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)
The Old and the New

P
HE whaling industry of the nineteenth Halacna and) Grea and the barks Helen Mar,

century reached its zenith in 1846 when
there were 735 vessels in the American Heet
It did not die at once when petroleum
came inte general use as an illuminant after
the middle of the century.
market for whale oil and whalebone, but pro-
fits from the business diminished steadily. Few

alone.

There was still a

new whaleships were built, and before the close
of the century, the taking of whales by ships
using open hoats for harpooning came prac-
tically to an end.  Many vessels had been lost
during the Civil War, Some were destroyed
by Confederate cruisers, The
purcliased forty-five which were filled with
stone and sunk in attempts to close the chan-
nels to southern harbors.  Steel had taken the
place of whalebone for many light articles

Government

and mineral oils were coming into use for var-
ious purposcs.

My introduction to old time whaling began
in June, 1885, when as naturalist on the Arctic
voyage of the US.S. “Corwin®™ I visited whale-
ships at Bering Straits awaiting a movement of
the ice that would permit their entry into the
Arctic Ocean.  These were the steam whalers

*Rept. Arctle Crulse, U8, “Corwin.” 1853, Hs of
Representatives.  48th Cong. 181 Sess,  Ex, [oe, No, 153,

Jacal A. Unff_'huarﬂ' el f"l’r'r*h('.i.l.-_r,r. Later, above
the Straits, the found  the
Wanderer, Dawen, Mary and Susan, Stamboul,

“Corwin’’ binrks
Mabel, drnolda, George and Susan, Ohio, Fran-
cix. Palmer, and Reindeer,

A few of these vessels were already more
than forty vears old, the George and Susan
being seventy-five.  The steam whalers were
comparatively new, being full-rigged  sailing
vessels with anxiliary power.  The bark Fan-
derer, built in 1878, was one of the few whale-
ships that lasted into the next century, remain-
ing afloat until 192 —the last of the American
sailing whalers,  There were in 1883 thirty-
two of these old time whaleships in the Are-
tic. Some of them ended their ecarcers that
season,  The George and Suxan and the Mabel
dragged theiv anchors and went ashore during
a gale. The Gazelle, Rainbow, and Stamboul
were crushed in the ice, the last losing twenty-
two men,  Some of the ships that were between
the jee and the Alaskan lee shore were towed to
positions of safety by the “Corwin.”  Some
of the survivors from the wrecked vessels were
distributed among other vessels of the fleet,
The remaining fifty-four castaways, more or
less ragged and frost-bitten, had to be packed

3]
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Mup showlng the slations of the whaling companies operating In 18251020,  (After
the Register of the Wimling Fleel, Whalers® Mutual Insumanee Associnlion. Samde-

fjord. 1935

Courtesy of the Geosraphice! Review.

Fubli=hed by the American

Geongraphival Socicly of New York,

into the “Corwin” for tramsportation home,
to the enormous discomfort of all of ns. Dis-
asters in Arctic whaling had happened before,
In 1871 thirty-four whaleships above Bering
Straits were cither erushed or driven ashore
by the ice. This was the greatest calamily
that befell the old time Hect. In December,
1885 1 visited certain localities on the coast of
California where the taking of whales by open
hoats operating from whaling stations loeated
on shore was still practiced * The few stations
remaining in operation were localed at Mon-
terey, San Simeon, San Luis Obispo, Point Con-
ception and San Diego.  The fishery was based
on the Pacific Gray Whale, other speeies being
rarely taken, and the industry was declining,
It is not our purpose to diseuss here, whaling
methods of the past.  They have been well
deseribed in many books. What has been writ-
ten above is merely a personal side light on the
subject.

The whaling industry of today is carried on
by methods that are vastly more cfficient. It is
based chicfly on specics of whales that could

not be captured by such equipment as was
formerly emploved.  The change in methods
was graduoal, A few sailing vessels, in ever
diminishing numbers, remained in service after
the elose of the nincteenth eentury, while large
steam-powered  hunting  boats, working  from
shore stations, had already been in use for

HSUVET .'I.I VUIrs,

The hand-thrown harpoon had been replaced
by the Svend Foyn cannon, firing a heavy pro-
jeetile with line and explosive bomb attached.
During the period of transition from the old
melhods to those of the new, the taking of
whales was aided greatly by the use of a bomb
gun fired from the shoulder after the harpoon
had been thrown. While the cateh of the
old-time whaler was limited to the slower
moving whales such as the sperm and the right
whale, the improved ecquipment of today per-
mits the capture of the great blue whale, the
finback, the humpback, the sei whale and others
too specdy for the open whaleboat. They are

*Calif, Gray Whale Fishery, €, H. Townsend, Bull,
.5, Fish Crulse, 1384,
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and have to be raised by steam power and in-

flated for towing to the shore base.

Modern Methods of W haling.—The prepara-
tion of oil and other whale products at well-
equipped  stations where whales are dragged
bodily onto flensing platforms has long been
in practice in the many regions north and south
where whales are taken. More recently this
method has been giving way to the use of floal-
ing factorics, while shore stations are being
abandoned as local supplies of whales become
exhausted.  Factory vessels are readily sent to
favorable whaling  regions, accompanicd by
their steam hunting boats.  The oil obtained is
stored on board until it can be transferred to
other vessels or landed at favorable shipping
points.  While all products derived from whales,
such as oil, fertilizer. bone meal and canned
meat. are utilized at stations located on shore,
the Hoating factory exeept in the case of a
very large one, is as vet able to reduce the ail
only, other products being rejecled for lack
of space required for their preparation on
board.

The foating as originally con-
stracted, cut up the whales brought alongside

factories

by hunting boats and hoisted all parts on board.
The larger vessels now being built are provided
with slips usually located at the stern above
the propellers, through which all whales are
pulled on board before being eut up.,

Some of the factory steamers already in use
excecd 12,000 tons
more than 22,000 tons recently began opera-
tions in the Ross Sea section of the Antaretic,

in sige. A new vessel of

This vessel, the Kosmos, is aceompanied by
seven steam hunting boals and an airplane. "The
Kosmos is reported to have two working decks,
one for oil production and one for the prepara-
tion of fertilizser. ‘There is alse equipment
for the canming of whale meat.

Floating factorics are equipped for radio
communication with their hunting boats,  The
larger ones can dispose of six or cight large
blue whales a day, and more than twice as
many of the smaller kinds, The larger blue
whales may vield as much as sevenly-five har-
rels of oil apicee, huompbacks and fin whales
about half as muel, The vicld of oil depends

upon the condition of the whale eaptured.
The whaling industry of today is conducted
with  enormously  expensive  equipment,  but

wields accordingly preater profits, The value

e
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of whale oil s, morcover, greater Lhan ever
before, being at present worth aboul $F26 o
barrel, The bulk of it is used in soap-making
industries which are indeed competing in the
purehase of il in large quantilics. The sup-
ply of oil is frequently negotinted for in -
vanee of the season’s eatel,. Whaling as now
carricd on is largely a Norwegion industry,
The greater part of the eateh is made in Ant-
arctic walers, amounting to about 70 per eent
of the cateh in all parts of the world,

fecent Whaling  Adetivities.—In an article
entitled  Modern Norwegian Whaling in the
Antarctic® Mr, that
more than 200000 whales have been killed an-
nually in the Antaretic during recent vears.
the stations
South Georgin and Antarctic
there were during the scason of 1928-102p,

CGunnar  Isachsen stales

In addition to shore located  at

other islamls,
cight floating factorics. The catches made by
the Sir James Rosz and the . . Larsen. both
of which arrived at New York in April, 1920,
totaled 1,306 whales which wielded 126000

* Geng, Reve Juoly, 1828,
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barrels of oil valiwed at moere than S3.000,000,
The oil cargocs of both vessels were sold to
tie Proctor and Gamble soap Eactorics of Staten
Lslomd and Cincinnati, The Larsen is o steamer
of 13,026 tons, and earries
She has seven hunting boats, one of which
killed 195 whales daring the twoe months" sea-
son,  Both the have re-
turned to the Ross Sea.

”ihp:llr[l-"—i [ o Nnru'rl_\', dated .I'I.II;.EII‘\! 2k,

a crew of 208 men,

Larsen and the Noss

annvinecd the most imporlant preparations {or
Anlaretic whaling on record.  The Heet about
to sail consisted of 190 steam hunting boats,
|1Ii1'l_1.' AEVLL I.'I.l'll'll"l'l' steamers and seven trans-
port steamers.  Five of the last are to operate
with twenlyv-seven of the Factory ships in the
Ross Sea, and twenty-five of the hanting boats
o Lo thie five shore whalinge stations at South
Georgin,  According to Mr. Isachsen the Nor
wigians operated in the Anlarelic last season,
1028-1020, with twenlv-four foaling [laclories,
cightv-five hunting boats and theee shore sta-
tiomns,

A Faectory Ship—In October. 1920, I had
the opportunity of obscrving whaling opera-

(Cantinued an poge 13)

The factory <hip Lansivg, Californin Sea Prosducts Company.
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Hunting boatl with ber catch. Pludo by Capt. M. Swanson.
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Hunting boat and <even whales
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Wlsles are inflated 1y

slefmi-lriven

whe puinp o prevent their sinking.
Mhote from Bryn, Swoeded jord

ANTARCTIC
TemIREES

\ factory =hip amd one of her hunting boats dragging o whale ap the “slip.”

Photo froon Hryn. Sandefjord,
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A whale “ilngzed™

foetl limsz,  Phodo by Capl. M. Swansoi.
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hae ol the hnntipg b= bringing in o small whinke

humphbaek  whale shiowing ot right fts extremely lomg fin,
Pludo Troen Capl. M. Swanson,

11
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Five inflated whales alongside the factory ship.

Plaitee by Capl, M. Swanson,
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tions as conducted at San Clemente Island, Cali-
fornia.  The Hoating faclory Lansing, 7.000
tons, was anchored in Pyramid Cove at the
south end of the island. To this point her
four hunting boals Hercales, Port Sawnders,
Hawk and Fraveller brought several whales
during my stay. The average length of these
boats is 100 feel.
taken were blue whale, finback and humpback.
The whales arriving in the evening were se-
cured alongside the factory ship ontil morn-

ing, the hunting boats anchoring nearby until

The speeies then being

daxlight.  Oceasivnally a hunting boat was
.'|||.5|"[]| twin [l_.;l_:[\ OF ||h|1g:‘r il III."'l' :'l'llll.\:'. l!lll.
usually the whale brounght in had been token
by a boat that had sailed in the morning, Hunt-
ing boats oceasionally, on account of rougl
weather or failure to whales  returned
without making eatehes.

The Lawsing not having a slip through which
whales could be dragged on board entive, cut
The blubber was re-

firnd

up the catch alongside.
moved first, being cut free in large picees by
men inoa boat beside the whale. ‘T'he
hiad came next. then a long scetion of the tail,
followed by the body in as large picees as could
be handled by the steam winches. All parts
of the whale were thus hoisted to the flensing
deck exeept the great mass of intestines which
was towed seaward by a laonch and set adrift
Sometimes sharks

small

to be disposed of by sharks,
come in at night and tear whales alongside the
factory ship. They also at times attack whales
left afloat at sen temporarily by the hunting
boats. Whales thus left are marked by flags
while the boats continue hunting.
As the heavy masses of blubber, fesh and
bone are lhoisted, they are pulled to suitable
positions on the Hensing deck by winches, and
are promptly attacked by the deck gang of six-
teen or eighteen men.  All parls are cut in
picees a foot or more square, and dropped into
the open tops of cighteen large steel digesters
located directly under the flensing deck. As
these are filled, the lids are belted dewn and
steam turned on. In ten or twelve hoors the oil
has Howed off to storage tanks, and the residue
of scrap and bones thrown overboard, Skull and
Jjawbones, being stripped of fat and Hesh, are
deageed under large steame-driven saws, cut

YORK A00LOGICAL
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into picees suitable for the digesters and are
steam-boiled  like the The great
masses of “whalebone™ or baleen are detached

sofl parks.
from e upper jaws and thrown overboard.
Thers is bt little demand for
presenl, but al shore stations where it can be

“whalebone™ at

stored it is usually saved. AL Japanese stations

it is used Tor the manufacture of varions faney

Flsewhere it is used chicfly for mak-

arlicles,
ing brusles,

It usually took the deck crew of the Lansing,
working with long-handled, broad-bladed knives,
but half a day to dispose of a large whale and
clear the deck for the
driven grincdstone was constantly in operalion

nexl one. A motor-
for the sharpening of the axe-like knives by
an expert,

The vecord caleh for the Lansing was twelve
whales in one day.

e opervations for 1929 o date (October 13)
were as follows: The Lansing left San Fran-
Muarch 16 for Magdalena
California, where whaling was earried on from
March 28 to May 189, The next until
June 15 was al Cevvos Island, L. €. The Lan-

zeigg then operated al San Quentin Bay, L. €.

cisen Bav., Lower

hase

from June 17 to 20, after which the vessel went
to San Clemente Island, California, for the re-
mainder of the season, concheding  about  the
end of November,

The total eateh of whales up to date of my
departure on Ccetober 13 was 2404, or thirty
whales better than one a day, A factory steam-
er of this size—7,000 tons—with four hunting
boats, requires about a whale a day to make a
reasonahle profit,

One of the hunting hoats, the Hercufes, had
taken fifty-scven whales, thirty-six being blue
whales, OF the total number brought to the
factory ship, 145 were blue whales, eighty-one
finbaeks, nine hampbacks and nine sei whales,
Among the blue whales there were ten per cent
more Temales than males.  The average length
of the blue whales taken was sixty-cight feet,
fin whales fifty-five feet, humpback forty, and
sei whale thirtyv-eight feet. The total number
of men employed on factory steamer and hunt-
ing boats is 114, The Lansing had in ler stor-
age tanks on Oetober 12, 11,700 barrels of wil,
worth about 226 a barreel.
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Culting up the blubber. The pieces in foregronnd are ready for the digesters, the open bops of wiich
are ot each side of deck,
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hemd: being lowersd on deck,  Obzerve “whalebone™ on each shile of upper jaws,
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Tlhe Hunting Boats—All of the lunting hoats the line comes taut.  Its charge is coarse black ]
attached to the Lansing are equipped with the  blasting powder.
Svend Foyn cannon, nearly four feet long. The hunting boats have a speed of about

which fires a projectile weighing about 140 ninc and one half knots. Like the faclory
pounds. exelusive of the heavy line.  The bore ship. all but one are oil-burners.

of the gun is three and a half inches and the On October 11 while out with the honting
charge is fifteen ounces of black whaling pow- hoat, Saunders, ninety-four feet long, I ob-
der. The bronze bomb driven into the whale served the capture of the largest blue whale
by the line-carrying projectile is exploded as  taken during my stay with the whalers.  This
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Californin Groy whale §Bbackiopeedes afooneps b
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Narth Atlantle Right whnle (Ewhbalocan slocielis)

was a female Mue whale, cighty feet in length,
shot at a distanee of twenty fathoms (120
feet).  The boat had been following a group of
three whales, one a finback, for half an hour.
The gunner did not get within shooting range
until just after sunset. The whale was hit well
forward near the fin, and its weak struggles
lasted only a few minotes until it sank., The
line heing vertical, the gunner pronounced it
dead, and the winch at once began heaving in,

When brought to the surfaee, a tube was in-
serted, and the air pump started.  After being
inflated the whale was laid alongside, and the
tail made fast near the bow. 'T'he Sawnders
was about thirtv-five miles ouat, and did not
reach the factory ship until nearly midnight,
Whales, when not quickly killed, sometimes
run for an hour or more, dragging the hunting
hoat at high speed. A fin whale shot by the
Hereules took out 2,500 feet and then hroke
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whalkehone™ or baleen.

Skull, with

the line, Gunners prefer to shoot at short
range as the weight of the line greatly affects
the trajectory. The whaling gun goes off with
a cannon roar, and makes a cloud of smoke,
One of the gunners told of killing a ninety-six
foot blue whale off Barclay Sound, British
Columbia in 191k, which measured twenty-onc
feet across the tail.  He saw a blue whale killed
off the coast of Chili in 1808, which measured
105 feet in length, The blue whale is the largesi
of all animals living or extinet. The fin whales
I saw during a hunt with the Hercules seemed
to blow four or five times in as many minuotes
before sounding, and then did not reappear for
about ten minutes. ‘They did not appear to be
alarmed by the hunting boat which followed
them elasely in getting within shooting range,

Norwegian Whaling ITnvestigations.—During
muech information on
whales and their distribution has been acquired,
chicfly through the Norwegian Whalers Asso-
ciation. Mr. Sigurd Risting, Secretary of the
Association and Fditor of the Norwegian Whal-
ing Gazette, has tabulated and analyzed the
mass of statistics gathered by Norwegian whal-
ing companies.®* Many thousands of blue and

the past decade new

The skull is npeide down, lower jows removed.

fin whales have been mensured at shore sta-
tions and on factory ships operating ehicfly in
southern whaling ficlds,

It is set forth that the average length of
the G023 blue whales measured, was 2516
mebres (about 79 feet) that for every 100 fe-
males there are canght 115 males, that the largest
blue whale recorded was 106 feet (33.27 metres)
in length, and that only five whales execeding
100 feet were recorded—all females.

The average length of the 5,942 fin whales
that were measured was 20066 metres (about
i feet). For every 100 females there were
eaught 1214 males.  The largest fin whale caught
was 87 leet (27.8 metres)—a female,  TIn both
specics the female averages larger than the
male, and botlr speeies are in general larger
in southern than in northern seas.

Yield of Oil from Farious Speecics—The
largest amount of oil recorded by Mr. Risting,
305 barrels, was from a blue whale taken in
1924 at Walvis Bay, West Africa. The average
vield of ail for southern seas in general is shown
to be 845 barrels per blue whale unit. It is
" Whales and Whale Foetuses by Steurd Risting (Coneel

Permanent  Intermationn] pour L'Exploration de la Mer,
Vol. 50, 1827).
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smaller in temperate and northern whaling re
gions and this also applics to other speecics,
The yielkd of oil from other specics of whales
taken in southern seas is much smaller than
that from the blue whale, being as follows : Ll
whale, 54-87 barrels, fin whale 42-13
1 115 bar

rels, The humphback is probably an exception

barrels,

-34 barrels. sei whale

humpback |

as when taken in tropical or temperate seas, its
oil vield iz nearly as important a5 when taken
in colder water. This is also true of the sperm
whale which ]W:-]H-T‘I_\' inhabils 1|,|_'|||||'1':||| ad

waarm h.'_'.;'iu:ll*- and is '~|'|-:I-|I-."|| taken in eolid seas.

The relative values of different species in lerms

of average vield of oil per whale is: once bloe

whale = two fin whales two and one-hali

humpbacks = six =ei whales in the same whal
ing region,
Unbarn  Young—Accompanying  the  nu

measzurements of female whales are

The lengthy tabulations b

mMerols

those of foetuses.

=TS0, 'HL‘.‘;!I'I'I.' and size. of both mother whal
and foelus yield important information on th
breeding habits and movements of severs] sy

l_'il."-. !"]’ﬂ[]l E'lll]i,' “"1.‘l!|"i in :\IHIHIr'.‘i‘I SCAS. VYOI
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have been tnken ranging in sigze from one to

Iwenly-seven fect in length, Prom female fin

whales in the same waters, vonng liave heen

foumd from one Lo twentyv-one fect in lengeth.
Thae tabulations dealing also with the condi-

tioms of females taken in other seas amd at varey-

ing seasong, throw new light on whale mizra

It is diffienlt

bricf summary of the hundred and

Livnr and the p-.'l'il'-|| of westalion,
to minke n
twenlby-two guarlo pages of Mr, Risting's abun-
Maore
obscrvabions and measnrements come with each
I e

bl |||-'||-.'II:.' IIII?"'I". il contributions to SCICnce.

dant and valuable statisties. and more

season’s whaling whaler's Association is

[t already appears that the period of mesta

Livnr is aboul o year, that the varions species
have somewhat different mating seasons, that
wilh cerlain speeies voung are born in warmer
reartonts and duting the warmer months of the

i, While whales ""'"'Ii." lisive bt one yOung,

twing taken from

Birth

sppears that al
e blue whale in southern seas has a length of
that

twenty-six {eet and it acquires a

“Whalehone” or baleen, showing arrangement of whalebone plates
formerly valuable, now little wsed,
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Sperm wihnde with mouth open.

length of about sixty feet during the first
vear while still nursing. The period required
for the blue whale to reach the breeding age
cannot as vet be determined with certainty, but
as gestaling females are not found under the
length of sixtyv-five feet and but seldom under
seventy fecl, the indications are that maling
occurs during the second year. The great mass
of statistics supplied by the Whalers® Asso-
ciation indicates that both blue whales and fin
whales have young only every other yvear,
There seems to be only one case, that of a
humphback, in which a pregnant female was ac-
companied by a nursling. From studies of the
stalisties respecting all species of whales, it is
evident that the rate of growth is much more
rapid than was formerly supposed.

Migration af IVhales.—The migratory move-
ments of whales are connected with their breed-
ing seasons, the young being born chicfly in
temperate seas,

Their passages northward and  southward
are in general eoastwise, the sperm whale being
the principal exeeption, During ten years of
deep sea cxplorations by the U.S.S. Albatross

The only large whinde with leelh,
Pleotor from Bryn, Sandefjord,

we saw few whales at great distances from
land, as compared with the groups—sometimes
large companies—seen within sight of land.
There is no evidence that whalcbone whales of
either Arctic or Anlarelic waters actually eross
the tropies, although those of both regions make
seasonal movemenls into  lemperate regions.
The sperm whale, however, often wanders in
summer inte eold seas, but these are mostly
males. Whalcrs operating from shove stations
make their catches during eertain scasons,
British IWhaling Investigations.—"T'he  phe-
nomenal expansion of the whaling industry in
Antaretlic seas has naturally attracted the at-
tention of the British Government. The Dis-
covery with a scientific stafl engaged in oceano-
graphical and whaling investigations returned
to England in 1927, Similar work by the I1il-
fiam Scoresby also with a scientific staff, was
carried on in 1928 and 1929, The Marine Bio-
logical Station in South Georgin was reapened
in 1928 and continued to the end of April.
1928, Hundreds of whales were examined as
to parasites, stomacl contents, breeding condi-
tion, ete. The studies ineluded five different
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Whale being dras:

species of whales, and reports are in prepars
tion. More than a hundred whales have already
been marked with a light dart shot into the
skin, which will, on the capture of whales so
marked. throw light on their development and
movements,  Whaling  investigations are also
being made by observers accompanying certain
foating factories,

Whaling  operations  conducted  at  South
Greorgia, South Orkney. South Sandwich, and
South Shetland, whieh are dependencies of the
Falklands, arc all subject to restrictions and
taxes imposed by the British Government. This
is also true of whaling operations about New
Zealand, South Afrien and other British terri-
tories,

Shore Stations.—Whaling is still carricd on
from land stations in many parts of the world.

We have recently aequired a greal mass of
statistical matter relative to hoth ships and
shore stalions now engaged in whaling, T am
not vet prepared to present it in tabular form,
owing to the lack of returns from several re-
rions, Numerons shore stations have been aban-
doned within the past three years, while foat-

sl oo homnl. view from Insbde the “slip.”™

satuleljord.

ing factories and steam hunting boats  have
greatly inereased in numbers.  While whaling
operations in  Antarctie seas are increasing
rapidly, activitics in the North have fallen off.

Our information on whaling is derived almost
entively from forcign sources, as the United
Stales, once leader in the industry, no longer
participates, except to a limited extent in Cali-
fornia and Alaska.

An instruetive eompilation by Sir Sidoney
Harmer, chicfly from Norwegian and British
data. will serve the purpose of the present ar-
ticle, It shows the cxtent and distribution of
the whaling industry in 1925-26. (Sce page 24}

Whale Conservation.—The Whaling Com-
miltee of the International Couneil for the Ex-
ploration of the Sea which recently met in
London, eonsidered the subject of whale con-
servation. The general feeling of the Commit-
tee was that, although it is not at present pos-
sible to put forward recommendations which
can be said to have a strietly scientific foun-
dation, nevertheless it “fecls strongly that the
chormois expansion of the whaling industry
in recent years constitutes a real menace to the
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“']m]ijlg data for these reginns, :iu:*]uding alse British Columbia, are ].rrr.-.rnt:':] in the
following tables. (From Norwegion Whaling Gazette, April, 1929,

Pacirie Coasr Whanixa Pronvers, 1925,

o,
IM=trick r I=
T T B e =2
British Columbia ..., .00vernn, ]
California

* Floiling factory Laasing,

Paciric Coast

) Na, No,
Year s{ations Wil bies
Urpera el Taken

1918 5 1137
1914 ] 1450
1520 1 1763
1921 1
| BEHLE) i
19023 ]
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1926 [ |
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18025 3 1.011
Tustal 12,6534
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14011
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iallin= '
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Gt (150
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1,502 500
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2,151,850
2.0706,450
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3A50 1400
4475 1015
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e
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7
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¥
0
&
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Noter—Above tables inelude produclion of companies operaling from the United States and Canadian
poris on the Pacifie. All figures prior to 1927 represent products from shore stations,

Wonro-Provveriox, 18925-26 (Sovrueny Seas) axp 1926,

Lowality
AL AxTaRcTIC AREA.
1. South Shetlands,
Norweginn Companics
Other Companies
2. sonth Georgin,
Norwegian Companies
Cher Companies
. South Orkneys

A
ko Hoss Sea (Sie J. €0 Hosa)o oo oo
. Somth Sea (Fowcing).......ocoeenns

B Arnica.
1. Cape Colony
@ MWalal

o alfiech BEe ol s e,

1. French Congo
5. Other African

CoAvstania axn New Zeapaxn,
Australia
New Lealand

I Sovrn Pacirre.
1. Chili
2, Pero
3. Feuador

Rurrels Number
af (il of Whales

205,500 | 4TI
55,450 |
58,401 }

21656 | THID
27,050 623
HA%,630 St est,
17 000 20 esd,
il 552
Hi0s4
Lk
12294

]
22N a0 esl,
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15250 i
18,5040 542 pel,
£ .00 Hid |

Tarrels of
(il Avernge
per Whale

G20

51.3
B A
0.0
0.0

S
47.2
352
40.1
21.0

HLO

A5.5
0
24,4
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E. Xowru Pacirie,

1. Mexico, Mexioo 0. vqvreun e misvareansns [ 22
el T 7 B R R A S 14561 g
2oCallfornln ... ¢ N e Lt e s e kSl (B
. Britizh Columbin . ..ovnernersssisssnssnsnns 12,8900 204
e e e S i e i L e 2,200 Hik
5. kamchatka : 11,5806 253
G, Japan and KOPea .o.eo-oresasssisansiaeacias 20, (W) 1,251
F. Norrir ATiaxmic,
LiGrenada; W, TntlBes. s e duasin saia 2,500 T2 akT
B e ORI, &sanisn s s atuin s s ke v 8 nce v 11 gt L TR T 10h,00
3. Spain, Corcubion ..o oo ciaiinnn | § 625 )
Spain, LT T 110 b o e e E | 206,08 | g i |
Spain, Soe, Fsp, Coronn 10,500 B30 ext, $0
t. Portugnl : FRUEY 278 S
5, Britizsh., Harris S.01H1 212 ek, i
British, shetland ! PR i 05 4
i, Faeroe Is. Norwegian Co....... I252 K2 305
Faeroe Danish oo o iieinnecrcessanas dal2 134 292

7. Xorway, W, Coast

Norsk Hyalfangst 2iHi LT
Aukra Hyal Co.,.i.. 0. 155 3.2
Brodr, Sacbjornsen LA L e
Winge, Blmnvang 1 41 et
B Spitaliergeft ...ovei sideinesaiiinnire oot 1 25 vl b
(Tt | i, Oy (M
(e LA L) 14,007 3.7

[CEORETNGE) " wminiaieaie e s e gk coa i w e w e |
All 'ather localitles. i coiaiina i, PR = - W2, 72 2.5 1.1
b TR K38

Norweginn  Companics
Other Companies ...

