with its clusters of
heart-shaped legves and delicate white flowers,  From
its long runners, growing off in @l directions, new
plants arise so that in a short time a solid mat is
formed.

Water Soldier (Stratiores aloides) too, once estab-
lished soon chokes a streteh of water.  All the plants
in Britain are female so no seed is set, and the prolific
growth is due to the development of new plants at the
end of runners. Water Soldier rises to the surface
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about June, to Hower, but at other times floats deeper
in the water.

The group of rooted plants with fleating leaves in-
elude our two most lwely water plants, the yellow and
white water-lilics  Resembling a water-hly, but not
pelated to them, is an attractive plant of local distri-
bution, the Fringed Water-lily I:,\'I1-1.-r"!l.-.-1'|fri Deltatum).
Its roundish leaves and its vellow fowers with fringed
petals make it an attractive plant for a small garden
poil.

The Pondweeds (Potmnoeeton) are a large farmly
and muny members are difficult to itll'ﬂti[}'. particu-
larly as some of them hybridise.  Perhaps the com-
monest 18 the Floating Pondweed (Pofamogefon
matans) whose large oval floating leaves form such a
blanket on some ponds.  Finally, Amphibious Persi-
caria  (Polygounm  amphibine)  although  apparently
equally at home on land, is a frequent member of this
community.

Swamp Planis. Forming a link between the last
group and those that belong to what is usually known
as the reedswamp community, i the Bop Bean
{Menyanthes trifoliala) the floating rhizomes of which
grow out from the bank, sometimes forming a thick
mat. The threc-lobed leaves and the upright raceme
of white flowers tinged with pink, make it an attractive
plant in spring before many of the other marginal
plants are in evidence. The typical members of the
recd swamp community, however, are tall, narrow-
leaved plants, offering little resistance to the water and
in consequence less likely to be damaged by flonls.
Their height ensures that changes of water level will
not seriously interfere with their photosynthesis and
their tough filtres and hollow structure cnable them
1o stand up to severe buffeting by wind without break-
M.

Such a plant is the Common Reed (Plragmites
commneenis) which frequently forms dense reed beds
around the margins of large bodics of water, It is
characteristic of such members of the reedswamp
community that if undisturbed by man they have a
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tendency to encronch on the water area and in time
they may even convert quite large sheets of water into
marshes.  Mest of them send out creeping rhizomes
from which new plants arise at intervals and it is a
common sight to sec rows of young recds or reedmace
plunts advancing right out into the middle of a lake or
larpe pond.  “Their lower parts limit water movements
and cncousage the sccumulation of silt, while their
desth and decay In sutumn continues the process.
Their-remains pile up vear after vear and 5o raise the
levei of the ground.

Three plants which hove somewhat similar tall
strap-shaped leaves arc the Yellow Flag (fris pscuda-
coris), Swiet Plag (Acorns calamus) and Branched
Bur-recd (Sparganinm ramosum).. They are not re-
Iated, however, and can be distinguished even when
not in fower by the leaves. Those of the Bur-reed
arc shorter and narrower than the others and three-
sided at the base. The leaves of Sweet Flag are of a
lighter green than those of Yellow Flag, erinkled at the
edpe and give off o delightiul aromatic adour when
bruised ; for this reason they were formerly strewn
over the floors of churches and castles,

The Greater Reedmace (Typha latifolia), often
wrongly called the * Bulrush™ is a familiar and hand-
some member of the reed-swamp community.  Tis
great flower-stems, up to ten feet high, bear at their
ends the evlindrical mass of female flowers, and above
them, without any space between, a similar mass of
male flowers, The smaller T. angustifolia has a gap

tween the male and the female Howers. Adrer
fertilisation has taken ploce there may be some 250,000
secds on a 31';1;:!2 head of average size of the larger
gpecica. W

The true Bulrush (Scirpus lacustris) is o sedpe,  Dis
tall, round, smooth stems may rise to o height of some
six or cight fect, and its grass-like fowers are borne on
short tassel-like spikes,

The beaatiful Flowering Rush (Butomnes wmbelfatu)
s one of our loveliest waterside plants.  The umbel
of pretty rose-pink blossoms is carried at the top of
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u long scape, or stalk, about three feet high,  The name
15 unfortunate for the plant 15 not related to the
rushes.

The erect arrow-shaped lesves from which the
Arrowhead (Saeittaria samittifelia) gets its name, are
decorative additions to this zone; but the plant can
alsa have long strap-shaped leaves under water, and
oval floating leaves. To the same family belongs the
Great Water Plantain  (Altona  plantapo-aguatica) o
common plant with broad leaves, tapering to a point
at the top, ond a large, much-branched compound

anicle of small white flowers.  Finally the lovely
glarsh Marigeld (Caftha palistris) brings a touch of
sunshine when its gay vellow sepals mirror themselves
in the water in early spring.

The Marsh Plants.  Away from the water's edpe
is a wealth of 1all and beoutiful plants, characterised by
lush growth, often large leaves (since loss of mostun:
by transpiration 1% no problem in such damp surround-
ings), and 4 spongy structure with many hollow cavities
in which can be stored air to make up for a possible
lack of it in the wet soil.  Here may be found the Great
Water Diock (Rumex fyvdrolaparienn) rising fve or six
feet hagh, with flat leaves often a vard in length; the
Great Willow-Herly, or Codlins-and-Cream {Eprlobium
htrsutum) with its rose coloured flowers; Purple Loose-
strife (Lythrion salfcaria); Meadow Swect (Filipendula
wlmaria) ond many more cqually delightful species
forming o fringe o the pond or stream.

Plants in a River. 'The amount of plant life 1
running water varics considerably with the type iﬂ'
river and the rate or flow at 2ny particular place,  In
rapid streams such as those in the north pod west, the
current is too gleat éo permit smaller particles of silt
to accumulate and thus the river bed is too stony to
allow rooted plants to establish themselves,

The gentler rivers of the south, on the contrary,
often have considerable silted regions, and pnrticula:riv
on the chalk streams, plant growth may be so abundant
that weed-cutting becomes a necessary and frequents
operation to prevent the flow being choked., The
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presence of fairly lorge amounts of calcium in the
water (u condition, incidentally, which is not restricted
to chalk streams), and also of organic silt in moder-
LON Encourmpes plant growth, but too much organic
matter—as for ipstance, in a river polluted with in-
dustrinl waste oF untreated sewage—may have the
opposite eflect with serious repercussions on the animal
life.

Light, tao, is an important factor in influencing the
growth of plants in a river.  Even clear water absorbs
a certain amount of light passing theough it and where
the water is cloudy, 25 it s in some lowland rivers,
there may be no plants on the river bed ar all,

As in still waters, the plants in a river trap silt around
their lower parts, and if allowed to grow in abundance
this may ramse the level of the river bed, or even form
islinds.  Conditions are formed in these silted regions
for the establishment of 4 distinet community of plants
which might include Water Starwort, Canadian Water-
weed, various-leaved Pondweed (Potamogeton feters-
pliviiug) and even the Yellow Water lily,

In the swifter regions of a lowland river whiere
silting has not taken place, plants with strong stems
and deep roots able to withstand the strain of the
current pulling in one direction, such as Water Butter-
cups, the Water Celeries (Apium noedifforim and St
erectum), River Dropwort (Oemanthe fhwriaeilisy and
Water Moss (Fentinalis antipyretica) will be found,
On the really rapid or torrential streams, the only
visible plants are mosses which are securely anchored
to #he stones, such as Water Moss and Furlivnehivem
rusciforme,  Nevertheless these are important in pro-
viding shu]rcr_ for characteristic groups of small
animals. s "

For one of the most important features of plants in
any aquatic habitat is as a shelter for the animals—
shelter from enemics, from light and, in a river, from
the ceaseless current. Other valuable features of
plants are, of course, as food for the herbivorous
ammals, supports in which egps ean be laid and
acrators of the water,
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THE FLOWERLESS PLANTS

The members of the first three groups of the plant
kingdorm mentioned on-page 19—THALLOPHYTA
(Bacteris, Almae and Fungi), BRYOPH YA (Mosses
and Liverdorts) and PTERIDOPHYTA (Ferns,
Horsetails and Club-mosses) include o vast aszemblage
of plunts and in this book there will be space to
mention onrly a very few of those which will be most
commaonly encountercd.

BactiEria anp Funect

These are Mature's grest sgencics for bringing about
the decay and decomposition of dead plant and animal
raaterial bath on land and in water.  Without them
the world would be r1i|1.-1] up with dead baodies.
Lacking chlorophvll, the green colouring matter with
which green plants manufacture their food muaterals
from the inorganic substances carbon dioxide and
watter, the bacteria and fungt must get their sustenance
ready made either from dead animals or plants (when
they are termed sapropfhyiie) or from live ones (when
they are parasitic).  "They break down organic material
by the use of active ferments or enzvmes. 5

The bacteria found naturally in freshwater are, in
reneral, beneficial, and by h'r::ilitii'lj: down the complex
organic materials in the remainsg of dead animals and
plants into simpler chemical substances which can be
used apnin by plants, they help to keep the food supply
in circulation. "

Some of the fungi, however, are not so beneficial,
Water-moulds such as Saprolegnia, for example, attack
living fishes, gntering the skin where dhere has been
gome slight wound or loss of scales, to produce the
white fluffy fungus growth familiar to those who have
kept goldfish in parden pools.  The moulds alao att ck
fish ¢grs when they are incubating, while others ire
parasitic on plants, including dintoms and other alg w,
and may sometimes be important in controlling thiir
Increase.

Both bacteria and fungi reproduce by means of

{eontimed on p. 31)



Plate 7

Above: Water Moss (Fontinalis antipyretica),
Below : Quillwort (fseetes lacustris).



Plate 8
SOME COMMON MARSI PLANTS
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Plawe 8

SOME COMMON MARSH PLANTS
(Nat draen to seale)
(Sce also page =6 of texy) .

1, Great Hairy Willow-herb or Codlins and Cream,
Epilebiiom hiviwetune.  Commaon in most parts of Britain
on the banks of stresms and ponds and in marshy
places menerally: It grows to a height of 3-4 fu.;
lowers in July and August,

2. Meadow-Sweet, Filipendula ulinaria. An abun-
dant plant in damp situations throughout the Hritish
Isles:  Height about 2 i1, ; Nowers June to September.

3. Marsh Marigold, or Kingeup, Caltha palusiris,
Commaon throughouat Brituin except the Channel Isles.
Height up to 11 ft.  The Hewers which occur in early
spring have no petals; it is the sepals alone which
mitke up the flower, changing from green through
vellow to a beputitul rich golden colour as they develop.

4. Bur-Marigold, Bidens cernuns,  Common in some
places along ditch and pond marging.  Flowers July
and August. The two-spined achenes or * fruits™
aften attach themsclves to stockings or trouser leps.
Height about 1 fi. X

5. Great Marsh Sedge, Carex siparia.  Well dis-
tributed throughout southern England and the Mad-
langls but rarer further north.  Flowers in May and
June, Height about 2 ft. 6 in.

6. Soft Rush, Funens effusns, Very common
throughout Britain,  Flowers June o Avgust,  Height
abRut 2 ft. 6 in.

Purple Looszestrife, Lythrum salicaria.  Fairly
mon and often locally abundant. Flowers June
toghugust.  Fleight about 2 ft.
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Plate g
BLUE-GREEN ALGAE
(See also page 32 of text)

1. Nostoc.s (a) natural size. (b) = 200, Sixteen
specics of Nostoe are known to occur in Britain, some
of them terrestrinl,.  They occur as jellv-like masses,
some attached to stones or among mosses 1n streams,
others Hoating freely n the water.

2. Awabaena ¥ 2o, Closely related to Nosfore, but
vsually found without a pelntinous sheath snd the
filements are more rigid and less contorted.  Com-
maonly found in lakes and ponds. 12 species.

3. Rividuria (a) natural size on o reed stem.  (h)

< 450. Four species, some being found attached to
stones In mountain streams while B, sedsuinla occurs as
roundizsh masses on plant stems (3a).

4. Coslosphaerium % 350. A common genus in the
plankton of lakes and large ponds. 4 specics.

5. Spirulina % goo. The Klaments of this genus
are slender and twisted into a spiral. 3 species, one of
which is common in still waters,

6. Microcystis = 450. This penus occurs in ir-
regular shaped pelatinous masses in which the cells
are closely packed. ‘The colour wvaries from bluc-
green to rosc-purple. 12 specics,

=, Dscillatorfa = o0. Twenty Brntish species, i‘)l’
which some occur as floating masses, often mixed with
mud particles, on the surface of ponds and ditches. »
.
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Plate g
BLUE-GREEM ALGAE
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Plate 10
BLUE=-GHREEN ALGAE

Above: Filaments of Anabaena (% 500 approx.).
Below : Gloeatrichia ( % 50 approx.) a common form in
the plankton of lakes.



b

spores, which are exceedingly munute and are produced
in immense numbers,  They spread by wind or water
currents and so are present vies _\.'-.'L'|14_-ru, n'.'|d1_.' [ £0] gi\'c
rise to new plants when comMgigns are suitable,

Lake all living things, bacre and fungi consume
oxvgen and thus in waters or thud comtaining much
decaving material, this pos may e very scarce or even
abzent through their activitics. KSome bacteria, how-
ever, hive without free oxveen, olltaining their supply
fromm the breakdown of other sulftances.




ALGAE

The most familie exgmple of an alga is the
preen powdery growde#n tree trunks and wooden
posts, consisting of Fnmense numbers of the cells
of Pleurococens.  Ngst algae, however, are aquatic
plants, the great mfjority living in the sea, where
the larger species fre known to us as seaweeds.
There are neverthess a bewildering number in
freshwater, ranging from microscopic single-
celled species, to the stoneworts, comparable in
size and form to the higher plants, Some kinds
have special reproductive cells or organs, while in
others the same cells may fulfil both reproductive
and vegetative functions.

All algae contain the green pigment chlorophyll
and carry out the processes of nutrition in a similar
way to higher water plants. This does not mean
to say, however, that they are all of a uniform
green colour for in some groups the pigment is
masked by other pigments so that it is possible to
classify algae into various classes based on their
colour differences, which are correlated also with

other important differences in development an

life historv. [See page 35.)

Blue-Green Algae (Plate 9).  The blue-gr
are the simp]est forms and have a gdistinctive
structure with nd organised nucleus and no chl
plasts, (or specialised pigment bodies), the co
being diffused over the cells. They occu
gelatinous masses, in filaments, or as single
and often become sufficiently abundant in
summer a3 to form a scum, or " water-bloom ™ on

1z {continued on p, 36)




Plate 11

Desmids: Above: Micrasterias.
Below: Clasterinn.



Plate 12
LARGER AlLGABE



wernrianr (@) Natural size,
ound attached to stoncs
in ponds,

lament with dwarf male
i still warters.,  About

1. Frog Spawn Alg
) 6. One of the red @
in runnine v

2. Dedoronrun =
artnche Found in fot
40 &

peCics.
3. Ulathiriz » 2500 Com

ponds and  ditches,
wright preen masses, spociea.

4. Chactaphora (a) = 4, (b) : > May occur with o
gelatinous branched plant body as illustruted, or in globubar
green masses eninch or more in dimeter, usually in running
water.

5. Draparnaldie = 25. Occurs as long pale green gela-
tinous Alaments in elear waters, 2 species.

6. Vawclerin * go.  Showing reproductive organs, lefe:
antheridium  (male); nght: cogomum  (female).  Forms
dense mats of compacted Rlaments in water or on damp

ground.

a. Clodophore (@) x 4, () % 40. 3 specics, one of
whach i3 free-floating in sull waters, and two grow attached
tor sbOncs.

8. Mowpeotio ¥ 250, Filteen species, some of which

are very abundant in lakes, ponds and ditches.
g, Zygneima #1590, About 12 species. Common in
ponds and ditches.
1o, Water-net  Hydradicivon (a) = 4, (8) x 25. Cells
forming a frec-Aoating beg-like network up to 20 cm. long.
11, Spiropyra < o250, Occur-as green Heating masses 1
nds and ditches.  Slimy to the touch. 25 species.
12. Tribowema % 450, Common, particulacly in shady
5. 0 species,
Rotrvdinm (a) MNaturnl size, (8) = 10. Occurs on
g mud. I species.
Stonewory Chara vulgaris (a) MNatural size, (b) repro-
tive bodies % 10, ooponium (ghov®), antheridium
low )
5. Stonewort, Nitella flexalis {a) ® &, (B} reproductive
bodies = 1o, Anthenidium (above), oogonium (below).
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Note 13
LGAE and FLAGELLATES

[=H

SHALLER GREEN

1. Cllawydamonas Usually found in ponds
and ditchess 20 speclfs.

2. Pamndoring » 25
buted in ponds and

3. Eudoring ¥ 25

Common and widely distri-
tches.

Cecurs in the plankton of
Iakes, as well oz infsmaller bodies of water, being
particularly abundanl in autummn.

4. Scenedesmns % so0. Common in the plankron
of still waters. 12 species.

5. Folvox % 1oo. Onec of the most beautiful
microscopic objects in freshwater. The colony con-
sists of a hollow sphere in which developing daughter-
colonies may usually be seen. 3 species of which X
slobator 15 the largest.

6. Microspora = 250.  Widely distributed  and
found usually in ponds, small stagnant pools, and
drinking troughs.

=. Peiastrum % gsoo. DMost commonly found in
ponds and ditches among water plants, but sometimes
members of this pgenus occur in the plankton. 8
SpeCics,

B, Ceratium ¥ 150. A common constituent of the
plankton of lukes and other large stretches of water.

0. Dinobryon = 750 and single lorica * 1,00
Another common constituent of the plankton of lajes.

1o, Eurfenma 3 goo. Abundant in small bodiedqgof
water particularly farmyard pools and sthers simili§ly
rich in orpanic matter, when they may form a grfen
scum on the surface of the water. At least 5 species
are known.
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Plate 13
REEN ALGAE AND FLAGELLATES

SMALLER €



Folvox aurens.
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THE CLASSIFICATION OF
CLASS
-
MYXOPHYCEAE Blue-green Algae
RHODOPHVYCEAE Red Algae (mostly
= marine)
PHAEOQOPHYCEAE Brown Algac (mostly

marine)
BACILLAROPHYCEAE  Diatoms
XANTHOPHYCEAE Yellow-green Algae
CHLOROPH YCEAE Green Algae

ALGAE
FRESHWATER
EXAMPLES
Nostae, Anabaena

Batrachospermum

Astertonella, Tabellaria
Tribonema, Bolrydium

Spirogyra, Desmids,
Folvox



the surface obthe lakds or ponds,  Coelesphacrinm,
Microcystis, Aphanidomenon and Anabaena are
among the penera ‘;E“"G‘- cause these * water-
blooms.” .
Green Algae.

"his iz the largest group of
freshwater algae ang includes very diverse plants
showing varving défzrees of complexity of strue-
ture. Many are simple, single cells; some arc
groups of cells sometimes with a gelatinous cover-
ing: others are in the form of hollow spheres, flar
plates, of Alaments of cells joined end toend.  The
filaments may be branched or unbranched and in
one group, the so-called siphon algae, resemble
long open tubes.

The genus Chlorella is an example of the single-
relled type, Occasionally it is present in a pond
in such numbers as to colour the water green. Its
great intercst to the biologist, however, is that
some of the species live in the bodies of various
aquatic animals such as the freshwater sponges,
the green Hydra and the single-celled animal
Stentor, imparting to them a green colour. It s
believed that both parties to this symbiotic party
nership benefit, the alga obtaining carbon dioxide
and perhaps other waste products from its hist,
and the latter, a richer supply of oxygen from #he
photosynthetfe astivity of the alga. ®

Desmids (Plate 16) are single-celled green algae;
some are {ree-floating and others are found at-
tached to larger plants. There are very many
kinds and they are particularly common in ponds
on peaty soil. They multiply asexually by the
cell dividing at the part where it narrows, but
36
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occasionally there 15 a sexunl conjugation where
two cells merge and their contents unite to form
a zypospore, usually globular in shape and bearing
spines; from this one or more new degmids arise.

Felfvox, three species of gvhich are found in
Britain, iz one example of an algae colony m the
form of a hollow sphere. Thz individual units of
the colony each bear two whip-like Aagellag, the
constant  beating of which propels the colony
through the water. Inside the sphere, daughter
eolonies are usually visible which eventually break
free. Volvox is notoriously ermatic in its occur-
rence; some years it will be so abundant in a pond
as to make the water green, whereas in other vears
no trace of it ean be found.

The unbranched filamentous species are perhaps
the best known freshwater alpae, as some of them,
such as Spirogyra, Zyveaema and Mongeotia, form
large Aoating masses in the water which are readily
seen by the most casual observer.

Branched filaments are found in Cladaphora,
Chactaphora and Draparnaldia, and also in the two

ssiphon-algae Fancheria and Botrydivnm.

Stoneworts. These much larger and more
complex plants are sometimes included in the
gieen algae, but mainly because of their highly
specialised reproduction, some mmhorities con-
sider that they merit a separate division of the
plant kingdom—Charopliyta. There are over 3o
species in Britain and they are classified into two
main groups : the Nitelleae, the members of which
fave forked branchlets, and the Chareae with un-
forked branchlets, The name Stonewort refers

a7 (comtinued on p. 40)



Plate 15
DIATOMS

1. Naviewla % 175, The many species of ths
large penus are widely distnbuted and particularly
abundant in"h-nu preols, S0 species.

2. Melotira = 3zo. " Usually found in long fila-
ments and abundant in ponds, ditches and slow
moving rivers. 8 specics.

3. Meridion % 4oo. The mdividual frustules are
united to form fan-shaped or spiral filaments, fAoating
freely in stognant water. 1 species,

4. Tabelluria « 200. Forms zig-zag filaments at-
tached to plants. 2 species.

§. Datoma 2 150, Also forms zig-zag filaments;
common in srill waters, 4 species.

6. Fragilariz + zoo. The rectangular frustules are
joined together into long nibbons. Commoen and
widely distributed, 5 species.

7. Asterionella % 200. The frustules arc usually
joined by their bases to form star-shaped colonies,
Very abundane in lakes, ponds and ditches, 2 species,

8. Coceonefs on a plant stem ¥ 2e0. Common,
attached to water plants, including filamentous algae,
2 specics,

g. Surirella = 350. Common in the plankion of
lakes. 8 specics.

10. Fumoria » soo. Found sometimes in chains,
but alzo solitary or attached in clusters to algae.

11, Synedra * goo. A very common genus and
widely distributed. 1o species.

12. Gomplonena % 150, Often attached by muci-
lage stalks to plants or other supports. Common and
widely distribufed. » 14 specics.

13. Cyelotella % 750. Widely distributed and often
abundant in the plankton of lakes. 6 species.

14, Cymbella % 350. Found either free or attached
by stalks ro various supporis, including wet rocks, on
which they may form a light brown seum. 15 species,

18
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DIATOMS



Plate 16
DESMIDS



Plate 16
DESMIDS
(See also page 16 of text)

1. Spirotaenia ¥ 250. A somewhat * uncommon
desmid found mainly in peat-begs, 14 species.

2. Euastrum # 250, Some of the 44 species of
this pepus are widely distributed, sometimes being
found among Splagmme.

3. Pemim % 200, 16 species.

4. Cosmarfom ¥ 230, A very large genus with
about 256 British species.  Some are found in ponds
and ditches, but the majority occur in bog pools.

5. Cylindrocystes % 250, Qccurs in peat pools and
often among Sphagnum. 5 species.

6. Stawrastrinn % 230,  This is another large penus
with about 160 species in Britain,  Most occur in the
mountainous parts of the country, and some are found
in the plankton of lakes.

=, Closterium » zzo. Probably the best-known
genus of desmid with a charcteristic curved cell.
62 species, some of which arc commeon in ponds.

8, Micrasterias » zo0. Some of the largest des-
mids belong to this genus, The cells are tvpically
almost circular or broadly clliptical in shape. 16
specics, mainly found in bog pools.

q. Desmidune % 250, The cells of this penus are
joined together to form filaments. 8 species, none

common.
- -
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to the brittle nature of the plants and the frequent
presence of a limy coating on the surface of them.

Diatoms (Plate 15). These exquisitely beauti-
ful single-celled plints are very numerous in all
waters.  Unlike othgr plants the cell-wall is com-
posed largely of the hard, flinty material, silica,
and its surfaces are sculptured with fine lines, pits
ar pruju.:ljuﬂs,. In living diatoms the full beauty
of these markings is somewhat obscured but with
suitable preparation they can be appreciated to the
full under a medium power of the microscope.

Some dintoms are free Aoating, either singly or
in oroups and form a most important part of the
plankton of lakes; others arc attached to plants or
stones and, as a brownish slimy coating, may be
observed with the naked eve.

The individual diatom can be likened to a
minute glass box with a deep lid, similar in con-
struction to a-pill-box or date-box. The top and
bottom of the box are called the valves and the
sides the girdle, and some care is needed in
examining diatoms under the microscope to as-
certain which part is under observation, as natur-
ally the appearanee will vary greatly in each case.
Reproduction is effected by the two parts of the
box separating and cach then growing the missing
portion, but scegsionally two inditiduals merge
together to produce an auxospore which develops
into a new diatom,

Mosses, LIVERWORTS AND FERNS

The remaining groups of Aowerless plants ame
not well represented in freshwater.
40



.

Of the mosses, the most abundant are the vari-
ous specics of Bog Moss (Sphagmm) which oecur
in soft masses at the marging of some ponds and
streams, and indeed in the water jtself. The
vust deposits of peat which oceur in some parts
of the country are formed largely from the
decaved remaing of immense accumulations of bog
maoszes,  The plants are very absorbent of water
owing to the presence of cells empty of protoplasm
Letween the normal cells making: up their struc-
ture these serve merely for absorption and storage
of moisture. Thus, even when the pool around

which the mosses are growing dries up, the soft
carpet of vegetation at the margin may still be
bogoy,

Several species of mosses are found encrusting
stones in rapid streams or at the edges of water-
falls and as they are the only form of vepetation in
such situations they pravide shelters for a special-
isedd community of protozoa, rotifers and insects.
Water Feather Moss (Ewrfoonchium rusciforme) is
one of the largest and showiest of these and it 15
common on rocks and banks besides streams and
waterfalls.

OF the liverworts, the Great Seented Liverwort
(Conoceplialim conicim), so called because when
bruised it gves off a pleasant swell, is widely
distributed on wet rocks and walls at the margms
of streams,  Other liverworts represented in such
situations are species of Lunwlaria, Marchanlio and
Pellia.

* Floating Crystalwort (Riccia fluitans), a liver-
wort, is usually found floating just below the
41 (eomtinued on p. 44)



Plate 137
SPONGES AND HYDRAS
{Phyla: PORIFERA and COELENTERATA)
(Sec also pages 56 and 57 of text)

1. Cordylophora lacitstris » 10. A brackish water
species which has now cstablished itself in some niver
estuaries and on the Norfolk Broads.

2. Green Hydra, Chiorefivdra tvividissima % 4. A
very commaon species but one easily overlooked because
of its colour resemblance to the plants to which it
attaches itsell. Body eslumn when extended about
+ in. Tentacles short and never as long as the body,

3. Slender Hyvdra, Mydra attenuata = H. vulgari
% 4. The smallest species, the body column rarely
excecding 4 in. when extended, and having no * stalk ™
at the base. Tentacles never more than two or three
times the length of the body.

4. Brown Hydra, Hydrae sligactis (2 4) with a bud
and reproductive bodies showing as swellings on the
body tube. Recopnised by the slender stalk or ' foot™
at the basze of the body column. Lenpth of body
column 4 in. or more and tentacles three or four times
this length.

5, Pond Sponge, Sporgilla lacustrss, showing the
charactenstic finger-like growth of a mature colony
(3 4

6. Spicules of Pond Sponge. The presence of
small ** wml!y-l:lear * type of spicules ampng the larger
plain ones, serves toridentify the species of this sponge.

7. Larva of Sponge-fly, Sisyra sp. (% 24) an internal
parasite of sponges (see p. So).

B. River Sponge, Epfiydatie Muviatilis (% 1), en-
crusting a stone,

-
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Plate 18
SINGLE-CELLED ANIMALS—:
{Sub-kinpdom : PROTCEOA)

(See also page 49 of text) =

1. Colprditem % 350, A very tommon ciliate which
15 one of the first orpanisms to appear tn hay infusions,

2. Amocba % 100, Oceurs most frequently on the
mud surfaces or in the decaying matter on the bottom
of ponds.  If some of this material 15 left to stand ina
tube of water, the Amocbae, il present, will be visible
after a few hours on the glass sides of the tube:

3. Loxodes ® 250,  COkccurs in infusions which have
been allowed to stand for some time.

4. Dursurin % 50, PFound most commonly in still
pools, particularly where there are rotting becch leaves.

5. Paramecinm % 250. Occurs naturally, though
wsually sparsely ameng decaving vegetation, but is
casily cultured from hay infusions.

6. Actinophrys % 500, Among  water plants in
ponds. Actimasphaerinnt 15 sionlar in appearmnce but
ten times larger (up to 1 mm. oin doameter) and has o
distinct annulus, or ning, all round the circumference
of the body,

=, Cofeps = sea, Among the decaving vepetation
at the marging of stll waters. It swims rupidly,
tumning over and over as it goes.

8. Sprrostermion % 30.  In shallow pools often con-
prepating in whitish masses on deeaying leaves,  Con-
tracts to about a quarter its normal length when
disturbed.

g, Difffugie ¢ 100. Shell made of, sand  grins,
Among the mud of ponds and sphafnum bogs.

10. Stylonchia = 3o0. Among decaying vegetation
und in old hay infusions,

11. Chifodon = 200, Among decaving vegetation
in shady pools, Often green in colour.,

s12. Arcefla % 330. Among plants or on the mud

in ponds
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surfnce of ponds and ditches, but it can also grow
on wet mud, It is, in fact, when growing under
the latter conditions that the plant iz most likely to
fruit. The form differs somewhat in the two
different habitats; ywhen Honting, the plant is
slender and green all over and possesses no
rhizoids, or root-like growths. When growing on
wet mud, on the other hand, the plant is thicker,
usually has a violet tinge and develops rhizoids.

Quillwort ([soeres lacustris), Pillwort (Pilnlaria
globulifera), Water Fern or Fairy Moss (Azolla
filiculaides) and the Water Horsetail (Equesetumt
fluaatile) are the only aquatic representatives of
the fern-like plants (PTERIDOPHYTA) in this
country.

Ouillwort grows submerged in lakes and tarns
of Northern Britain, the water of which is poor in
dissolved salts. It is a relic of an ancient group of
plants which was abundant in earlier geological
times. The quill-shaped leaves, from which the
plant gets its name, twelve to twenty in number
and about six inches long, all spring direct from
the base of the plant in a rosette,

Pillwort grows at the margins of lakes and bog
pools either submerged in the shallow water or on
the damp ground nearby, Although widely dis-
tributed and”not uncommon it is®usually over-
looked and is, no doubt, often passed over as a
grass. The leaves, which are about three inches
long, arise from a creeping threadlike rootstock on
which, and at the basc of the leaves, are the
“pills"—the spore-containing bodies callel,
properly, sporocarps, from which the plant derives

b




is mame, They are spherical bodies, brown in
eolour, covered with hairs and about the size of a
peppercorn. They are found from June to
August. a

Azolla filienloides, a native, of South America,
has been naturalised in many parts of southemn
England. It is a floating plant with very attrae-
tive, decply-lobed leaves or fronds, bome on
much-branched stems. The leaves are green in
summer but towards autumn they develop rich
reddish tints. A blue-green alga Anabaena lives
in cavities in the leaves,

Another species of Azella, A. carolinmiana, a
native of western America, has also been intro-
duced into Britain and the two species have prob-
ably often been confused. A. carofiniana is a
much smaller plant with less dense branching. It
lies flat on the surface of the water whereas 4.
filiculoides tends to grow in tufts which often pro-
trude from the water surface. The roots of .
caroliniana are neither a8 numerous nor as con-
spicuous as in the larger species, A, filiculoides is
said to fruit readily in Europe.
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Plate 19
SINGLE-CELLED ANIMALS—2
{Sub-kinpdom : PROTOZ0OA)

s (See also page 49 of text)

1. Forticelfa 3 507 *Bell animals.” Very com-
mon i still water attached, often in large groups, to
plants and freshwater crustaces.

2, Carchesitm = 30, A colonial  bell-animal, a
number of individuals being attached to a common,
much branched and contractile stalk,  Occurs i ponds
on dead sticks, cte.

3. Stentor < 6o, Free-swimming and attached 1o
water plants in ponds.

4. Epistylis % 30. Resembles Carchesiom but the
stalk 1z mon-centractile, and the branches do not join
directly to the main stem but terminate in V-shaped
junctions. In ponds on submerged vepetation and on
crustaceans.

5. Oplrydivm 30, A colomial bell-animal form-
ing a jelly-like mass attached to water plants or free
floating in ponds and lakes,

6. Trichodina % qo0.  Usually seen moving up and
down the tentacles of Hydra.

7. Lacrymaria ® 150,  Found in ponds.  'The
“neck™ is contractile.
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Plate 19
AINGLE-CELLED ANIAMALE—2
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ROTIFERS—T



Plate 20
ROTIFERS—1 (Phylum: ROTIFERA)

These exquisite but microscopic animals are very
abundant in freshwater snd over 500 specips occur in
Britain, Most are free-swimming, others live at-
tached to water plants, and some are parasitic. The
characteristic erown of cilia, which from its resem-
blance tn some specics to the escapement wheel of o
watch, has given rise to the name Hottfera (L. rofa a
wheel; fers, bear) creates currents in the water which
bring food particles to the mouth and, in the free-
swimming kinds, serves to propel the animals through
the water. MNearly all rotifers that are found are
fernales ; male rotifers are small, degenerate creatures
and throughout most of the season the development of
vpps proceeds without fertilisation by them. In
spring and autumn, hewever, males | appear and
fertilise a special kind of “resting-egg”™ which can
withstand adverse conditions.

1. Liwmmias ceratopfoplli % 75, A common  tube-
dwelling rotifer. The case s made of a bodily aL'ET:-
tion but it is frequently covered with adhering particles
of material. The crown of cilill has only two lobes.

2. Conechilus lippocrépis (= C. vofrox) ¥ 20, This
rotifer forms  free-swinming ‘colonies “which rall
through the water and are just visible to the naked eye.
Common in lakes and clear ponds.

3. Stephanoceros  eichormi % 50. ‘This  beautiful
creature is somewhat local in its distribution, but when
found it may occur in large numbers on Water Milfoil,
Canadian Pondweed and other plants.

4. Collotheca scampamulata % 1eo.  Another lovely
creature, fairly common in clear ponds and lakes.
The transparent sheath is not always ensy to sce.

5. Floscularia  ringens % 100, Common on  the
stems and leaves of water plants.  The case is made of
separate “'bricks" and the crown ‘of cilin has four
loge
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THE ANIMAL LIFE OF FRESHWATER
Fracerisres (Plate 13}

The flagellates probably represent a borderline
between plants and animals.  They are all very
small, single-celled organisms and possess one or
more  whip-like swimming appendages  called
fagella which, however, are not always easy to
observe under the microscope.  Although some
Aagellates clearly have affinities with the animal
kingdom since they feed on organic materials,
others such as Epglesa (Plate 13, No. 10) are
usually found to be feeding as plants, utilising
chlorophyll to effect photosynthesis, On the
other hand Euglena loses its chlorophyll if kept
in the dark and wet survives, presumably by
absorbing organic substances in the watcr.
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Tue ProTozos
SINOLE-CULLID ARIMALS

The protorsa are usually referred 1o as the single-celled
animnls; although perhaps non-cellular would be o better
desenipuion, since all the [uncions of a livipg animal—
moving about, ingesting food, excreting waste and repro-
duction-—are underiaken by a single unin

Al protozoa are microscopically smnll and since they dis-
play such a diversicy of lorm snd mode of ife they have
been pccorded the status of a distiner sub-kingdom.  Many
kinds occur m freshwater and the principal groups sre as
follows:

Class SARCODINA (Rbizopoda). This ciss includes
the various specics of Awocha, the best known of all the
protozoa.  Members of this order are mercly unprotected
blobs of protoplaam but in Arcella and Iifiingsa there are
protective shells.  The Son - Animsl Actsoplirys sol has
long ray-like preudopodin, or “fulse-fect” which capture
prey and essist locomaotion,

Class SPOROZOA, The members of this cliss are
parasites of other animals and frequently have complex life
histories involving several hosts,  Gluges attacks fish and

rodduces characteristic whitish swellings on the host’s body.
nchesterell 15 o parssite of frogs and lives in their blood,

Class CILIPHORA. The ciliates, ns the representatas
of this group are called, possess cilia—hair-like structures
which by their rhythmic¢ waving propel the animal througrh
the water ar create currents to bring Hoating food particles
to them,

Severnl kinds appear when hay or other dried vegetation
is nllowed to stand in a jar of water for a few davs in a warm

lace, such as an airing=cupboaed.  From their ocourrence
in such “hay infusions" these organisms were formerly
called “infusorians.”

The Slipper Animal, Paeramecium is one of the commonest
and the best known through being used as a biological
e o E

Of the sessile kinds, the Bell Animak, Forticella and the
branched forms fpisovlis and Carchesipm are common and
are found attiched to plants or even to other animals
Stentor, although sometines attached to plants, is frequently
encountered swimming freely but then displays a reunder
shape than that shown in Plate 19,

L
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Plate 21
ROTIFERS—2 (Phylum: ROTIFERA)

1. Symchacta pectinata ¥ 150, An open-water roti-
fer of a characteristic cone-shape. The eve is un-
usual in being Mue.

a, Phifoding roseola % 120, This is one of the
badelloid or leeeh-like rotifers, so called because they
move about rather like leeches. "This species is fre-
quently found in an encysted state in reddish sediment
in dried-up rin gutters or bird-baths, sometimes n
pssociation with the alga Sphaerelfa lacustriz,

3. Keratella quadrata % 250, A common specics
in lakes and ponds,

4. Ascomorpha voltocieole % 200, A parasite  of
Fofeox, living within the hollow sphere and feeding on
the daughter cells.

5. Trichocerca cristale » 250, A common and
widely distributed specics in ponds.

6. Rotaria rofatersia % 150. One of the commonest

= 2fiters and found among the weeds of ponds,

=. Brachionus calevedilorns % 150,  Members of this
penus are larpe rotifers with a characteristic urn-
shaped shell, armed with spines.  ldentification of the
species depends largely on the size and form of the
spines. B, caleyciflorus, a common specics in ponds
and ditches, has four spines on the front of the shell
and none behind.