1,151,501

The numbers and kinds of whales taken in the Antarctie from 1910 to 1927 have been pre-
sented in the following table, also compiled by Harmer chiefly from Norwegian and British
SOUTeES &

Torsr. Carcues, AxtarcTic axn SovTH AFrica

Rizhl Sperin Blue Fin Humgs- mard Bryde’s  Holtle-
Whale Wkt le Whale Wl b= ek Whale Wi le nse Tolal
South Cieorgin
1E05 =10 ar 1 24 A8 Haaa1
1910-11 9 o 5 165 G 197
1911-12 52 I 208 516 5,035 g A
1912-13 i L] 417 2,157 235060 1 M (1)
191:3-14 i a1 a4 1,716 512 R
1904-15 20 1 2413 1,540 B33
1915-16 12 1 J.026 274 1,578
1916-17 12 35 2440 106G B i
1815-18 33 37 1,571 L144 fifl 14 Fi !
1933-21 o ki 15026 1,375 151 195 T i 3673
192425 o 24 AR 2017 262 1 b 4818
1925-24 M 13 1.545 i B 237 9 = A 7.819
192627 s 17 34670 1,147 o 370 5,204
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South Shetlands
I911-12
1812-13
10HE-14
1914=15
1915110
191617
1817-18

South COrkpeys
18224
192325
15

1926-27

i

Cape Colony
1923
124

14925

Nata!
1923
1824
1825
1826
1927

o

The following table, incomplete as to numbers
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Norway in the whaling industry:

Kzl

Year Wil
1810
1811 =
1912 3
1913 |
1914 1
1915 T
[ELR R 5
1915 2
1918 o
14149 A
1920 +
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s
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3
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)
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L
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415330

15 Japax.®

Flue
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AT

|

w3
11
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a7
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| HTH

Sperm
1]
163
105
T
F04
252
HUE
163

11

il

12

{8
kAl
R
1,114

205
aly
623

Akl

1,578

753
1.023
1.254
1.238
1.5

14 122,463

of whales, shows the important part taken by

iray Ttz
| Aty
123 1.940
144 1,586
1341 1,605
155 2022
(B 2100
s 1803
G 165G
104 2,174
46 1671
25 =05
1,051 175862

The mest recent information at band on Japanese whaling relates to the vear 1925 when the mumber of
whales taken was 1,588,

* K. Togo, Whales in Japanese Watlers
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DeverormesT or Nonwemiax WiaLixg

Fromm 15906
Nowof Hunting Shore  Floating Wik, of
Year Cormpanies Iinsl= Halions  Fhictories Whinles
190k 21 52 Lk 5
(LU a a5 11 4
180 23 G2 15 L]
(U 27 Ta 19 b}
1910 Al =i ks 14
1811 i Likti i o7
192 (] el g At 1§ a0
14813 it Listh i HH 185,000
1914 5l 144 24 3 1-h.s0000
1915 20 L2 13 20 10,01
1916 ] 5T 11 10 B2
1917 8 29 | 5 1AM
1915 B =l B ki1 ki
5 o L] 5 BATH
17 i3 13 5 (L
11 i ] T 27
15 50 il i |
21 73 14 12 5,550
v L2 3 13 1+ T30
26 13 135 17
29 107 16 15
28 116 15 15
21 58 1r 15
T Totels vy 142,551
* Norwegian Whaling O . Slarch, 1920,
T Present value of Kron 5 cents,

maintenance of the stocks of whales, and thal
if the expansion continues at the present rate
there is a real risk of those stocks being so re-
duced as to cavse serious detriment to the in-
dustry.” The report admits that until scientific
researchies have reached a definite conclusion,
it is impossible to devise permanent measures of
protection, but the Committee thinks that the
sovernmenls of the countrics interested should,
as a malter of urgeney, seriously consider tak-
ing immediate temporary measures to deal with
the menace. Among the measurcs suggested is
the prohibition of killing certain species of
whales, prineipally right whales, the protee-
tion of cows with calves, immature whales, and
the prohibition or restriction of the capture of
whales in certain regions, notably in the tropies.

Under o new act by the Norwegian parlia-
ment® all Norwegian whalers are forbidden o
kill the right whale, and all whale cows with
calves. The practiee of paving whaling erews
according to the number of whales taken must
be discontinued, and all parts of the animal
containing ¢il must be otilized, Penaltics are
prm'idl-r] and the King is empowered to furhid
whaling in tropical waters.

*Law of June 21, 1929,

lan 19K25

Barrels Vislue Value

ol 1 { K romeerd § Dallars
I L ST SN AT, 750,00
5,250 A AN 1, TEM CRE KR
(LR BRI STH 0,00
128,704 I 025 M) 148 1200
155,900 11450, 0d00 2ORT 500,00
SR M 2 GO 35, ThD, CH 8
17 E GO (N 1, 150,000,160
LR SO0, 0 A 00,0000
575,000 R OO0, 00 SO0 00.00
7.5, M0 SR O00L000 E RO R ]
G000 200000 0000 (W)
pLH ] B BN CHR R PR R LR
145,004 A LRI RV RT TR Y
14,750 000 000 RLACERL IR
ol BRI ] G 00 15 0000, (RO, 0
251 A 3G 000,000 BT, O0R0. D
SRR 45,0060, LN L1, 250,000,064
1 Bk kD LB R0, IR 15,750,000, (40
A2 400 G5 000,000 1 6,250,000.00
S81,000 A0000,0040 0 500,000, D
55,608 T 500,00 18,750,000, 00
T0000 GO DR 155,000 OO, 08
H15.851 GE 000,00 17 000, 0000
S5.320.192 B45.450,004) 211 ,362,500.00

Some form of protection for females accom-
panied by voung should, of course, be afforded.
The cessation of whaling in waters where the
voung are born is desirable.

The pelagic sealing industry which reduced
the great fur seal herds to a paltry hundred
and fifty thousand, was destined to break down
as it did, beeause it was based chicfly on the
killing of female scals. These were taken large-
lv in the Bering Sea, adjacent to the Pribilof
and Commander Islands. It invelved not merely
the Toss of mother seals feeding at sea, but the
loss by starvation of equal numbers of nursing
voung on the islands. It was a part of the
writer's duty to enumerate these losses on the
Pribilofs during the early nineties,

In disenssing with Norwegian and Califor-
nian whalers the increasing drain upon the
stoeks of whales, I found but one opinion ex-
pressed: The cost of operating factory steamers
and their nomerous hunting hoats, is so great
that when the supply of whales falls below the
number required daily for profitable operations,
they would be forced out of business until
whales again become abundant.

It should be borne in mind, however, that the
various species do not exist in equal numbers,
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Care should be taken that the rarer whales
are not unduly reduced in numbers.  Natural-
ists attribute the extinetion of certain birds
andd  mammals to over exploitation,
brought them to a point where their natural
enemies, internal and external, overcame their
powers of inercase. This has happened
quently with animals of restricted disteibution,
Pallas cor-

Both were

which

=

frie=

Steller's sea cow amd the great
morant are notable eases in point.
restricted to the Commander Islands, and were
used for Tood,

Whales have a widely distributed enemy in
the killer ¢ firea) which hunts in packs.* The
killer, twenty-five or thirty feet in length, is
active and savage, attacking whales, porpoises
and seals. R. €. Andrews observed that a larg:
proportion of the whales taken at Japancs
sltore whaling stations had been mutilated I

killers.

deknoscledgments.—The writer s indebted
to many persons engaged in the modern whal-
ing industry for informalion on this subject,
Among these are Mr. Gunnar Isachsen of Ask-
er, Norway; Mr. T. H, Poulsson of Tonsbers,

The Northern Elephant Seal Herd
in 1929
Ciantes Hasgins Towxsexp

T is gratifving to be able to report that this
species—largest of all seals, and now found
only on Guadalupe Island, Lower California, is
inereasing in numbers.
A careful count made at Guadalupe Island on
27, 1929, showed that there were on

September 27,
B
These were

the beach #69 of these animals.
seals of varving sizes from voung of the vear
to adult males and females. An inspection of
the different groups showed that they were
composed chiefly of immature animals. The
relative scarcity of seals of adult size was prob-
ably due to the fact that the breeding season,
beginning about March first, was long past.
The yvoung of the year had already lost the
black color of the nursing pup.

The Guadalupe herd of elephant seals when
visited by the writer in March, 19115 consisted

* See Tronlisplece. : .
f The Northern Elephant Seal. €. H. Townsemd.  foologica,

April 13, 1810,
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Norway; Captain FF. K. Dl¥iedrick, General
Manager of the California = Prodocts Com-
pany of San Franciseo: and Caplain U, Swan-
son. of the factory steamer Langing. To My,
Charles R, Patterson of New York, arlist navi-
gator and observer of whaling operations in
Britisly Columbia, he is indebted for permission
Lo reproduce his painting of the killer wlale.
The writer has made free use of the Norwegian
Whaling Gazette, and a copy of Whales and
Whale Foetuses supplied by Mro Sigurd  Rist-
ing of Sandefjord, Norway. Mr, Bryn, pho-
tographer, of Sandefjord, Norway, has sup-
plicd eertain photographs illusteative of modern
whaling methods. It would have been diffienlt
to reach the factory ship Lansing, had not the
officers of the California State Fisheries Labo-
ratory ot Terminal Island kindly furnished
transportation to San Clemente Island on the
Fisheries patrol  boal e
Palmier of Washington has supplied the table

Albaeare.

-:|||'|','.';i:||_l_5 the eateh of whales in .|.‘]||:|II|"x|.' walers
from 1910 to 1920, Grateful acknowledgment
is made to Dr. H. M. "i1|'|'_-_r:'1||l'1.-ll ol =an I)il.‘gll.
for the u]q:m'tuui!}' of visiting the herd of Ele-
phant seals at Guadalupe Island.

about 1530 animals, as based on counts of
adults and veung present, and estimates of in-
termediate to he
the rookery. Since 18911 the seals of Guadalupe
Island have been protected by the Mexican

il

simes  assumed absent from

movernment,

It is possible that the number of animals
present on September 27, 1929, represents but
half of the herd belonging there. It is certain
that the number of breeding adults was far
short of those seen there in March, 1911, There
was no evidence that the herd had been dis-
turbed, as the seals were as little concerncd
about oor presence among them as during our
visit eighteen vears before, when they were al-
together fearless,

During the past year a few large clephant
seals have been obscrved at sea as far north as
the latitude of San Diego, California, where
one was killed by fishermen in September,
1920, This seal, a large male, is now in the
Museum of Natural History at San Diego. An

examination of its stomach contents showed
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Elephant =eals, Guadalupe =kl

that it had been feeding on fishes, one of which
was a skate.

The expedition of 1929 was suggested by
Dir, H. M. Wegeforth, President of the San

Diego Zoological Socicty. Through the co-
operation of Commander G. T Bowdey,
U.5 N, of the Eleventh Naval District, a

Naval Reserve cruiser was detailed for the
voyvage, :

The party consisted of naval officers and
By
permission of the Mexican Government, four
elephant

scveral natoralists, including the writer.

large  male seals  were  eaplured
without injury, and taken to the San Diego
Zoological Gardens,

Hiens
Guadalupe Fur Seal in 1929
Channes Hasgixs Towxsexn

NE of the objects of the party which 1
O accompanicd to Guadalupe Tsland was a
seareh for the fur seal (Adretoeephalus toren-
semidli) fnﬂm*rly abundant in the Lower Cali-
fornia region. In May, 1928, two large males
of this species were captured at Guadalope and
placed in the Zoological Garden at San Diego,
where they died some months later.

Young animals of various

HE

A number of fur scals had been observed al
the island in May, 1929, Our party found none
in September, a date certainly well past the
breeding season. Reports have been reccived
from fishermen that fur seals were obscrved in
the vieinity of the Santa Barbara Islands, Cali-
fornia, during the summer. The fur seals sup-
poscd to be breeding at G
have moved northward temporarily,

adalupe [sland, may

Another search will be made at Guadalupe
next May, with a view to securing information
respecting the reappearance of this seal. One
of the males taken from Guadalupe to*the San
Diego Yoological Gardens is now in the pos-
session of the writer, who has preparved for
carly publication a detailed deseription of its
The two males referred to
above, are as vet the only moseom specimens
known Lo natuealists. The original deseription
was based on a weather-worn skull,

The other male, when mounted, will he pre-
sented by the San Dicgo Zoological Society to
the National Muscum in the City of Mexico.

skin and skeleton,

The Mexican Government has granted to that
Society, permission to capture two more of these
seals, should s herd be found at Guadalupe
Island,
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The Bermuda Oceanographic Expedition
Twelfth Expedition of the Department of Tropical Research
of the New York Zoological Society

Wirriaym Beenw, Direclor

Plotogeaphs by Robierl 1 hitefoar

PREFACE

Hexny Fameignn Osnonx,
Hanarary Fresidenr, Yew York #Faslagical Society |

T'o William Beebe's splendid report I preface the following: I visited Non-
such Idand during the month of April, 1929, in order to sce for myself the
actual worl of this Oceanographic Station, the opportunitics afforded by this
special point on the Atlantic, the personnel of the laboratory, the equipment,
and expecially the splendid quarters provided through the liberality of the Gor-
crament of the Bermuda Istands. [ scas immediately convineed of the rare com-
bination of supreme opportunity for oceanographic research and of unsur-
passed facilitics. On my return to New York 1 immediately wrote to two of our
trustees, Messrs. Mortimer Schiff and Hurrison Williams strongly recommend-
ing the work of the Station and endorsing their generous contributions.
Through these and other donations Director Beebe and his staff were enabled |
to continue work through seven months of the scason of 1028, Furthermore
they are assured by the Bermuda Government that the same priceless oppor-
tunitics will be offered another year. Toward this nnH.y greal oceanographic
work, unsurpassed of its kind in Hrhu#”J and promise, m’f the members of the
Zoological Socicty are invited to give their endorsement and to back the ex-
pedition for the coming season af 19.00,

The icy-cold depths of the ocean off Bermuda are quite as wonderful in,
the richness of present life as the super-heated arid plains of the Gobi Desert
are in the past life of the world. We may well be proud of the determination
of two Adwmerican leaders of modern exploration: William Becbe in the icy ocean
depths; Koy Chapman Andrews in the torrid deserts. |
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The Twelith I'.t|u-|ii1i1.l1i. of the

T is seldom wise to prophesy anything of a
I scientific expedition, but if the projected
schedule of this Bermuda trip which I ventured
to outline in a Zoological Society Bulletin a vear
ago were changed from future to past tense it
would now be justificd as fact

Four years back, from the bridee of the dre-
turis, I saw the patch of floating mist which is
Bermuda cight At this period,

nearing the end of our six months cruise, [ was

miles away.
vividly aware of the greal cost of oceanographic
expuditions and of the surpassing generosity of
Harrison Williams which had made possible the
Arcturus adventure. No wonder the alivsmal
deeps of ocean keep their secrets so closely when
the cost of cvery fish brought up suggests weigh-
ing scales marked, not in ounces but earats! It
was about that time that the thought of a shore-
laboratory and a sea-going tug first occurred to
me,

The primary link in this scheme was carried
out at once and I made four Arcturns Stations
near Bermuda, one within ten miles of the shore,
The series of nets which we sent down to a mile
depth brought up an abundant harvest of
strange creatures.  This made me certain that
close to Bermuda there was an unfailing supply
of deep-sea life available for study.

Two vears ago in New York harbor, through
the generosity of Major Vivian Drake, 1 was
able to prove the second proposition, by making
success ful hauls a mile deep with my small Are-
turus wineh and wire on the deck of a tug.!

Bermuda Oceanographic Expedition

Department of ‘Tropical Research

Finally during a recent visit to Bermuda,
when on a picnic on one of the outer islands
with 1lis Excelleney the Governor Sir Louis
Bols and the Honorable F.
offered the vse of the island if I wounld return
earey on work. This menerous
offer was ratified by Parlinment and in the name
of the Zoological Society I accepted,
hopes on the bridge of the dreturas crystallized
into possibility. At the annual meeting of the
board of managers of the Zoological Society Mr.
Mortimer Schiff and later Mr. Harrison Wil-
liams guaranteed the financing of the idea, and
the Twelfth Expedition of the Department of
Tropical Researclr became a certainty,

On past expeditions T have suceessfully car-
ricd out certain definite aims in regard to par-
ticular zones of life. In the jungles of British
Guiana 1 concentrated on the host of tiny or-
ganisms living in a square vard of tropical for-
est floor;® the bird-life of a solitary tree;® the
census of a single walk;' and the fauna of a
quarter of a square mile of jungle:® on the
Noma and the Areturus 1 had been able to study
in detail and at leisure the life of a single group
and the amazing mass of living
heings in a current rip in mid-ocean.”  In Haiti
I worked for half a year on the shore fish within
a three-mile radius of my schooner® Now, at
" oolugien] Society Bulletin, Vol, XXXII, Xo. 2, p. 60,

(. Gosling, 1 was
scientifie

andd

and my

of islands,”

Llungle Peace, p, 23D,
Yungle Days. p. 137,
Ysal. Soe, Bull, Vol KXI\" N 0, p. 139,

Hoologlea, Vol ‘.i’ No,
"hu]a:m:ur- Worlid's le
PThe Arcturus Adventure, p. 41,
*Loologlen, Vol X, No. 1.
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Looking West toward Castle Isbund aomd the Mid-Ocean Club from Nonsucels,
Yuoung Tropichind In it rocky nist,
A waveworn arch of ncolian sandstone and o Tropleblrd's nest.
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sonsuch Laboratorfes from

last, I could do what for vears had been my
greatest desire, lo draw hundreds of nets, day
after day, for months, through a circumscribed
area of deep sea,

The Arcturus Expedition had been a signal
success but in general T had slavishly followed
the methods and routine of all my oceanographic
predecessors, namely to let down a series of
nets, draw them slowly through the water for a
few lhours, pull them up, then steam several
hundred miles away and repeat the process.
The plotted routes of most large expeditions
since the time of the l’_‘ﬂm“rnﬂrr, look 1_::::1:'{]}'
alike—a string of station beads strung across
the ocean. Such pioneer work is neeessary and
the results are of lasting value for definite
knowledge is gained as to new species, vertical
distribution, cte.  But the hauls are isolated,
unrelated. independent ; there is no intimate cor-
relation between them.  On this Bermuda Fxpe-
dition [ intended to accomplish in the deep sea
what I had in a quarter of a square mile of
jungle, to correlate my hauls, to make every
individual fish mean something besides the mere
fact of its name and capture.

lonking aecross Castle Roads townrd

Tucker=town

When onee more 1 was fortunate cnough to
win the favor of the god of Expeditions—Roon,
doubtless, the god of Going—all details fell
smoothly inte place. 1f I had had the choice
of any of the 365 islands which make up Ber-
muda, 1 would still have chosen Nonsuch, the
very one which had been lurned over lo me, the
chiel reason for this being that a mile depth of
ocean was closer to shore at this point than any-
where else,

The cost of this whole vear's work compared
with that of the ordinary oceanographic cxpe-
dition was small out of all proportion to the
splendid hauls we made every day. If we con-
sider all the deep-sea fish collected, (a large
percentage new to science, all weird, and all
impossible of capture without eomplete oceano-
graphic equipment) we find that their total cost,
based on that of the whole expedition, was less
than lalf a cent each.

Soon after we had taken possession, [ realized
what a remarkable opportunity this was and how
precious was its realization to the full. There
was impressed upon me, too, the magnitude of
trying to complete even a superficial study of
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the shore and of the deep-sea fish of this area
in a single season,
island was offered me for another year and
tent
ourselves to the extreme physieal and mental

Almost simultancously, the

atively T accepted.  So instead of pushing
limit, 1 laid out a more deliberate, philosophic
campaign, with the hope of two seasons’ re-
search in this ideal environment with its super-
lative opportunilies.

Many Bermudians agree with me that Non-
such is the most beautiful of all their compact,
little archipelago-islands. It consists of twenty-
five acres

. rising steeply up sixty te seventy
feet of jageed cliffs on the north, and sloping
rently southward,—its core of acolian sandstone
covered with sturdy, wind-blown cedars and
aromatie sagebush, During the vear it is sue-
cessively pink  with oleanders, rose-red with
hibiscus and brilliant with goldenrod. Every
morning there arises above the pounding of the
surf, a chorus of the soft murmurs of bluehirds,
the lond @ Q! of cardinals, and the sweet
warbling of white-eved vircos: catbirds eall,
ground doves murmur to one another, and long-

tailed tropie birds wheel in dozens about their
nests in the sandstone caves.

At night we have in the distance the steady
gleam of St. David's light, until, through the
dark foliage of the cedars the sun rises over the
white sand of two beaches. To the north there
stretehes the three mile cirele of Castle Harbor,
a mosaic of emerald shallows and lavender coral
reefs, while on its farther shore we can just sce
the quaint, medieval town of St. Georges.
Swinging around to the west we have a striking
conltrast of the old—the Mid-
orean Clublhouse in the distanee, while elose at
hand three old British Forts, built about 1600,
cut the horizon with ruins as picturesque as any
in the Old Warld. These once guarded Castle
Itoads which is still our route to the sea. Due
south we have the open ocean forever hurling
foam over Gurnet's Head, the foree of its waste
of waters backed by the prevailing winds, the
shifting tides and the steady push of the Gulf
Stream,

new and the

On the summit of the island are the two large
buildings, which together with a cluster of
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Deep-sea pressure gnuge invented and presented by Mr. L, 0. Smith. Upper:

Showing methad of lowering the gauge on the end of the cable, Lower: Photo-
ernph of the dial on the instant of opening, showing the pressure of 1600 pounds

reconded at a depth of more than half a mile.

k1
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A Study in Fish Mouths. A rore soldier-fish (Plectrypops), Trigger-fish (Monacon-
thus), Rock-fish (Myeteroperen), and Silver Halehel-lish (drgyropelecus),




Vol. xrriii, No, 2 NEW YORE Y00L0GICAL sOCIETY 13

..

Leppelin Awimming Snnil=—Iteropoids.  Cuelering colmmmella.



I'rini=pinreat

Inrva.

y,

called

T EPTTRT e

e peapeer,

the Spiny

lransparent ns

|.oetasbicr

Presoaelirus

thin

N

)

ns




Vol. rroii, Xo, 2 NEW YORK ZoOool

which w
by resunk at Nonsoedl

Elflpess of the Berpaadn

Senfern, 14

of the
T

Wrerk

ArToss sl

smaller ones have been given to us by the British
Government for use as laboratory and home.
They are gleaming white, part and pareel of
the island sandstone quarricd near by their
eeilings arce high, the plumbing and the kitehens
in order, the large rooms cool and pleasant. It
might all have been built to order for our pur-
II"H{'H.

For the laboratory proper we had only to
enclose two large porches with celloglass and
window frames. [ chose those facing north,
both for better light and to be on the opposite
side from the utterly lovely southern outlook. It
would have rﬂlu[r:'d constant effort lo cease
looking out at the ever-changing beauty of ocean
and shore, sky and cedar-clad slopes.

One small ontbuilding houses our eleetrie
r did such veoman
Here
incarnated and for seven months never coughs
or hesitates, but provides a steady current for
sixty-odd electrie light bulbs, oxygen pumps for
the aguarinm and a frigidaire,  Major Drake

plant, the same molor wh

serviee on our schooner in Haiti, it is re-
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Greorge’s  Harbor, [ramspor Ll
done by

In 5t
wharf for a hreakwaler
Leziskature and Mr. Mever.

Thi=

aned My, Browne purchased and erccted for ns
a gasoline pump, which 1ifts three hundred gal-
lons of sea water an hour from sea-level at our
wharl to the summit of Nonsuch, supplying all
the agquariums,

The two largest rooms are used as dormi-
tories, although some of the members of the staff
choose to live in lents which they erect on va-
rious picturesque parts of the island. Our Are-
turus glass-hottomed boat is still wselul and we
have two additional boats with outboard motors.
Our fleet is completed by a thirty-five foot
lanuneh for daily communieation with St. Georges
and the outer world.

The landing place is «t mid-island on the
north side, and at first was most precarious, a
storm of unusual strength having power to iso-
late us for several days and to necessitate the
raising of all our boats on davits or hauling
them up on the beach. A casual wish of mine
was translated by a Bermuda friend into an
official request, and within two weeks the Ber-
muda Parliament voted to raise a large sunken
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Explorers Club flaz to a large oel, just before it

elescendedd 1o a0 mmile amd o Lalf,

steamer in St. George's Harbor, tow her to Non-
such and resink her close and at right angles to
our wharf. This was done and by the superla-
tive kindness of our friends we now have a per-
fect breakwater and sheltered cove, safe in all
weathers.  Moreover the inside of the hulk af-
fords five large natural wells, in which we keep
living fish, those intended for food as well as
others of scientific worth.

To this island station, the most beautiful
I ever established, we came on March 135,
19249, and in less than three weeks the machin-
ery of collecting and rescarch was running
smoothly, I had a staff of cight, trained and en-
thusiastic, needing to be held back from over-
doing rather than urged on,

I chartered a powerful sea-going tug, the
Giladisfen, put our electric sounding apparatus
on deck and the Arcturns wineh with three miles
of quarter-ineh steel wire,

Our work on the fish of Bermuda mayv be
divided, like Gaul, into three parts, although
these merge more or less insensibly into one
another ;—first the shallow water fish, second

those of the mid-depths, and finally the fish of
the open ocean and its mysterious deeps.

In this Bulletin 1 ean speak only very gener-
ally of our results for there hias not been time
sinee our return for detailed study of the col-
lections.

Shallowe-water Shore Fish—FEvery tide-pool
and coral recf had its hosts of fish, varyving from
the tinicst of creviee-living gobics to great
sharks which nose their way in on every tide,
Our work in this department of fish life was
similar to what we did with West Indian fish
in Haiti.,® Mr. Tee-Van interested himself in
the major work of identification and color de-
As in Haiti we found an abundance
of fish life close about our station and we hardly
ever went three miles away from Nonsueh., Dur-
ing the time of our stay we collected and studied
two hundred and five species, which is consid-
erably more than two-thirds of all the known
shore fish of Bermuda, I hired a trained fisher-
man, a St. David's Islander and his son, who

'\'-.III'“L Soc, Bull.. Yol. XXX, Xo. 5 and Zoologica, Vol X,
Noo 1,

seription.
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Nonsuelh Laboratory showlng Dr.
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brought us all their catches both for food and
specimens, and taught us much of loeal fish
lore. Mr. Mowbray, Dircetor of the Aquarium,
was most gemerous with his thorough knowl-
edge of the fish life of these waters, and helped
us in many ways,

We sought to enter into the private lives of
these fish, to learn of their times and seasons,
the reasons for their change of colors, their
breeding habits, food and enemies. When it was
calm enough to use the diving helmel we found
it, as always, of incstimable value, IHalf way
out to the rugged cluster of rocks known as
Gurnet's Head was a parlicularly  beautiful
coral recf, reaching to within a few feet of the
surface. This, T had discovered the year be-
fore and named “Almost Tsland,” and here we
dived when we could, walking aboul its sandy
paths, pulling oursclves up its sheer coral walls,
or erecping beneath overhanging arches, through
living porticres of waving sca-plumes,

At the end of this yvear's work I realized as
never before the sharp distinetions between the
life habits of various groups of fish. Looking

down through the water from a glass-bottomed
boat is like peering at the land through a fog
from a low-flying zeppeline From such a view-
point there would be little contrast between the
habits of robins, w:!mipl‘rrkursr hawks, snipe and
ducks. The same is true of fish, and only when
at last we identify oursclves with their coral
haunts, does the orderliness of this great sub-
marine world begin to be clear and under-
standable.