8. Diurella poveellus % 120, Found commonly in
weedy ponds and ditches, often amgng filamentous
algae. -

s
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Plate 22
FLATWORMS (Phylum: PLATYHELMINTHES)

OFf the flatworms that occur in freshwater, the obscrver
15 most likely 1o encounter the various species of planarians,
which are found gencrally on the undersided® of stones or
leaves, but may sometimes be seen crawling rapidly on the
battom med, or even on the underside af the surface film.
They feed on small animals, fish eggs and the like,  Their
s are luid in cocoons on PR, plants,
smaller but often with brilliant colouring are the Rab-
docertes which are fairly common in ditches and other sl.l:q“
waters in summer.  Dalpellia oiridir 15 a brilliant green in
colour.  Microstomum b5 parasite of Hydea, the stinging
cells of which are absorbed, migrate to the skin, and become
defenee oreans of the latworm.

Other freshwater fintworms are parasitic on  various
animals and their life histories may include stages passed in
several hosts,

The plate shows the cight species of planarians sccurring
in Britun,  (The actual sizes are indicated against each
specics.,)

1. Dpenia orbtentacuiata, A southern species, brown, black,
wreenish or groy in colour.  Sincle pair of eyes, oval shaped.

2. Dendrocoefim lactenm.  Common throughout the ¢
and eamsaly recogmised by its whitisls colour and large size. m
spaced single pair of eyes,

3. Paolyeelis felina,  Found mmnly in streams under stones,
Chistinguished by the long: tentacles in conjunction with the large
number of cyes.

4. Bidellocephola punctate,  Occurs mninly in still waters, often
in the mud, and s distinguished by its large size. A single pair of
eyes.

5. Crenobin alping.  Found only in mountain streams, migrating
o the cooler water upstream in summer and descending to lower
levels in winter. LUlsually ;rr::yi:h. m colour, Small but pro-
nounced tentacles and single paic of eyes.

G Phageeata vifta. A umnall white wormg with ene paic of oy
close together.  Qccurs mainly in the mud of springs and wells,

7. Polyeelis nfgra.  Distinguishable by large number of eyes
{omd absence of tentacles). A very common species in still waters,

B. Dugesin Iugubris.  Black or dark brown in colour. Single
pair of eyes have white parch round them which gives the doleful
fﬂ’tﬂ denoted by specific epithet fugubris,
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Plate 24
LEECHES
{Phylum: ANNELIDA, Class: HTRUDINEAD)

Leeches are readily distinguished by the ®uckers at the
end of the body—a small sne at the head end and o larger one
st the posterior end—with which they sttach themselves to
their prey ar move about,  Most leeches suck the body fluids
of other animailz, but only the Medicinnl Loech s capable of
piercing the human skin,  The undersides of stones in ponds,
streamns and rivers are likely places to search for leeches,
There are fourteen aquatic species: and one amphibious
species | Trochera subuivediz) in Britain and the com
are shown in the plare together with, in cach cade, a disgram
of the head to illustrate the number and arcongement of the
eves, on which identification is largely based.

REYNCHOBDELLAE {Leeches with a proboscis)

1. Phuwicela gramerre.  Found muinly in renning water and tne
margins of lakes, A parasite of fish, osually attaching themsclves
to the fins and cloacal regpions.  Size 25 mm,

= Hemiclepris marginara,  Another fih parasite but found in
smaller bodies of still water than the preceding species.  Size
157 mm.

3. Theramyzon tessidatum (= Protoclepsis tessellatn),  FousLin
both stsll waters and slow streams, It s o parasite of water fou®
and sucks blood from the walls of the nose or mouth,  Size 25 mm.

4- Glomsipharia complonata.  Ocours mainly in streams bt
sometimes o still water.  Rather a sloggish leech; when dissurbed
it contracts into a lump and_drops off its suppert.  Sucks the
body fluids of water snasls,  Size t5 mm, :

5. Glosiphonte  heteroclitn,  Mainly  in still waters or the
quicter reaches of rivers, Also a parnsite of water snails,  Size
leas than 15 mm.

6. Helobdelln stagralis. Very common in ponds and lakes,
Feeds an insect larvae, snails ond crustaceans,  Skte 19 mm,

ARMYNCHORDELLAE (Lesches with jnws)
=. Medicinal T%ech. Hirndo medicinalie, ®tare, but occasion-

ally found in posds, In the adult stage tifis leech néeds the blood
of mammals but when young it can thrive on frogs and fish, Size

g0 mm.
& Erpobdella (= Herpobdella) ectonlata.  Common in both
running and still waters. Mot a_hlosdsucher, but swallows whole
inscct lorvae and crustaceans.  The related . testacea is found
mainly in stll waters, Size 4o mm. |

w o Horte Leech, Haemopsit songuimge.  Common in still
waters and easily recognised by it large size.  Not o blosdsucker
but swallows worms, snails, etc.  Size 6o mm,
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POLYZ0A

The word Polyzoa is derived from two Greek waords
meaning ' many-animals;" and the members of this phylum
are found 1 oolonies, sometimes of considerable size. ;i'ln:!
polyzoa live in the sea but a few occur in freshwater, usually
where there are gentle currents or movement of the water, as
in conals, boating lakes, ete.  They are found attached to
submerged wood, tree roots or water plants, but are easily
overlooked, for when they are disturbed they retract and
become mere jelly-like blobs,  "The tentocles bear cilia, the
besting of which create currents in the water to bring food
particles to the mouth.

In late summer, toupgh walled seed-like objeers, called
statoblasts are formed internally and these are released when
the parent colony disintegrates on the approach of winter,
giving rise to new colonies in spring, The form of the
statoblusts s characteristic of each species and thus useful
for identification purposcs.

1. Plumatella = 4. The commonest genera. “T'he colonics,
which may be of considerable size, are found attached to
the underside of water=lily pads, tree rootlets and other sub-
merged objects not exposed 1o full sunlight.  Several

SQECies.
r}:ﬂ. Statoblast of Plomatella,
2. Cristatella nicedo = 3. Colonics about 2 in. or more

in length and somewhat resembling the egg mass of the
Pond Snail Limnaca stagnalis.  On water plants frequently
in full sunlight.

2n, Statoblast of Cristatella.

1. Lophopus erystadiinug < 12, Individual animals larger
than Cristatelle, bur colonies smaller.  Found on stems of
water plants;

3a, Statoblast of Loplopus. !

4. Frederieella sultama % 6. Colopies small and often
covercd with sang particles or algae,  Prefpr shady places.

4a. Statoblast of Fredericella.

5. Paludicella articilata « 2. Colonies form loose moss
bunches with charncteristic branches of club-shaped l:-'.‘ﬂi
joined end to end.  No statoblasts have been observed in
this species,
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Plate 26
THE SMALLER CRUSTACEANS



Plate 26

THE SMALLER CRUSTACEANS
[See also page G2 of text)

1. Stmocephalus vetulus, A very comemon species
throughout the country,  Usually among water plants.
Siee 3 mm.

2. Lapletia I:J.':J.I’r'.l.'u. A transparent species found in
open water. Siie 2-5 mm.

3. Sida crystalling. Common in most parts of the
country among vepetation in ponds and lakes. It can
adhere to objects by means of a gland ar the back of the
head.  Size 3 mm.

4. Clvdorus otafis. A widely distributed Sprcirﬁ
but very small. Swims less jerkily than the larger
species.  Size o5 mm.

5. Bosmrna ebiusiroseess.  Widely diseriburced in the
north and midlands in epen water zone of ponds and
lakes. Size 1 mm.

6. Cyprir. Common in weedy ponds.  Size about
1 mmm.

=, Euwrveercus faomellatns, Our largest cladoceran.
Common throughout the country among weeds,  This
species seems hiable to be trapped in the surface film.
SIZE 4 M.

£, C_}ldr}p;—nnuplin,ls larva.

g. Cour mg‘mﬂﬂu: staplolinns.  Common in ponds in
the winter months when the females carry their single
egp-sac.  Size shout o-5 mm.

1o, Diaptemus castor. This genus 13 recognisable
by the very long antennae,  Common in ponds during
the winter. (The closely related species £) praciles
and D, vulgads occur also in sumn®r.) Size about
2 mm. s

11. Cyelops piridis.  Female with egg-sacs. Widely
distributed thfoughout the country.  Forepart of the
body of Cyelops is broader than Diapfomus. Size
abeout 2 mm.

% The sizes refer to the females e each case; the nales
are smaller.
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Tne Parazoa
FRESHWATER 2PONGES (Plate 17)

{Plivlum: PORIFERA)

Two species of sponges live in freshwater—the
River Sponge Eplivdatia fluviatdis and the Pond
Sponge Spongilla facustris.  The common names are,
however, not to be taken too literally as indicating
their usual halveats,

They are found as encrusting masscs on stones,
plants, submerged roots of trees, or on the sides of
canals or river locks, Normally of a creamy white
colour, they may appear green through the presence of
cells of the green alga Chlorella,  When the colonics
are large in late summer or autumn, the Pond Sponge
tends to produce long finger-like outgrowths, whereas
the River Sponge is usually flatter. A certain identifi-
cation_is possible, however, by crushing a small piece
of sponge and examining under a two-thirds-inch ob-
jective of the microsecope the flinty spicules which
will be scen in the bfoken-down material. If these
are a5 shown in Plue 17, No. 6, with small
rough-surfaced cxamples as well as the long smooth
spicules, the specics under examination is Sposgilla
lacustris.  Eplydatia fInvictifis has only long smooth
spicules,

In sutumn the surface of sponges will be found
studded with small spherical brown bodics. These
are the pernmulgs: tough-walled resting stages which
are relensed when ¢he parent colony diinteprates in
winter, and give rise to new sponges the following
spring. A sexual form of reproduction also takes
place in summer resulting in a cilisted larva which
swims through the water before settling down to
establish a new colony, The larvae of three species
of sponge-flies (Flate 17, No, 7) live in the cavitics of
sponges. .
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Tue MEeTazoa
HynRrAz (Plate 17)
{(Phvlum : COELENTERATA)

Three specics of Flydra are recopmsad in Britain,
the Green (Hydra wiridissina) casily distinguished by
itz colour, derived from the presence of the green alga
Chiforedfa in itz bedy: the Brown Hwdm (. oligactin
which usually has o slender portion, or * foor™ at the
bose of the bhody column and the Slender Hyde (H.
atfennalia) which has no such ** feor,™ .FIH_':\' are found
on the stems and leaves of submerged pl:mm hut are
casily overlooked since they contract into a very small
compass wien disturbed,  The iest way to find
them % to draw a plankion net vigorously through a
mass of water plants and then watch carciully for the
hydras which have becn dislodged falling down the
glass tube attached to the net.

They catch small animals for food by means of
harpoon-like structures called nematocysts, some ol
which sting and paralvse the prev while others secure
it. When food is plentiful hydras develop buds which
eventually break free but they also reproduce sexually.

Cordylophora lacustris 12 a colonial hydra which has
spread from brackish waters,

ROUNDWORAS
(Phylum : NEMATODA)

These long, thread-like crentures are abundant in
freshwater habitats, some being free-living whereas
others are parasites of other animals. As they are
extremely difcuh to identify excompt by those who
have specialided in their stady, shey are outside the
scope of this TII.. hook.

Close relotides of the ruundwnn-ns however, are the
Hair-worms (Gordinsg), the adult stage of which is fairly
common if ponds in spring and early summer. They
resemble flothing so much as horse-hairs, and are about
%ix inchef long. The larvae are parasitic on various
aquatic i tz such as water bectles, dragonflies, ete.

/



Plate 27
THE LARGER CRUSTACEANS
{See alzo page 62 of text)

1. Water Louse, Aseffns aquaticus. A very common
znimal on the bottom and among the weeds of ponds
and slow-mov Ing streams.  Side 20 i,

2. Heod of A, aguaticus.

1. Head of A, weridianes.  The difference in pig-
mentation between A ageaticns and the rarer species
A, mertdianns 15 shown in these two Rgzures,

4. Apus, Triops cancriformis. A rare crustaccan
found in poals which dry up in summer. Recorded
fromm Kent, Hampshire, Gloucestershire and Kirkeud-
brightshire. Size 2o mm.

5. Freshwater Shrimp, Ganmnarus.  “Three specics
ol Ceammtarns occur in freshwater in Britain and others
are found in brackish waters.  Size 3omm.  T—tclson.

6. Cramponyy pseuedogractive, Basal jointsof leg An
introdyeed species closely resembling Gamemarus and
now recorded from various parts of Britin. 1t can be
distinguished by ita smaller size, the scrrations on the
basal sepments of legs 3 to 5 shown here, and its habig
of erawling in an upright position in contrast to
Geanonarus which crawls on its side.  Size 20 mm.

7. Fish Louse, Argulus folinceus, Parasite of
freshwater fish, attaching itsclf to almost any part of
the exterior of the host.  Size 7 mm,

8. Fairy Shrimp, Chivoceplialus diaphanus.  Another
crustacean foundsn temporary pools, %ize 20 mm.

-
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Plate 29
THE LARGER CRUSTACEANS



DAREEL=-FLIES—1



Plate 28
DAMSEL-FLIES—1 (Natural Size)

1. ‘The Green Lestes, Lestes spomsa,  Widely distri-
buted and in some localities common, particularly in
the south. It is the most likely small metallic green
specics to be observed as the only other one, Lestes
dryas s very rare. [t is seen flving fecbly among
waterside vegetation, rarely venturing over the open
water. It 15 on the wing from July to September,

2, The Common lschnura, feelirra N'rg.'g.l.';. This
iz probably our commoncst damsel-fAv, particulary in
south and eastern England. It 15 found in both still
and gently flowing waters and is on the wing from the
end of May to the end of August,

3. The Large Red Damscl-fly, Pyrrlosoma myw-
phula.  Our commonest red damsel-fly and widely
distributed  throughout the country. It frequents
still waters, including brackish pools. It is often the
first dragonfly to be geen in the season and it remains
nn the wing from the beginning of Mav to the end of
AUFust.

4. The Common Coenngrion, Coenagrion puefla
{v= Amrion puella). A species widely distributed and
common in England and Wales, but scarce in Scot-
land. One of the twe common blue damsel-flies,
being  distinguished  from  Enallagma  cvatizerum
(Plate 29, No. 2) by the larger amount of black on the
thornx. Although usuanlly found futtering over or
wround still wygter habitats, it occasiomally strays over
adjoining field®. It is on the wirg from the end of
Aay to the mifdle of August.
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Plate 29
DAMSEL-FLIES—2

1. Banded Aprion, Agrion splemdfens 4 4. A com-
maon damsclily in southern and midland England and
Wales but scarce elsewhere, The broad, dark bands
across the wings of the males and the greenish colour-
ing of the wings of the females distinguish this species.
It favours slow rivers, conals and lukes where there 15 2
muddy bottormn, and may be seen from the end of May
to the end of Aupgust.

2, Common Blue Damsel-fly, FEnallesma cyathi-
gerunr - (natural siec). Widely distributed and  very
common throughout Britain, favouring large stretches
of water on heaths and commons and frequently on
salt-marshes, in the brackish waters of which it may
breed. It is on the wing from mid-May to mid-
September.

3. Small Red Damsel-fy, Ceriagrion tenellum
( = Pyrehosoma feneliion).  Restricted to the southern
countics, in some of which it 15 locally abundane. It
favours bopgy or marshy pools, among the vegetation
of which it flies fechly from early June to early
September.

4. Demoiselle Agrion, Agrion wirge = 3. Widely
distributed throughout Britain but commoner in the
south. Although adult males are easily distinguish-
able from A. splendens, the females and voung speci-
mens are casy to confuse when they are flying. The
specics occurs fftar rivers, canals, Ia and ponds,
particularly where Yhey are shaded by gecs, and is on
the wing from the end of May to the eiffd of August,



Plate 29
DAMSEL=FLIEZ—2



Plate 30
DAMSEL-FLY AND DRAGONFLY MYMP



Plate 30
DAMSEL-FLY AND DRAGONFLY NYMPHS

Fisrires 1, 7 and 12, illustrate (natural size) the three types
of nymph=— the lomg and short=badicd anisopterida (drapon-
fliesh and the slender-bodied sypopterid (damsel-fly) types.
The individual species possesiing these gypes of nymphs
closely resemble one another '|.ml their identificarion is
|Hv|.l1 larzely on differences in the form of the ' mi‘ih'-. the

atiape of the two small processes on the upper surizce of the
hase of the fore-leps where present, and in some sygopterids,
the anal gills, as shown.

LONG-DODITD XYMPHS
1. dlethng geanedit,  Whole nymph wath {left) lep-lase process
and fright) mnsk (magnified).  Chestnut brown or olive green,

motiled,  Masamam aiEc 43 mm
Arav, imperator,  Mask and fei-baze process; body yvellow-

birown, Freen mottled.  Siee €4 mon,
3. Aeddna junees,  Ditto. Uniform dark brown,  Size 43 mm.
3o Aethma eyanea,  Ditto.  Sepia-brown, mottled with green.
Sixe 48 mm.
5, Corduleparter boltondi, Ditto, Sepin-brown, hairy, Size

41 T0kiTN. -
&, Brochviron praterse,  Ditto.  Drown dnged with  green,

maottled.  Size 40 non.

SHORT-BODIIT NVMIHS
Libellula queesdrimacdate,  Whele nymph with mask and
q.|ﬂ‘|'|l| of movable heok on the mask.  Sepia-brown ehove with

yvellowssh white below,  Sise 25 mm,
8. Libethola depressa, Mok, Bedy 1 sepia-brown, mottled and

heairy.  Siee 25 mi.
o, Orthetrum  coeenlercens,  Divo, Red brown, hairy,  Size

IG mm.
vm Sympetran striofatum, Ditta.  Pale 1o dark brown, spiny.

Sixe 18 mm, : ;
10, Syepetrum domae. Ditto. Uniform dark brown.,  Size

1§ mm.

-

<DODIED ZYGOFTERID MM PHS

12, Agrioe Whaole nymph, mask snd aingle clow (palpus)
of mask. Brown nrnen- Saeg 32 .

13, Agrion Musk, rsWwn, Erey ar green.  Size
32 mm.,

|4 Letes sporsa,  Ditto.  Reddish brown.  Size 26 mm.
Pyrrhorama mympinde,  Ditto.  Dark brown. Size 26 m.
:c.. Lichnner o elegans.  Ditto.  Brown or green.  Size 20 mm.
-r.‘ﬂ:: .F;’mrJ‘In ama cyathigerum,  Mask and mu.! gill.  Bright green.
e E’m- rrion puclla.  Ditto,  Yellow-green.
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JOINTEDR-LIMBED ANIMALS
(Fhylum: ARTHROPODA)

The prest phylum ARTHROPODA—the jointed-
limbed animgals—is well represented in freshwater and
its members are estimated to comprise about three-
gquartera of the total creatures living there,  Apan
from the jointed limbs, specialised and adapted for
particular purposes, arthropods are characterised by a
hard shell, which serves os an external skeleton.  The
follewing groups of arthropods occur in freshwater:

Sub-phylum CRUSTACEA (Plates 26-27)

Class BRANCHIOPODA. ‘The branchiopods, or
“oill-footed” crustaceans include the fairy-shrimps
and the water-fleas (cladocerans), There are a grea
number both of species and individuals of water-fleas
and their role of converting the minute plant hife into
food for the larger amimals makes them of immense
importance in the ceonomy of freshwater.