Hidden in the sand are the all but blind
worm-cels, and Amphioxus,—that nearest living
thing to the ancestor of all fishes. On the sandy
bottom live flounders, nurse sharks and lizard
fish, while in tide-pools gobies, blennies and
strange dwarf bretulids make their home, But-
terfly-fish and demoiselles keep close to their
nests among the rocks, and at night morays and
squirrel-fish come forth from the ereviees and
holes in the corals. In midwater the feree
mackerels and jacks hunt in sehools, while near
the surface vast numbers of fry live lives which
seem one long attempt at cscape from death,
We learn to know the fifty-odd families of the
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Firala, a VEery beautitul, luminomn:, de rpeseil swimming snadl, with a delieate tissue
shell shaped like a liberty cap

+9
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Minute wandering forms of Ufe known ns Plankton, found foating at greal depihs
in mid-ocean.
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“Split-finger™ or Stomotopdsd, full grown one and a transparent Iarva,
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Two petfuls of deepezea ife from 900 and 1000 fathoms, muel of it still nlive, in
Lhe process of belng sorted Tor stady.

shallow waler fish in a way new to us, making
them less mere names, and more fellow beings
on the planet with ns and with other creatures
of the dry land.

terns, colors, fins, mounths, come to have new

In this way their forms, pat-

and elearer meanings for us.

Our aquariums proved of utmost value. In
them we hatehed the eggs of fish, watched the
freding habits of others, noted the color ehange
between day and might, calm and fright, and
observed strange sleeping postures.  If we had
seven vears instead of seven months this one
phase would not become exhausted,
few confined quarts of ocean, embryo flving fish
wriggled about in their eggs and finally burst
forth into freedom; here flounders opened their
mouths and drew living fish into them by sheer
undiscernible magic: here three species of
wrasse became one by shift of color and pat-
tern; here the soap-fish justified its name hy
embedding itself in a veritable mountain of firm
bubbles.

Fish of the Mid-Depths—The Mid-water
fishing was real pioncer exploration.  From

In thes:e

twenty to one lnimdred fathoms off shore the bot-
tom is a jungle of coral rocks too deep for the
helmet, too rough for the nets or dredges. Ttisa
region as unknown as the summit of Fyerest,
William later Arthur Tocker
played dominant roles in this ficld, Ingenious
traps and buovs were devised; currents and
winds studied, the great telescope was trained
for hours on the distant floating flags.  Then
after days of cffort, the wire or cord line was
drawn up until it became taut and finally, in
spite of every care, it usnally snapped. We
lost theee or even four out of every five traps,
vet when one disentangled and came up clear, its
precions contents repaid all the tronble and
loss.  Strange marbled moray cels, fish with
unusual white patehes on their seales, searlet
chaps with eves unlike those into whieh the sun-
light has ever entered, these and others reward
this heart-breaking labor.  Radium hooks did
their share and even ensnared great pale, wrig-
gling serpent-stars. We soccessfully  caught
hottom-fish down to one hundred and eighty
fathoms on this watery jungle floor, and hope

Merriam and
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for new ideas and still better luck another sea-
som.

Deep-sea Fish—The deep sea was the lode-
The routine of a single
day will illustrate our method of work, At six-

stone of my interest.

thirty or seven in the morning the sea-going tng
Gladisfen steams out from St. Georges and ties
up to a buoy off our wharfl. Trom the south

with the teleseope, we study  the
weather conditions at sea, we note the barometer
and the dircetion and foree of the incoming

swells which shatter themselves on the rocks of

look-out,

Nonsuch. If the surges of the open ocean are
too severe, if there is danger of the delicate
nets pulling out of their rings, or the wire itself
fraying and parting, we signal the tug to go
back, if the weather is propitions we snap into
the dav's action,

With overconfidence in the gods of wind
and wave I lad hoped at the beginning of the
vear to pull a thousand nets. When we had
completed our six months trawling with the
Gladisfen, the sturdy tug had been to sea ninety-
one times and we had successfully drawn five

hundred and twenty-cight nets. This, exactly
fifty per cent. of a perfect score, we now realize
Fven with a full-sized

steamer we would have jeopardized our nets if

is an excellent average,

we had attempted more.

If the sea on the particular day in question
is kind, two of us go on board with lunch, crates
of jars and printed data blanks. The house flag
of the Tropienl Research Department of the
Zoological Society is run up and the tug churns
her way oub past the ancient forts, close to
Gurnet's Head and due south for five miles,
Here with a thousand fathoms of water beneath
our keel, we put over the two hundred pound
weight and the wire cable is paid out. If 1
decide on the usual haul we send down six,
one-metre silk nets, one hundred fathoms apart,
and then sufficient cable to lower them to depths
respectively five hundred to one thousand fath-
oms. For hours we now steam slowly along.
at the rate of two knots, walehing sea and sky,
current, eable and engine,

When the sea is so calm that we are sur-
rounded by slicks filled with Sargassum weed,
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Bandana Shrimp, a brilliant, scarlet amnd vellow species found over most of Uhe

SUTEN SAS.

John Tee-Van and I take to a small boat and
out-board motor, and successfully pursue with
butterfly nets small, gorgeously colored flying-
fish. Occasionally I shoot a strange sea-bird, or
we hook a large shark or dolphin, and onece |
just beat a shark to an cnormous floating
pelagie squid.

One day when we made an especially deep
haul I fastened the Explorers Club Hag to the
lowest net and sent it to a no-mans-land in-
finitely less aceessible than the highest mountain
or ultimate pole. It came up icy-cold but show-
ing no hint of the mile and a half of water pres-
sure or the absolute blackness of the ocean’s
deeps.

At last the cobweb line is recled slowly in
until a flash of silk is seen far down through the
ultramarine depths, and we haul on board the
five hundred fathom net. The jar of precions
speeimens is carefully detached and labeled and
the mesh washed for stray fish. When the sixth
and last net is lifted in, the tug turns landward
and goes full speed for Nonsuch. On the way
in, any rare live fish is put in an iced aguarium,

Steanpug ﬁ:l'x;udrl.;.

while any cxcess of pyrosma and injurious jelly-
fish is removed.

The thrill and exeitement of the arrival of the
catelr never abates, A greal table is prepared
with shallow white contniners, into which each
jar, full of strange ereatures is emplied.  The
water of the deeper nets is still cold with the
eternal ehill of a mile below the surface. Fach
person hias special duties. I examine the living,
luminous fish and any new form is inslantly
turned over to the artists who frantically record
the colors and tints before they fade. Or they
are taken into the dark room for examination.
Here they may even be given a slight injection
of adrenalin to spur their luminescence to
greater activity.

It is during the first hour after arrival that
one's mental ahility seems to be at lowest ebb.
I fully realize the rapidity of the astonishing
changes taking place before my eves, I have
twenly gzlass dishes on my table all holding
new and profound seerets, and knowing so well
the limitations of my poor brain, | sometimes
almost cease my efforts to record so imperfectly



Gaolil-tentacled  Sea-Uragon, a pew specles of Ewslomios, pursuing young lantern
sl and Teatber-kailed copepomds, at a depth of one mile,
Painting by Else Bostelmann.,

March-April, 1530
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The greal Gulper Eel. frastrostoms bairdi, and four of the young pleses,  FEyven

the transparent, mos=t immedure leptocephalid slvows the line of ten lghts arransed

along the tip of the tail.  The tiny eyes and skull are at the very tip of the front
of the body. Painting by Klse Bostelmann.



mon bil very marvellous inhabitant of the tlsipiesen, drgaeagelecis heuigwm

is, Lhe Siver Halchel Fish, with its telescope eyes Jooking forever apward, and
be group of mapve amd violet lights glowing dewnward.  Although liviog in
almnst ab=olule darkness, its bly is 0 mnss of iridescent silver.  Pointing by

Elss Bostelmann.
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A stercoscopbc-eyed  deep-sen fish-—Sfalophtholmns, It hias 2 row of lights down
the bily, a great, fiat mouath like the bill of & duck, and the eyves on the tps of
long  eartilaginous =talks, In the young Ihe eoyes are sessib, Fainling by

Else Bostelmanmn.
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what I perccive bul cannot interpret, 1 lean
hopelessly back and look with unscientific eyes
but a tremendons fecling of awe at the astonnd-
ing glory of glowing lights and iridescence, and
never-ending marvel of a living fish which has
withstood a lessening pressure of over a ton
upon every square inch of its body, and which
in the thin, warm medivom of the suelace waler
and the terrible glare of sunlight can still swim
and breathe and earry on,

In many ways the deep sea fisherman is com-
parable with an astronomer—he can searcely
hope to visit and actively investigate the na-
tive haunts of his interest. But before T com-
milted my specimens to the mummifving of-
feets of preservative T was able to learn much
about them while they were still fresh and iey
cold from the depths of ocean.

Perhaps the most important discovery was
that temperature was even more important than
pressure in keeping them alive.  Ten minutes
of vital activity to as long as forty-cight hours
rewarded our efforts.  So [ had opportunity for
notes on length of viability, character of swim-
ming, shape while still unshrunken, tints of
body and color of lumincscence, and finally ac-
curate data as to eggs and food,

Fortunately deep sea fish usvally swallow
their food whole, so in many cases 1 was able
accurately to recognize the last meal. In some
future net I was almost sure to find an injured
or even living specimen of this food, and this
gave me the material for a reliable painting in
full action of the particular fish pursuing the
prey in question.  With the aid of my artist
Mrs. Bostelmann, [ was able to record half a
hundred such tableaux—scenes from the lives of
these fish as authentie as though thev were pho-
tographs taken at a mile deptl

Up from the black depths eame huge-mouthed
Gulper Eels, creatures almost all mouoth with
Just sufficient musele and tail to open and elose
the massive maw and whip it through the water.
Then came unforgetable moments when the
staff was summoned to view the leptocephalid
voung of this ecl—as unlike the adult as an
Indian pipe is unlike an orchid,

Blind fish groped about our pans of abysmal
loot, and with them tiny fish with eyes so large
that these organs occupied quite half of the en-

tive body, We '|:|i|."k|.'1l up \:Util,].\' which had their
cves on the tips of long arms, others which
showed waves of unbelievable turguoise lumines-
cence Howing around and around their staring
searlet eyes.

Fish wholly of transparent tissuc, of aston-
ishing shape, some with claborate pigment
hicraglyphics along the sides, defied identifica-
tion, for they were the unknown voung of
equally unknown adult forms, and we could only
describe and photograph them, and give them
numbers or casual titles, such as Sextet Bulls-
eve, Ghostfisly, or Yellow-throated Blue Dragon
el

Two atoms of fish were rescued by Miss Hol-
lister one day and found to be infants of an
ocean sunfisly which reaches the weight of a ton,

Smooth, scaleless sea-dragons were taken by
seores, many of them quite new—and most with
fantastic barbels. Some of these appendages
were like slender threads strung with pink
glowing bulbs, others were branched like a tree,
all shining with vellow and orange lights. Great
check lights were sometimes present, pink or
green or mother of pearl, which could revolve
out of sight or be suddenly celipsed by a de-
seeniding eye-lid of black skin.  In one unnamed
being, the slender chin tentacle was ten and a
half times as long as the entire body; and an-
other big fellow had his skin etehed or tattooed
with fine lines of pale blue light,

The vital intercst of this catch of thousands
of deep-sea fish, which contains representatives
of almost every known family, is that they came
from a vertical zone between five hundred and
one thousand fathoms and from a definitely
limited eight mile cirele. When nearly a hun-
dred nets have been drawn let us say at a uni-
form deptlr of ecight hundred fathoms across
this evlinder of water, the study of their con-
tents will reveal real relationships, as to num-
bers, age, sex, as to which are prey, which are
dominant, what proportion make their living
by blind fecling, or by a combination of large
eves and abundant luminescence. My scason's
eateh is a mid-water one, well insulated from
surface and from hottom.

Two interesting and quite new cxperiments
were made through the generosity of Mr. L. R.
Smith of Milwaukee, who had a powerful pres-
sure tank and a very elaborate and ingenious



An exnmple of benuty in death A bit of dend sargnssum weed: (he berrles
covered with the snaillike helices of n sen-worm—Serpule—and tee marvelloos

ivory architeclure of moss animals or bryozoan skeletons,

Mearek-April, 1530
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former enabled us to place deep-sea fish under

pressure mange devised and senl to us,

a water pressure much greater than that at the
surface,  The latter was made to register the
depth of the net to which it was atbached,

On the next to the last day 1 toek a long
chance and lowered a big otter-trawl actually to
the bottom. Luck was with me, my wire did not
part. and although the net was toen it hrought
up lints of a wholly strange, new world; one
which 1 hope with my large Aveturus winel and
half inch wire succeessfully to study next year.

On the final day of trawling we made a series
of ten vertical hauls with most satisfactory v
sults, the careful collating of the contents serv-
ing quite accunrately to establish the relative
depths of our daily horizontal hauls,

Our work this vear was not wholly unevent-

ful. Aside from the sudden squalls, and the
near  accidenis  which  inevitably  accompany
such field work., we touched bottom unexpect-

edly one morning and tore away and lost three
nets and one thousand metres of wire, This may
have been an uncharted submarvine mountain
peak or saddle-back ridge. One day our long-
suffering wineh broke down and two precious
weeks were lost while it was being repaived at
the government dock-vard.

To the Honorable F. (. Gosling, who is the
modfather of all the seientifie work ever done
in Bermuda, and te Governor Bols we are in-
debted for a host of kindnesses, and our treat-
ment at the hands of the members of Parlia-
ment. the other government officials, the local
press and the Furness Bermuda Line was that
usually reserved for intimate friends and neigh-
bors.

A list of the individual Bermudians who aided
our work would consist of almost a census of the
island. In St. Georges Mre. W, E. Mever and
Mr. E. Perey Tucker from whom we chartered
the tug, did all in their power to make our ef-
forts a suceess, and provided a picked crew
wlho never lost interest or shirked their monot-
onous duoties. On Nonsuch itself, the govern-
ment carctaker, Mr. Arthur Tucker and Mrs.
Tucker did for us in manifold ways, and ac-
cepted our desires and needs as if they were

their own,
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Laboratory Wark.—In addition to the actual
naming. cataloguing, labelling and deseribing
of the fish, we carried on research in many di-
rections.  Mr. Robert Whitelaw made over six
hundred negatives of fish life, as well as land-
seapes, personal views and general activities,
Mr. Tee-Van and 1 were able to fot the first
motion pictures cver taken of living deep-sea
fish brought up from nine hundred and one thou-
sand fathoms. Mrs, Tee-Van painled over two
hundred plates of fish and invertebrates, show-
ing delieate shades of eoloring and many eolor
Mrs, Bostelmann

paintings, mostly of deep-sea fish pursuing their

changes. made  sixty-odd
priv, and Miss Miller concentrated on the dif-
ficult labor of delineating delieate skeletons,

Miss Gloria Hollister took as her major oc-
cupation the clearing and staining of fish, and
at the end.of our stay lier collection numbered
over one hundred species and five hundred and
fortvy specimens. By paticnce and the skill ae-
quired during university training and with Dr,
Alexis Carrel, Miss Hollister was able success-
fully to go far beyond her work in New York.
The stains used were not only those for hone,
but for ecartilage. seales, connective tissue, and
finally a selective fat stain for non-luminous
tissues,

Professor J. Newton Harvey of Princeton
spent a month with us working on luminous tis-
sues, and the physiological effeets of adrenalin,
The luminous organs of fish and shrimp blazed
up in the dark-room, and afforded excellent op-
portunitics for detailed study. Dr, and Mrs.
C. J. Fish of Buffalo brought two trained
workers in wax, who collected and modelled a
complete coral reef group, Dr. and Mrs. Fish
worked on plankton and larval fish respeetively.
William Merriman has been with me on every
trip and here he attained splendid suecess in
setting baited traps in intermediate depths, at
the same time assuring the smooth runming of
all the delicate machinery, dynamos, pumps,
and engines. Five members of the staff were
able to spend only part of the time at the Sta-
tion, Dr. Jamie Jamison, Mrs, Hayne Boyden,
5. Von Hollberg, Mary Vander Pyl and Alice
Wright,

This staff taken as a whole was the best 1
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Ar. Harri=on

Willinms and Mr. Mortimer Lo

Selifl, members of e Board of

Manpgers of Lhe Xoological Sociely, who have mode possible e Dwo Bermuda
Deennographic Expeditions,

have had for years, and it is to their keen en-
thusiasm and indefatigable labors that the un-
usual success of the expedition is due,

A number of the members of the Zoological
Socicty and of the Explorers Club visited Non-
such and we had many other appreciative
guests, Among these were H, F. the Governor
Sir Louis Bols and Lady Bols, Admiral Sir
Cyril and Lady Fuller, Hon. F. G. Gosling,
Prof. and Mrs. Henry Fairfield Osborn, Dr, E.
L. Mark, Dr. Sayles, Mr. Grant Mitchell, Sena-
tor Frederic C. Walcott, Mr. and Mrs, Lister
Carlisle, Mr, and Mrs. C, Ledvard Blair, Mr.
and Mrs. Burt Massee, Mr. and Mrs, Paul
Hammond, Mr, W. E. D. Stokes, Jr., Judge W.
F. Mountain, Count and Countess Von Luckner,
Dr. and Mrs. Mees, Mr. and Mrs. W, J. Love,
Mr. G, P, Putnam, Mr. Carveth Wells, Dr, and
Mrs. Heney 1. Llovd, Mr. James B, Pond, Mr.
Robert Blackman, and Col. McClaine. Dr. W,
Reid Blair owing to lack of time got no nearer
to us than Hamilton and Government House,
Major Vivian Drake and Mr, Gillmore Browne
spent some weeks with us,

During the seventeen years [ was building
up and earing for the collection of birds in the
Zoological Park, T was able to weleome the
members of the Society to those exhibits.
for the first time sinee [ founded the Depart-

Now

ment of Tropical Research, on the coming
Thirtcenth Expedition, I am able to extend an
invitation to all the members of the New York
Zoological Society to see our work in the field,

During 1930 we shall oceupy the island of
Nonsuch from April to November. In forty-cight
hours from New York City one can be in St
Georges with its comfortable hotels, within
twenly minutes by motor boat of Nonsuch.
Judging by the enthusiasm of the guests we had
this first season, the sight of the deep-sea eateh
coming in is well worth a trip to what the na-
Lives eall the “Isles of Rest,” but which to us
mean a most rare opportunity for hard, crea-
tive work. We have an extra helmet especially
for guests who wish Lo dive among the coral
reefs near the island, The variety of suitable
spots is so great that the diver can be certain
of taking his plunge with or without sharks.
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Mr. Madizson Craund, {'nitedd Ntalex Senale
330 Park Ave., New York, N. i I"..r-..ll.ll'r.llq.'.'rl.l.'. 12 v,

My dear Mr, Grani: I am taking this opportanity of sending yon o« line of conmn nelad ion
o the scork r.l_.l' Dr. Beebe and hix n.f.-r_,l'] on Nowsuch [slamd, Bermuda, Az vue of the trustees of
.|'|r.'.-' Xr.l.'n':.l“.:rn.r ."t'm'fr'f_r,l f if i _r.lr:'ul'fl.l; .u.l.l'.-'r:'-.'l'n'ql" |;.'r the ENCCess of onr T r||'|.|||.l' '..|-I'|'l.' e |'Ir|l' .ﬂ'-'lrf!l.

f spent a week on Nonsuel last swmmer, diving and photograplhing wnder scater, and scaleh-
fir_H the rr'.-'.-'llll-.'\cr'.'.' calehes and researches,

Cur Director, William Beebe, tx cxtraordinarily seell equipped to delve into the mysleries of
the vecan depths and introduce his variows exhibits {o the pulilic in lis inimitable way. He has a
seienliie |I.lrn'.l'.'lq',|ruj.':.lr.|' which enables him to et the _,I'glr'."-.'. He has collected a e of entlhusi-

astic aszistants who can analyze, classify, photograph, sketeh, and sgstematize these living curi-
ogitics in such a way that they help malevially in piceing aul the chart of life. Dr. Beele, as

you knoie, has greal r'r:.;'-j]lj!_.'.; in describing ‘ng and some of the lessons ”-'r'-',r feach in

a graphie, popular way, which is in my opini Ly great value in addition to the purely

J.'i'J:r'.'rfFI_.l'n'-:' merit of the work that s being don L nope the p never be neglecled,
I scizh that other lessons u_.ll ||'||'r.lJ'|.l;'lf|,' el PRYSICS e frers

that the lay mind could understand something of these wonders.

of in Hhe same FTashion » 30

1y presen

It may be irksome and difficult to present scientifie facty to the public in such a way as to
stimulate interesf in pure setence and a desire for grealer ll:'J.'f-'ix'-rl"'Ir:"IF' of if, but it iz ihe lrl'-i_f.ln'l-'l"-"-l
form ef education; and wehen a man has the gift of presenting facts in popular form, that gift
showld he erercized to the Timil,

Stneerely yours,

Fuepenic C. WarcorT.

Prof. Henry Fairfield Uzborn and Senator Frederie C. Waleolt photographed during
their visit to Nonsuch.



Ga

Eggs of Flying Fish, showi
Inboratory agquarium on Nonsuch,
with strands of «ilk in a bunch of

UTLLETIXN

ng Inte development amd hatehing as observed In a

They were taken from a nest hound together
Sargassum Weed, Painting by Helen Tee-Van,

Mureh-April, 1920
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Sketeh map of 1he Xorth Atlantic Ocenn, showing the relation of the great oceanle
Adanpted from Johnstene’s “Introduction to Oceanography.

currents to Bermumdn.

"

Drawing by John Tee-Van,

How Bermuda Acquired Its Shore Fishes

Jowx Tee-Vax

LONG the sandy beaches of Bermuda

during most of the summer and avtumn
months, great mats of Sargassom weed arc
found, either hurled ashore by breakers or float-
ing in the shallow waters of protected coves.
The weed, in its contact with the island, serves
a double purpose—the first utilitarian, for it is
much desired as fertilizer by the Bermudian
farmers, the second not as practical but of far
greater interest. For in this case it points at
the beginning of things—it shows the way in
which Bermuda, an island situated many hun-
dred of miles from other land, and jutting
abruptly out of water a mile and a half to two
miles deep, acquired its shore fishes.

In among the fronds and gas-filled floats of
the Sargassum arc infant fishes, small triple-
tails, tiny amber-fish and ale-wives, rarely a
sea-horse, pipe-fish, and always the ever-present
voracions Sargassum fish. Some of these, es-
pecially the last Lwo, are permanent inmates of
the weed, spending their lives clinging to the
fronds and insinuating themselves through the
interstices of the algac. The others, usually
much fewer in number, oecupy it as a nursery,
gaining protection for a short period of their
lives when protection is most necded.

Thousands of years ago similar weed must
have drifted in to Bermuda, bringing with it its
cargo of habics. Hesides the weed the currents



Pleis largest single cell in the world -8 on Iy known as
sea Bottles. These look like ghant emeralds, and are washed pshore on Nonsuel
benche=,  The Rockefeller In<litute has, for four years, malotained o station in

Bermuda for the sole purpose of studying this type of single cell,

Foaalasnirr, hiw
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Irruug]nt ciwrs in various stages of  hatelving,
and other small fish, who with greater conrage
or with less intelligenee or without thinking at
all about it. deelined to avail themselves of the
safety of the Sargassum. Now amd then an
adult fish may have lost its moorvings, awd,
caught up by the currents and walted along,
eventually—one eannot say landed, vecfed al
Bermuda,

Countless numbers of fish lboth ].'IT';_’I.' sl
small, must have drifted during almost count-
and, and only

less vears near the coast of the is
by the aceident of being a few hundred feet
farther one way than the other, have an in-
finitesimal number reached the actual shores.
OFf the relatively minnte number that were for-
tunate enough to gain the protection of Lhe rects
or l\rl:r-i or ]rrnh't'h':l 15m1|~, an even smaller num-
ber were able to find the exact niche to which
their ancestors had been aceustomed and that
meant life and the opportunity fo exereise their
abilities to maintain that life.

That conditions were nol alwavs favorable
to the establishment of o certain species of fish
is attested at the present day by the Triple-tails,
which although the young are abundant in the
weed, have cvidently not Leen able to maintain
themselves in the conditions offered by Ber-
muda. During our eight months® stay in Her-
muda in 1929, no adolts were seen and our na-
tive fishermen did not know the fish at all
Other fishes very likely have similar unknown
disgualifications.

But to come back to our weed and the cggs
and fishes and where they drifted from. If we
look at a map of the North Atlantic occan that
shows the current systems, it will be seen that
Bermuda lies well outside the main eurrent of
the Gulf Stream, and that the full foree of that
rushing body of warm water is not felt at the
island. It is quite cvident that eggs and fishes
that are in the central part of the Stream must
inevitably be carried far past Bermuda, so that
it is only by the accident of their being in the
southern and eastern borders, where by the
action of the induced currents they might be
earricd farther and farther away from the cen-
tral rush of water and eventually be transported
to the quicter currents that surround Bermuda.

If we follow these currents backward we
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can find where most of the fish of Bermuda
came from.  The journey back is not a long one,
beeanse we soon find that the close velatives of
the Bermuda fish are to be found among the
West Indian Islamds and aleng the coast of the
Southern States, Central and northern South
America.  In fact most of the species are ex-
actly the same, But in some speeics the interval
of Hme sinee the nth grandparents fivst areived
on the island and the present gencration ap-
peared, has been so great that the Bermudian
fish lhave changed slightly from their West In-
dian cousing, A few seales have heen added
here and a few lost there, another spine or ray
may have been added or lost, or colors may not
be quite the snme.  The silversides, Adtherina,
show this as well as any other form, and quite
a number of other species demonstrate it as
well, Bermuoda has been called a sub-region of
the West Indian fish fauna, and it is certain
that further work will tend to establish this re-
wion even more firmly.

If we investizate the Bermuda fishes more
1-::1‘1_-[]1”3.‘, wi will find that there are a few spe-
cies whose neavest relatives are members of the
European fauna or live about the shorves of the
Azores and Madeira, Fven the presence of these
can be explained by the currents,  Tf ‘we study
our map of the North Atlantic again it will be
seen that the eurrents form a greab civele which
flows clockwise and that on the eastern side on
their southward journey they pass the shores of
Furope and the Canaries and Azores, before
turning westward to become warmer and enter
onee more the waters of the Caribbean and then
eventually become once more a part of the Gulf
Stream. A branch of this same westerly flowing
current joins the Stream above the West Indies
passing north of the Bahamas, It is quite prob-
able that these fish came to Bermuda from their
Fastern Atlantie homes by this long and devious
rouke,

But even the currents and drifting can not
cxplain all of Bermuda's fish, At the present
time there are a number of species that are
known from nowhere clse, and the explanation
of the fauna having drifted there apparently
would not apply to these. But the number of
these unique forms is constantly dwindling as
our knowledge of the West Indian fishes in-
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larviae —or Leptocephallds—of unknown species of ecls;
at great depths in the open sea off Nonsuch

Moreh-April, 1580
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Cpper feftc The facetbed wwly Nelds of o deep-sea Ash, Cwpeloflion FLower riakt
A ddelicale. glassy, decpsen shrimp—Erpancicns, o very primitive erstacean

¥

rebiiled 1o Fussil Tiertns Remaining pholigraphs: Arrow snnils or Pteropods of the

genus= Clia, swimming far beneath the depth at which light penclroles



73 R P
creases and very likely most if not all will be

found to be common to the two groups of

islands. Some of them, however, as o few of
the pipe fish and wrasses, may have developed
sinee the introduction to the island of their an-
cient prototypes,

Certs
perhaps never could have reached Bermuda,
Some  undetermined or  indeterminate
stich as non-floating eges, o inability to main-

species and most desivable ones, too,
factor,

tain themselves during the long journey from
their homes to Bermuda, has militated against

their arrival. A few of these have been helped

LETIXN
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along by man. and it is to the enterprise of Mr.
Mowbray of the Bermuda Aguarinom
that the island is indebted for a few of the
choicest of West Indian fishes thalt now swim

about her reefs.