Clugs OSTRACODA., "T'he ostracods are all small
creatures and have bean-shaped bivalve shells.  They
feed mainly on decaying organic material.  Cypris is a
typical member of this class.

Class COPEPODA. 'The members of this class,
which include the well-known Cyelops, are mainly
pear-shaped and it is usually the females that are
noticed a3 they carry their egies with them in little sacs.

Class BRANCHIURA., The fish-lice are well
adapted by the flatness of their bodies and their large
suckers for holding on to the outside of their hosts.
Argulus is the oply genus in freshwatog,

Class MALACDSTRACA. 'This§elass includes
the relatively larger crustacen such as fhe Water Lice
{ Aselfus) and Freshwater Shrimps (Gafnearus),  They
are mainly scavengers, feeding on decaying plant and
animal remains at the bottom of the water. It also
includes the Freshwater Crayfish (Asracus pallipes)
which necurs in streams particularly in limestome
districts. LB

L i
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HFlate 31
DAMEFL-FLIES

Left: A Damsel-flv just emerged from the empty nvmphal skin which can be seen
at the right of the picture
Right: Fore-part of a damsel-fly nymph to show the mask extended,
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DRAGONFLIES—T
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Plate 32
DRAGONFLIES—:1 {Order: OpoNaTa)
(Hall natural size)

The Emperor Dragonily, Amavs fmperator,
Mainly a southern specics and fairly common in the
south east of Britain. It is one of our largest and
handsomest species  frequenting  large  stretches of
water where among the surrounding vepetation it
hawks for its prey, which include’other dragonflics.
It 15 on the wing from ecarly June to carly September.

2. The Four-spotted  Libellula, ZLebelinla r{]rr.rrfrfa
maculata.  Commeoen throughout the Briush Isles and
casily recognised by the blotches of colour on the
wings. Doth sexes are alike in colouring. It may
stray [ar from water in search of prev and often oper-
ates from a favourite perch, repeatedly leaving it to
copture some inscct and then returning. It is seen
from the end of May to the end of August,

3. The Southern Aeshna, Aeshug cyanea.  Common
in most southern and midland counties of England and
Yorkshire but rare clsewhere. It searches for its prey
chiefly around still water habitats, occasionally, how-
ever, patrolling a beat away from the water. Flies
from early June to early September.

4. The Common Sympetrum, Symipetrim striofatum.
Commaon and widely distnbuted throughout Britain,
It darts about in search of prev in a restless manner,
althoupgh at times it may be seen n:stlnj; on mpnscd
places.  On tH wing from early Jut:.' to as Iate as
Ccrober.

fig



Bub-phyvlum INSECTA

Representatives: of the following twelve orders of
inscets have adopted a life in or on freshwater; some
live there only in their immature stuges, whereas
others, as for cxample the water beetles and water
bugs, are aguatic also in their adulc form:

Class APTERYGOT A=——iriugless insects withont o
e fimorpliesis.

1. Corvesmora.  Two species of Springtails live on
the surface film.

Class PTERYGOT A—insects with fwo pairs of toings
and wndergoing a wmetamorplosis,
{a) Sub-Class Feapterveota (1WWraps developing exteri-
alivy.  Netamorphosis gradual or incomplete,

2. Precormma.  Stoneflies,

3. Opoxara. Dragonflics.

4. Erupveportenis.  Mavilies.

5. Heanrrema, DBugs
(hy Sub-Class Fndap:rr_} ata (1Fings developing intern-
affy).  Metamorphosis complete—epgg—larva—pupa
— o,

6. Mucaroerrera,  Alder-flies.

=, NeEuroprTERA. Sponge-flics.

8. TrichorTerA. Caddis Flics.

0. Leriporrera.  Moths and Butterflies.

te. Cormortema.  Deetles.

11. DirtEra.  T'wo-winged Flies.

12. Hymexortera. Iehneumon Flies, ete

Sub-Phylum ARACHNIDA,
Class ARANEJDA.  Water bpldﬁl‘.‘
Class ACARINA.  Water Mites.
Class TARDIGRADA. Water [Ic,ulﬁ.
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Dragonflies (Order: Opoxara)

T'he Dragonflics atract even the casuzl observer by
their brilliant colourings, their plistening winos and
the strong purposelul Bight of the lareer inds,  “[here
are 43 species in Botain and they are classiffed into two
sub-orders, the members of which are easily’ dizstin-
puished:

SYGOPTERA, the Damsel-fies with slender
bodies; two pairs of similar wings which are held
vertically over the abdomen when at rest; Auttering
flight. 17 specics.

ANISOPTERA, the true dragonflies with two pairs
of dissimilar wings, which are held out horzontally at
right angles to the body when at rest; stouter bodies,
strong flight. 26 species,

Both Doamesel-tlics and Diragonflics are carnivorous,
capturing and devouring other insects, and even on
oceasions their own kind. The larger species have
regular beats and fly backwards and forwards hynting
for their préy.  The beats are often some considerable
distance from water. The Damsel-fliez on the other
hand remain among the waterside vegetation.

The mating of these insects iz effected in a curious
way. The genitals of the male are in the last but one
sepment of the body.  Sperm is transferred from there
to apecial pairing organs on his second segment.  The
female is prasped at the back of the head by special
anal (tzil) claspers and in this position the pair flv in'
tandem to a suftable place, dependinly on the species,
when the female bends back her Bhdy until her tail-
end comes inte contact with the pairing organs on
the male's second segpment, and fertilisation takes
place.

The egas of some species are dropped into the water
bt in other species the female enters the water partly

.

F—P.L. b5 (eantinted on p. 71)
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Plate 33
DRAGONFLIES—a (Half nefural size)

1. The Brown Acshna, Aesfina grandis,  Very com-
mon in soyth and midlind England but rarer farther
north. It is one of our largest species and in flighe, its
vellow wings attract attention. 1t hawks for food well
avway from water, on occasions cven coming into
pardens. It is to be seen on the wing [rom mid-July
to the end of September.

a2, The Golden-ringed Dragonily, Cordulegaster
boltenst, A larpe dragonfly, easily distinguished by
the pronounced black and yvellow banding all along the
abdemen. It 15 plentuful in some arcas, particularly
in the west, but 15 not a common specics.  On the
wing, usually over or near water, from mid-June to
early September.

3. The Common Acshna, Aechna juncea. Common
and widely distributed throughout Britain, 1t is dis-
tingujshable from the Southern Acshna by its bluer
colour. Its hawking beats are often away [rom water,
in woods or over moors, and it fies from mid-]uly 1o
the end of September or later,

4. The Broad-bodied Libellula, Libellula depressa.
Very commen in the south and fairly common in the
midlands, but abzent as a breeding species in the north
of England and Seotland. It sometimes breeds in
brackish water on marshes and may be seen Aying
about in scarch of prey in such places. It is on the
wing from the cfd of May to mid-Aukust.

-
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Plate 33
DRACGONFLIES—2



Plate 34
STOMNEFLIES



Plawe 34
STONEFLIES (Order: PLEcorTERA)

The nymphs of stoneflics are found mainly under stones
in fast-Howing streams or at the marging of lakes, They
may be recopnized by having two long il apPendages, and
by their somoewhat slupgish, crawling motion when  dis-
turbed, which has carned them the name * creepers.”

The adults resemble the nymphs very closcly in appear-
ance but, of course, they have wings.  They are 10 be found
on waterside vegetation and on stones in water in summer,
but they fiy linle. The females deposit their epgs in the
water and the nymphal stage may last as long as three years
in some species.  In early summer hundreds of empry
nymphal skins may be seen ateached to stones or tree trunks
along suitable stretches of water. There are 31 species of
steneflics in Britzin,

t. Adult Swnefly, Perla carlibiona, female. A large
species widespread in stony streams.  Length about 30 mm,

NYMPHE
2. lioperla grammatica. A very common species in [ast
stony strenms.  Adult the anglers' * Yellow Sally.” “Length
about 15 mm.
3. Leuctra penicnlate,  Fairly common in slower streama,
Adult the anglers” * Willow Fly." Length about 10 mm.
4. Chioraperla  torremtium.  Very common in  stony
streams.  Length about 8 mm,
5. Perla bipunctata,  Length up to 30 mm.
Nemurella pacteti,  Furly common in slower streams
und lakes. Lenpth about 8 mm.
7. Capmia bifrons. Fairly common under stones at the
margins of lakes and in slower rivers. ]‘..cngth about 8 mm.
-
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Plate 35
MAYFLIES (Order: ErHEMEROPTIRA)

The adult life of o mavily is very shore but the nymphal
stage, which is entirely aguatie, may last one, two or even
three years Tn some specics,  The transformation to a
winged stuge moy takye place :||: rthe surfac the water or
on some watcrside object depending on the specics, bue the
creature which cmerges is o sul b-imano, with dull colouring
and cloudy wings—the * Dun™ of the fy- h1|1t'1'n|.:m "he
final moule to the fully adult insect—1the *' Spinner "—iakea
place shorily afterwards, and then follows the searming of
the males over the water so characteristic of this group of
mseets.  When o feimale appears, part of the swarm [ollows
her, ofien to a cun*-:-.luahlr- height, where pairing takes
icl: The egps ore vsually dropped into the water as the
eimale fies over, although in some species she deposits them
on submerged ohjects.

The ny Lrhs feed mainly on plant material although some
are belicved to be partly carnivorous.  Forty-seven species
occur in Britain,  Based on their modes of life the nymphs
can be grouped s follows and examples of each are shown
in the Plate: swimming nymphs (Mos. 2, 3, 6); crawling
nymphs (No. 4); nymphs Hattened for clinging to stones in
{ﬁl-ﬁ;}ﬂing water (MNos. 5, 7); and burrowing nymphs

. ).

1. Mayfly, or Greendrake, Epliemera darica,  "The sdult inscet,
which emergpes during the katter part of May or carly June,

HYMIPHS

z. Pale Watery Dun, Centroptilum futeabeor,  Widely distri-
buted amone the weeds in rivers and lakes. :
3. Pond Olive, Cloran dipterunr, I still waters including small
ponds throughout Britain,  Very common,
. Due-winged Olive, Ephemerclle demita,  On stones and vege-
m:nn in fast-moving waters, W bdt-h dl.l.[r]l.luln]
5. Olive L'pnght, ﬂl'lﬁrngmu semicolorati, :’])' COATMTLN
stony streams. L haagpd, o less widely distributed specics is :h.e
“ March Drown™ of ‘the aneler.
Large Dark Mive, Haetis rhodani, Common and widely
dt-mbun.-d n fast-moving waters,
Late March Hrown, Eedyoswrns vemoms. Common and
!ﬂdth' distributed in streams and lakes, clinging to the underside

of stones.
8. Mayfty or Cireendrake, Ephemera vnlgata,  In slow rivers in
the south and midlands where it burrows in the mud.  F. dan
is more widely distnibuted, favouring alkaline waters apd a sand
boatom. 4
i
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Plate 35
AIAYFLIES



Plote 36
WATER BUGS



Plate 36
WATER BUCGS (Order: Hentrrera)
(AR 1) tiwrer watural sze)

Al the Water Bups belong to the sub-order*-leTEROrFTERA,
the incmbers of which have typically the fromt wings
maodified into horny sheaths and only: the hond wings mem-
branous. Completely wingless forms oceur, however, in
some species of water bugs, Bugs possess n sucking brak
called a restrum with which moat of them plerce their prey
and suck out is juices, They retain the same general form,
but not of course sive, from the time they hatch from the
egp until they are full grown.

EURFACE-FILM DWELLERS

1. Water Cricker, Felie eaprai. Common and widely
distributed on running and still waters,  Occasional winged
BPCCIMEns ooour.

2. Water Measurer, Hyvdrometra staguerum, Common
and widely distributed, mainly on still water,

3. Pond Skater, Gerres, 10 species most of which are
widely distributed.  Winged and wingless forma. *

UNDERWATER DWELLERS

4. Long Water Scorpion, Rararra finearis.  Fairly com-
mon in the south, found among water plants in ponds.

5. Aphelocheirns montandons,  Lives among the stones in
rivers or lakes, often in decp water,

6, Lesser Warer Hoarman, Corixe. 306 species, Swim
back uppermost and body less pointed than Notomecta,
Found in ponds, lakes and rivers, feeding mostly on detritus
sucked up by the rostrum, .

7. Water Boatman, Natowecta, 4 species.  Swim pener-
ally upside down,

8. Water Scorpion, Nepa cimerea. Widely distributed
and common in shallow water near the margins of pends,
either on the mud or among water plants.  The tail spine
is a breathing tube,

4. Jlyocoris cimicoides. Fairly common and widely dis-
!n'but:d, « OQccurs among water plants in still waters.,

g



Plawe 37
Cases of CADDIS LARVAE—
{(Order : TrRICHOPTERA)
e {See also page 73 of text)

The tvpe ol case, and the materials chosen by the differem
specics of caddis larvae, are sufficiently characteristic for
identification to be carricd out with a fair degree of certainty,
and details of the larvae themselves are therefore excluded
from this book. The species shown on this plate are mainly
found mn snll or slow-moving waters,

1. Trigenodes bicolors A common and widely distributed
species in sull water.  The larva swams readily through the
water, using i3 long and well-fringed legs wo propel it

2, 3 and 4. Limseplulies  flavicormis. Three types of
cases made by thiz very common and widely distribured
specics are shown. The larvae are found in ponds, lakes
and ditches.

5. Molanna augustata, 'This cade 18 made of sand grains
and consists of a shicld-shaped base vo which the actual case
is fxed. A widely distributed species, found in pools,
lakes amfd slow streams where there 8 a sandy botrom,

6, Lommephilus rhombicus. A large species inhabiting
lakes, ponds and slow rivers, Common and well distri-
buted. The case consists usually of picces of roots cur inta
regular lengths, but occasicnally shells of water snails are
added.

7. Glyphotaclivs pellucidus, The case of this common
specics is made of almost circular pieces of dead leaves. It
is found in ponds and the marging of lakes,

B. Setoder argentipurctella, Locally abundant in lakes,
pools and rivers. Whe case is made of sang grains,

9. Newronia rufieng.  Found in deep, weedy ponds, and
the case is made of fragments of the leaves of water plants.

10, Phryganea grandis, A Inrge species found in lakes,
ponds and slow rivers. Widely distributed. The caze is
made of leal fragments arranged spirally and is ofien very
colourful. ‘The adule is the Large Red Sedpe.



Plate 37
CASES OF CADDIS LARVAE—I



Plare 38

CADINS - L

Above: T'wo stream-living caddis larvae which do not
make permanent cases (Left) Riyvacophila, (Right)
Hydropsvehe.

Below : Egg-cluster of Phryganea gramdis,



or completely to deposit them on submerged plants or
other objects. "

The Nymphs. The immamure stage of these in-
sects 1s entirely aquatic.  In the damscl-Aics it ocou-
pies a vear but in dragonflies it may laststwo or three
vears, There are considerable diferences in the
nymphs of the two groups., Zyvpoptertd nymphs are
slender-bodied and possess three leal-like gills at the
wil end of the body., They vary in colouring from
bright green to dull brown.  Anisopterid nymphs are
plump-bodicd, lack the three ““gails,” and are drab-
coloured, Some kinds, e La‘ﬂ:ﬁmm. are quite short,
whereas others, such a3 Aeshiea, are long-bodicd. A
“mazk,” a hinged structure formed from the fused
third pair of jows, or labrum, and bearing strong claws
at its ¢nd, i common to both types of nymph (Plate
31). When not in usc tht mask 13 folded back under
the head, and when prey is within reach it is shot out
at great specd and the victim secured by the claws.

The nymphs are not normally active creatures al-
though when alarmed, anisopterids can move guickly
through the water, propelled by a jet of water ejected
from the rectal covity. In general, however, they
remain quictly among water plants waiting for their
prey, in the form of tadpeles, aguatic insccts and
crustaceans, to come within reach, They underpo
about twelve moults of skin and at about the sixth,
wing-buds become apparent on the back, and increase
in size with cgech successive moults

Emerpence takes place in Juge, July or August
depending on the species and weather conditions, the
nymph elimbing out of the water up the stem of a water
plant.  The nymphal skin splits down the back of the
thorax and this releases the head, thorax and legs of the
imago.  After a rest, the abdomen is extricated and
$inally the wings expand through the pressure of body
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flutd in them. A short pericd then clapses before the
body hardens and the inscct flics away in search of
food or & mate, The adults may live a month or so
but do not survive the winter,

Drapenflvnymphs succeed very well in aqua i nnd
if avmphs with well-developed wing-buds are taken
about June or July the wonderful transformation to the
imago may readily be observed.  Sticks or reed stems
should, of course, be placed in the aguarium to enable
the nymphs to leave the water when they are ready to
CMerge. 5

7z



Caddis Flics (Order : "TRICHOPTERA)

Although usually overlooked, coddis flies are com-
mon insects near both stll and running water habitats,
flying at dusk, and lll"ll'l:llr'l' armnony the waterside
vepetution during th¥ day. DBy I!|||_ ulinitinted they
might be mistuken for moths but they are not re 1.llui
to those nsccts, and ol close examination it would be
scen that their wings, Bnstead of be covered with
minute seales, as are 1 oths and butterfiies,
are membronous and h At pest, too, they hold
their wings differently, 1§ suchy® way that they form a
ridge ar roof over the bady.

About 190 speci re wr:-'.m i Britain, but it iz
|"I'4’.I|.:-'|:I||. that thiz number will be imereased as the
closer study now heing |..|rrn to the order begins to
bear fruit. Unfortunatcly the larval stages of many
specics have yet to be deribed and related o the adule
inzects, a task in which amateur naturalists might well
give ¥aluable assistance by rearing larvae (which are
easy to find and live well in captiviey) to the adilt stapge.

Adult caddis flics—the Sedge Flics of the fly fisher-
man—have only short lives. Their mouth parts are
atrophied and st the most are only capable of sipping
hiquids such as the nectar of flowers, The females of
some species lay their epgs in the water, either des-
cending below the surface to deposit them on stones or
plants or possibly dropping them in as they fly over.
On the other hand, in other specics, the eppa are
fastened to owerhanging vegetation and the larvae, on
hatching, fall into the water.  Theepes are surrounded
by jelly which expands in the water and serves to keep
the eggs in 4 mass, and probably protects them from
the unwelcome attentions of hungry creatures,

The Larvae. The larvac are the well-known caddis
grubs or “worms," familiar to all who have indulged
¥n pond hunting, on account of the protective cases
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that they make from sticks, stones, leaves and other
materials, Not sll specics make cases, however, and
in runaing water there are 2 number that make ot the
most 4 silken net, usually with igs open end [acing up-
stream, whicl) serves the doubld purpose of anchoring
the larva, and of trapping pres” washed down by the
current, 'This type of l:sn'.l.l 15 manly carnivorous,
whereas the case-builders a generally  vepelarian,
although they do, on occasiogfs, tuke animal food

The cazes all have as tho lm.hu- an inner tube of
silk spun from the mouth of fhe caddis larva.  To this
the leaves or other ma¥erinl# are fived, first being cut,
if necessary, into the righ ‘ngth by the powerful jaws.
Mew material is added froin time to time at the head
end, and the rear end is kipt almost closed execept for
a small aperture which Yust allows water to flow
through. Species living in aill water make use mainly
of plant material, which is [1'5 t and buoyant, but those
inhabiting fast streams either attach heavy stones to the
cazes oreanchor the cases to larpe stones to avoid being
swept away by the current.

The larvae have, at the tail end, two strong hooks
with which they hold on to the inner silken tube,
Along the body are tracheal gills, with which oxygen
can be extracted from the water, and by rhythmic
undulation the larvae keep a current of water passing
through the case.

The Pupae. After a serics of moults, he larva
become full grownsnd ready to pupate., 1fitisa free
caddis (that is, withgut a case in the larval stage) it now
constructs a shelter or case; if it already has a case it
seals up the open end with a grating which will keep
out foes and yet admit a water current which it still
creates by undulations of the body. The pupa is
provided with a pair of strang jaws to bite its way out
of this grating when it i3 ready to change into the

24 {continned on p. 77)




' - Plate 39

ALDER=-FLY
Above: Female with part of epe-cluster on a rush
. (natural size).
Below : Larva (£ 24).



Plate 40
CASES OF CAINDIS LARYVAE—2



Plate g0
Cases of CADDIS LARVAE—2

The species illesira
althouph some are also

1. Awuahalin mervasa.
specics Tound both m r
15 mude of sand grains an
stick, The ndult i calle

2. Leprocerns aterriamms
running and stll watrer,
of the [ly-fisherman,

3. Leprdastoma Iirtus,
ia made of leafl fragments a
like manner.

4. Sifa pallipes. A comu
species, Tound in small fase s
sand grains w which are atMehed severnl larger stones.
This 15 one of the specics rasitised sometimes by an
Ichneuman y, deriotypus araglins, which lays itz epgs inside
the cases.  “The larvae whiclffernerge from the epgs devour
the caddis grubs and thengbupate, spinning first the long
filament shown in this illusfraton, the purpose of which i to
keep the pupa within the caze supplied with oxygen until it
is ready o cmerge os an adalt, -

5. Pupa of Goera pifosa,

6. Goera pifora. A very common species in rivers and the
wave-washed marging of lakes,  The adule is the Medium
Sedpge of the fly-hsherman. The case is another cxample
of o tube made of sand grains to which are attached large
stones (cf. Sifa pallipes), :

j. Apapetie furcipes.  Probably the commonest stream
caddia, he hetle cases, made of small stones, and attached
to larger fones or boulders are very numerous in streams,
tlopta perfenalum. A COMmOn stream spocics,
'of which is known as the Weldliman's Button.
is maih.- of sand grains, ver? smooth and with o
slight ‘¢ in i

. S@mopfivlox stellatus. A common and widely dis-
tributed® _sgecies, found in running water. The cases,
which are” made of particles of gravel, are usually attached
o krge stones,

d here occur im running  warer,
wand in =6l water,
X widely distnibutedand cormman
pning andd stll water.  The rbe
attached o it are lang pieces of
the Brown Sedge.

Widely diztmbuted in both
e adutbe is the Black Silverhorns

WVidely distributed., The case
n & characteristic box=

;mrl_ widely .;_Iisni;buwd
ams,  The case is made of
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Plate 41
CADDIS FLIES (Orded “I'RICHOPTERA}

{Natiral sizjfh

e or abacnt, the ander-
e are usually pr\c:-lJln:'I.l'.'z

o oTE ETELs OTe S
nes near the water's

| waters, aften resting on
erlooked on account of its
» June to August.

allitcorne.  Widely distri-
) tarns in July and August,
nrgells,. Common and widely
e, June e Seprember.

(ly  distributed near running
.

airea slriafd. A COMMAON
nd mountain tams. June

t. Phrypamnea varin.  Near &
tree trunks where it s casily o
similar colouring.  On the win

2. Grey Sed
bured, accurring near lakd

5. Sand Fly, Rhyacophils
distributed near runnming wa

4. Halews  radianes, Wil
waters.  On the wing in aut

5. Large Red Secdge, Pk
species near slow streams, lake
and July.

6, Phiopotawis montanns, Common near swift streams,
appearing as carly as April and abundant untl auwtummn.

= Hydropsyehe fmstabilin.  Cemmon and widely distri-
buted near swilt-lowing waters.  July and August,

8. Alicropiersa sequax, Near small swift streams.

0. Limnephslus rhombicus. A very common specics near
still waker in sumMMET.

1. Cinnamon Sedge, Limmephilus lunatur, natral resting
pesition,

11. Cinnamon Sedge, Limuephilns lumatus. COMMGn
and widely distributed species in autumn near ¥l waters
and rivers. .

12. Glyphotachias pellncidus. A widely distributcl species
near sull waters. On the wing in early s.ummv{: again
in late summer.
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Plate 41
CADDIS FLIES
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Plate 42

BROWN CHINA MARK MOTH ]

(Nymphiila mympliaeia)
Above: Twao larval cases on the underside of § water-
\

lily leaf.
Below : Pupal case (submerged).



its back to help it
o, are fringed with
with which to

= and alzofh

winred
to get out of the case.
hatrs and serve as vy ]
CA to the surface. wentuslly either at the surface,
or on land, the winge] cad
nd flics av

lig fly emerges rom the
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Plate 4,
BEETLE LARVAE
(See also page 84 of text)

i. _-'](J'.'.l';.';’ju.l'r.-.':rr'r. A relative of the Great Diving
Beetle, Dyersens wmorginalis, but the larva is distin-
guished by the very long firs? segment of the thorax.

2. Hyvdroparus peararllefoprahms

3. Haliplus ruficolfis.  The larvae of this genus are
found among Alamentous algae on which plants they
feed. :

4. Hyerobia hermn

§. Helmis maiget.
slOnes In running wate

6. Agabus conspersis,
common in ponds,

=, Hyphvdrus ovatus.
a distinguishing feature o
in ponds.

8. Helodes minuta. A lafga found under stones in
running water. The rarer I margingta is similar but
about ¥ cm. long.

0. Jybives fenesiratus.

1o, Dyriscus  marginalis (Great  Diving  Beetle),
Namaral size.  This fiercely camivorous larva is readily
identified when full grown by its large size.

1. Gyrimus sp. (Whirligig Beetle). Ten specics
cceur in Britain, the commonest probably being O
subsiriatus. The larvae have a pair of hair-like
tracheal gills on cach segment of the abdofRen except
the last, which has two pairs, = 3.

12. Hvdrophilus picens (Great Silver Bee
size. 'This, the largest water beetle lafvae, i
weedy ditches and®ponds and feeds on water

13. Hydrobivs fuscipes.  This larva, why
mon in still water, has four teeth on cach mandible,

14. Laccobius mimutus.

reech Beetle).

it (S
A hgfe larvae are found under

hy
Larvac of this genus are very

T'he pronounced *snout™ is
his larva, which is common
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Plate 43
BEETLE LARVAE
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Plate 44
{cnmﬁ MARK MOTHS AND LARVAE
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Plate g4
CHINA MARK MOTHS AND THEIR LARVAE
(Ordes ; LEFIDOPTERA)
(See also page 81 of text)

1, The Beautiful Chino Alark, Nemphula shenata = 14,
A common and widely distnbuted species found around the
margins of lakes and rivers. It is on the wing in July and
August, The laeva feed: on submerged planes including
bur-reed and water-lilics, at first mining into their tissues,
bt later making a case out of two preces of leaf joined
topether. It pupates in a white cocoon attached 1o o leaf,
partially or wholly submerged.

2. The Small China Mark, Cataclpsta lemnata % 13, Com-
mon near ponds with duckweed off the surface.  "The maotn
is to be scen from June to Avguct. The larval case 1s made
from duckweed fronds and the pupal cocoon (Ne, 7) 13 also
covered with the [ronds, and is toand juse below the surface,

3. The Brown China Mark, Wymplda sywmphaeta = 11,
Very common throughout Brivain near waters where there
are foating leaves. It is on tie wing from June to Augest,
The larva at first mines intc the underside of a floating leal
and later makes a flat, ovaffease (No. 9) from picees of the
leaf of floating pondweed, froghit, warer-lily, ete., attaching
the case to the underside of the food plant when Yeeding.
The pupal cocoon, covered with pieces of leal, is ottached
to a stem or leaf, above or below the surface.  (Sce Plate 42.)

4. False Caddis Fly, Acemtropus mivens (Male) < 1d.
The wings of the female are wsually rudimentary, although a
winged form occurs oceasionally. The males are fairdy
common around still waters, incleding stagnant regions of
rivers, appearing from July to September. The females
remain underwater and pairing takes place at the surface,
The larvad make loose cases among submerged plants and
pupation tfikes place below water level.

5. ThefRinged China Mark, N'L‘M,ﬂ'fflhl stratiotaia % 1.

A widelyldistribyted species which is fairly common in the
south, earing from June to Augyst. The larva joins
leaves a stemns of water plants together to make an open
shelter upation takes place in a large oval cocoon
fasten ong its length to a submerged stem.

‘al case of Acemtropus mivens = 3.
| ease of Catarlysta lemnata % 14,
of Nymplla stratictata = 1.
0. Lar}lcase of Nymipdela mympheaeta and leaf from which
5 been made { = 1)
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Alder-Flies and Sponge-Flics
(Orders: MleGaLorTena AND INEUROFTERA)

Around the marginn of ponds, lakes and nvers in May
ard June § dullish insect, about an inch long, with dark
brovwen heavdy veined wings may be I

-

on the veperation or making short hea
perch o ar r. ‘This is the Alder-Fly

(Plate 39).  The females lay their cpys in clusters on water-
side plants and there may be up to 2000 of the little cigar-
shaped cges in a single cluster.  The minute larvae, on
hatching, fall and make their way to the woter, where in
the mud they live for about twe years, capturing and
devouring with their powerfizl jaws any small creature they
encounter.  When fullcrown the larvee are about an inch
long and are usually rechonised by the seven pairs of up-
turned tracheal pills on the abdomen. Eventually the
larvae leave the water and pupate in an aval cell in the mud
r!t'n.rb!.', emerging as winged insects in about three wieeks'
(ARt N

The rarer species, Stalis fuliginetn, is darker in colour
with wings nimost hlack,

The Sponge-Flies {(Order: eurortins, Genus Siryra),
of which three specics occur i® Dritain, are small insects,
the large of which (Plate 17, No. 7) live inside freshwater
sponpes and suck their body-fluids. After a few weeks
they leave the water and spin silken cocoons on surrounding
vegetation. 1 it is early 1n the season, they pupate straight
away and emerge as adult flies in lawe summer. Oibwers,
however, remain in the cocoon as larvee throughout the
winter and pupate in spring, becoming adult about Nay.
The larvae are about 5 mm. long when full grown.

A relation of the lacewing fies, Osmylis fulvicephalus, is
also found in or near water in the larval stage, dften among
mosses at the water's edge. [t is about 15 mmli when full-
grown, dark grevish or brownish, and with o bolly tapering
towards the head #hd til. At the til end ard a pair of
finger-like appendeges, which are eoverdd wit scurved
hooks. The jaws af in the form of slightly cury

vy

spears, with which they picree their prey—Dbli and
other  dipterous  larvae—and  suck  their 5. The
vellowish silken cocoons are found among m in -late

April or carly May,

8o



China Mark Moths (Order: LEPIDOPTERA)

The China Mark Moths are unigque among  Britsh
lepidoprera in pussing their immature stages under warer.
Five spucics, all belonging o the family Pyralidae, the
Pyralid Moths, occur in Britain and althowith common
insects they are frequently overlooked and have, ps a con-
sequence, been somewhat neglecred by naturalists.

They are all foirly small meths with light coloured
winps, and their common name has been given because of
the colour patterning on some of them which is supposed
to resemble the potters” marks on the underside of china.
They are on the wing en summer evenings, ususlly resting
during the day near the water's edpe. A pentle beating
of the waterside vegeration with a siek will, however, soon
dislodee them.

S1ill waters with Aoating-leaved plants such as the water=
lilies, fropbit or floating pondweed growing in them are
almost certain to produce the moths or their larvae, The
eprs are laid on the undersides of the Aoating leaves and at
first the voung caterpillarg move into the tissues of the
plant, obtaining in that way both food and shelter,, Later
some kmnd of protective case is made, usually from picces
of leaf joined topether with a silken secretion, The neat
oval holes in water-lily leaves, made by the larvae of the
Brown China Moth (Plate 44. No. g}, must have puzzled
many owners of garden lily-pocls. I the larval cazes of
some of the species arc openecd as the catcrpillars ore
becomning full grawn, the creatures will be found to be quite
dry, although living totally submerged.

During the winter when the vegctation has died down,
the caterpillars are inpctive and more inVEstigations are
needed on this gage of their life h.umru.s, About April,
with the =eturn of the fvod supply, thg caterpillars become
active aggin, and shortly after they pupate, either above or
below t Urface depending on the species. The adult
insccts N on the wing from June to August,



Plate 45
WATER BEETLES—
(See also pape 84 of text)

t. The dud Dweller, flvbiis afer. A common
species in stapnant waters and it 15 found occasionally
also in peaty water and brackish pools.

2. Great Silver Beetle, Fydrophilus picens. MNatural
size. This fine inscet is found in weedy ponds and
ditches, and feeds on water plants.  ‘The male is dis-
tinguishable from the female by the end joints of the
tarsi (fect) of the front leg, which are Aattened to form
trianpular plates.

3. Laceophilus varegams. A species  found in
drinage dykes, mainly in the south of England.

4. Platawmbus maculatus. This handsome inseet is
founid mainly among submerged vegetation atr the
marging of running water.

5. The Screech Beetle, "H_y'groﬁr'-:a hermrami, A
beetle *which announces its presence in a collecting
net by a loud squeak, o noize made by rubbing its
wing covers against the end of the abdomen. A com-
mon species in muddy ponds.

6. Great Diving Deetle, Dyiisons narginalis,  Male,
Natural size.

7. Whirligig Beetle, Gyrinus natator. Larger num-
bers of whirligig beetles may be seen swimming
repidly about in endless gyrations on the surface of
still water, partictilarly in late summer.

8. Great Diving Beetle, D. ma:g!'na}:'r. Female. A
common insect in ponds in all parts of Britaig, Itis
fiercely carnivorous, often attacking prey larger
than itself, and as n consequence it is often cst in
garden pools where it will damage or destroyffthe fish.

o



Plate 45
WATER BEETI.ES=——] '



FLY LARVAE AND PUPAE—1



Plate 46
FLY LARVAE and PUPAE—; (Order: DirTERA)
{Sce also page 85 of text)

CHANE-FLIFS -k

The terrestrial larvae of cranc-flice are the familiar
* leather-jackets."  Several species, however, pass their larval
stages in the mud or under stones in streams, and in the
damp carth nearby, They are lurge fat grub-like creatures,
vellowish-white in colour.  T'wo genera, Tipula and Pedicia,
ure illustraved;

1. Tipuln.  ‘The larvae have a plate bearing spiracles and
surrounded by six or eight tube-hike appendages on the last
segment of the abdomen.  The pupae have long respirntory
“horns."!

2. Pedicia. In this penus there is no spiracular plate and
there are four pairs of false legs on segments 410 7. Larvae
of Dicranpta have five pairs of false legs on segments 3 1o 7,
cach ending in a circlet of hooks.

3 and 4. Larva and pupa of Piyehoptera. "The larvae live
buried in the mud of shallow ponds, their long extensible
bresthing-tube reaching roghe surface of the water.  In the
pupac the breathing-tube 15 on the head. k:

5. Larva of Soldier-fly, Stratioseys. These larvae hang
suspended from the surface-film by the feathery tuft at the
tuil end of the body. Pupation takes place in the larval
skin.

& and 7. Pupa and larva of the midge Chiromomus.  The
larvae are the well-known *bloodworms ™ and are very
common in ponds. There are many species, some living
in I:’H: mud, some in plant tissues and others swimming
freely.

8. Larva of a Drone-fly, Thbifera (= Eristalis). This is
the familiar * Rat-tailed Mapgot™ found in the black mud
ol the shallow parts of ponds rich in decomposing matter.
The long breatlfng-tube is extensible and reaches to the
surface of the water. Pupation take# place in the larval
;iﬂln and, the puparium bears two short “horns" near the
ront,

e [.-r.l_'l'n. of Phalacrocera,  This strange larva of another
genus oo crane-fly is found among the sphagnum moss in

bog poaols.
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Water Beetles (Order: Covrorrim)

The wue wiater beetles belang o four familics of the
subi-order Aneruaca, the members of which are carnivorous
in both their larval and adule stoges, and one family of the
PoLvraaca, Wikich includes both carmnivorous and vegetarian
beetles.  Most warter beetles nre ngquatic in both their adult
and larval siages although the pupal stage s usually poased
out of the water.

The characteristic leature of beetles in general is, of
course, the medification of the fore pair of wings inte hard
and horny sheaths, or elvtra, serving as protective sheaths
for the membranous hind wingz. The [atter are not,
therefore, usanlly visible, although pecfcctly functional, and
it froquently conies a8 a surprise to the uninitiated o find
that heetles can fly, partcularly those that live in waner,
Bur fly they do and some species, including the Great
Diving Beetle Dytiscue sarginalis, readily leave the pond in
which they are living, usually at night, and indulge in long
fiights in search possibly of new feeding places, during the
course of which they m:c:uinnall:.'.mnu: to grief by mistaking
the roof of a greenhouse or o wet road for o stretch. of water,

The egps of water bectles are most frequently laid on the
surface or in incisions made in submerged plants, but
members of the fTumily Hydreplilidae apin claborate floating
epr-cases of silk.

The larvae display great varety of form in the different
specics nnd are not easy to name, particularly as many have
not yet been identificd with the adult stages.  "T'he sclection
illustrated in Plate 43, however, includes the typea maost
commonly found.

When full grown, the larvae wsually leave the water and
make cells in the adjoining mud in which tgpupate.  Other
specics, as, for instange, the whirligig beetles (Gyrinus) apin
silken cocoons on scrisl leaves of a water plant.
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Two-Winged Flies (Order: Diptena)

This huge order includes the house-fly, bluchotile,
goats and midges, all insects characterised by two
membranous wings, the hind pair being reduced to
mere  vestiges called  haleres. Mang  kinds  have
pquatic larvae and pupae but none is aguatic in the
adult stage. They are classified into three major
groups: NEMATOCERA—adults with long, many-
Jointed antennae, and larvae with well-developed heads
and biting mandibles; BRACHYCERA—adults with
short antennae, and larvae with ineompletely developed
heads which can be withdrawn into the first scoment
of the body; CYCLORRHAPHA—Ilarva of magpot-
type: Iarval skin remaining as protective case for pupa.

The majority of aguatic DIPTERA belong to the
first group NEMATOCERA and include the crane-
flics: the tiny moth-flica (Peveliodidae) abundant near
sewage farms; the midges, gnats and mosquitoes; and
the black flies (Srmulidae).

Of the sub-order JRACHYCERA, the soldier-
flies (Stratiomyidae), are the best-known kinds with
aquatic larvae and pupae,

CYCLORRHAPHA iz represzented in freshwater
only by a few species, the larvae and pupae of hover-
flics ond drone-flies, of which the rat-tailed magpot
{ Trebifera) is the most fmiliar,

Ichneumon Flies and Chaleid Wasps
(Order: H\'.\:E.\'nrrsn.\,‘r

This order, svhich includes bees, wasps and ants, has
only a few aquatic members. *These include the
ichneumon fly (Agriatvpus) (Plate 40, No. 4) which
parasitises the larvae of caddis flics, and three gencra
of chaleid wasps, Caraphiractus, Prestwichia and
Diapria, which are parasites of various aquatic insects
including beetles, dragonilies, water-bugs and fly lanvac.
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Mlate 47
FLY LARVAE and PUPAE—2 (Urder: DipTERA)

1 and 2, Pupa and larva of the midge Dixa. 1In
ponds among yegetation near the surface.