Louis L.

And 5o even as we wateh the Sargassum weed
advanee and recede as wave after wave attempls
Lo push it farther and farther wp the beaches,
and troublesome as it may be to the propellers
of our motor-hoals, ils PPresence near an islamd
where it does not grow, indicates for us o pos-
sible way in which the fishes of Bermuda came
to their delightful island home,

Ihe Gulper Eel, shown asz the normal fsh sppears, and a= a Iransparent ohiect,
Drawing by Llewellyn Miller,

Fish

Gromia Hornisrer

T matters not whether fishes are rare or com-
mon, or by what means they are canght, each
one is studied at Nonsuch, The future of cvery
fish is decided by the seientific judge according
to its individual value, Some are destined to be
purely utilitarian and, after the content of their
stomach has been recorded, they are consumed
by hungry fish connoissenrs. Many times we
envy the chef his comparatively simple prob-
lems of preparation, seasoning and cooking,
after which the fish achieves the worthy destiny
of providing perfect nourishment for our hodies.
Less satisfactory are the results in the case
of the other fish which prove subjects for seien-

Tagic

tific zoological  researclr  and
chemical preparation.
so complex, so intricate, that only too often must

we admit mental indigestion when we have done

investigation,

The problems here are

our best.

The chemical preparations have proven re-
markably soecessful.  With an
material and splendid laboratory quarters and

abundance of

cquipment and an able assistant—DMiss Alice
Wright—1 accomplished much of what I had
planned. The technical laboratory is known
intimately as “The Clearing House"—for, in
addition to clearing fish, mental opaqueness
often is clarified by noisy discussions.  The
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Head of Cypeme, i rare decp-se il
Bermudians have named my laboratory “The

House of Magic.” History recalls that not
many vears ago a woman was burned to death
on St. David’s Island near by, as a witch, for
working minor magic; I could casily qualify if
those days were not past.

By the mysterious working of hrilliant i:i.'n'l.'\.|
bleaching fluids, and other chemicals, find
that beauty is not merely skin deep. Xvery
bone, tendon, muscle and fiber assumes an in-
dividuality, with a characteristic pattern. Like
the fading of one cinema picture and the grad-
ual appearance of another, the skin and flesh
less and less opaque before
skeleton, stained a brilliant
into plain view. Specimens

of the fish become
our eves, while the
searlet, erystallizes
treated by these processes, whether man, bird,
frog, or fish, adult or embryo, remain natural
in size, shape and structure. No dissecting
knife has touched them. But their bodies have
become transparent and their concealed strue-
tures eolored to increase visibility for study.
The specimens are permanently preserved and
ready at any time for osteological. histolozical,
and ecological study., Distinet photographs can
be made of the skeleton, showing the degree of
development of bone and the centers of ossi-
ficalion.

Wi know, of course, that X-ravs also have
the power of penctrating objects which are
opaque to ordinary light. But in this case the
photographie plate must be studicd and not the

original specimen.  We must depend on the ae-

Liones shown Ly our clearving process

curacy of the emerging ravs to radiograph a
shadow picture on the photographic gelatine.
The result is often blurred and detail of strue-
ture lacking. For the purpose of anatomical

research on non-living specimens this process

of “clearing and staining™ far excels the tedious
method of old, of dissecting out the desired
parts. Photographs of the actual skeleton of
the “cleared and stained™ fish are immeasurably
better than X-ray plates taken of the normal
fish.

During the summer [ experimented with
newly canght fish as well as those which had
been preserved for a long time. This showed,
lo my surprise, that the final transparency of a
fresh fish gave more perfect and more brilliant
results. With delicate treatment the [resh tis-
sues were uninjured and reacted more readily
to this artificial staining and clearing than did
those of the prescrved specimens. This was
contrary to the experience of other zoological
chemists. It was almost unbelievable to see the
searlet skeleton of a small trigger-fish, ap-
parently suspended in mid-fluid, with the re-
mainder of the fish whelly invisible—and to
remember that only twelve hours before, the
little fellow had been swimming, happy and
opague, about his home near a Bermuda coral
As far as [ know this is a time record for
producing a perfectly stained and eleared trans-

reiel,

parency.
We gaze at the sharply defined searlel skele-
ton, within an almost invisible outline and won-
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der what power has ]}TlHilJ.l.".'lI this amazing
transparcney. But neither chemist nor ph
As a maguet at-

sivisk

has wholly =solved the seeret.
tracts iron filings, so the bones draw Lo them-
selves the partieles of alizarin dyve and only an
acid bath ecan break this bond., Immersion in
alizarin for a few hours is sufficient to dye all
The rest of the

body takes on a paler stain which ncecessitates

the bones a uniform searlet.

a series of bleaching baths before the real elear-
The athnity of alizarin for bone
Even the blackest black
skin of a deep-sea fish can be bleached and vet
the searlet stain still remains the
Other dyes can be used to stain the skeleton but

no other will resist the decolorizing process

ing is begun,
=

is almost ineredible.

'y

in bones.

whicl: follows the staining. This is the great
difficulty of sueh delicate technigne applied to
whole specimens, a difficulty which, of course, is
never encountered in the staining of thin mi-
croseopic sections,

The bleaching of the skin and the removing
of the dye from the tissues other than bone is
accomplished by a series of peroxide or am-
monia baths or some other non-acid fluid. Short
exposure to sunlicht is effective for delicate
specimens only, hut this is not under laboratory
control and is often unavailable at the moment
when most needed.

The completion of the decoloration is accom-
plished by soaking the specimen in various dilu-
tions of potassium or sodium.
cate fish, larval forms and embrvos, sodium
gives better results, being less potent. We have
used other solutions but these are most satis-

For very deli-

factory.

Now that we have pictured the red-coated
army of dye particles invading the bones, we
can imagine a more invisible cohort in the eol-
orless clearing bath. This faction atlracts and
unites with various fluids of the body, such as
waler, leaving the specimens as clear as erystal,

Before us on the laboratory table is an array
of transparent, ghost-like forms of what, a short
time before, were strange black beings from a
mile down., The large-headed gulper cel is re-
vealed in its troe, almost headless form. Suos-
pended from its diminutive skull is the caver-

AN LOGICAL
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nous, sack-like mouth, Behind this is a slender,
'l.1.'|r{p-|ik|_' tail serving to propel this animated
deep-sea trap toward its food. No ribs are at-
tached to the simple searlet backbone which
extends from the skull o the very tip of the
tail.

An amazing contrast to this slender cel is a
tiny sphere of a fish—a deep-sea pufler, which
in life, reveals no oulward hint of hidden se-
crets,  But in transparent form we see thatl
over Ehree-fourths of its body is an enormously
developed head.  The vertebral column is al-
most wanting. The dve emphasizes its weak-
ness and disuse and simultancously indicates a
compensation.  Pointing outward from the thick
covering of skin which envelopes the whole body
«ds of lance-like bony spines—a warn-

are hundr

ing lo preving cnemics.

The rare deep-sca fish Opistoprocins with
upwardly divected light-secking eves, has never
been given full eredit for its true fizure because
Ounly a
single representative of this species reported to

of its scarcencss in deep-sca hauls,

have his skeleton recorded during the six months
of our trawling. Unlike the three specimens
colleeted by other expeditions this one arrived

from a depth of six hundred fathoms in per-

feet condition.  After dyeing and clearing, the
tail bones are scen to be symmetrically ar-
ranged, which is quite contrary to former ob-

servations on uneleared, damaged specimens,
This fish is designed like a sea-sled with a
solid flat bottom skid, Together with ihe
pointed profile of the snout this skid forms a
V-shaped hollow which has been deseribed as
the mouth. While this would scem perfectly
adapted for sliding over irregular submarine
mile

surfaces, the fish actually lives half a
above the floor of the occan, leaving us withont
any explanation for the complicated bony un-
dergear. Study of the actual bones shows that
the real mouth is very small and high up in the
head, far above the indentore which, in profile,
resembles the oral opening.  In this and in a
hundred other wavs the revealed skeletons tell
ns invaluable things about the habits of all these
deep-sea fish, which we may never be able to
study in their iey submarine haunts,
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The Poisonous

Serpents of the New World

A Comparative Review

R avastonn 1.

toreltior of Weuanmerls

IMasirmbed Froem plotosrapls

Sanborm.  Also from plotozeapls. made

HIS work has been prepared after requests
for a readable poisenous
serpents of North and South America and the

aceount of the
adjacent The plan has been to bring
them together with generally
tive detail for comparison and

ATis,
ecomplele illustra-
identification,
Cueries from various latitudes have guided the
author in presenting the
graphical account,
summary  for

text as a zoogeo-
This produees a practicable
persons  going unfamiliar
country, to planters or others engaged in per-
manent work in broadly scattercd areas, and to
The illustrations are ar-
ranged in the continuily of zoological classifi-
cation,

il

students  generallyv.

The author has made personal investigations
over & wide arca. These have been recorded
from coast to coast in North America, including
the southwestern deserts; in Mexico, Guatemala,
Honduras, Costa Riea and Panama: and in
Brazil.

The poisonous snakes of the New World,
comprising some of the most deadly known
species, and some of great abundance, lave not
been considered collectively in terms that may
be broadly understood. Three important condi-

tions are to be noted at the beginning :

Dirmans,
aud Repltifea, Zooloqical Park,

ke in the Zoologieal Park by the
In the kbl

Lit. .

Author amd Elwin R.

as indicated vnder e plabes.

The North Amcrican poisonous species are
¢uite  different in  their make-up from the
tropical tvpes. Their venoms are different and
require treatment by speeific grades of serum
to produoee the most efficacious results, With the
exceplion of the eastern copperhead, the south-
eastern waler moecasin and two small coral
snakes in the southerly latitudes, the greater
arca of North America contains but one other
tvpe of poisonons serpent—the rattlesnake.
There is, however, a considerable number of
species of rattlesnakes. Approximately a dozen
distinet kinds of these characteristic serpents
occur in various parts of the United States.
There is great variety in size, pattern and col-
oration. They inhabit a variety of country,

some being characteristic in frequenting deserts,

others plains. swampy areas or mountains.
South of the northerly arid area of
Mexico, the status of the rattlesnake group
vhanges in the disappearanee of specics and
through the Central American countries and
over the entire South American continent, there
is but a single distinet species, This has a
symmetrical, rhomb-like pattern, The United
States, therefore, is the headquarters of the
rattlesnakes. with the greater number of the

anil
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species forming a radiating groop in the south-
westerly portion.

The second point relates to the appearance, in
Mexico, of the characleristic type of poisonons
snake of the New World tropics. This is the
socealled lance-head tyvpe of pit viper of the
genus Hothrops, All of the tropical American
vipers, with the exceplion of the bushmaster
and a water moceasing have been assigned to
this genos, although the slender-bodied, tree-
climbing species with a prehensile tail appear
to warrant recognition within a distinet genus.
We may take the fer-de-lance as a representa-
tive species of Bothrops. The name fer-de-lane
{relating to the shape of the head—like an
lance) is a Creole-French term coming
from the sountherly West Indies. In Central
Ameriea it is commonly called the barba ama-
rilla {vellow-beard) and in Brazil the jararaca

iron

—the latter word relating to an arrow and re-
ferring to the shape of the head,

It is the most abundant and widely distributed
poisonous serpent of the New World, and repre-
sents  the characteristic type broadly
developed in the American tropics. All told,
approximately twenty-four species of Bothirops

sl

are scientifically listed. The genus is lo a eer-
tain cxtent monotonous in form and pattern of
its members. Their venom is largely composed

of a powerful haematoxin, which destrovs the

YUORK 200L0G10CAL
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fed cells of the Bood and breaks down the
walls of Uhe carrving vessels, Rather dom

bushmaster, ex-

albing
in its differcnee is the great
tending from Niearagua and Costa Riea well
It is the giant among vipers,
Its single

through Brazil,
attaining a length of twelve feet.
sz:-jlw 15 .'|\:<[_l_:t'||.'li to ot .l.r]:rlr.'l.l:' LeTius, Lachesis.
A number of specics of brightly colored coral
snakes (Mierarus) inhabit the tropical avea,
The third point of summary relates to the
absence of poisonous serpents in all of the lnrge
islands of the West Indies. No dangerous rep-
tiles occur in Cuba, Jamaica, Hayti or Paorto
Rien, nor _'-_r1_1.";1"||_{'r|,' in the West Indies {'!‘Ct“l."]!}t
in the Windward Islands, where the fer-de-lanee
pecurs in St Lueis, Martiniqgue and Tobago—
and Trinidad, lying close to the mainland, The
coral snake also occurs on these islands, includ-
g St, Vineent. This absence of poisonous
reptiles among all the large islands is all the
more remarkable owing to the proximity of an
infested Central American mainland, the luxuri-
ance of flora of the islands, and elimate condu-
cive to reptile development. The islands are
fairly well populated with harmless reptiles.
This point is eraphically illustrated by the map
of the Central American and West Indian areas,
Particular detail has been applied to the Cen-
tral American area as gueries about the reptile
life in these near-by American tropics have
indicated the need of deseriptive details.

(e -

The Narth American H|]L~:'ir.-i

United

poisonons  serpenls—

Practically portion  of the
States is inhabited by
although we might accord to a few states in the
northeastern corner of this far-flung arca the
reputation of being nearly or quite free of
them, These are the states of Maine, New
Hampshire and Vermont. There are occasional
reports of rattlers in the southerly portion of
Vermont. The northerly states to the westward
are liberally inhabited by rattlesnakes which
extend their habitat well into Canada. This
condition extends westward to the Pacific Coast.

EVETY

Our sontheastern states, warmed by their con-
tact with the Gulf Stream, with thick tangles
of river swamps and homid coastal arcas, lar-
bour large numbers of poisonous  serpents.
Texas, Arizona and New Mexico arc very liber-
ally supplicd with rattlers. The Pacifie states
also have large nombers of rattlesnakes, while
the interior states show “spolty™ ocenrrence,
abundant in some arcas, moderately so in others.
The writer doubts, however. if there are any
portions muoch more abundantly supplicd with
venomons snakes than some areas of Massachu-



a2 nr

setiout, New York, New Jersey and
Pennsvlvania, where the timber raltlesnake and

copperhead infest the mountain ledges,

The specics of rattlesnakes vary in size from
several that are not larger than the average
striped snake to the lnge amd formidable dia-
monid-back. which attains a length of over cight
fect and a cirenmference of about twelve inehes,
Throughout the northeastern portion of the
United States there is but a single abondant
the banded or timber rattlesnake, al-
though in western New York a small vabiler

speries

the massasanga—is occasionally found and De-

comes  rather common in the eastern contral
states. The timber rattlesmake sives way on
the eastern plains to a species of wide distribu-
tion—the rattlesnake, which, in its

variation or races, extends westward throuehont

prairie

into the Southwest,
Going south, in the castern United States, there
is another rattler from about the central portion
of North Carolina. This is the diminative proemy
rattlesnake. Slightly farther south is the range
of the big southern diamond-back, which attains
the greatest length of any rattlesnake, and is
one of the most formidable vipers of the world.
The Valley forms the western
boundary of this deadly species, its place being
taken in Texas, thenee westward to eastern
California, by the big di

the Pacific region, and

Mississippi

amand-back of the arid
regions—a  close second in size, attaining a
length of seven feet or more, with the same
proportionately heavy body. Going westward
into its habitat, we enter the headquarters of
the rattlesnakes in the Southwest,

At least four species of rattlesnakes are found
in Texas, but the southwestern states lLave
three times that number of distinet kinds, Maost
of them are confined to the desert arcas.

In this distribution of poisonous serpents in
North America, two species of moceasing must
be considered—the moccasin and  the
copperhead snake  (highland moceasing, pilot
snake or chunkhead). These belong, as do the
rattlers. to the family of pit vipers having a
deep pit on each side of the head between the
eve and the nostril. The water moccasin is
comman in the swamps and sluggish waterwavs
of South Carolina, Georgia, Florida, Alabama
and portions  of adjoining
states. The distribution of the copperhead is

waler

Lounisiana-—also
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extensive, 1t ranges from southern Massachu-
sells Lo northern Florida, westward to Oklahoma
and Texas in the south, amd to lineis in the
northerly portion, [0 will thus be understood
that over the actual West, the only lype of
poisonous serpent is the rattlesnake (exeept for
a coral snake in the Mexican boundary region),

In the southeastern states, thencee along the
United States-Mexican boundary, there ave twa
small poisonous serpents of brilliant coloration
kuown as coral snakes, The common coral snake
or harlequin snake oceurs from southern Noveth
Caroling throughout Florida and westward to
Texas.

Coral Swales: The specics of Micrurus (for-

merly  Elaps) are different in  form, col-
oration and habits from all of the other
New World poisonons  serpents.  They  are
slender, with smooth and glossy seales,  The

North American species are usually well under
three fect in lengtle,. The head is not distinet
from the neck. Coloralion, throughout the
wenus, is brilliant and in the form of rings of
red, vellow and black. These serpents are of
burrowing habits, although oceasionally found
prowling, They are degenerate, New Warld
representatives of the .'I":fnp;dm', the I'nmil_'r tm
which the cobras, krait, mamba and other ex-
tremely dangerous Indian, African and Aus-
tralian types belong.

The bites of coral snakes are very dangerous,
the venom being of neurotoxic action, quile
different from that of the rattlesnakes and
'|l]{“'".‘i.‘i'i]|:‘i..

The Coral Snake: “ﬂl.‘]t'quill Snake; Bead
Snake, Micrurus fulvins (Linng), (Figures 5
and &), lives much of the time in the ground.
though it is sometimes seen in the ficlds during
spring plowing. There are wide rings of erim-
son and black, the latter narrowly bLordered
with yellow. Several small harmless serpents
“imitate” the coloration to a remarkable degree,
Close inspection, however, will show that with
the non-venomous species, there are pairs of
black rings bordering a vellow one, the reverse
of the poisonous type.

The coral snake feeds largely upon the young
of other serpents and upon lizards. Tt does not
strike. If stepped on or actually touched, it
will turn and deliberately bite, retaining its
hold. Aeccidents are infrequent, but fatal cases
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from its bite have been reported. Tts range is
from South Carolina and Mississippi to Florida,
the Gulf States, thenee southward into Mexico
and Central America,

The Sonoran Coral Snuake, Micrurus enryran-
thus ( Kennicott), { Figure 0, is similar to the
eastern speeies, but the black rings are propor-
Honately narrower and the vellow marginal
rings much wider. 1Its indicated as

I.\'i"l\'

range Js

sonthern Mexico, Arvizona and northern

Mexico,

:‘r-nllnln" .Ir:'.'.." -rl.-l.'.ll'.".\','
North
f'rr.'f.'hrj'r.'ld.", i |,‘|'|1._r|||:'|i‘.|-;|]:it;|_11 famil
h:']"‘
the eve and the nostril.

The dominating poisonous
the
mem-

belong  to
The

a deep pit between

serpents  of Amerien

are distingunished hy

The exves hiave elliptical

pupils, and in North America, at least, these
and the head pits serve as distingnishing points

of the harm-

for identification, as practically all

less snakes have a round pupil.

with a pair of
fengs in the

These fanes

upper jaw. (Figures 12 and 13).

are hollow, and in strueture like a hypodermic
needle. They are attached
and fold back against the voof of the month
when the jaws are closed. A membranous
sheathing covers the fangs, except when they
actually penetrate an objeet in the act of biting
( Figure 14). Pit vipers eoil and strike in de-

o movable bones

fense, the blow terminating in a strike aided
by an instantancous hite. At the instant of
biting, the musele over each temporal poison
rland is contracted, forcing venom forward and
out of the hollow fangs., The dual wounds pro-
duced are no more or less than hypodermie
injections. The strike and bite are so simul-
taneous that the reptile appears to instantly
return to the former defensive position after
the out-thrust of the head from a lateral,
S-shaped loop of the neck.

Three genera are represented in North Amer-
iea: Aghkistrodon (the moceasing): Sistrurus
(the pygmy rattlesnakes); and Crotalus (the
typical rattlesnakes).

The Copperhead Snake: Chunkhead; Pilot;
Rattlesnake Pilot; Highland Moceasing, Agkis-
trodon molkasen Beauvois, ( Figures 15 and 16).
The bhody hue is pale brown, pinkish or light
reddish brown, with a series of large blotehes on

AO0DLOGLIE AL
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the sides, somewhat like inverted “Y"s. These
are usnally of a rich, chestnut hrown, When
looked at from above, a number of the markings
will be seen to unite across the back, producing
a continuous patlern across the body, the central
portion being narrow and broadening on each
side, giving the outline of an hour-glass. Nu-
merous specimens from Texas have very wide
—consequently fewer—hbands, most of them en-
vireling the back and not narrowed at the top,
as wilh easlern specimens,

The range is from central Massachusetts to
northern Flovida (not including the peninsula),
westward to Illinocis, thenee southwest through
Missouri and into Oklahoma and Texas.

The Water Moceasing Cotton-mouth Snake,
Aglistrodon { Lacépéde), (Figure
17). The term “colton-mounth” comes from the
hahit of opening the in threatening
fashion, the mouth parts being whitish.

This is an agquatic serpent, living along
streams, lekes, or in swamps. It is partienlarly

abundant along the old abandoned rice ditches

niECiTOTNE

mouth

of the southern states, and is a much larger and
more dangerous reptile than the copperhead,
also eonsiderably more pugnacions, It attains a
length of six feet, bul the average is three to
The colors are dull brown or olive,
ally obseure bands.

four feet.
erossed  with darker, u
Young specimens are brightly marked  with
transverse blotehes on a reddish ground.

Distribution is from Virginia, throughout the
state of Florida and westerly along the Gulf
States into eastern Texas, Inland there is a
northerly extension up the Mississippi Valley
to  southern  Illinois, Missouri and  western
Kentueky.

The Massasaugn, Sistrurus calenatns ( Rafin-
esque), (Figure +1). A small, brownish or
grayish  rattlesnake, with  chesnut-brown
blotches on the back, and a similar row on
each side. The species of Sistrurus, may be
distinguished from members of the tvpieal
rattlesnake genus Crofalus, by the symmetrical
plates on the top of the head.

The Massasauga is from two to three feet
long. Oeccurrence is from western New York,
through Ohio te Nebraska, northward into
Michigan and Ontario, and southward to Kan-
sas. It often frequents swampy places.
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Edward's Nigtrarus calenalus
ediwardsii (Baird & Girard) is a southerly sub-

species,  the  blotelies

Massasaugen,
proportionalely  mueh
smaller,

The Pygmy Rattlesnake; “Ground™ Rattler,
Sistewras miliorive (Linnd), (Figure #0) s
smaller, seldom more than sixteen Lo twonty
inches long, the vattle so minule as to be
m'.'ln'l'r}' heard. It is from southern
North Carolina throughout Flovida and west-
ward to Oklahoma and Texas. The body hue
is gravish, with a servies of vather widely sepa-
rated, ronnded blotehes, and a

(S LERLETENY]

reddish band
along the hack, this more vivid on the anterior
partion,
The
snake :

Banded Rattlesnake: Rattle-
Canebrake Rattlesnake, Crotelus hor-
ridis Linné, (Figures 57

Timber

and 58Y, has the most

extensive distribution of any poeisonous serpent
in North America with the exception of the
prairic rattlesnake and its various rvaces. It
T Urs
portion of

from

southern Maine to the casterly
the Great Plains, southward to
northern Florida, and westerly into Arkansas
and castern Texas.

While preferring mountainous areas, par-
ticularly ledgy places, this serpent differs from
some other rattlesnakes in exhibiting extreme
versatility of living conditions. In New |J ETsCy
it inhabits not only the mountainous portions,
but is found in the flat eentral portion, where
it hibernates under layers of damp splagnom
moss. In the great swamps or canebrakes of
the southesst and lower Mississippi, it grows
to a larger size and assumes umnigue eoloration
—a pinkish body hue, sooty black markings and
narrow dorsal stripe of rousty red. This varia-
tion appears to indieate a distine race, and
may ultimately warrant a subspecific name, 1t
is commonly known as the “canchrake
snake,

rattle-

The typical coloration is }'1-|!|||w or tan, with
wavy erosshands of dark brown or black. Many
specimens are well suffused with black, and
some are almost entirely biack,

The species is common in hilly portions of
Massachusetts, New York, Connecticut, New
Jersey, Pennsylvania, the Virginias, the Caro-
linas, Kentucky and Tenncssee—in fact, show-
ing the greatest abundance in rocky areas on
monntaing, where it congregates at specific

+ BT LR
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ereviees in ledges every vear to hibernate, Its
numbers are not being reduced. 1t has aetually
become more abundant during the past twenty-
five years over portions of the east, particul 1y
in New York, New Jerser and Pennsyvlvania.

The average length is about four fect in the
north, though the writer has measured six foot
specimens, The canchrake rattlers of the south
attain a length of cight feet, with proportion-
ately  smaller head and  stouter body than
northern specimens,

There is less danger from this snake than
from others of its genus, as it does not readily
strike unless molested.  Mountain  specimens
prefer o lie motionless, half tucked under
shelving rocks, in the hope of being passed
without detection, or, if noting danger, to be
able to glide into a sheltering crevice, This-
turbed in the open, the species usually sounds
the ratile, while the introder is still some dis-
tance away,

Fra
L

Diamond-back Rattlesnake, Crotalus
adamantens, Beauvois, (Figure 43). This is
the largest and most dangerous of the poisonons
serpents of North America. Frequent specimens

are six feel in length, and it attains a length
of over eight fect, with proportionately heavy
body. A six foot specimen will weigh about

twelve pounds, have a head nearly three inches
in width, and fangs three quarters of an inch
long. The great amount of venom injected by
such a ereature may be surmised.

This powerful reptile inhabits the coastal
areas of the Southeast, showing a preference
for prowling through serub palmetto or low
brush, 1t is frequently noled along the wilder
sen beaches in Florida where it lurks in the
extensive stretehes of tangled brusl but o short
distance from the line of the higher tide wash,
The writer has also observed it in the sand
hammocks, where the gopher tortoise digs its
burrows. It is not a swamp species, although
it may frequent woods close to water and does
not hesitate to swim across small bodics of
rater. In the coastal strips it crosses {air-sized
tide pools and has been noted several miles
from shore, where it has been accidentally ear-
rivd by the currents. It is also found along the
Keys.

Pattern is bold and constant, in the form of
a chain of symmetrical rhombs, When adult jt
feeds largely upon rabbits,
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The Western Diamond Rattlesnake, Crotalns
atror Baird & Givard, (Figure $6), may be
rated as the second most formidable serpent of
North America, as to bulk and amount of poison
expended at a bite, but it holds first rank in the
number of fatalities in listing snake-bites, ow-
ing to its great abundanee over a wide aren.
Both this and the southeastern dismond-back
are particularly dangerous in their tendency to
quickly strike when accidentally approached.
They are given to prowling seound with
little shelter. When disturbed theiv habit is to

throw the body into a coil, sound the

Wer

warning
rattle and deliver a blow. If suddenly sur-
prised. the warning and stroke may be almpst
stmultancous.