3 and 4. “Phantom Larva®™ and pupa of the midge
Cluroboras,  In lakes, ponds and shady pools.

5 and 6. Pupa and larva of the gnat Celex.  In still
waters including water-butts, cte.

7 and 8. Larva and pupa of black-fiy Stomdieen
Auached 1o stones and plants at the margins of streams.

g. Larva of biting-midge, Ceratopogon, Ponds and
lakes,

toand 1. Larva and pupa of mosquito, Anopheles.
Larvae distinsuished from culicine larvae by absence
of a breathine-tube and by floating parallel to the
water surfoce when at rest.  Oceur mainly in southern
England and fen districts.

12 and 13. Pupa and larvagel the midge Tamypus
In ponds.  The larva swims with vigorous serpenting
MOoYEments.
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Plate 47
FLY LARVAE AND PUTAL—2



Plate 4%

WATER BEETIIS=—2



Plate 4B
WATER BEETLES—2
{See also page B4 of text)

t. Rantus wotetus, A species found gin ponds and
ditches wath plenty of vepetation.

2. Haliplis floveealliz. A widely distribured species
found m both still and running water.

3. Agabus nliginosws.  Favours  grassy pools with
soft muddy battoms,

4. Hydroporus ervitlirocephalus. A common beetle
found in boggy and marshy habitats, including sali-
marshes.

5. Ffydrobius fuscipes. A species resembling a small
Great Silver Beetle; common in still water.

6. Hyphydrus ovafus.  Found mainly in the south,
this beetle favours ponds, lakes or the stiller regions of
rivers where there is o muddy bottom and plenty of
vegetation.

7. Actlins sulcatus, male.

0. A. suleatus, female. This common and widely
distributed species 18 found in ponds, particularly
those with sandy bottoms.

B, Hebniz aenea.  "This emall beetle i3 found under
stones in streams during the daytime, but it becomes
more active at night and crawls on the bottom of the
stream or among the submerped plants,



WaTeER SxalLs axp MusseLs
{Phylum: MOLLUSCA)

Two classes of the large phylum MOLLUSCA
are represenfed in freshwater:

GASTROPODA—the snails and limpets.

LAMELLIBRANCHIATA—the mussels and
cockles.

The most obvious difference between these two
groups is the form of the shell. In Lamellibran-
chiata it consists of two parts, or valves, hinged
together—hence the term Bivalves applied to this
class, In the Gastropoda, on the other hand, the
shell iz all in one picce and they are referred to as
Univalves.

In both cases, within thcphc]i lies the soft, un-
segmented body, but it is important to remember
that the shell is not merely an external shelter as
is, for instance, the'case of a caddis-larva, but is
an integral part of the molluse and is attached to
the body by powerful muscles.

The foot, a muscular development of the under
surface of the body, is the structure with which
both mussels and snails move about. In the
mussels it is triafular in shape and can be pro-
truded through the front end of the open shell,
firstly to plough through the mud while the animal
is on the move and then to anchor it when it has
found a suitable place in which to settle.

In snails the foot forms a flat sole on which they
glide along.

An important structure in all molluses is the
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mantle, a fold of the bodv-wall which forms two
lobes, one on each side of the body in bivalves and
covering much of the body of univalves. The
mantle seeretes the materials of which the shell is
made and since identification of molfuscs depends
miainly on the shape and structure of the shells, it
may be well to say a few words about the forma-
tion of shell,

The principal constituent of the shell is calciom
carbonate or * chalk,™ but there are, in fact, three
distinct layers in & mollusc shell.  The outer layer
which is thin and serves as a skin-like protection
to the rest consists of conchvelin, a substance re-
sembling the hard chitin of insects. This laver
frequently gets rubbed off on parts of the shell
subject to wear, and reveals the middle layver which
provides the thicknggs of the shell, consisting
mainly of caleium ecarbenate, with the “crystals
arranged perpendicularly to the surface. The
inner lining of the shell, next fo the animal’s body,
is the smoath mother-af-pearl or wacre, also con-
sisting of calcium carbonate but with the crystals
arranged parallel to the surface,

Macre is secreted over the whole surface of the
mantle, wherens the materials for the two outer
layers of the shell are provided by the edpes of the
mantle and thus the shell is exgended at its edges
as the molluse grows.

Throughout the season there are periods of
rapid growth alternating with periods of slower
development so that the shell does not increase in
size uniformly, and lincs of growth, parallel to the
edges, biten indicate the age of the specimen, A

S (eontinued on p. or)



Plave 49
WATER MITES (HYDRACARINA)
{Sub-phylum: ARACHNIDA)

Warter Mités®are cormmon in most freshwater habitats
Same species swim actively in the water whereas others are
sluggish and erawl abour on the mud,  Although they are
small ercatures, most of them are brightly coloured and thus
ensily seen.

The femalez of some species lay their epgs in jelly-like
masses on submerged planes or stones, but others inscrt
themn into punctures made in woter plant stems.  The
larvae are parasitic on other water creatures and may some-
times be found in considerasble numbers attached 1o
aquatic insects, When fully developed the larvae drop off
their hosts and become free-living mites.

Water MMites are carnivorous and suck out the body
fluids of their prey through their pointed beaks. Abour
230 species are found in Britain, A few common specics
are illustrated here, I

Fomily Livusocaninas

1. Diplodontus  despiciens.  Female. A wvery common
species in ponds,  Lenjith 2 mm.

2. Limrochares agquaticns.  Female, A crecping specics,
found in the mud of ponds, lakes and canals.  Length 4 mm.

3. Hydrarachma globora. Female. Various species of
this genus are common ond their larvae are the ones most
frequently found attached to water buga or beetles.  Length
2—3 min.

4. Great Diving Beetle, Dwiiseus margomalis, with many
larvae of H, globota attached. .

F;I'I'Iil}" HYGROBATIDAE
. Hygrobares longipalpis. Female. Length 2°5 mm,
., Newmania sprnipes.  Male. Length 1 mm.
. Limmesia fulpida.  Male. Length 18 mm.
. Arrhenurus caudarus.  Male.  Length 13 mm.
. Ditto. Fermale, Length 1-2 mm.

a. Epps of Hygrobates lomgipalpis on duckweeds
go

O Gosl S




Plote 49
WATER MITES



Plate 50
Water Spider with its partly completed air-bell,



Yy changing environment, wo, will frequently result
in differences in the outer regions of the shell.

The shell of a snail is really a long conical tube
*twisted into a series of coils, each of which is called
a whorl,  The first whorl, at the apex”of the shell
in the case of a pond-snail, is the part originally
occupied by the newly hatched ‘snail and the
rest of the whorls are added one by one, as the snail
grows. The largest whorl 15 called the body-
whorl and the rest, collectively comprise the
spire. Divisions between the whorls are termed
sufrres.

On helding a peinted shell so that its apex is
upwards, the opening will usually be found to be
on the observer's right-hand side.  Such a shell is
said to be dextral,  If, however, the opening is to
the left, it is said to begsmistral.  Most specics of
snails are dextral, u]l’wugh sinistral coiling i
characteristic of a few, but individuals are some-
times encountered which do dot conform to the
rule for their species and may’cause difficulties in
identification for the uninitiated.

Since calcium carbonate enters so largely into
the constitution of the shell, waters seriously
deficient in  caleium—""solt" watcrs—will not
provide conditions suitable for miolluses and these
animals will be absent or repagesented only by
stunted specimens. Individual species vary in
their ability to tolerate calcium deficiencies and the
Wandering Snail (Limnaea pereger), for instance,
can apparently thrive in quite soft waters, in con-
trast to the Great Pond Snail (Limnaca stagnalis)
which if essentially a hard-water species.
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It iz perhaps worth remembering that hard
waters generally have more plant growth than soft
waters, and thus by providing more food and
shelter offer better living conditions for molluses
on these prounds alone.

Waiter-snails and Freshwater Limpels

The Freshwater gastropods belong to two sub-
classes:

STREFTONEURA (“operculates™). Mol-
luscs with a horny or chalky plate, the operculum,
attached to the foot, with which they can close
their shell ; respiring by means of gills.

EUTHYNEURA (“pulmonates). Molluscs
without an operculum able to breathe atmospheric
air by means of a “lung.”

Water-snails. The operculates are truly agqua-
tic creatures and still retaig the method of respira-
tion of their merine ancestors—by pills. The
freshwater pulmonates on the other hand are
terrestrial snails thét have taken to an aguatic life,
and they still come (o the surface to take in atmo-
spheric air by mean: of alung. When the supply
af dissolved air in the water is pood, however, as
it is in most ponds in eold weather, even these
snails can appareptly obtain sufficient oxygen for
their needs from the water, .

The freshwatee operculates live mainly in well-
oxygenated and clear waters, particularly in rivers
and streams. They include the Freshwater
Winkles (Genus: Fiviparus); the Valve Snails
{Valvata); the Nerite (Theodoxus fluviailis);
Jenkins' Spirc Shell (Patamopyrgus jenkinsi) and
two species of Bithynia. Most operculaies have
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separate sexes but Jenkins' Spire Shell is partheno-
genetic; that is reproducing without a male sex.
This snail and the Freshwater Winkles do not lay
eggs but give birth to living young. .

‘The pulmonates are all hermaphrodite, that is
exth snail has both male and female parts, and all
are capable of laving eggs.  Although self-fertilisa-
tion can take place in some species, the more
usual method of reproduction is by the union of
two individuals.

The eggs in their jelly capsules are familiar ob-
jects on submerged stones and plants, and the
number of eges in each cluster varies within wide
limits even in individuals of the same species. It
has been noticed that these ecpgs are sometimes
carricd on the feet of waterbirds and in this way
snails are introduced p waters miles away from
their orginal source,

Included among the pulmongtes are the familiar
pond snailz of the genus Limnfiea; the Ramshomn
Snails (Plararbiz); the Bladdef Snails (Physa) and
the Freshwater Limpets,

The last-named molluscs, & which two species
are found in Britain, the Lake Limpet (Aneylus
facustris) and the larger River Ligppet (Aneylastrim
Sfluwiatile), haye shells of a different type from the
other water-snails. They are bwod shaped, with
no whorls, and the cdges, consisting only of the
soft, homy outer layers of shell, are able to adhere
firmly to surfaces which may be rough, such as
the stones, plants or other animals on which they
are usually found,

The food of water-snails consists mainly of

a3



algae attached to water-plants or stones. De-
caying parts of higher plants may be eaten, bu
rarely are the healthy parts attacked. The Great !
Pond Snail occasionally takes animal food, dea®
or alive.

Thirty-six species of water-snails are found fin
Britain, ten of Yhese being operculates. G
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I'he structure of molluscs,



Plate 52
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Plute 52
WATER-SNAILS—1 (Phylum: MOLLUSCA)

*r. Dwarl Pond Snail, Limnaes truncatula,  Com-

on at the edges of small streams and ditches and in

mpy pastures. The mtermediate host of the liver-

Lo of sheep.

®Wandering Snail, L., pereger. "'he commonest

molluse and found everywhere, even in brackish water,
The shell 15 very variable in form.

*3. Jenkins' Spire Shell, Potamopyrgus  fenfinst,
Now common in running water habitats but before
1893 it was purely a brackish water specics.

4. Common Bithvnia, Brtlvmia rentacilata. Come-
men in larger bodies of still water and streams. A,
' leachii, a smaller and less common specics is found
mpinly in the south and east of England,
g, Ear Pond Snml, Limwaca anricularia.  Fairly
common in calcarcous waters.

*6, Valve Snail, Falt%a Pisciny
rivers and streams with ya pen
snails are easily recognised by th
on the head between the tentacl

*=. Marsh Snail, Limuaea pallfstris. Found mainly
in marshes and ditches, althougl it does occur also in
lakes and rivers.

g. Great Pond Snml, Lrwnedy stagmalis and egps.
Natural size, A species which favours large ponds
rich in calcium, but i3 also fnuné in slowly Aowing
rivers and canifls. e

0. Freshwater Winkle, Froiparus viviparns, Natu-
ral size. Fairly common in running water in the
south and midland parts of England and in "r"r'ﬂlf-s.

® Speeies which way be fonnd s saft waters, "_

efis. Common in
Aow. The wvalve
nout-like appendage
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Plate 53
WATER-SNAILS—2

1. Keeled Romshorn, Plansrbis corinatus, Corg-
mon in larpeg bodies of calerreous water.

2. Whirlpool Ramshern, FP. gertee. Common
caleareous waters; usually in rivers and streams
soactimes in [:Lﬂldﬁ.

3. The Romshorn, P. planerbis. Common.,

4. Flat Ramshorn, P complanaing.  Common in
ponds,

%2, White Rumshorn, P albus. Easily recognised
by the dull white colour of the shell. Common in
ponids, lales and streams.

%4, Button Ramshorn, P. spirorbis. Common in
marshy places, although it is also found in lakes.

2. Lake Limpet, Ancyfes lacustriz. Common in
still waters, usually attached to water plants. The
larger River Limpet (Awmcylastrum fluviatile) is a
commoh species fgund m::llriy in flowing water or at
the edges of lakes.

8. The Nerite, Tikedoxns fluwiatilis.  Oceurs in the
swifter regions of cakarcous rivers attached to stones
or plants.
*q, Moss Bladder Shail, Aplecta hypnernm.  Fairly
common in ditches offd ponds.

10. Great Ramshfien, Plansrbis ecornens,  Natural
size, Fairly commgen in larger bodies of calcarcous
water. A

11. Bladder Smail, Plysa fontimalis. Common in
clear streams and lakes.

* Snecies pehich may be foumd in soft waters,
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Plate 53

WATER BENAILS
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Plate 54
EGGS OF WATER-SNAILS (Enlarped)

Above: Great Pond Snmil.
Below: Great Ramshorn Snail,
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The Mussels and Cockles

The freshwater bivalves include the mussels, the
-\s wller orb-shell and pea-shell cockles, and the Zebra
wzsel—a total of twenty-six species. -
411 the larger mussels beleng to the®super-family
URTONACEA,  They live at the bottom of the water
withagart of the shell sunk into the rgud and the two
valves held slightly apart.  "I'wo tubes, or siphons; are
protruded from the rear end of the shell, the upper one
being the exhalant siphon, and the lower {ringed one,
the inhalant siphon, ‘Through these a continuous
current of water is drawn through the mantle eavity
and then expelled, bringing o supply of both oxygen
and food particles and eliminating waste materials,
There are distinct sexes, and the females during the
summer produce large numbers of eggs which arve
passed to brood-pouches in the outer gills where they
are fertilised by sperm from a pearby male taken in
throuph the inhalant siphon. The larvae,  ealled
g.llur.nlj."a.llj'-’:, are expelled durmg the fallowing spring
thraugh the exhalant ‘sli‘|\n and atufirst swim through

the water by opening oM closing their shells, bue
eventually many of themWadhere to water plants by
menns of o coiled, sticky thread, the byssus which they
possess, Their survival depends on becoming at-
tached to a passing fish (often a stickleback) and those
that are successfol embed them clves into the skin of
the fish and hve a parasitic exigence for about three
months, At the end of that tm} they are fully devel-
aped and, dropping off their hostsythey settle down to
lead a free existence. ‘The larger mussels attoin an
ape of aboutr t#n to fifteen years,

Orb-shell and Pen-shell Colkles. There are
four species of orb-shells (Sphacrinm) and  fifteen
apecies of pea-shells (Pisidinm). These are much
smaller than the mussels, the shell of the largest spegs
Sphaerium rivicola being about an inch :im
some of the pea-shells are extremely small.

The orb-shells are distinguishable by Javing twa
siphons, the pen-shells possessing only bne. This
ae—FP.L, o7 .



feature, of course, can only be seen in a living SPeCimen
which has opencd its shell. “The shells themselves,
however, are distinctive: usually those of orb-shells
being more symmetrical and rounder, whereas lhclsk'r
of the pea-shells look somewhar lop-sided and fatgy.
Both kinflwofl cockle are hermaphrodite and produ
fully developed voung—about six at a ume, which
not go through a parasitic stage.
The Zebran Mussel 15 o somewhat aberrint &
bearing a closer resemblance 1o marine bivalves than
to the freshwater {ormns, but iz found in -'-|I?'-'\"'!'i'-'l'f-“.
docks and alse in water-mains. It is believed to have
been imported to this couniry about 1824 in timber
ships from the Baltic. The length of the sheli—about
one and & hall to two inches, and its characteristic
markings of wavy bands of brown, serve to distinguish
it from any other native bivaive. It produces a type
of larva, called a veliver, which swims frecly in the
water by means of cilin but eventually drops to the
bottom, grows a shell and attaches itsell to some solid
support. Frequently proups of these molluses arc
found growing luq{:lhvr un,thmcn_.:ud posis OF stones.

-
-
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Plate 55
Above: Freshwater Winkle (Froiparus
showing operculum. 4
Below: Great Pond Snail (Livinaea stagnalf
tentacles and foot,

ATIPArns)
showing



Plate g6
MUSSELS—1 (Phylum: MOLLUSCA)
(Half matural size)

1. Painter's Mussel, Lnio pictorum. « This specics
15 found in rivers, canals, lakes and large ponds
:]uruu;,huut England and Wales, The names, both
common and scientific, were given because the valves
of the shells were used by the early Dutch pamters to
hold their colours.

On the Continent this specics 1= used by the fish,
the Bitterling, Rbodeis amarus, as an incubsator for its
cgps. The female Bitterling, by means of a long
avipesitor, deposits her egps into the mantle cavity of
the mussel where they develop.

2. Unio nowidus.  The shell is not so clongated as
the previous specics and is usoally thicker. This
mussel is not so common as the Painter's Mussel and
is only found in clear rivers and canals from YUTL&hm‘
to Somerset and in parts & Wales.

e Pearl Mussel, Mar} writifer margaritifer. “This
dark, almost black species is [ound in swift rivers in
the north of England, along the west coasts and in
Scotland and Ireland, Pearls of commercial value
are sometimes found in the shell and there was at one
time a thriving pearl fishery en the River Tay in
Perthshire.  Other nagive freshiater mussels some-
times produce pearls but not in sfficient quantities to
be commercially important. The pearls, which may

be white, pink, green or brown, arg produced in the
same way a5 those of marine m.u]lusv::s by the excretion
of nacre from the mantle 1o embed an irritant foreign
body, such ag an encysted parasitic worm.




Plute 57
MUSSELS—z, ORB-SHELLS and PEA-SHELLS

(Half notural sive except Nos, 1 and 2 sehere the size it
tnficated)

-

-

1. Horny Orbeshell, Sphaerivm  corsewm.  This
species is commeog in ponds ond in streams throughout
Britain ¢ven in soft waters; and 15 one of the [erger
nembers of this penus.

2. River Pen-shell, Pisidium  amuoicwm, Common
and widely distributed in running water.

The distinctions between o typical Orb-shell and a
tvpiced Pea-shell are clearly seen in these two illustra-
tions ¢ the more spherical and symmetrical shell and
two siphons of Orb-shells: the asymmetrical and
Aatter shell and single siphon ot Praidime.

3. Zebra Mussel, Dreissena polymorpha.  The very
distinctive patterning on the shell readily identifies
this specics, which is found attached to submerged
objects fn rivers, cfnals, dmfﬁ, as well as in reservoirs
and water-mains in Englanlf and parts of Wales.

4. Swan Mussel, Anodonta cygrea. A small speci-
men.  This species lives in large ponds, lakes, canals
and rivers where there is a muddy bottom,  Specimens
up to g in. long may occur.

5. Duck Mussél, Anodonta anmifng. This Mussel
prefers running watgf with a sandy bottom and is well
distributed in Britaifl.  As both this and the last species
are very variable it is not always easy Jo differentiate
between them, bigwin general the shell of the Duck
Mussel is smaller, more oval, thicker and darker in
colour.



Plate 57
MUSSELS —2, DRE-SHELLS AND PEA-S



ve: Tadpole of Smooth Newt,
w: Toad spawn,



Vertebrates
(Phylum: CHORDATA)

Although the invertebrates, or animals without
backbone, form the bulk of the %reatures en-
countered in observing and studving pond life, no
review of the subject would be eomplete without
brief mention of the vertebrates occurring in
freshwater which include the lampreys, the fish
and the amphibians.

LAMPREYS

Two species occur in Britain: the River Lam-
prey (Lampetra fluviatilisy and the Brook Lamprey
(Lampetra planeri). The former may reach a
length of eighteen inches whereas the Brook
Lamprey rarely exceeds a third of that size. At
first glance they may by mistaken for eels but their
lack of jaws, their sm.]ar mouth and the gill-clefts
along the body behind the head distinguish them.
They both feed on smaller creatures such as
crustaceans, insect larvae and occasionally on fish,
to which they attuch themselves by means of their
sucker mouth.

Fi1sH {Plate f}n}

Space pretludes descriptions of all the species
of freshwater fish and the reader is referred for
detailed information to another volume in this
series dealing cxclusively with fish, Representa-
tives of many families occur in ponds, l=fs and
streams, and freshwater fish do not forrg# separate
groupse The most handsome and known are
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members of the Solmomidae—the Salmon, Trout,
Char and Gravling, inhabitants mainly of running
water or lakes. The majority of the so-called
“Coarse Fish™ belong to the Cyprimidae—the
Carp family~=and include the Gudgeon, Tench,
Minnow, Chub, Dace, Roach, Bream and the
Carp itself—the dast probably not a native fish b
a specits introduced long apo for food purposes.

One of our handsomest fishes 13 the Perch,
which with the smaller Pope or Rufle, represent
the family Percidae. In larger ponds, lakes and
slow rivers the ferocious Pike takes its toll not only
of fish but also of frogs, water-voles, and even
water-birds.,

The Common Eel, a frequent inhabitant of
strenms and ponds, deserves mention on account of
its interesting  life-history, Al adult ecls in
Europe,*when reagy to brged, make their way to
the sea and cross the Atlantfe Ocean, where in deep
water there they spawn and then die. The flar,
transparent larvae undertake the immense journey
back to the place from which their parents came,
taking up to three years to reach their destinations,

In rapid streams may be found a little fish
beautifully adapted for life in running water, the
Bullhead or Miller's Thumb. Its flattened body
enables it to remain hidden between, ar even under
stones, waiting ffr the smaller fish or other prey
which are instantly snapped up when they come
within range.  In such habitats, too, lives the un-

- m]ntcﬁ-ﬁtunr Loach, casily recognised by the
fringe of Wgrbels around the mouth.

Finally t be mentioned the beautiful little
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fish, the capture of which must start the carecr of
many @ naturalist—the Three-spined Stickleback,
whose interesting nest-building  activities have
endeared it to generations of nature lovers.

-
-

THE Asmrninians (Platgs bz, 64)

It iz wvsually onlv i their breeding scason n
spring or carly summer that the amphibians—
frogs, toads, and newis—are 1o be found actually
in the water, During the rest of the period when
they are nctive they live in damp places on land
Their lzivae, or tadpoles, are of course important
members of the fauna of stll waters, providing
much food for the larger camivorous creatures,

Cur amphibians belong to two orders:

Caupata—rthe tailed amphibians—newts.
SaLienta—the tailllss ampHibians—frogs and
toads,

Newts. Britain  possesses three species of
newt—the Common or Smooth Newt; the Palmate
Newt; and the Great Crested Newt.  During the
greater part of the year they live on land, hiding
under stones during the day and huntung for prey
at night in summer and autumn, hibernating in
winter. In %pring, they repair to ponds, where
after a short courtship, the male*deposits a trans-
parent capsule of sperms in the water which the
fernale grasps with her vent and releases the
sperms into her body to fertilise the eggs before
laying them. The eggs are attached singly to
water plants, enveloped in a gelatinous envelope
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and frequently the leaf on which an egg is laid will
be bent over o shicld i,

The tadpoles have three pairs of external
feathery gills which are retained until the end of
the larval pefiod, The front pair of legs appear
first und the hind legs follow. By the middle of
August some latvae hove completed their meta-
morphosis although many over-winter,

Adult newts feed on insects, worms and slags,

Frogs. Although the Common Frog is the
only native species, two others have been intro-
duced to this country—the Edible Frog and the
Marsh Frog. Although the former has not in-
creased its range much since it was introduced in
paris ol southern England, the Marsh Frog-is
rapidly spreading outwards from its place of
introduction in the Romney Marsh area of Kent
and Susiex. . r

Toads. Toads can readily be distinguished
from frogs by their shorter legs, which cnable
them to progress by erawling rather than by hop-
ping, and by their warty skins. ‘The Commaon
Toad, too, 15 frequently found far from water in
summer and autumn. Epg-laying  takes place
rather later than that of the Common Frog, and
the egps are in long ropes.

The rarer Nattesjack Toad congrefzates in some
numbers in habitats suitable for it, which are
usually in sandy areas where there are pools in

o« Which to breed. The characteristic yellow stripe
down the middle of the back immediately identi-
fies this specics.
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COLLECTING EQUIPMENT (Plate 59)

“Ulve equipment for the collection of freshwater organisms
need be netther elaborate nor expensive, A first cssentiol
i3 net, and the type to be wsed depends on the poarticular
organisms it i intended o collect, Whergas nets made
with fately coarse material will suffice fol large creatures
such s beetles and bugs, much finer-meshed materal will
ke needed to collect microscopical life and parpeulardy
the free-iloating algae of lakes and pords.  For these pur-
poscs 3 plankton-net is used, the bag pars of which is usually
mide of a material called ™ balvng-xilk™ {0 fobric manu-
factured primarily for the milling industry) orof nylon, At
the spex of the net is a small ghiss or cellulodd b into
which the organisms drain when the net & removed from
the wawer. For use in coillecting zoo-plankion (micro-
scopical amimals) a fabne with 6o meshes to the imch is
wswal, but for phvtoplankton (minute plant Life) o mesh of
150 to the inch 13 necded.

A =mall plankwon net for cmateur use eosts about 1546,
bur a very satislactory one cun be made from a length of
shout nine inches takon fvom the top of 3 lady's discarded
silk or nylon swcking. The strengthened part ot the top
15 stitched round a circitlur frame made from strong zal-
vanised wire and the lower end tied geeurely round a small
flanged pglass or plastic tabe such a5 a varwty of tablets are
midgin. The net is then [ostencd to a stick or astached to
a length of cord if it is to be used at a ww-net,

Dealers in natural history supplies have available o
variety of pond sticks, some provided with threaded ends
20 that several can be jomned topether,  These also earry a
screw thread to take nets and other acceasorica.

A sin:ph‘ draghook; for hauling water plants to the bank
1% a uselul picce of cquipment. One can be made simply

taking scveral picces of strong galvanised wire about
ning inches long, bending one end of each into the form of 8
:l.nn\k. and slipping the other ends into o short length of
cad pipang. | these are now benj over and the piping
hamrr?:ﬂd!‘ﬂnr, the wires will i'l:"gcnm:d. A lm.?:ﬁ':ff
strong cord, such az picture cord, attached 1o the deag will
enable it to be tossed into the middle of a pond and then
slowly hauled in, when the plants can be cxamined over a
white enamel dish or plate or even a piece of hght-coloured
mackintosh,

Finally a few gliss tubes and small tins (such as pastille
tins); honey or fruit-prezerving jars for the larger creatures;
& smalt*paint brush and a simple fountain-pen filler type of
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pipette for transferring the cateh, will complete the essential
collecting cquipimnent.

PRACTICAL WORK

~ Much morg point is given o pond-hunting expeditions
i a svstensitic approach 1o the subject iz adopted rather
than the usual haphazard “lucky dip.”  An attempt maght
be minde, for example, to find out something about the
ccology of o pond {%¢ page 107) and to find out the answers
to the questions, ** et ives sefiere and sehes and fioze and
why 2™ A start nught be made by drawing 8 rough shetch
map of the pond and mdicaring on it the exeent of the plant
sones, or better sl by making a profile of the pond {scc
Plute 2), Then by svstematic collecting in the various
regions of the pond (see Plate 62) o representative example
ol the animal hie would be obtained.  DBack at hame or in
the class room, a ¥ demonstration bench™ ean be set out
bearing writken labels of all the man animal groups based
on the details given on pages 114-110.  On sorting out the
vatch each specics is transferred 1o o separate dish or saucer
und set out in its approprate place on the demoenstration
beneh; thus not only- is o clear ingight gained into clussifi-
cation, but an indication s given of the groups r-:prnr.-ntr.-d
m the pond and those that pre missing.  Having noted
where the animals w%re found, it 35 then advantageous o
mark their locations on the shetch map or profile.  "T'hus
dragonfly nymphs, beetle larvae, ete., would be indicated s
appuraring among submerged vegetation; * bloodworms ™
and some annelid worms in the mud; and pond skaters and
whirligig beetles on the surface film.

Carried our in this way, pond hunting begins te have
some meaning; fresh problems present themselves for
investipation and eventually work of real scientific value
may result.



FRESHWATER ECOLOGY

In the opening pages of this book the importance 1o
the organisms living in freshwater of such physical
and chemical foctors as temperature, light, dissolved
i m‘ﬂ-_ﬂnrj salts, and water movements wese described.
The impact of these factors varies not only between
one stretch of water and another, but often between
different arens, or zones, of the same pond or stream.
In studying a particular body of water, and its
characreristic communitics of animals and plants, it is
convenient 1o consider it ns consisting of a seres of
LOnes.

STILL WATERS (Plate Gz2)

In an average pond, four main zones of life may be
recognised ;

+ The surface-film.

. The regien of submerged and Aoating vegetation,
. "The open water.

. The bottom mud.

Each of these zones has peculiar ddvantages and dis-
advantages, and consequently its own characteristic
communitics capable of hving under the conditions,

The Surface-flm (sce page 11). This frontier
between air and water provides a habirat with adequate
oxypen, abundant fi in the form of small creatures
that have fallen accidentally there, and comparative
frecdom from predators.  ‘The zone has been colonised
by a number of inscets that are beautifully adapted to
live there—light, slender warer bugs, such as the pond
skater and water measurer—whose slight weighe
spread over a wide area by means of long legs, the tips
of which sometimes bear water-repelfent hairs, enables
them to be supported on the surface-film.  Actively
swimming there are the whirti%ig beetles, while below,
hanging from the underside of the film are the larvae
and pupae of two-winged flies, such as gnats.

The Zone of Vegetation. From the pond marging
to o digfance that varies in every stretch of water iz a
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zone of vegetation—a region of abundant food and also
plentiful oxygen, derived from the photosynthesis of
the planta, but with a good deal of competition among
the inhabitamiz; Here live the greatest variety of
specica—begtles, both larval and adult, water bugs,
dragonily andmayily nymphs, snails, mites, leeches
and fntworms. -

The Open Water, Free-swimming or  free-
Hoatine orpanisms form the mamm population of the
area of open water towards the middie of the pond.
These include the largest members of the fauna—the
fish, and .the zmallest—the planktonic amimals which
form a large part of their food, including water-fleas
and rotifers.

The Bottom Mud. This apparently unpromising
zone supports nevertheless a surprisingly large number
of individuals, if of few specics.  Food may be plenti-
ful in the form of decaving plant and animal remains,
but oxygen may be scarce.  Creatures that can thrive
in these conditions include the * bloodworm® larvae
of midges and annelid worms such as Tubifex, all
possessifyr the red blood pigment hacmoglobin which,
on account of its great affinity for oxygen enabiles them
to make the most of what little of this gas is prescnr.
Here, too, may be found bivalve molluses, such as the
orb-shell and pea-shell cockles.

RUNMING WATER

The zonation of a river is along its length and the
various reaches will have their characteristic com-
munities. First come the fead-sireams, the source of
the river, often little more than shallotv trickles with
partly submerged moss or stones. These streams
support a surprisingly lnrge population of small animals
among the moss-tufts or under stones—eaddis larvae,
flatworms, rotifers and protozoda.

The head-streams give way 1o a wider watercourse
with a stony or gravelly bed and a strong current
carrying ull Lefnrc it. This zone is termed the frout-
beck. Little plant-life can exist in the torrent, and
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Plate 59
COLLECTING EQUIPMENT

A, Weed-drag. » B. Small plinkton-net. C. Shell
scoop. D, Weed cutting knife (B.y €. and 1. screw
on to a collecting-stick).  E. Hand-lens. T, Pondside
trough for examining catch, G, Pipette, H. Spoon.
I. Forceps. ]. Camel-hair paint brush (G.—]). are for
sorting out the catch). K. Large enamel or porceloin
dish for examining the catch.
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Flate 6o
FISH
(See also page 101 of text)

ne and wide-
rin Scotland.

1. Roach, Lewcisens rufilis,  Comm
spresd in England and Wales but scar
Frequents ponds, slow rivers and cgfals where there
are plenty of waterplantz.  Food : pfants, crustaceanns,
inscetr and molluscs.  Size about & in,

2. (inset) Threc-spined Stickleback, Gasferosfeus
acileats.  Although mainly found in ponds and
streams throughout the country, this ubiguitous lirtle
fish sometimes cocurs in the brackish water of nver
estuarics. It feeds mainly on small animal foed. In
spring the male builds a nest of plant fragments glued
together with @ secrcrion and in it several fermales lay
their cpps.  Size about 14 in,

3. Perch, Perea fluviatifis. Well distributed in
Britain, mainly in rivers and lakes, favouring water of
medium depth.. Food: mainly ifscets and erusta-
ceans, although they occazionally take small fish,
Size about g in.

4. Tench, Tinea tinea, Widespread throughout
the country, inhabiting mainly slow rivers, canals and
weedy lakes. They are bottom feeders and in winter
often lic buried in the mud.  Food: worms, molluscs
and decaying plant and animal remains.  Size abour
10 in.

5. Carp, Cyprinus cavpio, Widespread in lakes and
larger ponds.  Feeds mainly on the bottom on water
plants, worms, crustaccans. Size about 12 in.
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Plute b
FROGS AND T0ADS WITH THEIR TADPOLES
(Sec also page 1og of text)

rog, Rase temporaria.  Found abundanmly
cluding lreland, into which country it was
introduced in th¥ga7th contury.  “This species §s known as
the Grass or BrowX Frog on the continent,  "The colouring
varies greatly in individuals and even albines are knowi.
Frops breed as soon ss they emerge from hilseenation and
then leave the water, living in damip places on land.  The
food—insects, worms, shags, eic.—is aken muinly at pight.
The tadpoles take about 12 weeks to complete their meta-
morphosis,  Size about 3 in.

2. Edible Frog, Rane ciewlente.  Has been introduced te
this country on a number of cccesions and has persisted ina
few areas of the south of England. It is more attached w
water than our native [rog and slways lives within casy
reach of it, although it also enjoys basking in the sun.  Sizc
about 23 in. male, 3 in. female.

3. Magsh Frog, Rama ridibunda. ‘This pative of eastern
Europe was introdubed into Kent in 1935 and has now
spread over a wide area of Romney Marsh and adjoining
districts. It keeps near to water and readily plunges on the
approach of danger.  [Tts dict may include small mammals
and nestling birds, Size sbout 31 in. male, up to 5 in.
female.

4. Matterjock Toad, Bufo calamita. Widely distributed
over England, Wales and south-west Scotland but local.
Where it occurs, however, it may be abundant. [t prefers
sandy places where it can make burrows in which to hide
during the daytime. The adpoles complete their meta-
marphosis rapidly in about 6 1o 8 weeks, Bize 24 in.

5. Commen Told, Bufe bufo.  Widely distributed and
eommon over England, Seotland and Wales. Frequently
found well away from water and often stays in one locality
for o long time. The eggs are laid in strings, often 10 or
1z fr. long, entwined arcund water plants. The tadpole
stage lasts B to 1z wecks. Size about 24 in. male, 4 in.
femnale.

1. Commien
all over Hritain




. Plate 61
FROGS AND TOADS WITH THEIR TADPOLES
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such smull anunals os are present are fettencd forms
adapted for chinging to the underside of stones—the
nymphs of mavilics such as Ecdvonerns and the stone-
flies, a few caddis larvae und lecches,  Trout ccour in
the deeper water and the Ailler's Thumb shelters
A0 SEOones,

Further on its course the nver mgfv enter a zone
termned the mrmese reach where althfiugh the current
i5 still fast, some silting occurs in sheltered spots and o
few plants, such s the water crowfoot, are able to gain
a Toothold, while water moss (Fontinalis) mav also
grow nbundantly on the stones. The plantz provide
niches for a variety of small creatures and caddis larvac,
snitils, planarn fatworms and freshwater shrimp:
may be among the richer animal life.

In the loweland reach, where the curvent is slow and
the course meandering, much silting may take place and
conditions here may be similar 1o those in ponds with
much the same communities of animals and plants.
Finally, as the river reaches the sen, estuarine con-
ditions appear and tidal action limits the organisms to
thoze that can tolerate o high degreeof sulinitys  "These
may include some maolluses such as Jenkins” spire-shell,
the zebra mussel and some water shrimpa,

roon wens (Plate 63)

In freshwater, the interdependence of the living
organisms can be seen more clearly perhaps than in
any other natural environment. The first links in the
food-chain are, of course, the inorganic substances
dissolved in the water; such as the salts of various
metals (caleiuw, potassium, iron, etc.), and the gas
carbon dioxide. ‘The green plantt, both microscopic
and large, can utilise these basic materials directly to
build up living matter which becomes available s food
for the herbivorous animals, which in turn provide
nourishrent for the carnivores.  Every organism thar
is not eaten, in time dies and disintegrates, firstly into
detritus, and then by bacterial activity is broken down
into basic inorganic substances once more.  Thus there
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is a1 constant circulation of food materin] in a typyal
pond or loke, although the position may be compli-
cated inoa larpe, i,l.l..'l.;'i lake by the "lDE|{iI1L:’-Hp" of
reserve materials at the bottom in summer, due to the
establishmept of a2 “thermocling™ or temperature
barrier, whick prevents the free interchange of
nutricnt materds between the bottom and top zones
of the lake.
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Plate 64
MNEWTS
(See also page 103 of text)

1. Common or Smooth Newt, Tritnres valoaris,
(feft) male, (right) female, Common aad widely diz-
tributed m England and eastern Scotland, local else-
where. It slso oceurs in Ireland—%he only newt 1o
do so. This is the least aquatic of our three specics
and leaves the water soon after the breeding season is
over, hiding under stones, logs and other cover during
the dav and secking their prey at night.  Size 4 in,

2. Palmated Newt, Triturns helvericus, (left) male,
{right) female; (inset) hind foot of male and end of the
tml enlarged. Widely distributed in England, Scot-
land and Wales and commoner than s generally sup-
posed.  The male ean be distinguished from the male
of the preceding species by the webbed hind feet and
the filament at the end of the truncated tail; both of
which featurcs are more pronounced in the Breeding
seagon.  The females are difficult to distinguish from
cach other but msvally the female Smooth Newt has a
spotted throat and that of the Palmated Newr is
without spots.  Size 1 in.