Adult examples of the western diamond-back
connmonly attain a length of six feet, and there
are ceeasional larger specimens, but the average
run is smaller than the big southeastern specics,
The pattern shows a chain of symmetrieal

thombs on a gravish ground. Examples from

”IL' sterile  areas are '||.'|”1H. wilth (1!;_\;(1]1'|.'
rhombs, and vary from grav to vellow or
pinkish.

The range embraces Texas and extends west-
ward through New Mexico, Arvizona and intoe
California. Oeeurrenee also covers a wide area
in northern Mexico, with Lower Californin in-
cluded, As to its extreme westerly oecurrence,
Klauber states: ““The Colorado Desert in Cali-
fornin: likewise northeastern Lower California
and Tiburan Island."

The western diamond rattlesnake has several
close allivs, as follows:

The Mojave Diamond Rattlesnake, Crofalus
seutulatus ( Kennicott), ( Fizure 48 ), recognized
by the enlarged seales on the top of the head,
It ranges from the arid Southwest into northern
Mexico,

The San  Lucan  Diamond  Rattlesnake,
Crotalus Ineasensiv Van Denbuargh, which is
restricted to southern Lower California,

The Tortuga Island Diamond Rattlesnake,
Crotalus torfugensis Van Denburgh and Slevin,
of Tortuga Island, Lower California,

The Cedros Island Diamond Rattlesnake,
Crotalus crsul Garman, which is reddish and
apparently recorded only from Cedros Island,
Lower California.

The Red Diamond Rattlesnake, Crofalus

ADODLOGICAL
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rulier® (Cope ), (Figure 47). This is distinetly
reddish (vsually of bricl-lilke lue) with rather
obseure and narcow rhomblike markings. 1t is a
quilte common ana rather large species of limited
distribution. The adult four

to five fect long, but il oceasionally attaing a

average is from
length of six feet. Klauber defines its range as
follows: “T'he narrow belt in Californin and
Lower California west of the desert to the coast,
from the north line of Riverside County in
California to north eentral Lower California,
but exeluding the coastal plains of Los Angeles
and Or;

[}

and certain Gulf of

e Counties. It aecurs also on Cerros

California Islands.”

This powerful rattlesnake is at times curiously
gentle, showing little exeitement if disturbed,
and no inelination lo strike. 1L is somelimes
it to rattle,

wandering in the open, with no sheltering brush

difficult to induoee Again, found
or creviees in which to retreat, it will quickly
eoil and assume o threatening attitude as if
realizing this is the only hope of survival, Tt is
a calm and quict captive, scldom sounding the
ratile.

The Black-tailed Rattlesnake, Crotalus molos-
sus Baird & Girard, { Figure 44), indicates rela-
tionship to the tropical rattlesnake of wide
occurrence Lo the south, by ils more than moder-
ately high keeled seales, and its markings. It is
veptile, with dark rhomboidal
blotches edged with yvellow and enclosing lighter
patches. The tail is usually black, The general

i handsome

body hue is rich yellow—sometimes darker,

It is fairly large, although restricted in size
in some portions of its range, which in the
United States is along the boundary region
from Texas to Arizona. Southward in Mexico
it appears to overlap the northern range of
the tropical rattlesnake, Crofalus terrificus.

The western rattlesnakes have reeently re-
ceived detailed studies which have resulted in
some radical changes of long-standing names.
These  studies  have been rendered  possible
from large series of specimens acenmulating
in the seientific institutions, affording extensive
The most de-
tailed investigations have been condocted hy
Amaral and Klauher, The former presented a

'_Frﬁr_rh' eraul, which name s new applied bo bhe Cedros
T=lbamd species,

opportunities for comparison,
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provisional key to the rattlesnakes in a bulletin
of the Antivenin Institute of America, in 1929,
More recently, Klanber prepared
paper in the Transactions ol the Zoological
Socicly of San Dbego and has given the writer
I'hese

studies are listed in the bibliography at the

a lengthy

advanee details of very recent Andings.

end of this work.

The more important findings relate to the
relationship of the Pacitic rattlesnake, long
considered a valid species, to the praivic rattle-
snake and the definite races or subspecies of
the latter in the Southwest. Also the status of
the tiger rattlesnake, showing it to be teuly an
Arizona and north Mexican speeies, and e
so-called tiger raltlesnake of Nevada and desert
California to actually represent southwesterly
races of the prairie rattlesnake.  Mitehell's
rattlesnake (the white or pallid rattlesnake),
long listed as a valid speeies, also becomes a
subspecies of the prairic rattlesnake,

The Prairie Rattlesnake, Crotalus conflucn-
tur confluentus Say, (Figure 48, and its races
or subspecies has the widest range of any North
American species of its genus. Its extension
into Canada indicates that it ranges [arther
north than any other rattlesnake. The distribu-
tion of the typical form covers the Great Plains
from the longitude of eastern Nebraska to the
Rocky Mountains, extending southward to cen-
tral Texas along the casterly range, and to the
Mexican border to the westward. Extension
northward is into Canada, at least to the fiflicth
parallel. This snake appears to be abundant
in the vicinity of Medicine Hat.

Usnal
brown, with a symmetrical row of rounded and
scparated blotches on the back, these narrowly
bordered with vellow or white, and a distinet

coloration is vellowish to  darker

V-shaped marking of light color on the large
shield above each eve.

Despite its  poisonous nature, the prairic
rattlesnake is undoubtedly of considerable eco-
nomic importance over a great area, owing to
it being one of the natural encmics of destroe-
tive rodents.

The Pacific Rattlesnake, Crotalus conflucnius
oreganns (Holbrook), (Figures 50 and 351).
This is the common and only rattlesnake of the
Pacifie region north of southern California, and

LETIN
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represcits a westerly race of the praicie rattle-
smake, from whicl it diffees in tendeney loward
darker markings, cven o suffusion of black,
and Lhe edges of the blotehes fusing in a rhomb-
like ehain, In southern California, its range
overlaps most of the other California speeies
exeept Crotalus atror, in the aren of the Colo-
rado deseel. It oeeurs over varied country,
ciibracing the mountains np to altitudes of eight
thousand feet, the sea coast levels, inland plains,
and desert areas; It is as much al home on the

sterile slopes of desert mountains as in regions

of heavy timber. The range is from British
Columbia  southward  through  Washington,

Oregon amnd California, and inle Lower Cali-
It also eecurs on Santa Catalina and

Fastward the habitat

lornia.
Los Coronados Islands,
extends into Idaho, Nevada, Utah and Arizona,
overlapping the typical form.

While occasionally sttaining a length of hive
feet, the three
four fect, There is a variation in pattern and

average size is between and

lines, ranging from brown to gravish or
greenish, with large dorsal blotches edged with
a paler hue, these lichter margins in eontact,
to blackish specimens with no markings but
the paler edges, indieating the dorsal blotehes.
Such specimens are sometimes called “diamond-
backs."

In the northern portion of the range, this
snake congregates in the fall at specitie erevices
in rocky ledges, in preparation to hibernate.
Large numbers annually return to these places,
which are the so-called snake dens.  Suel habits
are similar to those of the prairvic rattlesnake.
along eroded river banks, and the timber rattle-
snake on mountain ledges in the cast.

The following additional subspecies of eon-
fluentus bave been recently named:

The Great Basin Rattlesnake, Crotalus con-
fluentus lntosus Klauber, (Figure 52). Found
in the Platean Region from the Rockics to the
Sierras, including Utah, Nevada, northern Cali-
fornia cast of the Sierras, southeastern Oregon
and southern Tdaho.

The Midget Faded
confluening concolor (Woodbury).
from Utah and Colorado,

The Grand Canvon Rattlesnake, Crofalus

confluentus ahyssus Klauber, (Figure 53). A

Rattlesnake, Crotalus
Recorded
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furm observed only in the Giramd Canyon of
the Colorade. in Arigona. Klauber states, “ln
the Grand Canven oeeurs o pecnliar phase of
Crotalus confluentus, distinguished by its ver-
milion or salmon coloration and an almost com-
plete absence of markings in the adult.”

The Panamint Rattlesnake, Crotalus conflu-
entus stephensi Klauber, (Figure 54}, has been
thus far recorded from northwestern Esmeralda
Nevada, Round Valley. Mono
County, California, Clark
County, Nevada, and northern San Bernardino
County, California. It appears khat this snake
has formerly been confused with
rattlesnake—the white or bleached raitlesnak:
—(the subspecies following}, but the sponser
for its subspecitic name deseribes & difference
in the arrangement of the head plates.® It lias
also been confused with the tiger rattlesnake,
which appears to be confined to Arizona and
northern Mexico, It is a rather pallid, desert

County, amld

"-\.1H[|1'|.'-'I\|l."|'t:'-' L

form. ¥
Mitchell’s Rattlesnake; White ilatl

Bleached Rattlesnake, Cretales conffucnius
mitchellit (Cope), (Figure 55), is a pallid
variety, with obscure, transyerse markings. Its
length is from four to five feck. The keels of
the body seales are quite high and rough, and
there may be an indieated relationship  here
with the rattlers of Mexico, which would be
diverse to the taxenomic arrangement, Some

lesnake

examples are almost white. The usual hues are
vellowish, gray, or even pinkish. Desert moun-
tain slopes, among rocks, seattered cacti and
thorny bushes, are the usual lurking places. A
coiled specimen resembles a big tuft of faded
cotton ameng the rocks.

Distribution is from central Arizona to the
base of the foothills on the western slope of
the Coast Range in California, from northern
Los Angeles County southward thronghout the
entire peninsula of Lower California; also on
Santa Margarita and other islands in the Gulf
of California.

The Rattlesnake,
Kennicott.

56, receives ils

’ “Fr\n; mitehellii it differs in having the rostral gencrally
in contact with the prenasal’”  (Rlauber].

+ Full technical definition of this and other subepecies of
Crofalus confacalus are presented In the Tpt!laadinrrn ol
the San Diego Society of Naturl History, Vol. VI, Xo. 5,

pp. B5-100, plates 913, with map.

tigris
A

Tiger Crofalus

{ Figure
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from the tawny body hoe, with dacker mark-
ings of ring-like pattern, It inhabits the deserts
of Arvizona and northern Moexico, preferring
the higher slopes, among the rocks,

The Lower California Rattlesnake, Crotalus
enyo (Cope), oceurs in Lower California. "The
anterior markings are transversely rhomb-like,
becoming narrower, or band-like on the pos-
terior portion. 1t appears Lo be confined to the
southerly portion of Lower California.

The tattlesnake;
Crotaluz cerastes Hollowell, (Figures 61 and
62). A strietly deserl species of small size and
pallid hues, oecurring in southern California,
Nevada, Arizona and portions of southwestern

Utah., The larze scale above ench eyve is de-

Haorned “Sidewinder,”’

veloped into an upright horn. Living on dey
and vielding sand, this snake progresses by
throwing lateral loops of the body forward,
causing it to move off at an oblique angle to
the direction in which the head is pointing, and
with such a degree of agility as to appear
grotesque and warrant the name “Sidewinder.”
The Spotted Raltlesnake,® Crotalus friser-
intus (Wagler), (Figure 59). A small grayish
specics, with rows of spots extending length-
wise, but fusing into eross bands on the tail.
It is reported as rare and oceurs in the moun-
tains of southern Arizona and nerthern Mexico.
The lattlesnake, Crotalue lepidus
{ Kennicott), (Figore 60).  Another small
species, seldom cxcceding twenty-four inches
and readily distinguished by its greenish or
greenish-gray hue, marked by widely separated
and narrow rvings of black., Always regarded
as of rare occurrence, although the range ex-
tends along the region of the Mexican boundary,
from Fagle Pass on the Rio Grande, westward
through New Mexico and Arizona. Its distribu-
tion into Mexieo is not definitely known,
Willard's Rattlesnake, Crofalus  willardi
Meek,  Apparently the smallest rattlesnake,
and of rare occurrence. The length appears to
be not more than fifteen inches. It is recorded
from Arizona and northern Mexico, Two
parallel white stripes, one on the lip and the
other extending from the snout thenee beneath
the eve and to the lower and rear portion of the

jaw, are characteristic,

Crrecn

* Formerly designated as pricel.
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The Mexican and Centeal Ameriean Specivs

A radical change in the species of poisonous
serpents toke place south of the arid portion
of Mexico, The rattlesnakes abruptly give way
and serpents of the genus Bethrops, typical of
the American tropics, appear. The reptilinn
fauna of the Central American countries and
South America is quite similar, although a num-
ber of species oceurring in the latter are char-
acteristic to the more southerly countrics, and
the great bushmaster is found only in the
southerly portion of the Central American area,
whenee it ranges southward through the South
American tropics. The prevailing and most
widely distributed poisonous species are the
rattlesnake now restricted to a single species
and on high ground, and the fer-de-lance or
barba amarilla, Bothrops atror, in the low,
eoastal areas. Coral snakes are common in the
humid forests, A poisonous sea snake oceurs in
the bays and off the western coasts of Central
America.

Marine Serpents: The curious members of
the Hydrophidae or sca snakes may be recog-
nized by the vertically compressed or paddle-
like tail. There are many species which abound
in the Indian Ocean and the western tropical
Pacific. A single kind, however, occurs in
waters of the New World—off the west const
of Mexico, Central America and northern South
America. All of the marine serpents are very
poisonous and appear to be highly specialized
allics of the Elapine group.

The Yellow-hellied Sea Snake, Pelamgydrus
platurus (Linné), may be recognized by its
rather eel-like form, with quite long head, the
body compressed and covered above and he-
neath with small. round seales. Coloration is
vivid and unusual. The upper half of the body
is black or dark brown, the lower half vellow,
demarkation being very apparent while the
creature is swimming, particularly if scen from
the side. Length is seldom over three feet. It
is extensively distributed through the tropical
Pacifie, and into the Indian Ocean, and often
ohserved in the Bay of Panama and off Punta
Arena, Costa Rica, where it may be watched

for from steamers clearing the Panama Canal

for wesl coast ports, north or south. It also
oceurs in the lower Gulf of California,
The Coral Snakes: I'he genus Mierurus

(Elaps), despite the brilliant coloration of its
members, is at best a monotonous one, and to
list the Central American species would produee
a repetition not particularly helpful. A typical
Central Amcerican species has been selected for
photographic illustration together with a series
of drawings to show the varying widths of the
ried bands and the ratio of black te yellow rings
among these serpents. The coral snakes of the
tropics attain a considerably larger size than
those ecccurring in the United States, Some
examples attain a length of nearly four feet,
and while they seldom strike, will immediately
bite if stepped on. An unfortunate victim in
bare fect may find the reptile imbedding its
short fangs and retaining its hold. Such bites
of the larger species are usually fatal.

In Mexico the commen name for these rep-
Central America
a necklace

“eoralilla” and in
“rargantilla,” the latter meaning
and relating to the similarity of the patterns
of these .\H'1I‘|r|."r1l.-'. to beads strung in color de-
signs. At least cight species appear Lo oceur in
Mexican and Central American arcas, among
these being Miernrus [ulvius, ranging southward
from the United States—but with proportion-
ately wider red rings, M. mipartifus and M.
nigrocinctus. The latter is commeonly seen from
Guatemala to Panama and is shown in a photo-
graph from life—(Figure 7).

The Pipering Snakes: The Tropical Water
Moceasin:  “Cantil,”” Agkistrodon  bilincatus
Gunther, (Figzure 18). This water moceasin
is far more dangerous than the species of the
North. It is savage, extremely guick, and in-
clined to instantly strike. Its poison has a
higher toxicity than its northern ally,

tiles is

The large, symmetrical shiclds on the top of
the head immediately distinguish it as a typieal
moecensin, and offer a point of differentiation
from the vipers of the genus Hothrops. Tt is
boldly marked, in decorative pattern, as if
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embellished with touches of white enamel, and
seems to be a smaller specics than that of the
United States. The writer has noted no speci-
men over four fect in length. “This mocceasin
should be looked for in swumps and in the
marginal vegetation of streams.

Records indicate that it is confined to south-
ern Mexico and the northerly part of the Cen-
tral American tropies.  Listings record it from
Marias Colimi. Guadalajara,
Tehuantepee and Yueatan, also the Pacific coast
of Guatemala, The
Belize in British a careful
search of swamps and waterwavs in the He-
|'ll.l]1|i1.' of Honduras f(ailed to find ik, nor liad
Douglas March in his ficld work found it that
far south.

Tres Islamd,

writer heard of it
Honduras, but in

nmenr

T'he Palm Vipers: ‘This is a group of quite
slender, rather small specics—seldom over a
vard in length. They are arboreal, have a par-
teularly wide lead and all are charncterized
by a prehensile tail, which as a rule is kept
promiscuously twisted about some projection.
.'\]Jl!fl:'l!lhll:]tl.‘]}" 8ix 5]]1'('i1'5 are listed as oceur-
ring in the
Amerienn area,

southern  Mexican and Central

Schlegel's Palm Viper: the Horned Palm
Viper: the Fyelash Viper; “Bocaraea: “To-
boba de pestana,” Bothrops schlegelii ([ Ber-
thold}, (Figure 213, is  distinet by  the
development of several small seales between the
eve and the large plate above it. Two or Lhree
of these scales are dirceted upwarid to form
spiny horns. There are two color phases. One
is greenish or olive, speckled with black and
red: the other, equally common, is vellow, often
of pale lemon hue, speckled with black., The
vellow examples are known as “Orapcl.”

Prospectors  should be wary about moing
through thick, bushy places. These arboreal
vipers are not readily detected, as they blend
with surroundings. Under sueh conditions men
have been bitten on the hands and face, A trail
gang, cutting throngh the jungle in the Re-
public of Honduras had sueh aceidents, several
of them terminating fatally, While these snakes
arc small, the proportionately large head and
long fangs, togelher with a highly toxie venom,
render them very dangerous. Range of the
horned or evelash viper ineludes Ciuatemala,
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south through Central Awmerica and well into
south America.

The Mexican Palm Viper, Bothrops undulatis
Ldand, also has a horn-like development over
the cye, but this is produeed by a single up-
turncd seale. “Phis snake is olive or brown, with
large, rhomb-like spots, sometimes connected
Lo form a zig-zag band, Hecorded from Mexico

Omeilteme in Guerrero, Orizaba, Vera Cruz,
Actopam and Oaxaca, 1L probably ranges into
Guatemala,

The Green Palm Viper, Bothrops bicolor

Bocourt, is uniform leaf green above and
viellow beneath and  recorded from  western
Guatemala,

The Yellow-lined Palm Viper, Balhrops

lateralis (Peters), is green above and beneath,
with a yvellow line along each side, Some speei-
mens have vellow and dark eross bands on the
back. It is found in Costa Riea.

The Black Spotted Palm Viper, Bothrops
nigroviridis  { Peters), illustrates how  obser-
vation extends the knowledge of a species. This
snake was for a long time listed as occurring
in Panama and Costa Rica. Through the ficld
studies of Douglas March, in charge of the
Serpentarium at Tela, Honduras, the species
was found to be well represented in that coun-
try, This serpent is green, with black spots or
speckled markings,

Marel's Palm Viper, Bothrops nigroviridis
marchi Barbour, (Figures 19 and 20). The
form discovered in fair abundance in Honduras
by Mr. March, represents a subspeeies based
upon sealation. The markings are similar to
the typical form,

The Yellow-spotted Palm Viper, Bothraps
nigroviridizs aurifera (Salvin), oceurs in Guate-
mala, It is green above and greenish yellow
beneath, with sealtered vellow spots.

Amaral notes the following about another
palm  viper, Bothrops leptura, oecurring  in
Panama thenee into northern South Ameriea:
“Seems to be very poisonous, as its fangs oreupy
half or more the length of the mouth and its
venom glands are quite long and thick.”

T'he Hog-nosed Uipere: Three small species
fall within this definition, The snout is sharply
upturned with one. moderately so with a seeond,
and pointed but not actually npturned with the
other. These snakes in Central America are
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usually ealled *Chatilla™ or “Tamaga.” They
oceur over varied tereain, covering the greater
portion of Central America and southerly Mex-
ico. The genus ranges into South Ameriea,
The Nose-horned Viper, Bothrops nasuta
Bocourt, (Figure 223, occurs in humid wood-
lands of eastern Central Ameriea, thenee south-
ward into Colombia and Feovador. The snout
bears an upturncd proboscis-like appendage.
Coloration is brown, witle thirteen to twenty
small black markings on each side of the back,
these usually in alternation and separated by a
pale line. Length is seldom bevond twenty-four

inches,
Landsberg’s Hog-nosed Viper, Boil rops
lansbergii (Schlegel).  The snoat i3 carried

forward to a sharp peint slightly upturncd,
Coloration is douhle
darker markings on the back, generally sepa-
rated by a paler line and often united to form
a zig-zag chain. The length is usnally under
twenty-four inches. Occurrence is largely con-
fined to the drier arcas from southern Mexico,
through Central America and into northwestern
South Ameriea,

brown, with =« row of

The Western Hog-nosed Viper,
ephiryomegas Bocourt.

Bathraps
is sharp,
but not upturned. The markings are similar to
the two preceding species. but there s a greater
number of the dorsal blotches—twenty-six to
fortv. This little viper inhabits the arid dis-
tricts of western Central America from Guate-
mala to Costa Rica.
CHiher Species:

The snout

Godman's Viper, Bothrops godmani (Giin-
ther). (Figure 23). A small and rather stout
species of brown or gray, inclined towards ob-
seure markings, although some examples have
a dorsal serics of large, dark rhomb-like spols,
arranged in zig-zag outline, Oeceasional speei-
mens are quite vivid, somewhat like the North
American copperhead. Average length is under
twenty-four inches.  Distribution appears to be
limited to Honduras and Guatemala; possibly
southern Mexico.

The Jumping Viper: “Mano de picdro”; or
“Timba,” Bothrops nummifera (Ripp), (VFig-
ures @b and 253). This snake seldom reaches
three feet, and averages closer to two feet, but
it stands out among the Hothrops species in
having the proportionately stoutest body and
largest head. The thick-set body is as in-
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congruously heavy as the grotesque vipers of
Africa. Its seales arve also peculiar, being ex-
t't't't{fll_!:i}' rongh, like those of the bushmaster,
Mutilated specimens have led a few observers
to the supposition that they had found young
bushmasters in areas north of the actual range
of thal imposing species,

This snake receives its native name of “Mano
de piedro” from its resemblance in form to a
native implement used in the erushing of corn
for tortillas. It is particularly savage, and in
striking can make a short jump, This habit
also exists with the irritable little hog-nosed
vipers, The tales relating to the jumping of
the “Mano de piedro™ have been exaggerated,
but specimens observed by the writer made a
striking jump and slide that carried the serpent
a full two feet forward. In striking from the
side of a log or from a bank, where there is
wood purchase to lurch its coils, it may be able
Lo jmllp as much as a vard, At any rate, a
snake impelling itself bodily forward is start-
ling, to say the least, and conducive bo specula-
tion and native exaggeration,

The fangs are proportionately short, and
strangely enough, with all the native fear of
reptiles and the branding of many harmless
species as poisonous, this snake is but little
dreaded. being deelared harmless in some areas.
The venom has- a hamolvtic action, and is of
lower toxicity than other species of Bothrops,

The body is gray or brown, with dark, black-
cdged, rhomb-like blotches, in a way, rather
similar to the bushmaster, hence another reason
for this species being sometimes mistaken for
young specimens of the former. Distribution is
broad, from Mexico as far north as Tuxpan,
south through Central America to and including
Costa Riea, and probably northern Panama,

Barba Amarilla; Fer-de-lanee; "Tommygoff,”
Dothrops atrog® (Linné), (Figures 30 and 31),
How the “fer-de-lance” came to such
broad use among English speaking obseevers,
when it originated among the Creole-French in
a couple of small islands of the West Tndies—
Martinique and St Lucia—may be explained
by the fact that this dangerous viper heeame
fnmous—or infamous—on these islands in par-
ticular, owing to their proportionately gencrous
human population and the former abundance
of this poisonous serpent. There has been much

T

;B. ]'a}i:ﬂddhu Is now o synonym,
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dramatic wriling about this smake. 11 has
figured in romantic tales of the islands, where
there is a legend that it was imported Lo induee
slaves Lo remain upon the plantations and make
no attempts to eseape or hide, The fer-de-lanee
is now rather rare upon these islands—al-
though very common in Central and  South
America.

Among  the nalive New
World tropics, the term fer-de-lanee is confined

to those small islands, The Spanish-speaking

residents in the

residents of Central America appear to have
never heard the term. In Spanish-America the
name commonly used for this replile is “Barba

Amarilla,” wmeaning the vellow-beard, and
coming from the chin and throat being
vellowish.

During the construction of the Panama

Canal, these snakes were frequently encountered
and the workers, hearing the Spanish term of
“tommygoff,” meaning nothing more or less
than “snake.” but not realizing its simple defini-
tion, felt it indicated something terse in the
way of reptiles and applied the term to this
viper—so that the appellation has become
common in the region of the Canal.

The length is up to slightly over eight feet,
though in some areas it runs much smaller—
three to four fect. Coloration is variable, from
gray to olive, brown, or even reddish, with
dark, light-edged cross-bands or triangles, the
apex of these extending to the center of the
back. The form is moderately slender, with
very distinet, lance-shaped head.  Distribution
is very extensive, beginning in southern Mexico,
including the low-lving coastal areas of Central
America, and the greater portion of South
America, cast of the Andes, excepl in elevated
regions,

This is the most commonly observed paison-
ous snake of the Central American tropics, and
one reason for its abundanece is its large litters
of young. The litters of three Honduran speei-
mens were sixty-four, sixty-five and seventy-one
—(Figure 38). The young produced by a six-
foot mother were twelve inches in length, They
are born fully provided with fangs,

The effects of the poison are dramatically
sinister and rapid, the action being largely
hwemolytic, destroving the red blood cells and
breaking down the walls of the carrving ves-
sels, whieh produces great extravasation. This

Mog-Tune, 1030

is evident from the reddening of the eyes, dis-
charge of blood from the stomach and mucous
walls of the throat and mouth, the same condi-
Lions 1!:-1.'{'|1lpi|1;_l; through the kidneys anid
bladder. The tissue about the wound is prae-
tically dissolved by rapid necrosis and gan-
grene. These cifects are, however, efficaciously
neutralized by serum produced by the several
research Inboratorics in the tropics.

Serpents of this type are liable to be more
abundant near slovenly human scttlements than
in the wilder arcas, as they arc altracted Lo
suelh places by the rats and miee which acen-
mulate in areas of ramshackle buildings and
trash heaps,

The Bushmaster; “La Cascabela Muda" (the
mute rattler), Lachesis muta (Linné), (Fig-
ures 1 and 89). This is the world’s largest
viper, bul powhere over its habitat, from
southern Central America  through tropieal
South America, does it appear to be abundant.
It is more frequently found in Costa Riea and
Panama than in area to the
south, Distribution extends into Nicaragua, but
further observation must define just how far
north it occurs, The writer was unable to locate
records from Honduras, which thus appears to
be too far north o be included in the distribu-
tion.