3. Great Crested or Warty Newt, Triturns cristatus,
Occurs locally throughout England (except Cornwall),
Scotland and Wales, preferring rather large ponds. It
remains in the water longer than the other two species,
sometimes all the year round. Size about 54 to 6 in.

; E—F,l:. 113



Summary of the Clossification of Main Groups of
Aguatic Anlmals, with examples

FPlare

Rlih'-l:lﬂﬂdl}lﬁ  PROTOZCA,  Single-celled animals

Class FIMGELLATA (Masugophora). Eug-
feaa, Ceratinm, ete, 13

Clizs SARGODINA (Rhizopoda),  Awmoeha,
Actinophrys 15

Class SPORODZO0A. Parasitic protogos
Class CILIOPHORA. Paramecium, Vorticells 1819

Sub-kingdom: PARAZOA. Sponges
Phylum PORIFERA 17

Sub-kingdom: METAZOA, Cellular animals

Phylum COELENTERATA 17
Clies HYDROZOA, Hydm 17 ey
Phylum PLATYHELMINTHES, Flatworms 22

Class TURBELLARIA
Order RuanoocorLins.  Dalvellia
Order TricLantos,  Planaria 23
Class TREMATODA, Parasitic flatworms
Class CESTODA. Parasitic Aatwormas
Phylum ROTIFERA, Brachioms 2021
Phylum GASTROTRICHA. *Hairy Backs"
Phylum NEMATODA. Threadworms
Phylum NEM.ATI.}MGRI'HA, " Hait-worms""
(Crordius) .

Phylum ANNELIDA. Segmented worms a3
Class CHARETOMODA
Order OLiGoCHAETA.  Stylaria 13
Class HIRUDINEA. Leeches, Haemopsis 24
Fhylum POLYZOA. *Moss Animals™ {Pluma-
tella) Y 4 a5
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Mlare
Phylum ARTHROPODA, Jeinted limbed animals
Sub-phylum CRUSTACEA
Class BRANCHIOPODA
Order Anostraca,  * Farry Shrimps™ (Chirg=
ceploalus) . 27
Order Nostnaca,  Apus { Trisps) -
Order DiFLosTRACA
Sub-order CLavacena,  Dapihia 26
Class OSTRACODA. Cypris 2l
Class COPEPODA.  Cyelaps 2
Class BRANCHIURA. Fush-lice {Argules) 27
Class MALACOSTRACA
Order Izorops.  Freshwater Louse (Aselfus) 27
Order Aseiniroph.  Freshwater  Shnmps
(Fammiaris) 25
Order Dicaropa,  Crayiish { Astacus)
Sub-phylum INSECTA. lnseews
Class AFPTERYENTA
Order CoLLemnoua.  Water Springtails
Class PTERYGOTA
Sub-class EXOPTERYGOTA &
Order 'LecoPTERA.  Stoneflies A
Order Onoxata,  Dragonflics 32/33
Order Hemiprena.,  Warter Dugs 16
Order Eppemenortera,  Mayilics 15
Sub-class ENDOPTERYGOTA
Order Mecavortera.  Alder-flics 9
Order NeUroPTERS  Sponge-fies and Osery-
lies 17

Order Tricnorters.  Caddis Flies 37138, 40/41
Crder Lyrinortera China Mark Moths 4244

Order Cwrortery.  Beetles 43 45, 48
Order Divrera.  Two-winged Flies 4h147
Order  FiysmivorTena,  Ichneomen  Flies
{Agriotypus) L
Sub-phylum ARACHNIDA
Class ARANEIDA.  Warter Spides 50
Class ACARINA, Water Mires 49

Class TARLIGRADA, " Warter Bears™
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Plate
Phylum MOLLUSCA

Class GASTROPODA, Water Snoils 5255
Class LAMELLIBRANCHIATA, Mussels
and Cockles 56/57

Phylum CHORDATA. "Vertebrates"
Closs CYCLOSTOMATA, Lampreys
Class PISCES. o Fish Ga
Class AMPHIBIA, Frogs, Toads, and Newts &1
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Keva Fonr THE [DENTIFICATION OF SELECTED Groups

To ute the kevs, start suith the fiest pair of sliernntrees ond after
= the .-.|'C|.r||‘\-r.'-'w mlirel appiics to e sparimen Beerg cxemine
sl b Live mexl puir of alferimnie |J'r.|'|...||<..|' v mateitdeer, oo

there,  Evcntirally iy aheadd !‘ur { ta e mane
iy growp, ([ h.rs mal brer fig n! Ie, howwever, far
comfule melt soplificd artificial keys to |n{|||de il ;.l'w arnimals £
parficeler groupe)

Flatworms
(TURDELLARIA)

1. Dne por of eye spots,
More than one pair.

. 2, Head end pointed but with no
e, 3

Head end nearly square and

(LT

il may have horns. 4
% ”L.Jd triangular: base of triangle widest part Dhepesin
of bady sulitentaculata
Hend pnl::ted streaks behind eves: rouncded Duprsia
pasterior end, Tugurbiriy
4- Ever widely spaced: no horna: mrregular  Bdelloeeplanla
border to head end. prnctata
Eyes close topether: well-marked hm’nq Crensdia alprms

Large numbser eye spois: wells

5. Large number eye spols: no SRR
-F_ 1 hons. Polyeelis nfgra

marked horns, Falyeelis feling
i' || Worms :
(BLIGOLMARTAE)
. Twa bristles in each bundie. a

hiur{: than two bristles in each

baundle,
3. Bristles not cleft: clitellum
present: square tail, Eiseniella
ﬂrm]ﬂ in ventral bundles

3
-
Diseinct  long  narrow  proboscis:  dofsal
2 Lrristles lomg. Srylaria
Broad murmr enil: no bristles on segments
Chaetogaster
l!nJy umuh at anferior end: dark red
[5] Lawmdriculus
4. Ventral bristles hooked: tube dwelling with i
£ail out. _ : : Tuldfex
Bristles  all  simple:  clitellum  obvious: ;
wititish. Lapmbricillus
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. Une pawr eye spats close together.

Alore than one pair eve wpois
2. Three pairs cye spots.
Four or five pars eve spols.
T Six rows of coeum spots on body: curls up
when disturicd,
Brawnash or Blackish spoti: carries egpes.

w
4. Four pairs cye spols,
Five pairs eye spols; lorge

5. Lorge: s rows yellowish spats: casries
L

i
MNurrow body: blackish markings.
. Third pair cyve spots in hine,

/_’::\ Third padr eve spots staggered,

g Stone-Fly Larvag
(PLECOPTELL)
1. First and sccond tarsals to-
™ % pether 'rl.'rfl' short and less
than half third segment.
= “‘% First and second tarsals fo-
pether more than halll thaed
ECEIEEnt,
z, Gill tufts on abdomen obvicus: body large
arwl robust,
Me gl tufts: body stender.
3. Secand tarsal as long as first,
Second tarsal sharter than first.
4. Hind wing cases in nymph more widely
dwvergent than the fore. J
Hind wing cases i pyvmph parallel with fore
Wing Cascs,
5. Pale amd slender: ouddle abdomimal seg-
ments longer than wide.
Dark-coloured : middle abdominal segments

wider than long: short antenmnae. -
-
" Water Bugs
(MEMTFTEIRAY
1. Conspicious antennac: maostly
surface Hvers.

Vi small antennae  often
hidden  underpeath:  truly
squatic.

2. Long tail tube.
Mo tail tube.
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Hilalbdella
sligracded

3

4
Glasphanne
s fifErarla
Colassiphonin
hietereclita

o
Havmapefs
el T

Tharomyzan
tes:nlierinn

]

Erpodaléila
oeloenlala

Erpobdella
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3

3
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Fl
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5
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3. Flat broad body: fattened from legs,
Long slender body and begs.

f‘% 4. Hind femur extends beyond
d

end of shdomen,
Hind femr dovs nol extend

_r___1_l beyvotid end of abedmmen.
5. Very clompated head: slender Taosdy,
Stouter  bady  withh  conspicudus  ofange

stripcs. -
Bwirns veniral side uppernat,
Swime dorsal side uppermost,
Head with sharp poanted beaks eval bady.
Mo shorply poanted beak.

May-fly Larvae
[N ANRRTER TR RN ]

b I s

1. Burrowing form.,
Crawling or swimming forms
2. Long mandiblei: vws branched fringed gills,
curved back.
T Flattemed Dbosdy (ususlly in streams).
More or less eylindrical body, -
4. Vory broad and Mac with flar

limibs: mils mot fringed.
L\J;S;:-’}"‘_-; Fairly Lroad nd flat; feathery
i wills.
v@ Faiu_-gr inrud ani ﬁjl: ﬁn‘[ﬂalt
4 pilla  large an touchangy
\I@\ ventrally.
Mot 4o beoad: all gills forked
anad then branched,
£ Swimming forms,
Crawling forms, - ¥
6. Six pars gills deuble: seventh pair single
Seven pairs doubde gills.
Seven pairs single gells.

\H} 7. Middle il shorter:  laldal
palp rounded.
Gills lanceolate: labial palp
, frencate,
B. Sccomd pair of six gills large and covlr the
rest,
Five pairs of gills,
Caddis Larvae
{TRICHOFTENA)

1. Larva with transpartable case,
Free=living, net-spimning, or tunnel dwellers,
2. Case of spirally arranged vegetable matter.
Case Nt as above,

115G

Nepa
Hanatra

Gerrii
& 5
Hydronigtra
Velia
Nofamecia
7

I w_un'-:
wraNE

2
3
Epliemmera
+
5

Eedyarurns
Hrr:rncﬂliﬂ

Ritlerogimna
Hmrl.l'lhh-fdh
3

Clieon
Lapuphielia
7

Bachi
Cemtroptlum

Carniy

Epherenilia
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3. Case small, slender, carried by swimming
larva.
Case large and not carried by swimming
I

rva,
4. Caae very small: seed or flask :hapﬂl
Coae medium to large., ;
g, Cwsp  beatlfey in appesrance: silk only
L5 mm. . X
Case inchudes =ioal grafns os well: light
cobour {5—4 mirm,j,
Case shaped hke ogeomical fask {5 mm. ).
G, Cade muacde of sonad grains only.
Cuee made of sanzd graing with much larger
stoned cervented on sdes,
Cose may inchude sand grains and other
manteriala,
Case of ones: ot on one sade and strongly
eurved on other,
7. Cone condeal and fairly strongly’ curved,
Cose stratght cvimder.
Lorva inhabiting fixed tunnel on stone.
Liorva not inkabsting fixed munmnel. :
Semall redshishi-green slender body = anal wills
onlyi long tortusus tinng i

Medivm to Inrge: very small head: gills in
bunches on sbhdomen: only in wennel in
pro-papation peraod,

1o, Met-spanming larva.

Free Brvag which do not spin nots,

1. Larva large (22 mm.) dark vellow-brown
head;  seeond  abdominal  segment
broade. .

Larva medium size {12 mow) reddish bead:
uniformiy broad hody.

12, Larva mednom to large: very small head:
gills in bunches on abdomer,

~

£

1. Thread antennae,
Clublred antennae.

2. Large, olive brown with light brown edge tog

wi "
L.uar:tn T in. lohg. ;

3. MNarrow body, black clytra with yellow mor-

gin strenk. :

Globular body, redidizh,
Neither of above, '

4. About 4 in. long: black markings on thoro,
Lotsa than § in.

5. Elytra thlnr dark or black,
Thaorax yellow or ¥ sh black.
Elytra brown and yellow.

120

Tremrnoden
Fhrvganen

3
i

Agraylea

Hywdropetla
Cheyetaira
7
Herfrogiena
Limnaphilids
Arapetig
Liptaceri
Serraphyla
o
]

Tinodrs

Rearcopditla
LR
[F]
Plecironemia
Palycontropit
or Cyraur
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6. Circles on surlface of water.
Linder waler swinnners,
7. Very large: silvery appearance underneath
w lgeerr auchme
About b in or less: metallic bloe or precn
Nery mmaliz Poar SWimmers,

—_-'_:% Beetle Larvao
—_—

1. T'wa tarsal cluws.
Crne fursal claw,

TOCCRSES,
PRsCCET.
firnite tail proces. y
3. 'I'nil processes longer than ahdomen i3 wide,
"Takl processes shorter than abuboreen is wide.
4. Tatl procesies pluneses,
Tail processes not plumose,
5. Head hae a pronounced snout: smiafl.
Head prolomgped inte a shoet beak: small,

.- Very long first thoracic segment: very short
"tzils " processes.
Mo “neck™: hairy tall process: very large
mandibles: larvae up (o 2 . long,
7. Four hooks ot end of abdomen: abdamimal

wills.
Vi rr]. dark body: five white reteactile wills ar
endd of obhdomen.
E. One obvious tul process.
No il processes. )
0. Large head: three hairy tail processes,

Fly and Midge Larvao

1. Spiracular plate and gills on
Last segment.
Mo spiracular plate.

2. Body with numerous long spines.
Mo spines.
1 Sin or :rthl labres round rectangulae spiracu-

Fn'n or bess loBes: five pakrs false :Im
4. Seven pairs false legst retractile il
Two pairs {alse legs. ]
Nong or one pair false beps.
£ Antennse simple; retractable tail.
Am.en.hl:'ﬁa simple: mouth brush and posterior
sucker.

Antennae hairy,
¢ 6. Transparent body: foyr air
sacs.

5 Mo mir sacs.
12r

Gy
7

H'-'-'J‘*I}.bﬁrfrn
Hyidrobius
.H_L drapleiicd

C&==10uw

LarceopliTus

5
Hyphiydrmn
Hyidroporus or
Lieroncetes

Aetline
Dviisesn
o yrimus
fiede

Hy 1
Hygrobia



- 7. Wormelike : posterior crown of
stifl brsstles, Foreipomyar
Drosd thoracie  segments:

bircathing wiphon ]
B, Hares head down an rest. Culexw
Hangs paraliel o water surface. Anaphicler
g. Dody keld Houlile s mouth Lrushes: false legs
on abdominal segments 1 and 2. Ihiva
One paie fare legs on thorax and one on
List abdanmnal segrent. 1a
=
E .:I 1o Anteror false leps Pused, 11
1 Amterior fulse legs distinet. 13

..r'-—.-"'r.

15 Lomg slemdder  pmtennac:  banded Dbody:

_small aned slender. Carynonenra
Short setractable antennae: body broader at
front end. ‘Tanypris
12, Few: tubular and four anal pills; ofien red. Clroriomn
Mlallusca
t. Lindvalve a
Bivalve. 13
2. Wath an eperculum 3
Mo opercalum. &
3 Shell very lintle hagher than
Lireead. Falerra
Shells distmctly  higher than
Liegad 4
4 Operculum mther hmy! concentric mark- u
ings. Huithyia

Operculum horny: spiral markings: retract-
able within apertufe. L3
5. Operculum with brownith tinget 5§ whorls,  Pofammperpm
(Hystrobia)

Q Jemkinst

6. Shell impet-like: apex almost

median—] in. Areylus
Lacnialets
Shell  helicslly  wound  or
cotlest, ]
7. Shell not coiled in one plane:®
& m',"pmjlwrrnu. L3
Coiled nearly in one plane 14
8. Shell sinistral and shiny. Physa fontinalis
Shell dextral; broad tentacles, q
0. Tall apire. 1
Short spire. 13

1o, Large: bast whorl very large:

f ire. Limnaca sagnalis
M:f.llfu;agr smmall: Last wharl
mor very large: spire less
aeute, i1
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i1, Small aperture obout onesthird shell: un-

oven Eper. Limnaca plabra
Aperture one-half shell ; even aper, [F
12. Uminlicus closed by laid back Yips. Limnaea poalasini
LUimibilicus open : flattened on top. .immaea
trunéafila
13 Last whorl expanded: mar= & Liornaea
gin reflexed outwards, awricidaria
Mot s expanded: no reflex- L i
ll'll'l 'J-I'“JI:UI'{' maets 08 bews PFERTE
than ga®, »
14 Very lange: up to 1 00, Manoriis corncas
Miuch semaller: =4 in. i5
15 Wharls strongly ridged, F|'|'r|r_~:-rb.|':'
\ ") transversely, Erisla
' o Noridizes. 1
= 16, Whorls  taller than broad: Plareros s
“\v tight  eodl:  overlapping romlorig
Tnchiwe, ]
Whorls not taller than broad: not tightdy
cotled, Ly
17. Six whorls: round or slizhtly angled. Plaworbis spfrorba
Lieas than «ix whorli: spiral markings aper= Planorins
ture rather large. afbur
t8. Larpge. 0
Small. 20
I@ 1, Depression in front of um- 2z
[ . Limio
Mo depression, Arodunta

20, Umlmuu cemral s shell oqui-

Isteral. Spharrinm
Umiisone subterminal: shell
inequilzteral. Priefdumi
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115,

22
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115
— —, larvae, 121, Plates

47
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Oxygen, 11
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Phacopliyceas, 15
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Planariana, 114, Plate 22
Plankton, 10, 14
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Plates 2z, 3
Plants, functions of, 27
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Plate 22
Plecoptera, 64, 115, 118,
Plate sy
Pelfyzoa, 114, Plate 25
| Ponds, 13
| Pond zones, 107, Plae 62
Porifera, 56, 114, Plate 17
Porassium, 12
Praztical work, 106
rimanly agquatic  organ-
isms, 14
Primitive lakes, 14
Protozos, 41, 49,
Plates 18, 9
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Prerygota, Gy, 115,

114,

| Reservoirs, 14
Respiration, 12, 13
Rhizomes, z1
Rhoadophyceae, 315
River plants, 26
Rivers, 13
Rotifera, 41, 114, Plates
20, 21

Rotifers, 41, Plaes, 20, 21
Roundworms, 57, 114

L]

Sclrzomycetes, 17

Secondarily agquatic organ-
isms; 14

Seed plants, 17
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| Silting, 28, 26
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fish, the capture of which must start the carecr of
many @ naturalist—the Three-spined Stickleback,
whose interesting nest-building  activities have
endeared it to generations of nature lovers.

-
-

THE Asmrninians (Platgs bz, 64)

It iz wvsually onlv i their breeding scason n
spring or carly summer that the amphibians—
frogs, toads, and newis—are 1o be found actually
in the water, During the rest of the period when
they are nctive they live in damp places on land
Their lzivae, or tadpoles, are of course important
members of the fauna of stll waters, providing
much food for the larger camivorous creatures,

Cur amphibians belong to two orders:

Caupata—rthe tailed amphibians—newts.
SaLienta—the tailllss ampHibians—frogs and
toads,

Newts. Britain  possesses three species of
newt—the Common or Smooth Newt; the Palmate
Newt; and the Great Crested Newt.  During the
greater part of the year they live on land, hiding
under stones during the day and huntung for prey
at night in summer and autumn, hibernating in
winter. In %pring, they repair to ponds, where
after a short courtship, the male*deposits a trans-
parent capsule of sperms in the water which the
fernale grasps with her vent and releases the
sperms into her body to fertilise the eggs before
laying them. The eggs are attached singly to
water plants, enveloped in a gelatinous envelope
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