The bushmaster grows to be twelve fect
long. These very large specimens are, however,
particularly rare. Two adults in the writer's
possession were cight and nine feet, respec-
tively. They botlr deposited perfectly formed
eggs, indicating full maturity., It is the only
American viper which lays eggs, all the others
producing living voung., Heports of the largest
specimens  come  from  southern Costa Rica,
Panama, or extreme northerly South America.
This great evolaline serpent is of moderately
slender build, A nine foot specimen shows no
more bulk, when coiled, than a Texas or Florida
rattlesnake slightly over five fect long.

the continental

Coloration is vivid. The body hue is pale
brown, often pinkish. A series of large and
bold, dark brown or black blotches extend along
the body., These are wide on the back and
abruptly narrow on the sides, The pattern is
the reverse of the fer-de-lance, on which the
blotches are narrow on the back, widening on
the sides,

The bushmaster is o bold and in habits a
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particularly dangerous snake, inclined to de-
liberately edge towards the intruder, bringing
the lateral, S-shaped, striking loop to nearer
and better advantage. Its excessive length of
fangs amd great amount of poison render a well
delivered stroke of the utmost gravity, 1t often
warns of its presence by rapidly vibrating the
tail, as do a number of the other tropical vipers,
but the vibration of the bushmaster's tail is as
rapid as the specitically provided warning tail
of the rattlesnake. The tail of the buslmaster,
among leaves, produces gquite a lond, buzsing
sound.

Deducting observations and records of ecap-
tored examples, it seems that this snake prefers
higher and drier ground than the fer-de-lance.
Dr. Herbert C. Clark, Director of the Gorgas
Memaorial Laboratory, showed the weiter Lwo
fair-sized specimens which had been killed on
the Alajuela Cut, not far from the Canal Zone,
by the construction gangs working on the new
damming project to provide more water for
Gatun Lake,

The Rattlesnake; “Cascabel,”
Crotalus terrificus Linné, (Figure 42), is the
most poisonous of the rattlers, as well as the

Tropical

most savage, The venom differs from northern
rattlesnakes amd other New World vipers, in
having a largely neurotoxic action, and is nearly
colorless,
strongly toxic among the New World vipers,
except that of the unique and isolated island
viper, Haffrru;m ingulariz, found off the coast
of Brazil. It is only by the considerably
greater amount of venom discharged at a bite
that the bushmaster may be rated as more dan-
gerous than the rattlesnake,

It mav be ri'gnr{]m! as the most

This rattlesnake of the tropics has the wid-
est range of any species of Crotalus. 1t oceurs
from eentral Mexico to northern Argentina.
Moreover, it appears to be the only distinect
specics of Crotalus occurring over this wide
area, with the cxception of several essentially
Mexican species—the Mexican Blotched HRat-
tlesnake, Crotelus polystictns Cope, and Stej-
neger’'s  Hattlesnake, Crefalws slejnegeri
Dunn, the range of both in weslern and ecen-
tral Mexico, Stejnegeri is remarkable in hav-
ing a tail proportionately much longer than
other rattlesnakes.

The pattern of the tropical rattlesnakes is
of the “diamond-back" design. In the arid areas
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of ventral and western Mexico, the rhombs are
continued to the head. This is the subspecies
basddisens.  From Mexico  into
northern South America, there are clongate
bands on the neck, this form defined as the sub-

southenstern

species durissns { Figure 12),

Like the bushmaster, the “Caseabel’ will
slowly wark its way towards an introder, even
deliberately glide forward Lo atlack, carrying
the neck in a lateral, S-shaped loop, in readi-

ness to strike. The action is not a hostile rash,
While the
raftle is heavily developed, the species is par-
ticularly dangerous in infrequently using it. It
sometimes assumes a dramatie ecoil, with rattle
buzzing steadily, but more often gives no more
warning than a few quick side flings of the rat-
tle, producing single harsh clicks, This is a
sound well worthy of recognition in the higher
ground of the tropics, as it may be immediately
followed by the serpent’s stroke—with no fur-
ther warning,

but an insolent and actual advance.

The effects of the largely neuroloxic venom
is deseribed by Mareh: “There is little or no
bleeding from Cascabel bites; but death is pre-
ceded by  blindness, paralysis and  suffoca-
tion, . . . I believe that the idea holds over
mueh of the range of the Cascabel that a bite
will break a man's neck, regardless of the part
of the body bitten. This is probably due to
some action of the which
causes complete paralysis of the neck., The
man's head may, if he be held in o sitting
position, slump forward on his chest, roll from
side to side, or backward, in such a loosely con-
neeted way that the native cannot explain the
condition as other than a broken neck.”

Rattlesnakes in the Central American tropics
frequent the hizher, driee arcas and thus their
distribution but slightly overlaps that of the
barha (fer-de-lance). They are
abundant on the unwooded slopes of mountains
back from the coast of Guatemala, Honduras,
Nicaragun, and Costa Riea, or where the in-
terior country may run into grassland or actual-
Iy sterile areas. They are reported as particu-
larly common in the mining arcas, and a speeifie
sernm for their venom has been prodoced,

Length is up to six and seven feet. The body
is heavy and inelined to ridge at the back. The
head is proportionately small for such a power-
ful serpent.

selective Y IO

amarilia
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The South Awmericnn Bpecics

The great continental area extending  from
approximately latitude  ten, past  the
equator to south Iatitude equivalent to the north
of Newloundland in the northern liemisphere,
shows as distine development in its veplile
fauna as- North America,

north

The Lropical por-
tion is an arvea of great abundance of specics of
Bothrops, the genus of the lanceliead vipers,
and alse of the coral snakes. Approximately
fifteen speeies of the former occur, @ dozen of
which are cssentially South Amerviean. At least
one species of prehensile-tailed and arboreal
Bothrops, or palm viper, is altogether South
American and about twenty species of the coral
snakes are indigenous,

It is important to mention that a number of
the rear-fanged Colubrine snakes attain fair
size in the American tropics. The fangs of
some are quite long, and the bites of sucl rep-
tiles might be distinetly poisonous. The New
World rear-fanged serpents, however, have
never been ineluded among the dangerous rep-
tiles. They seldom or never strike at an in-
truder with intent to use the Fangs, which could
be engaged only if the snake was to deliberately
advance its jaws in the “chewing” motion of
serpents ulilized in holding or swallowing the
prev.  The toxieity of their venoms, morcover,
is considerably lower than that of vipers and
coral snakes. It is utilized in benumbing the
prey, which consists largely of frogs and lizards.
Fatalitics from such serpent bites are practi-
cally unknown in the New World, but the larger
members of the group should be regarded with
caution.  Some of them are known as “tree
snakes™ or “bush snakes,” and have a lumpy,
angular head, the eye with elliptical pupil, Ow-
ing to the lack of actual danger from this
group, the abscenee of noted aceidents, and the
possibility of confusion by introducing Tepre-
sentatives of ils generous numbers among rep-
tiles which deliberately employ  highly per-
fected fangs, the rear-fanged, or opisthoglyph
serpents are passed without further detail.

T'he Coral Snakes: Twenty-cight species of
Micrurus have been seientifically listed. About
twenty are indicated as being indigenous to

South America. At least twelve species ocour

in Brazil, but few being actually indigenous
to that country, Several are confined to the
arca notth of the equator.  Thus the coral
smakes may be said to have their headguarlers
in eguatorial America,

The tendeney of several harmless snakes Lo
“mimic” the dangerous species of Micrwras is
more pronounced in South America than in Cen-
tral Ameriea.  Scveral of these non-venomous
“imitators™ are startling in their similarity to
the poisonous species, as the South American
I.'ilrfl! H!'I:IJ&L':\ run to a gr:‘nh'r Iﬂ.l."iﬂt'iﬂ'” in tl'll."
width of the rings, and black on the outside of
the yellow rings. (Note Figure 6.) This makes
it particularly difficult to offer any fixed formula
of gross differentiation in pattern to distinguish
the ineflensive from the dangerous kinds. Some
species of the innoewous genera Psewdobon
(Figure 107 and Ergthrolamprus (Figure 11)
are remarkable in their similarity of colors and
ringed patterns to those of Micrurus, As rep-
resentative examples of South American coral
snakes, the following are selecled:

Mierurus corallinus { Wied), ( Figure 3), of
the Lesser Antilles and tropical South America;
Micrurus frontalis {Dumeril & Bibron), ( Fig-
ure 1}, of southern Brazil, Urnguar, Paraguay
and  Argentina. and  Mierurns  lemniveatus
(Linné), (Figure 2). of the Guianas and Bra-
zil.  Here are cxamples of he differences
among the species as to the ratio of yellow, red
and black rings, the width and arrangement of
the latter being particularly important.  With
corallinus the tendency is toward single black
rings, narrowly margined with vellow or dull
white; with frontalis there is black ontside of
the vellow rings (which are considerably
hroader). thus producing actually three hlack
annuli; and with lemniscatus this is particu-
larly pronounced, the vellow and black rings
being so wide as to encroach upon and reduce
the red, so typical of coral snake coloration.
A length of four feet is not rare. These rep-
tiles should be regarded as highly dangerous.

The South American Vipers: The resumé of
the pit vipers of the South American continent
is econdensed, with the suggestion that the
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reader employ  crossreference to the detailed
deseriptions alveady given under Central Amer
ica, of species occurring in both conntrics, ‘The
palm vipers or prehensile-tailed wembers of
Hothrops are more numerously represented as
to specics in Centeal America, although at
least one is indigenons to South America and
two others ocenr in the northern portion.

The Green Palm Viper, Hothrops bilincalus
{ Wied}, is leaf-green above, uniform or speck-
led with black, A yellow line or sevics of
spots run along the outer row of seales. The
range is essentially northern, or approximately
nortle of south latitude fifteen, including Bra-
zil, Bolivia, eastern Pern and Ecuador. ‘The
native name is “Surocucn patiabo.”

Sechlegel's Palm Viper, Bothrope schlegelii
l]h"l‘t'iﬂ]ll,". I\l'tl'glll'l.‘ 21), has alveady been de-
seribed in the Centeal American fauna.  Both
the olive and yellow phases oceur in South
America. There are records from Colombin
and Feuador. It probably ranges into western
Venezuela and northwesterly Brazil,

Bothrops leptura, another prehensile-tailed
speecies, is recorded from western Colombia, It
also oceurs in Panama.

The hog-nosed vipers are represented  in
the northerly portion of South America by
Huf.ﬁrﬂp# .fr:rwbc'rgfi (5:'“1:.'__71.']), 50 :'.[imumn]_'.'
found in the Central American tropics. The
range is into Colombia, Venexuela and northern
Brazil. Regarding its occurrence in Colombia,
Amaral writes: “The ‘Fer-de-lance’ (B. atrox)
which is the main problem in the plantations
in Central America, seems to be comparatively
uncommon in Santa Marta, its place being taken
by another venomous species  seldom  found
elsewhere but surprisingly common in the Santa
Marta district. This is the dry-land Hog-nosed
Viper (Bothrops lansbergii), which constitutes
about 50 per ecent of the Rio Frio eateh. This
species has been found among leaves in dry
forests and also under bushes, dead trees, ete.,
so that it is anticipated that with the progress-
ive elearing of the jungle, it will probably in-
vade the banana plantations and may become
dangerous to the laborers in that section,”

The Island Tree Viper, Bothrops insularis
{Amaral), (Figure 27). Unique in its genus in
appearing to be confined to a small island com-
posed of steep, rocky slopes, with separated
patches of tropical vegetation. This island has
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barely three-quarlers of a square mile of sur-
face,  IL s known as Queimada Grande and
situsated on the coast of the State of Sao Paule,
about forty miles southwest of the Bay of
Sanlos,

This curious viper is pale brown, with rather
widely separated cross bands.  Adull length is
between three and four feetl.

There are many birds on the island, some
of them possibly resting there during incidental
migrations From outjutting points of the main-
land or the other islands in the vieinity. Henee
these snakes, which oceur in abundance, have
plenty of food, and appear to feed, when adult,
upon nothing but birds, for the immediate kill-
ing of which they have developed a particularly
powerful venom, Experiments have demon-
strated that this isolated viper has the most
highly toxic venom of any species of its fFenus.

Bothrops insularis is not immediately re-
lated to the palm vipers, although it is arboreal
and has a partially prehensile tail. 1t seems to
be morve elosely allied to the terrestrial specics
of Botlirops, and among them, the following
may be listed to indicate the extent of the
Tenus

Bothrops puleher (Peters), of the Andes of
Ecuador: Bothrops micropthalmus Cope, of
Peru and Feuador; Bothrops pictus (Tschudi),
of Pern; Bothrops ranthogrammus {Cope), of
the mountains of Colombia and Ecuador:
Bathrops cotiara (Gomes), of Brazil; and
Bothrops castelnawdi Dumeril & Bibron, of
Brazil, Fevador and eastern Pern.  The dis-
tribution of these species will probably be
found to include broader areas as further stud-
ics develop of South American herpetology.
Bothraps ammodyloides Leybold, scems to be
the most southerly species and confined to the
pampas of the Argentine and northeastern
Patagonin, 1t is small, with a wart-like pro-
tuberance upturned on the snout.

Continving the list, is a series illustrated by
photographs from life. As they range through
country where the language is largely Portu-
gucse or Spanish, the matter of “common” or
“popular” names has been guided by designa-
tion in the native language where they common-

Iy occur, with oceasional  digressions  with
species of particular prominence,
Bothrops  itapetiningae  (Boulenger) is

known in Brazil as “Boipeva” and “Coti-
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arinha.” It is rather small, of voddy brown,
with a serics of dorsal patehes whicli may fose
with similar blotches on the sides. 1t is of
rather seant ocenrrence amd comparatively re-
stricted distrib

on, ([ Pigure 243,
Maximilian's Viper; “Jarvaraca®™; “Uratu’;
“Jaravaca do rabo braneo,” Hothrops nenwiedii
(Wagler), (Figures 28 and 297, is a fair-sized
species, which, in Beazil, is one of the most
widespread of the pit vipers, ocenrrving in all
of the northeastern, Central, southeastern and
southern stales, It also extends into Argentina
and northern Paraguny, 1t shows eonsiderable
variation in markings and Amaral has named
several subspecies.  The general coloration is
brown., with a row of dark,
trismgular markings along the back, these being
in alternation, or sometimes fused. At the base
of each triangle on the sides are two spots of
similar color.

olive or double

The most handsomely marked member of the
genus is a large species commonly known as
“Urutu,” Bothrops alternalus Dumeril & Bib-
ron, ( Figure 87), attaining a length of five feet,
quite heavy of body, and characteristic in the
deep brown chocolate erescents on the sides,
these vividly edged with vellow or white. This
attractivelv-patterned specics oceurs in souther-
ly Brazil, Paraguay, Argentina and Uroguay,

There are two rather similar specics called
the Jararaca (fer-de-lanee), and their distribu-
tion may be thus defined:

Bothrops alrox (Linné), (Figures 30 and
31), the “barba amarilla” of Cenlral America,
“fer-de-lance™ in Martinique and St. Lueia,
and the “Barein' and Mapepiré balsayn in To-
bago and Trinidad, occurs abundantly in Ven-
extela, Colombia, FEeuador, easterly Peru,
Bolivia, the Guianas and southward in Brazil,
to approximately latitude 23%s.

Bothrops jararaca (Wied), also called the
Jararaca, commonly occeurs in Brazil, from
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about south latitude 107 Lo northern Argenting
amd northeastern Paraguay.,

The Jararacucu, Bothrops jararacassa La-
cervda, (Figures 38, &4, 35 and 36), is propor-
tionately  thicker-bodied, with a bigger head
than the Its markings are likewise
different.  The paler outline markings of the
lotehes dominate the pattern, andd there is a
sreater amount of the lighler eolors on the
This is a quick and savage snake, and

former.

hilil_‘:\,
its big head, with excessive length of fangs,
renders it extremely dangerons,  The range is
largely confined to Brasil,

The Bushmaster, "Surucucy,” or “Mapepiré
Z'Ananna” in Trinidad, Lachesis mufa {Linné),
(Figures 1 and 39), already considered in de-
tail under the Central Amervican scetion of this
article, ranges over a considerable portion of
tropical South America, including the northern
states of Brazil, but is nowhere common, It
may be immediately distinguished by its ex-
ceedingly rough body seales and the smooth
plates under the tail being replaced at the end
by small seales and a stout, sharp spine.

The Tropical Rattlesnnke, Crotalus terrifi-
cus  ferviffens { Laurenti), (Figure 438), has
been  treated in detail under Mexico and
Central Ameriea, where its northerly races in-
two distinet subspecies.  Of  these,
duricsus ranges into Venezuela and Colombia,
In the Portuguese speaking countries it is
known as “Cacavel” and “Boicininga”™ and in
Spanish as “Cascabel.””  Its range is over the
greater part of South Ameriea in the drier,
elevated areas, to southern Brazil and the north-
ern Argentine.  In the northern portion of the
bands on the
gated, as with Centeal American specimens,
Examples from the greater continental area
have shorter neck bands, but all exhibit the
characteristic thomb-like marking of the back.

dicate

continent, the neck are much

clo
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Extricting venom from 6 fer-de-lnnee,
This venom i Injueted
pil  thns proslace

Il lir=l =lep in the prepanstion of serm,
i smanll speanlitie=) oo orses o reader Ehem fmnene
i anbivenomiis ST

Antivenmines for Snake Bite

The pioncers in production of antivenines for
the bites of New World serpents were Doctors
Vital Brazil and Amaral. Dr,
Amaral is now Director of the splendid or
ganization known as the Instituto Soro Thera-
pico, at Sao Paulo, Brazil, which is conduocted
under the auspices of the government. Dr.
Brazil is now Dircctor of an equally modern
plant known as the Instituto Vital Brazil,
which is situated at Nictheroy, a suburb of Rio
de Janeciro. These institutions produce specific
grades of sera for the different types of poison-
ous snakes. A grade is prepared to neutealize
the venoms of the Bothrops group, which is
particularly marked in its hacmolytic action,
and another for that of the tropical rattlesnake,
which indicates powerful neurotoxic and haemo-
toxie clements,  Another is prodoced to coun-
teract the largely neurotoxic venom of the coral
snakes, There is also a polyvalent sezum. which
is not so cficacious as a specific type, but in-
tended for use when the bite is from an un-
determined serpent.  These sera are largely
available south of the equator.

North of the equator, the Serpentarium at
Tela, Honduras, jointly maintained by the

Afranio do

Antivenin  Institute  of  America, Harvard
University and the United Proit Company,
collects venoms from the Botlrops types and
the tropical rattlesnake, for preparvation of such
specific sera. These venoms are sent to the
laboratory at Glenolden, Pennsylvania, where
the immunization of horses and conscquent de-
velopments to the perfected antivenin are con-
ducted.

The Antivenin Institute of America also pre-
pares a serum for general use in the United
States, where the venoms of the pit vipers—
the rattlesnakes, copperhead and moecasing are
so similar that a polyvalent serum is practic-
able and efficacions. The venoms of these North
American vipers is largely hacmotoxic, As the
danger from the coral snakes in the United
States is very slight—as indicated from the
extreme infrequency of accidents—no specifie
serum has been prodoced for North America,

From this resumé of different types of serum,
it will be understood that anvene going into
country where poisonous serpents are common,
should use care in being provided with the
proper kinds.  All of these sera are livpoder-
mically administercd.
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The following seorks will be of value to the student desiving more extensive details o

eamination of strictly systemic treatment

A Cneck Lisr oF Nowrn Amemicax Asrinmiax s axp Rerrines (Second Edition, 1923)
Leonhard Stejueger and Thomas Barbouwr
Harvard University Press, Cambridge, Mass,
T Thomas Barbowr
Houghton, Mitlin Company, New York City,

Caratosre or THe Sxakes or rog Bumsa Musses Vor,

LT (eovering the elapine and viper-
ine snakes)

cvwasadlbert Baulenger
Issued by the British Museum, England.,
( For purely technical identification.)

La Derexse Coxtre L'Ormiosse., ..., .. T e o S e = e ital Brazil
Institute of Serum Therapy, Sas Paulo, Brazil,
{ For identification, technival deseriptions aod review of South Amerlean snnke venons,)
A DEress CoRTra 0 OPIHIBIEMA . 0 uun i vt e s e ettt e irs e s s e oo Fital Rrazil

Institute of Serum Therapy, Sao Paulo, Brazil
{ For Idenlification and review of serpent venoms, )
Coxrrmmvrion Towanps Tae Kxowrenes o Tne Syakes 1v Brazin, ..... cAfranio do Amaral
Memeorias do Institote de Butantan, Vol, I, Part 1. 1921
{In English, Includes a deseription of the Island Tree Viper and its habits.)

Kev o tnE RATTLESNAKES oF T e ol e s s e e e a o Afranio do Amaral
Bulletin of the Antivenin Institute of America, Glenolden, Pennsylvania, Vel 111, No. 1
{TJ'II' various issues of this Bulletin contain valuable articles on polsonas serpents of the New World.y
Ox tne Ixscipexce or Sxaxe-Brre Posoxixe 1x tne Usites States axp THE REsunrs
OF THE NEWER MeTHoDs 0F TREATMENT . cuun iyt e st . H. Hutehison

Bulletin of the Antivenin Institute of America. Vol HI, Xo. 11:

Sxakes axD Sxane-Bite AccineExts oF TiE Paxasta Canin Zo%E. .. oo, I.. B. Bales
Bulletin of the Antivenin Institute of America, Val. LT, Na: I1.

New axp HRexasmep Svpseecies orF  Crotalus

Srecies

witit Resanxs ox  Henaten
Latrence M. Klawber
Transactions of the San Diego Society of Natural History,

Vol. VI, No. 3, pp. 95-144, plates 9-12, and Ny,

confluentns,

Some Ossenvations ox toe Rarrieswakes or Tiue Exteemy Sovrnuwest., . Lawrence M. Klauher
Bulletin of the Antivenin Institute of America, Vol. I, No. 1, pp. 7-21

T T N ) e T e Raymand L. Ditmars
The Maemillan Company, New York City.
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E'p.l.--r Fig. 5 Head of Cornl Snake. MWiersrvs,  Showing the very short proi=an

fangs. which are permanently erect.  This is a quite diferent development from
that of the vipers (Figwres 12, 13 amcd §45,

'a Fiz, 4. PPatterns of cornl smakes—idrawn by the author. The EFaYy arens

indlicate e red. From right to left the patterns indicate: M. fuleivs, south-

ecnstern United States: M. ewrvraathus, soulbwestern United States amd Mexieno:

M. corallinws, M. lemmigealios and M, frontalis. South Amerien.
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Upprr—Fig. & Co Snake: Harlequin wke, Micrwras fulvive.  Ovears in (he
southenstern United States. 1 §s secretlve and of burrowing hablts, though some-
seen prowling after reins, It feeds upen the yo of ollier snnkes nnd
=manll lizards,
Mirruriws ewryronthus. Fouml in  the
rm dml nerthern Mexi These  extremely
itiles form an extensive zenus of considerably
United Stales (o Argentina,

Linnes

=

Lower - Fig. #  Sonoran  Coral
extreme  sottlwestern Uniled S0

dangermes aml deceplively pretty r
over bwoo dozen specics, rnging from (he soulliern
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Harmless sSpecies Resembling Coral Snakes,

A Brazilian serpent, Psewdobon frigemines, with paltern of red,
Ltwek and yellow bands of remarkable similarity to that of the poisonous coral snake.

Cpper—Fig. 1,

Lower—Fig. 11, Another Brazilian species, Ergthrolamipros gesewlopi, with red.
blick and yellow bands. There is similarity to the poisonous coral snakes In
eolaration, but the yellow rings are single amd margined hlack. FEVETSE
from e usual petlern of the dangerous repliles, Harmless “mimics” of the cornl
anakes are found wherever the |:It|:|'lr T I'E'hntu:r.'mhc courtesy of Dr. Afrnnio

di Amaral.

MWoaw-dirae,

15kt
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Heads of Viperine Snnkes
Upper—Fig. 12, Skull of Bushmaster. showing the podison Tangs in upper joaw.
Ileese are ledlow, with opening ot tip like a lnrge yvpodermie pneedle Iy Tkl
ek whaen the month s elised There nre double fangs on bhe rizght - oome  reads
tr b <hiiil,
Lower Iefl Fiz, 13, Hemd of IDNamoodd-lsiek Rabblesnake,

FLaierr migkf — Fiz, 14, Head of Feraledanes, shiowing membranous sheatli mormally
coverings the Fang< aud which = posbied apward In biting.

1005
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The Coppethead Snake. dgkistrodon woboses,  (Fastern amd western plinses.)

Upper —Fig. 15  Ranging from  Massachuselts to northern Florida amd o the
Mis=l=sippi Valley, the es=tern plase §s faicly constant in paltern, although the
paler areas between the dark brown blotelies vary from greay and tan to pinkizh
brown or reddish hue. When coiled, this serpent closely blends with fallen leaves
and often seck= to hide where dead leaves earpet the groundl,
Lower - Fiz, 16, A Texns Copperhead.  The bands are fewer in nomber nnd muoeh
wider than with eastern specimens.
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Upiper Water Mooeasing “Coblbanamouth’™ Snnke cialrndon  placivariig.
Wialter =pakes of rrnl = inhahit the Uniled Stal bt this = the only
podsonous agustic serpent within that area, It i< abunsdant o the Southeast and

allmin=s o length of fve Qe The term “cobbop-mouth” comes from Uhe oouth
parts being whitish, It will open it poouth amd threaten an introder.
Liieer—Fig, 15, Tropieal Waler Moceasin,  dobistriadon Liliseatuws,  The pattern

is highly decorative, a< if the reptile were morked with white enamel.  This s a
saviage aml very dapgerous spake, restricted o soobherly Mesico and northern
Central Amorica,
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Fig. 138 Palm  Vipers The senus B
IS BT nls in the New World
 ineludling the fe

IThie paln
characteristic in sl aned havin

forms  the domlnating croup  of
It eonlains extremely  dongerons
ts smaller members,
Thasle Tafigs nre
Most of them nre Tt and dificult to
examples  shown  repr March's Palm  Viper,
of Hondurns, Pholograpl by Anton Vesthy,
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March's Palm Viper, Bothiops wigrovieidis wsiareki,  The typleal
form oecurs in Costa Riea and Nie al aceidents oecurned wmong
i trailcotting sang, owing to the diffieulty in detecting these reptiles in the follage,
Viper, Hothrops seblogelil  (vellow i), This

{pper-—-Fig, 0,

L =everal

Loirer— Fleg, 21, Schilegel’s

arboreal vip linz nn wide weeurring  from Guatemaln inlo northern South
America.  There are two eolor bpliases, on lasaniany v, the other dark gpreen,
Bfotelisd with redl. apiny scale: stamil erect over eves, which elinroeler lois

prodoced anoller name—the evieelush viper. Phastographi= by Anton Vesthy,

(RLH
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Lpper— Fig. 22,

Nose-horned Viper, Bothrops aosebo,
nnd Ecundor,  There is falr varlety of

serpent is oroted as one of the mosl
foot  forward. [t

Central Amerbea. Colombin
small members of Bothrope.  This common
of il genus, and ean luech fts codl &
“jumping  viper,” but the term properly
fzorous spevies shown on the following plate.
Golman’s Viper, Bolhrops godmend, of Central Amerlen,  Lensth
i+ umiler bwenty-four incles,  Fhotographs by Anton Vesthy.

Is  sometimes ealled
belongs b the partlcularly
Laterr—Fiz, 1.

Maw-Fuane,

LA
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The Jumping Viper. Bothrops sewmodfera.  (Dpper, Figo 20 amd Lower, Fig. 25.)
Thiz Central Amerbcan species iz less than a yand in length, but grotesque in Lelng
the proportionately stoutest viper of the American tropics, It is also the most
vigorous in bitine, az it makes & strikins Jump when irritated, that may earry he
whole body o full two feet forward, or to a greater distance if the snnke sirikes
from the side of a loz or bank where there Is porcluse to lureh its eoils, The
upper lzure shows o young example with particularly bright pattern,  Plstagraphs
by Anton Vesthy,




Upper- Fig, 2. Collarinha, Betkrops itapetininge, A small, brownlish viper of
serllhern Brazil. It is rather rarc.
Liwrer—Fig, 25, The Island Tree Viper, Nothrops insiwloris, Unibgue among South
American serpents in restricted hobitet, Occurs on an island of bess Wian o square
mile of surface, about forty miles from Santos, Brazil,  Feeding enlirely apon
hirds amd requiring an exeeptionally active poisen o kil osel elusive prey, this
serpenl is raled as the most podsonous of s genus. Phatogeapl courtesy  of
Dr. Afranio do Amaral,

Marar- e,

i
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OUpper—Fig, 25, Maximilian's Viper, Bothrops newwiedii.  One of 1he mio=t wide-
spread of the South American pit ti|u'r<. It rather n:"Itr-ul'|}' resembiles the fer<le-lnnee
in form mnd labits, being irritable and quick o strike, Pholozraph eourtesy of
Die. Afranio do Amaral.
Lowrgr—Fiz, 20. Maximilian's Viper. Bolkrops newwiedil (varlety). Several distinet
subspecies have been named, The blotches may be more closely crowded, or more
vivid, owing to & paler body hue,

113



I pper—Fi=, 10 Fer-lfe-Linee, Bothrops
] ¢ Creole-French on Lhe | I= of Martinique and St Lucin, where
this serge wis once abundant but s now rare,  In Central Amerien b §s known
az “Harba amarilla™ and in Brazil most commonly as “Jararaca,”
Levicer—Flg. 35, specimen of barba amarilla or fer-de-linee. enpturesd] near
lela, Homduraz, The exact length was clght feet and four foclies. Photographs
Ly Anton Vesthy,

frace.  The familinr common name
1
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Cpper—Fig. 52 Fer-de-lance or Jarmraca. (Note Fig. 20} The most eommonly
seen venomous serpent in the Amerlenn troples, There s considerable variation in
the pattern and body lwoe. The Ilatter is more frequently gray or sreenishesray,
with darker., pale-cdzged Bloteles.
Lowrer—Fig. 33, Jararacucn, Bothrops jororocises,  Largely confined to southerly
Brazil. It i= o thicker-bodied serpent than the more widely distribuled jararacsa.
(Note Figs. 34, 353 and 30.)
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Upper—Fig, 84, Jararacoeu, Rothrops jororacvssv. While of the “fer-de-linee”
Lype amd =imilar on gross examination, the markings are more ancular and the
paler marging of the blotehes dominate the pattern.

Lower—Fig. 45, Jararacucu. Gray-green or olive lmes, splashed with yellow -nu]
darker blotches, form  dangerously deceptive patterns when these creatures
lurking in low veretation, They fortunately hove a habit of warning of Ilmir
presence by vibrating the tail, v.h:!-.'h IlLrl'n-clun* n sharp, buzzing  sound among
the leaves,

Mip-June,

1230
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Upper—Fig. 36, Jararcucy. Eolhrops jecorgcosse,  Showing the patlern viewed
from above, (Note Figs, 33, 84 and 35.)

Lowcor-—Fig, 27, Uroto, Bethrops alternatvs,  Southerly Breazil, Paragouay. Argen-

tina and Urugoay. ‘The most bandsomely marked member of (e Bolbrops genus.

The crescents are chocolale-rown, edzed with white or yellow, It allaing o length
of five feet and i< quile heavy of body,

117
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Fig. 39, The Hushmaster; Sorocueu, Lachesis mordo,  Attaining a lensilh of {welve

feet, this Is the largest of the world's viperine scrpents. Ils range i= =outhern

Central America and tropieal South Ameriea.  The scales are very rough and

E-rntrlnllllal.‘: the coloration roddy brown or salmon hoe, with blaek  cross-bands.

‘he latter reverse the pattern of the fer-de-lance sroup, being wide on the baek
amd parrowing on the sides, (See Fig, 1.)

118
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Upper—Fiz, . 40, . Pyepmy Hatilesnake, . Sistrerue . millorins, - Soulbeastern - United

States,  The rattlesnakes of North America vary from thiz cighleen-inch species o

the bix dinmond-hacks of six bo elght feet. Nole the minute rnttle, which enn be

- cely. heard a few feel away,

Lower—Fig, 4. Massazauga, Sistrerus eotesetuz. This small brownish or graylsh

species cocurs from westernr New York throughout -the central states, It usually
frequents swampy places,

&
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Fiz. 1%,
durisans,
northern rattlesnakes and otler Xew World sipers in hoavi
nearly colorless.
Worldl viper. with the exceplion of the unl-fuu aml bsalited island  viper, Bothrops fnsalariz,  Towod

off the const of Brazil,
central Mexico o northern Argentin.
South Americ.
viaslal country.
fer-lie-Tnnee,

NEW

TORK ZOO0LOGICAL

The Tropieal Rottlespake: Cascabel (Apanishy: Cascavel
The mo=t poisonons of the ealtlers as well a= the most =savage.

Thi= rattlesnnke = the wilcst mange of any sp

constal reglons.

S0CIETY

{Portuguese), Crofalus terrificns
The venom difers from
n largely neurloxic action aml in lwing

The venom of this serpent, In fack. HNJE:H":‘ to be the maest Liehly loxihe

vivs of Crofolue, pocaring from
I is the only known species of ralllesnanks of Central aond
Distribution follows the bigher ool drier areaz and does nob extend inte the damp
There ks Lhuz but o =light overlapping of thi= serpent with e oceurrenes of the
which prefers the low amd more laomi

Modozrapl by Anfon  Vesly,



Upper—Fle. 41, Tropleal Rattlesnnke, Crofelis terrificus ferrifions (thé rypicnl
form}. This specimen Is from southern Brazil, The neck bands are shorter than
with Central American specimens,

Lewrer—Fig, 40, Black-tailed Hattlesnake, Crotalius molozaws, The boundiary reglon

of the United States, from Texas to Arizonn inclusive: nlso Mexico, Appears to

be closely related to the tropical species found sonthward, Plotogenph courfesy
of Dr, A. H. Wright.

Mag-Srne,

153
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Upper-—Fig: 4% Enstern Diamond-back Rattlesnnke, Crotalis adamanions, Largest
of North American rattlesnakes. 10 attains o lengih of ecight feet and weight of
fifteen pounds.  evurs o ocoastal arens of the southeastern United States.
Lower—Fig, 46, Western Diamond-back Rattlesnake, Crotolus afror,  Second in
sige lo Wl eastern diamond-h I range is from Texas to Californis. Owing
ta its abondance and Inclipation to gquoickly  strik It hobds frst rank In the
nomber of fatalities from rattlesnake bites,

“BTE
=k
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Upper—Fig.
wid Jower
tlisgro=iticn.

(LIS EE

Lower—Fig, 14,
by the o
nortbern Mexien,

Rl Diaminad  Ratile

L.

FLx

wake, Crolalus reler,

A rather ecommon aml krge mitler of ordinarily passive
wefilents from it are sebdom  recorded.

speckmens to soand e Fa

Maohave Dlmmond  Kattlesnake,
regeill scilex oo the top of the head.

Suuthern Californin

Is allfficult to Indoce some

Creferlarg  genfulofaa,

Inhabits the arid Soafhwest, inlo
Flotorraphs courtisy of Laurence M. Klher,

Mevwi-Jeoing,

1530
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Tpper—Fige af, . The Pralrie Rattlesn Crobalvs coaflwentus confurnivg (s
s or  =thspecics have the widest » of nny of its genws. The common
rattler of the plains.

Lowrer-Fiz, 3o, Pacitic Hattlesnake, Crotalus confacalvs aregoms,  The s
amd only raltlesnake of the Pacific region north of southern California. in which
Iatter grea other speches ooear.  Abondant over varied coundry embracing moun-
tains, =en cowst bevels, inlasd plains amd sterile areas, Coloration varies from
bromam, gray, grecnish to black. Photograph courtesy of Laurence AL Elooher,
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r!’lﬂ‘-f" Fiz. 51. Pacifie Rattlespake, Crafelus confuenles oregoavs, hlack phiase.
With black examples the blotches are fused ont, the only  pattern being their
paler margins, forming o chain of whitish  rhombs,

Lincer—Fig. 32,  Great Dasin Rattlesnake. Cratolies eonfuentng  Iubomis, The
Platenu  Kegion from the Rockics to the Slerras,  Pholographs  courtesy  of
Laurence M. Klaober

Margealarae,

(A1
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Upper—Fie, 33, Grand Canyon Halbhesnake, Crolalvwe confuenfes obyeag, O

=erved only o the Grand Canyon of the Colorado, in Arizona,  Distingulzhed by

Itz vermilion or salmon coloration, and Ini]m’.l:l complete absence of pattern when
milulr.

Lower—Fig. 5. Panamiol Rattlesnake, Crofalis confuentus stephensi, A pallid,

dlesert form, recorded from Nevada amd enstern Californin,  Photographs courtesy
of Laurenee M. Klauber,
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MWivee- I snes,

Upper - Fig. 4% White Haftlesnake: HBleachied
waibedaedlil, Deserls of Arizomn, siolleern

wiest i the hemdquiarters of the rattlesnakes. Over o dozen species accur in at

Raltbesnnke, Cralafus e fien s
ani Lower Coalifornmia. Thie arid Souil-

rexion.  Elsewlhiere over 1he far-tlung arca inhabited by soch  serpents, from
Capmida to Argentina, there §= ne such grouping of species. 1wo or three being
the  maximum nomber overlappine  in distribation.
Lonewr—Fig, 3, Tiger Rattlesnake, Crotalvs  figris.  Anolher  resident of  the
southwest.  Photegraphs courtesy of Laurence M. Klnuber,

Tatn
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Upper Fie. 57, Banded Rattlespake; Timber Rattlesnake, Crotadics horridus, The

vomimaon Faltler of the eastern [oils] States, Partb ularly abundant i meiirt e stern

arcas.  Fregquenis bedges on hills amd  mentains amd  congregoles during  Hie

autumn pear specifie erevices, which are the hibernating shelters or “dens.” It is
not g savage spevies and records  of  bites e compuralively rare.

Lower—Fig. 35, Banded Hattlesnake, Crofales bercidos (hlick plase),
much varlation in hue and [ntensity of pattern,

There is
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Uppar- Fig, 58, Spotted Eattlesnnke, Crololos friseviofus, A small, grayish species
of the Southwest cludine northern Mexieo,
Lowter - Fig, 60, Green Rabtlesnake, Crofolws lepidivs,  Headily distinguistied by
its grecoislegray hoe, murked by widely separated rings of black, Of small size
amd Found only in the Southwest. Photograpl courtesy of Dr. A, H. Wright.
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Horned Rattbesnake, Orofalitg cernstes,

Fewer—Fig, 62, Horned Raltlesnake: lewinder.” Crotalus cerpales,  Deserls

of the Southwest. Characteristic in  havi a  horn-dike  scale over ench eye.

Living on dry amd vielding sand. it progresses by throwing laternl loops of the

bawly forward., which eause it to move off at an obliqgue angle to the direction
in which the head is poloting -bence the name “Sidewinder.”

Ppper - Fiz, 61, Head of the
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Apake pil ab Sa0 Paube. Brazll This extensive amd pretentions pib 5 surromanded

by a water moat. 11 is part of the Institabo Sore Therapico, where large quantities
of =serum are pregared Tor sanke bite pecidents i Woil, ¥
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The =snake pit at Tela, Honduras, The object of (e numerous shelters i3 to enable

the extremely nerveas repliles to hide or otherwlse they would soon die.  The

seientific worker is particular about wearing leather leggings on enlering the pil,
Thi= pit s contained in the large structure shown on page §s.




Vol XXXITL No. 4 July-Awgnst, 1930

(Pontents

™
Azror Exremriox o tug Gavaracos Iscaxos, oo Charles Hasking Tosensend 135
Morvxraxy Panry ox IxperaTiGanLe ISpaNm, ..o en v, Kermit Roosevelt 156
VeGETaTion oF INpErArIGABLE TSLAND . cw o v voiaey flenry K. Svenson 163

Hiustrations

On Board

Heron

Pintail Ducks

Thrush

Yellow-Crowned Xight Heron
Tortoise

Noosing Unwary Hawk
Finding a Tortoise

Fearless Sea Lions

Astor Captures lguanas
Feeding Irnana

Land Lgunana

Inguisitive Pelican

The Xourmakal: Tagus Cove

Tuna Fizhine

Setting Fizh Traps
Pursuing & Penguin

Sea Lions Posing

Head of Marlin Swordfish
Inspecting Swordfish
Imspecting Menageric
Displaving Cateh

The Inguisitive Hawk
Marine [puanss

Sall Lake, Albemarle Tsland
Pacific Gireen Turtle
Marine Izuanas

Flighticss Cormorants
Caclns Leaves for Food

O the Torboise Trail
Hesting

HRelreshments

A Sprained Ankle
Measuring Torioise
Feuadorion Helper

The N owrmediol: Cocos Taband
Chatham Bay: Cocos Dsland
Along the P'rail

Cascade: Coeos Island
Newrmehal: Darwin Bay
Dusky Gulls

Fork-Tailed Gulls

Roahy

Man-o-War Hirds

Tide Pool View

Hed and Yellow Crah
Man-0-War Bird

Roahy

Dr. Pool with Penguins

Graxr Towroise or Ixnevaveanee Tseasn. .. Patuting by Wilfred 8. Bronson  Frontispiece

Gararaoos Frsnes. ..., covwo Painting by Wilfred 8 Bronson 171

BULLETIN

NeEw Yonrk LoonoGical SocigTy

Copyright 1080 by the New York Zoological Society. All rights reserved. Title reglstered In e Unibed
States Patent Office.  lssued bi-monthly ot the Ofices of the Soclety, 161 Park Avenue, New York Cliy.
Sub=eription £1.30 o vear, 30 cents, single copy. Same rates for all Forelen Countries and Canads,

Editorinl Stafl
W, Rew Bram, Direetor, Zoclogical Park Coanres H. Towxsesno, Director, Aguarinm
Lee S. Ceaxoavrs, Cwurator, Birds Ravsoxn L. Drrsans, Curator, Mammals, Repliles
Wirrtiaym Beewe, Director, Tropical Rescarch

Members of the Zoological Society are entitled to all Poblications, Reports, Bulleling, Zoologica, ete. (Zoo
togica mailed by request only) and no effort will be red to ensure thelr delivery, Changes of address,
forwarding peint= and non-delivery of mail shoald stated promptly, Contributions pertinent to the
objects of the Bulletin cordially w e. Stamped and return envelope should accompany communications,

Editorial and Subscription Ofices. Zoologleal Park. New York Clty. Elwin R, Sanburn, Editor.




T T
My mon s 3l .«...:m;__ ey apruEiyig

Apawa gy S
M=

T 5 =
g iz soudepEg A1 0 UL ey

[134]



e )
e B
NEW YORK ZOOLOGICAL SOCIETY
Published by the Ne u: j[;rﬂj"f{ Zoological Society
Vor. XXXIII S N July-August, 11050 Na. 4

The Astor Expedition to the Galapagos Islands

Cruantes Hasgixs Towxsgxn

Mustrated from pholosraphs made by various members of the expedition,

Introduction

URING the past sixty vears the Galapa-

gos Islands have been visited by a good
many naturalists, While their peenliar animals
and plants are now fairly well known, the ficld
for investigation remains a bhroad and inviting
one.

When Mr. Vincent Astor decided on going
there in the large and speedy yacht Nowrmahal,
he felt that the vovage should contribute some-
thing to the knowledge of a fauna and fora
known to be of unigue scientific interest. The
writer was invited to reernit a party of nat-
uralists to accompany the ship with this pur-
pose in view. Certain of Mr. Astor’s friends.
interested in secing the islands amd in angling
for the large fishes to be found among them, had
already accepted his invitation to go there and
wished to participate in the proposed explora-
tions,'

It was decided that the etfforts of the expedi-
tion should be dirceted chicly to the explora-

1 The party on boand the Nowrnrho! during the rmlie
to the Galapagos Islands was, Commodore Astor, Kermil
Hoosevielt, Suydam Culting, Robert Huntington, Dr. Hugene
Pood of thie New York Hospital, Clarence L. Hay of
the Amerienn  Museum of  Natoral  History, James P
Chiapin, orpithologist. Amerlean Muoseum of Natoral His-
tory. H. K. Svenson, betanist, Brookbyn Botanie Garden,
“‘Ji’rmi 2, Bronson. artist, Charles Bl Townsend. New
York Aguarium, who acted as director of the expedition
and Elwin K. Sanborn, photographer. New York Zoeological

Sociely.

tion of the one island about which the least
was known., This was Indefatigable, the see-
ond in size of the Galapagos croup of a dozen
large islands. It was named a hundred vears
ago for a British warship that made some sur-
ver of its coast.  Its high interior remaing
largely unknown, geographically, zoologically®
and botanically, execept for what we were able
to learn during the two weeks devoted to it
Little attenlion was paid to marine life, whieh
remains unaffeeted by the human agencies that
have been so profoundly disturbing to the land
fauna. The extinetion of the onee abundant
Galapagos fur seal (Aretocephalus philippi)
may be cited as an cxceplion among marine
forms.

Our explorers and naturalists worked their
way into Indefatigable Island somewhat far-
ther than the few expeditions that had preceded
them on this island.* They reached an eleva-
tion of 2100 feet as indicated by aneroid
barometers, It is a rough voleanie island, cov-
ered with tangled vegetation.  The barrier of
jungle present from the coast inwards, was
found to be no less difficult afler four days of
arduous hacking with machetes. At the point

2 The detnils of this difficult plece of work are described
clsewhere by Mr, Roeosevelt.
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reached, the highest part of the island was
known to be near, but lofty outlooks could not
be Found and nowhere was it possible Lo see far
abead,
this point by collectors and important zoologi-

cal and botanical material was sccured,

The inland party was accompanicd to

The lack of water and food, exhausting labor,
hieat and discomlort from mesquitos made it
neeessary to fall back on a hall way base, where
further collecting was done before a return to
the coast. We now believe that there is little
to support the old theory of a great central
Wil

there may be some rather more level country in

erater so lonz sketehed oo the chart,

the interior, it is probable that jungle covers all
parts of the interior just as it does the slopes.
Photagraphs of the sky-line from both north
and south of the island show rounded eminences,
not sharp rocky pinnacles exeept on the north
side. They appear to be brush covered almost
to their tops, like those nearer the coast, easily
examined with ficld vlasses.

Indefatimable Island is twenty-five miles in
diameter must been a ten-mile
journey to the leight that was reached. Any
attempt  to  penetrate island from any
point around the coast is most discouraging. No
progress is possible anywhere without entting
a way. Although its highest point is supposed
to be little more than 2300 feet, it is the most
difficult of all the Galapagos Islands to explore.
No one ean go anywhere without earrying the
dar’s supply of water. This is true, however,
of most of the other islands of the group.

amd it have

this

Although the coastal regions of the Galopa-
gos Islands are all desert-like and walerless,
the higher parts are often hidden by rain clonds.
While there are some permancndl pools in the
higher regions, the voleanie nature of the islands
in general does not permit of the retention of
water on the surface.

The islands of the Galapagos group occupy
a sen arca of more than 130 miles in diameter
and are mostly of considerable size. The larg-
est is 73 miles long and has voleanic heights
up to 5,000 feet.  Most of them have never
been inhabited except temporarily and could
not be without complete provision being made
for subsistence. There are two small settle-
ments of natives of Feoador on islands a hun-
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dred miles apart,  ‘These are Chatham and Al-
bemarle.  Exeept for a couple of transiently
oceupicd camps elsewhere, the rest of the archi-
pelago lies unused and is seldom visited, There
is mo regular transportation between the main-
land and the islands. Although Iying under £he
Equator, the climate of the Galapagos Tslands is
not one of cquatorial heat.” It is tempered by an
Antarctic eurrent that flows among them, The
tourist would find little of interest in these
islands, so difficult to penctrate, aside from
views of vast lava fields, forbidding eliffs, wild
anchorages in half-submerged eraters and other
veleanic phenomena,  Their ehiel interest is
for the lover of nature, inspired by Darwin's
aceount written a hundred years ago. When a
voiing man Darwin served as naturalist on the
“Beagle” and made the vovage of that ship
celebrated becanse of his writings, The early
navigators—some of them more than a eentury
ahead of him—bhad told the world the story of
the giant tortoises. It was not until the great
naturalist arrived that other wonders of ani-
mal life were made known.

The altraclive features of the Galapagos
Islands are those conneeted with the peenliar
animal and plant life cxisting there. When dis-
covercd in the sixteenth ecentury, they were
named the terfoize islands beeause of the aston-
ishing numbers of “galapagos” inhabiting
them. Fach island had its own distinet specics
of giant Iand tortoise.

One of the objects of the expedition was to
ascertain  if the tortoise of Indefatigable
Island was still in existence and lo procurc
specimens for hreeding purposes. The mountain
party explored each zone of elevation from the
coast upward, The collections included giant
tortoises, lizards, several kinds of finches, some
flveatehers, thrushes, and doves, Inseels were
also obtained,  ‘The botanist collected many
kinds of plants and has doubtless specics that
are new to this island. ‘The field for betanieal
and entomological rescarch in the Galapagos
archipelago remains but half explored.

One of the ever eharming features of these
islands is the tamencss of the land birds. It is
only necessary to sit quictly anywhere to have

STemperniures of afr and water were recorded o boarnd
the Nourmahal every four hours, oy and nlght during oor
sty among e fslonds. (Mar. 21 o Apr. 13 Average
temp. of nir =07 waler 7a° Falir,
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Heron,  Indefatizalile  IT=bind,

them almost  within  arm’s

The doves came close to one's feet ;s the

several of
length,

O

thrushes, finches, and flyeatehers perch near
enough to be touched with a switeh if they did
sot move, The hawks arc so inguisitive that we
eaught them with a string noose on the end of
a stivk.
of them on a single low Lree,

It is not uncommon to see half a dozen
The hig marine

o :
and land iguanas offer no difficulty in capture.
One has only to slip up quietly and seize them
by the tail.
(Otaria jubata) are amazingly fearless for

The sea lions of the Galapagos
large animals. The baby sea lions are full of
curiosity and do not bite when picked up.
While the shore parties were at work on
Indefatigable  Island, the Nowrmalal
trips to other islands in search of living ani-
mals for the Aquarium and the Zoological Park.
It was not difficult to capture penguins and
flightless cormorants.  These birds, being un-
able to fly, were caught with dip nets on the
rocks before they could jump into the water.
The penguins soon became pets. while the cor-
morants remained vicions as  when  caught,
actually throsting their heads from the cages

made

to strike at anyone within reach of their hiooked
beaks.

that it became necessary to keep them in sep-

They were so savage with each other

arate cages.

The npper deck of the Nowrmalal with its
cages of birds, iguanas, and tortoises, had the
appearance of a small menagerie during the
return voyage, There was also a tank eon-
tuining a large Pacific sea turtle (Chelonia
virgata) which members of the party caught in
the water with their hands, The Pacific green
turtle has nol previoosly been scen at the
Aquarium,

An important feature of the expedition was
the earrving of 265 Galapagos fishes to New
York alive, Sea water was kept flowing through
the tanks day and night, except during the
sevien hours' passage through the fresh waters
of the Panama Canal, where the tanks were
supplicd with compressed air.  The losses were
surprisingly few, as the fishes were in the ship-
ping tanks fully three weeks. Hauling live sea
fishes 3,000 miles had not previously been done.
We are disposed to regard this as somewhat
of an achievement. Tt would hardly have been



XNEW

YUORK

ThHick= P
L=lamnil.

Fintail rilaieftn  golaprgensis Tnsdefatisabl

Photograph by James ' Clogsin

attempted had it not been for Mr. Astor’s in-
terest in making the trial,

While under the patronage of the New York
Zoological Society, which was represented by
three of its officers, the American Muoscom
Natural History and the Brooklyn HBolanic
Crarden contributed
lines.

also workers in special

The Aquariom and the Zoological Park re
ceived all the living animals, and the Muoseum
and the Botanic Garden the preserved material,
The results of the expedition do not consist of
natural history collections alone.  There are
important photograpls and paintings for the
illustration of natural
history which
will be prepared after the

documents

have been
The  note-book
that have
indicate  that

contributions will extend the

colleetions

studied.
bewn

thiese

records
made,

present knowledge of  the

Galapagos  Islands.  The
above named institutions of
New York have profited

greatly through the muniti-
cence of the promoter of
this expedition, Mr. YVincent
Astor, who participated ac-
tively and with lively inter-
est in all its proceedings,

AOOLOGICAL

Pintail Ducks (Poceilonetta galapageinsia .
Photograph by Jumes 1%, Chaplo,
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Soles on the Collections
The
.I'.l|4|rr'|"r;fr':';mll|'r' Talanidt:

(rrand  Torlome r.l_i'

We were forlonate in find-
ing at this island two S|r-
vivers of 0 Norwegian col
ony that had found the con-
ditions of life anfaverable
and retoened o their native
land or Lo points in South

IIIFII"\('

povted thal gianl lorloises

Nrne i, men -
W \I|” In existence on l||l'

island and olfvred Lo con-

et us Lo e distantl tor-
Lisi=ic g=snnziid 1y Slost of our

party, ineloding Me, Astor, made the trip, I was
aver a dim and rouele teail which conld net have
been followed without the suidanee of the two
Norwegians and their one native companion. Tt
a hard, grilling march of five
howrs” duration, We had little idea of the num-

ber ol miles, and we needed all the water onr

proy ;'rE Lo |'||_‘

canteens contained. On a second Lreip Lo the tor-

toise countey, we camped over night for the

sake of a torteise hunl, following Lhe three
natives as  they  puoshed  theongh  the brosh.
After an hour's work., on the evening of our

arrival, we found a tortoise weighing perhaps
It was Lo large [or lransporla-

The

250 pounds.

tion and was Jeft at liberly. nalives

i Tesfudda puirferi,

Inddefalizable Tshund,
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brought in eight of smaller size. seven of whicl

ranged from B0 to 80 pounds in weizght, Thes

were brought to the Zoological 'l na
tives had a horse on which the tortoises were

carried to the coast. T'wo heavy tortoises at a
trip, made hard work for the little horse, con-
sidering the roughness of the trail. Ilis un-
shod hoofs suffered in consequence.

This species of tortoise (Testude porleri) is
found only on Indefatigable Island. [ts exist-
ence being in doubt, the living specimens se-
While in the tor-
toise country we measured the bleached shells
killed
vears before. Some of them
feet in
length of top shell as meas-
They

miusl have weighed consider-

curcd are of decided valoe,

of laree tortoises

WUre HI'.'H'l v five

urcd over the carve.
ably over 500 pounds.

Criant lortoises have long

been extinet on most of the

Galapagos  Islands.  Ships
have been  carrving  them

away for food for 300 vears,
by hundreds of thousands,
The stock was ﬁ]l.ﬁ]l:l.' Te-
duced to small o

ihers hy
whaling vessels hefore the
middle of the nineteenth
centary, There is little hope

= o : Yellow e nerd
for their continoed survival

Night

of telii-Lngrasld, J5E6

in the monntaing of the two
barge islands where they arve
still to Dee Found, Temporary
Feuador have

settlers From

leeft Beehvined them dogs, pigs,

—— w  Cils and rats, te run wild
--1 and multiply, All of these
) prey upon newly  hatehed

| tortoises, so there can be

| little increpse. It is still the

habit of the natives of the

two  remaining  scitlements
to kill

Loises wherever they ean he

and ¢al giant tor

Fevinnd, "l leww carricd
away alive by naturalists,
count for little in view of
the killing that stll goes o, Being now far in-

:I:-:'_'. ire o Il L I I'_E|| |'| ;I:I'ﬂill',.': Iner-
chamnt .~|'|'JE'-*:.

It is fortunate thal numerous :'_,'_i'l'fll. tortoiscs
were brought from the mountains of Albemarle
[sland two vears ago by the writer, under the
direction of the New York Zoological Soeciety.”
These tortoises have been colonized in Florida
and elsewhere in warm climates.  Most of them
have already doubled in size. There is reason to
believe that they will soon reacl the breeding
With Mr. Astor’s approval, the tortoises

[ rom [2|L|_1'|'.'L[i_'_§:||5|1- [sland will also be colonized

age.

5 For this purpose (he 17, 5. Burean of Fisheries lent the
I'. 5. 5, Athatross I

I=lamid,

Heron  (Neclapmssa  viofaeea), Indefatignble

Fhotiographed by James 1. Clinpin,
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in the south for propagation of this particular
species, It is now evident that they grow rap-
idly. The breeding age is still unknown.
There are before me records of ecertain
whaleships that took 7533 torteiscs from Inde-
fatigable Island between 1824 and 1848, These
dates include a period when there were over
seven hundred ships in the American whaling
fleet. As most of the fleet engaged in sperm
whaling in the Pacific and frequently called
at the Galapagos for supplics of tortoises, the
numbers carried away muost have been
wreat.  The writer has records of 105 ships
that eaptured fifteen thousand tortoises on dif-
ferent islands of the group during the early
part of the nineteenth century.

C."Llllnju Porter of the 8.5, Esser, at the
Galapagos in 1812, records finding tortoises in
abundanee on  Indefatigable Island, “one of
which measured five feel and a half long, four
feet and a half wide, and three feet thick; and
others were found by some of the seamen of
larger size.” Porter confesses to loading one
of his ships at James Island with tortoises that
“would weigh about fourteen tons. At Charles

Island between four and five hundred were

very

il ey p,

i

Showing heavy scale armor of logs.
K. Svinson,

laken on board.” !'II."I.'I.liH:.': the erews of war-
ships and whaleships on “Galapagos Mukton™

as it was called, required large numbers of tor-
toises, &

The California Academy of Sciences Expe-
dition of 1903 secured twenly-three tortoiscs
on Indefatigable Island, the largest of which
measured fiftv-four and a half inches in length
of top shell over the curve. Torloises were
recorded al that time as “fairly common™ on
Indefatigable Island. The Norwegian settle-
ment on this island, recently abandoned, must
have killed we found
merous large skeletons during our briel stay
in the tortoise country. The trail to this re-
gion had been kepl fairly passable by the two
our guides.
part of

many Llorloises as -

Norwegian  survivors who were
Tortoise meat was still an important
their food supply and tortoise oil served them
as butter, They informed os that young tor-
toises were seldom found. A four-pound speei-
men represents the only small tortoise we ob-
tained. ‘The Galapagos hawk, which is more
abundant on Indefatigable than elsewhere, was
eredited with destroving newly hatehed tor-

It is possible, sinee tortoises are no

toises.
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The Direclor s
Ingdef

the unwary hivwk,

tizable  Takaudd

lonrer abundant, that hawks servc Lo hinder
their Indefatigable. 1t
thiat numerous on  Albemarle

Island where tortoises are more in evidence.

increase  on appears

hawks are less

The ancestor of the giant tortoises that once
swarmed on the Galapagos Islands remains un-
known, I was probably a
mainland form now long cx-
tinct. The island deseend-
ants reached large size and
great numbers beeause of an
abundant food supply and
the absence of encemies.

We have recently learned
that the Crane Expedition
of 1929 got specimens of
Testudo porferi which are
now in the zoological gar-
dens at Chicago.

Two  specimens  of  the
Hood Island torloise (Tes-
Lo until re-
cently  belicved to be cox-
tinct, were obtained by the
Pinchot Expedition of 1929
and brought alive to this
country.

hoodvnsis)

Marine Iguana®: — This

....I]-.' mbilurhanekis erisbufe,

Mr. Hay finds a tortoise.
Photograph by Kermit Roosevelt.

Jed- A ngnal, PO

remarkable species is pecu-
liar to the Galapagos, 1t is
found on all rocky shores of
tite archipelago, being per
haps more mumerous on Nar-
and the adjacent
Albemarle,

Marine iguanas

borough

shores  of tlian
clsewhere.
are only lo be seen close to
the water, lyving on  the
warm rocks, often in large
companies. While they feed
chiefly on sca weed, they do
not  venture far from the
rocks, with which their dark
colors  are in harmony,
Other observers have found
their sharks,
which are abundant among
Judging from
seen in

remains  in

the islands.

the numbers of o

nanas bo be SO
places, it is unlikely that destroction by sharks
is of sevious cxtent,

Large marine iguanas are about foor feet
in length. Their czgs are buricd in the sand.
We obtained a smaller varicty (Amblyrhynchus
nanus) inhabiting Tower Island. Slevin records
that marine izuanas are Chal-

L I."'l'_".' ram: on

Indefalizgable Isbund.
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Feavless sea lonz
Skl Sevinon

ham Island where the natives tormerly ate them
and their cges.

They have not been observed ab Charles
Island by recent expeditions. ‘There was for-
merly a large colony of Ecuadorians on this
island, which may account for their present
scarcity there.  The abundance of sharks in
Galapagos waters doubtless serves to restrict
the movements of iguanas from one island o
another.

Specimens kept in sea-water pools in the New
York Aquarivm always swam with their legs
close to the body, the long, Iaterallv-compressed
tail furnishing the swimming power.  Marine
iguanas have never fed in captivity although
well supplied with sea weed,

Land Tguana’ :—The introduction of dogs is
largely responsible for the scarcity or actual
extermination of this iguana on most of the
islands. It is common on South Seymour
where dogs have not been introduced. We ob-
tained several specimens on that islapd but did
not observe it on Indefatigable, where it is
presumed to be extinet.  They had little fear

T Canelupling subcrisfafis,

(Ea et Jarbertan i
I=buari.

and were easily caught. This iguana has al-
ways been used for food by the natives. 1
found three burrows elose together in the loose
soil of a hill a mile south of Tagus Cove o
Albemarle Island bul saw no ignanas. The
land iguana of Barrington Island. where it is
now rare, has been deseribed as a distinet spe-
cies,  Our live iguanas were fed on the leaves
of several kinds of bushes that were brought on
board, They are much heavier bodied than
marine iguanas of the same length. Unlike
the marine species they are savage biters and
must be handled eavefully. Large specimens
may execed three fect in length.

Fﬁyhth'x.{ Cormoerant” :(—This bird, the vari-
ous specics of penguins and  the “steamer”
duck, are the only existing sea birds that lack
the power of flight. The distinetion is a dubi-
ous one, tending toward the fate that befell the
equally flightless great auk of the north.

The Hightless cormorant is probably a dis-
appearing species.  Its present distribution is
limited, so far as known, to Narborough and the
adjacent shores of Albemarle Island, It is
possible that it had a wider range before the

= Nawnsplerwm harrisi,
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discovery of the Galapagos Islands. We know
nothing of its former distribution as il was
not noticed by naturalists until deseribed in
1899, The introduction of dogs by Ecuadorian
setdlers early in the nineteenth ecentury  may
have contributed toward its present limited dis-

tribution. Narborough Island is still free feom

LLETILXN

Juli- Lwpargd, 1950

of Tagus Cove and also on Narborongh, While
no count was made, 1 must have seen as many
as fifty, Not more than three were found in
any one place. We disturbed none exeept Hiose
caplured in Tagus Cove, No nests were ob-
served, 1L would e interesting Lo know how

many are in exislenee,

Mr. Astor enplures lamd iguanas.  South Seymour Taland.
Photographed by James 1° Chapin,

the pest of wild dogs that afllicts the southern
part of Albemarle and other islands of the
archipelago. The flightless cormorants now in
the Aquarium were captured in Tagus Cove,
Albemarle, with dip nets. The birds sit stupid-
Iy on the rocks until the boat is so close that
escape is impossible.

While searching for penguins, I examined
several miles of rocky shores nerth and south

It may be more numerous on the western
part of Narborough which is as yet unexplored
zoologically,

The behavior of the Hlightless cormorants now
in the New York Aquarium is interesting: When
one of these birds rests on its breast, it often
goes to sleep with the long neck stretehed out
flat on the platform. The attitude often creates
the impression that the bird is dead.
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deseenmd, The voung hirds
el

foreed

thin and
tha

feeding that was resorted to,

=ihl I"L'l'.’HIH'

nol  survive on

The adolts were tame gud

eontinne to be so in the

W&
N
M, L

Me=sr<, Hay and Astor would persaade the lamd izonana
that hanmuas are edible.

Galapagos Peaguin®:—The engaging  little
penguin is found on most of the islands,  Natb-
uralists have observed it in larger groups al
Tguana Cove. Albemarle Island, than
where, Our specimens were captured at Tagus
Cove and along the shore a mile south of the

else-

entrance.

Little is of
nesting habits, Two adults
and two voung were taken

known its

on April 7. in a cave which
conld be entered only by a
boat. The of the
FOung  were with
down, They were evidently
still being fed on regurgi-
tated food and refused the
live minnows agerly
taken by their parents. It
seems  probable that  they
were hiatelied early in March
and that they had not yet
taken to the water. Both
adults and voung were
found on a steep ledge in-
side the cave which the lat-
ter were not vet able to

necks

covered

50 €

Lamil  Tzunna

o Spheniscins meadicilies,

Aquarium, where they are
very active in the 1':|||l||!‘|.' of
live minnows thrown into
their large pool. The near-
bird is

of

est relative of this
the Chilizm
southern South Americs.

Forked-tailed Gull:

example of

penguin

The
original this
bird was obtained long ago
by Neboux of the French
frigate Fenus. The species
remained unkoown in Amer-
ican muscums until the first
voyage of the Albatross to the Galapagos, where
[ secured six specimens. Others have been col-
leeted sinee.

The two live birds, brought to the Aquarinm
by the Nourmahal appear to be thriving under
the conditions of ecaptivity, The species was
found in grealer numbers al Tower Island than
elsewhere in the Galapagos, perhaps because the

(Conolophns suberiatabos),
Phetograph by Kermil Hoosevelt,

Indefatigable Tsland.
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Twgudsitive Pelican  (Pelecmaies conlifor

| EVHTITHA

Galapagos hawk is not found there, Ouwr sp

mens were caught with a dip net while en-
gaged in a fizht so strenoous that our ap-

proach was entircly disregarded,

Toderatigable

Sed - A wgesf, a0

TS
colonisls  that
1 Hill't.ill.ll;_l".'llll-:'

Islamd for a few

Cialapages [lazel'™:
Norwegian
lived on
Vs
fonmd it almost impossible
o raise poullry beeanse of
the abumdance of hawks,
Speeimens of both dark and
light }l]l.‘i'-l.':\ ol p||u|::|_1_r1'
wiere preserved  amd seven
alivee Lo Lhe
Joological Park, "he latter

were [ed with the bodies of

were  brought

olhier hawks killed for the
purpose. We did not ob-
cither
Islamds.

hawks on

Charvles or Tower
Their fearlessness and cn-
riogity  are  surprising in

view of the numbers that

wve been killed by the Norwerians.

Galapagos Rail" :—"This is a common bird in
the moist region of Indefaligable where it runs
under the low shrabbery,

1 Barlva  gulepogensis,
11 Creciscies splipal ns,

Being rather fear-

The Nourmahal in Tagus Cove, Albemnrle Fsbund.
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Tur fi=] r il Tozus Cave
less, rails were not difficult to sccure, Tl island number abont ten ‘\l:'ll."'l.'jl'.‘\_ 'flhl'lﬁ'
species of Indefatizable has been deseribed as  are most  nomerous  within four  or  five
(“reciscus sharpei, but may not be distinet, miles of the coast and practically disappear at

Galapagos Pintail Ducl'*:—This specics was  altitudes  about fifteen hundred feet.  All of
obtained in a pond in the %
tortoise country se¢veral —
miles northwest of Academy
Bay. Indefatizable Island.
A small flock was seen in a
lagoon, near the bay. It is
found on all the islands
where there are fresh and
salt ponds. Little is known
of ils nesting habits, It
does nol seem o be nu-
merous anywhere and being
unwary, may have an enemy
i the Galapagos hawk. In

Laking specimens, no heavier
ammunilion was  required
than the load of small shot
from a smooth-hore collect-
ing pistol.

Finches: The  remark-
able hlack finehes of this

First Gitieer Carlson apd the Director seb sl brogs,
Tagu= Cove, Albemarbe [=bind,

v Prepeilonct fo goliapspe sz,



Mr. Carleon pursues 0 penguin with dip net
Albemarle Tsland.

the Galapagos finches build bulky domed nests

with side entranees. There arc thirty-five or
more species of these finelies in the Galapagos
group, .11'1'1!1’1“!1;_’ to most authorities, all are of
the genus Geospiza, although some have divided
them into four sub-generie groups. Some oceur

on more than one island
where they are represented
by sub-species. The follow-
ing are found on Indefali-
gable: Geospiza pallida, G,
prosthemelas, G. psittacula,
G, crassirostris, (G, parvula,
G fuliginosa, (. fortis, G.
strenua, (G seandens, (.
aiffordi,
The last
been said on the classifica-
tion  of the Galapagos
tinches., The largest collec-
tion of specimens, that of

the California Academy of

word lias not

Seiences, s now being sub-
Jeeted to eritical study and
the status of the birds of
this puzzling group may be
made clearer.

(ther Birds:—Among the
indigenous land birds taken

Jielarclanrpsd, 1550

an ITndefaligable were the
following: Flyeateher (M gi-
J.{‘-l.l
[ Pyrocephalus

(Certhi-
Martin
Ijl:llll‘:'
(Nezomimug

Short-cared

archus  magnirosiris) ;
Flycatcher
NaRHS )} 1.'r|'|"|:|| r
tea olivecea) ;

( Progne  madesta) ;
eared  Thrush
melanolis)
Owl (Strir punetalissimal
(1wl

galapagensia ) s Dove [ Neso-

Pigmy DBarn i Axio
pelia galapagoensis ).
— Aside

AT

from

iTnana

.Ill'l'lf-'n'r.urq'-\:
the large
Adwld grhynehus cristatug),
the only  other lizard ob-
tained on Indefatizable was
albemarlensis.

We alid not find the zecko
I { Pliyllodact gl |Iw-',,-l-“_.l_._
imens of the small snake of this island (Dro-
micus steindachneri) were sceured,  All of the

Trapidurus

He opala pagod nEix ),

Galapagos snakes are harmless species. I car-

ried one by the tail for some distanee, which

held tightly to the live lizard in its jaws.
Mammals:—In the Galapagos Islands, in-

digenous mammals-are represented by bats and

Zea llons cheerfully pose for the eamern man,
South Seymour Islamd.
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niew specics which cannot be
stdicd at present.

There are as vet only a
few papers on Galapagos

fishes, The species alrefdy

known  have  been  taken
chiclly by seine, hook and
line Extensive colleeting
by lhe use of wire fish
traps should yield an abun
tdanee  of unknown fishes.
The light, wire fish traps
used by the Astor expedi-

tion were not so econstructed

as to prevent the entrance

n sharks that often

cithey b or mutilated the

cateh, Traps properly con-

- tructed | in these

Chintats Klase sttt M hend of  morkn- sword i walers wonld  undoubtedly
Cocos 1sland, vield a rich harvest to the ichthyolosist,

The native
fatigable (Nevoryzomys daricini
hut a 1

rat ol M

small rodents only.

was found in

abundance about a w miles back of

Academy Bay,
All" students of the animal and plant forms
of the Galapagos Islands are in agreement
that they were originally de-
rived from the Americas.

Fishes:—Among the live

Galapagos  fishes  in the
Aquarium, the following

species  are recognizable:

f.’i'rrrruha!r'pf.t punciatus,
Paralalirar  albomaculatus,
Adrchosargus  pourtalesii,
{encorns, Ha-

Canthi-

Pomacentrus
dianus  eclancher:,
dermis angulosus, Balistes
verres, Meliclihys bispine-
sux, Npheroides annalatus,
Trachinotus rhodophus,
."','ruluﬁfr'x viridis, Nenaeys
Jessiae, Xenichthys agassizi,
Cirthopristis chaleens, Epin-
ephelus labrifarmis, Poma-
contris sp., Halichoeres sp.,
Hacmulon sp., Muracna sp.
There doubtless

Are SO

b

Other Islands Visited

Lime
e

Albemarle Tsland—Tagus Cove:—The

spent here was profitable in many ways:

of the wire fish Lraps brought up eighteen
specimens of a Seyflaris, which we recognized
as something new.  The genus liad not pre-

.

Cave where young pensuins wire found.
Albemanrle T=land.
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Pisoloezrapiy hy

Tunn Fishers display thelr ealch

swisevelt’s  markin  swordii=h.

g______ _r?_"_'_:'=' CVERE W éi
2 %dﬁw 2 E

The
menagerie on deck,
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viously been reported from the Galapagos,

is strikingly different from the so-called "Lao-
cust Lobster”™ of the West

Indies.

have often kept in the Aquarium.
Upon climbing a high hill,

south of Tagzus Cove. we found a vast,

walled

erater perhaps

nearly

Ewi

which we
ti' 0or o
sfery-

miles

AOOLOGICAL 300CIETY 151

1

f_/ \
: =
,
dismeter, containing o large salt Take. Tl

sen had entered where e western wall was
broken down and a later fHow of lava from
some point to the southward had covered the
space between the erater and the sea, [orm-
ing a lake, The black lava field extended south-

ward (or miles with no ‘.'l"-|i:-_"l." ol ]]].‘lr'll life

Marine lpuanas | doeddyrhvochus eristofusi,  Norborosgh Ishond,
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in sight.
ness,

In the lake which was of briny salt-
small fisles of the
Xystaema, These appear to be young, the larg-

we  oblained Fenis
est being 115 inches long. The shore line of
the lake bears no evidenee of rise or fall of tide.

This crater lake is briefly  deseribed by
Stewart in the
Gralapagos,” with

hiz “Botanical Conditions on

He identical
the one relerred te by Darwin as located near
Banks Cove. The cra-
ter, the salt lake and the
ticld
truly impressive -i;_'ilt.

Tower Tstand :—The
day

considers it

vast lava form a

spent  in Darwin
Bay =l Island
proved to be an inter-

Tower

esting one, A sinwle fish

trap caught nincteen
specimens of the larvge
spiny  lobster  ( Panu-
lirus  penteillatus), the
first we had seen, Two
fork-tailed

(Creagris

zulls
furcatus)
and a single dwarf ma-
rine  iguana
fiynelius  nanus)
captured. The botanist
was the only member of
the party to visit the in-
land erater lake of Tower Island. This lake was
first deseribed by Prof. Alban Stewart who
visited Tower Island as botanist of the Cali-
formia Aeademy of Sciences Fxpedition in 1906,

Darwin Bay where the Nourinahal anchored,
is a I:I.l.‘i_‘ll. sea-filled erater. bordered for the
most park by high vertical cliffs. It is of even

( Amblyr-
were

-

more interest than the erater anchorage of”

Tagus Cove.. It was unfavorably known to the
whalers who went there before the middle of
the last eentury in search of tortoises-but never
found any. o
Charles Istand :—The Nourmahal anchored

for a short time at ‘Blackbench Road for the
purpose of securing specimens of an entirely/

spineless cactus discovered there by the writer

in 1928, The large group.of. this cap_;ua--.h-ﬁd.-
entirely disappeared and the lToose carth about

it had become a rolling place of wild l:'l.'l'_}l1]-ﬂ_‘_i'5.
It was not even possible to-get cactas roots.
The spineless cactus may have been ariginally

£
F
£

&

« BT

Salt Lake in great eraler, Albemarle Izlaml,

Awithout success,

rreatest

1 X Tl dwguad, 1530

abundant on Charles 1sland where there was o
hundred
It is possible that it has been ex-
terminated by the numerous wild cattle and
donkevs whose ancestors were inbrodueed ot
that time.  The writer had requests from Ari-
gona and southern Californin for information
respecting the cactus as a forage plant and

seltlement of Feuadorians nearly a

Years nmo.

;_{rr:l.tl:.' regriels its l]i.‘n'll!ih.'.'ﬂ'."l]li'l.',

Fortunalely,

the plagts e seeurcd in 1928 and left with
the Department of Plant Industry at the Canal
Zong are growing and may later be available
for enltivation. Our scareh for other masses of

this cactus was extended over a wide territory

It may be rediscovered by
future cxplorers in some rough territory in this
island thal is not accessible to wild eattle and
donkeyvs,

Coeos Teland :—This fascinating and at pres-
ent, unhabited island was visited during the
return voyage. Our collectors seeured repre-
sentatives of the I_'t;w.-pet-liﬁ_nr birds and rep-
tiles existing- there,

_bilike the nearly waterless Galapagos it is
densely covered with tropical vegetation to its
heights and  has strongly  flowing
brooks. It was the abundant supply of fresh
water that attracted the many nineteenth cen-
tury whaling vesscls whose names are carved

T mifles =oully of Tagis Co
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on the rocks about the watering places. 11 was
easy to identify most of them as whalers, from

numerous whaling records in my possession,

TORKE LO0LOGICAL
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of bird skins testify to their activities. Messrs,
Bronson and Sanborn, assisted—at Hmes by
others, produeed —with brush and<camera a

One inseription was that of .S, H:':‘fl:ru-.-—'ﬂ'{'ﬁ'lt'];-:I:l' illustrative material, ofwhich only a
phon 1817, the warship on_whicl’ ﬁ:l..l.!ﬂit"l.!"
sought refuge. Pheve were names of men from

; .}.'m\"]h':[.i.'nrd_. Nantucket, Boston, Marblehead
and other early whaling ports.
alsa the names of a few warships,

Therve were

e, Crater more tan o mile in dinmeter, Black lava fow in Toreground.

W

.-"l._.lff:'r leaving Cocos Island the Nowrmalial
stopped  for a day's fishing at the Perlas

Aslands, off Panama and the Tortogas Tslands
#  off Florida,

The ernise of the Newrmahal to the Gala-
pagos, eommeneed at Miami, Florida, on March
2%, was finished at New York on May 2. Prac-
ticallv all of the objects for which the vessel
sailed, were attained. The return to New York

h marked the conclusion of a voyvage during whicle
the members worked together in harmony, en-
joving all the facilities afloat and ashore, that
an interested and generous host could provide.

Messrs. Roosevelt, Cutting and Hay, all ex-

perienced explorers, took hold of the mountlain

work with energy. Mr. Astor, Dr. Pool and

Mr., Huntington canght tunn and other large

. opeanic fishes in numbers, more than sufficient
: for the entire ship's company. Dr. Svenson's
piles of pressed plants and Dr. Chapin's cases

o

£

mere fraction appears in this Bulletin, Captain
Klang and the officers and/crew of the Nbur-
mahal rendered  most E'jﬁi'it*:rit help whenever
called upon, The writer cherishes warmly all
memories of the vorhge of the Nowrmahal and
the hearty company on
board.

Preservation of the
Gralapagos Fanna:—An
attache of the Consulate
of Eeuador in
York has requested my
apinion to  what
should be taken
by the Ecuadorian gov-

New

s

steps

ernment for the preser-
vation of the animal life
of the Galapagos Isl-

ands.  Several parties
of naturalists have
visited these islands
during  recent  vears,

with the result that the
forms of life indigenous
there have become more
generally known. i

The gentleman also
made inguiry as to whether a scientific as-
sociation, such as the New York Zoological So-
viety, would be interested in undertaking the
supervision of some method of conservation
that might be found desirable. It is true that
the animal life of these islands is of world-wide
seientific interest, although at present of no
commereial value,

The giant land tortoises from which the
islands derived their name were originally so
abundant that they constituted an important
food resource for more than two centuries, when
the natural supply became exhausted.

The peeuliar fur seal (Arctocephalus philip-
pii) of the Galapagos Islands, also formerly
abundant, is prebably near extinction as none
have been seen during recent vears. There are
before me a few records accounting for 17,185
fur secals taken at the Galapagos Islands be-
tween 1816 and 1897, The numbers taken
sinee 1887 have been small, It is known that
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large numbers were
killed during the early

the

Fur seals were

part of ninebeenth
century.
fougd about most of e
islands anmd many were
killed in eaves

The

wlhiich

Land
is slill

fousd  hias

igrimana
[T I| Lisg

Eil"'||||-.':ll'l I1

: | .
from  several of
ixlands,
) ; - s
Clie  wmarn PRI
also a food specics, s it reesi T
S : Lxlatauil
now tare abont islands

]n:l'_’ inl |!|_' I
There 1= tle

birds have salfer

1l
Ll

doult that the confiding la

y & : 1
i I‘|I.'IIII'.|..|.T||1I 100 TRENIRR AT %

result of the inteoduction of eats. Their fear
lessniess venders them an o asy prey amd Lheis
eSS AT rile in low shirnbs. "'l '."r_:_'-'-
billed finch, vne of the most interesting of the
finches of Charles Island has not been Found

sinee it was discovered by Darwin in 1831 The

introduccd pigs, dogs, cals and rals now abun

dant in the wild state, have affected the native

of ol L wguasd, Jinde

hirds and r-.‘1'|ti.'|.-'_1 to a

serious extent.

The dithenlties  at-
Lemilant upon the reduoc-
tion of these  pests
would he very  wreat.
The islands most  af-
flictedd by them  are

large, rogeed and near-

Iy waterless, 1t ds pos-

: sible Lhiat torloises
= L - would inercase in nuni-
- bers if the pests that
fesin wlegalal, Narborongh devour their eggs and
S _I'"f;"::_"_”"' voung could be  held
in  cheek by poison-

ng, shooting and teapping.

An important move for Ll proeservation of
tortoises would be prohibition of their removal
romt the few islands where they ave still to be
found. This is especially desivable in the case
of Hood

main. These islands, never inhabited, are still

Duncan and islands, where few re-
free from enemies of tortoises. The bwo distinet
specics belonging to Duncan and Hood islands
should be preserved for the double purpose of

Murine Igusnas (4 wldpekvaches eriafalusy,

Narhorough Islamndd.
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cuxis) has long been ex
tinet, This  island could
readily be stocked with tor-
toises  from Albemarle Isl-
and (Textndo wvicisa).
Charles Island is at present

y uninlabited. Being  less
e 4 than ten miles in diameter

» : 'I*'_'"' e - aned  having  fresh  walee
s 4 ,H%:_Fq springs not difficalt to reach,

Fligltless cormorants.  Narboroazh
Phntozrapl hy C. 1. FTown=en:

their value as fowd amimals and theiv seicnliie
interest.

The extinetion of an animal useful Lo man is
always deplorable. After the early navigators,
the buceancers, the sealers and the whalers,
working throogh a long period of time, had
¢xhausted the more acees-
sible ‘\I.I!i'll-]il."\ of tortoises,
the making of tortoise oil
was continued by the set-
tlers. Their practice was to
remove the fat only, reject-
mg the careasses, being un-
large

able to utilize any

number of food, In many
places in Ahe interior the
ground is covered with the
whitened  shells  of
numbers of tortoises killed
for this purpose.

If  the
tortoise oil from Albemarle

oreal

exportation  of

Island were prohibited the
supply  of lortoises  avail-
able for food mizht be pre-
served indefinitely  for the
pse of the natives,

The tortoise of Charles
Island (Testudo galapago-

would probably be the

= it
*‘1 mosl desiralle island of the
eroup for a wild life reluge.
|  Ohjections to other islands
would be their large size,
and the ||.|||'i-!'1,||f_'.' of |'|1'1Ii1'1'|.-
Sy ey i them and controlling in-
i o trodueed |||--|-c_ the lack of
islands,

e B water on smalley

Flizhtless Cormorants (Nowwoplervo barris ).

and the presenee of seltle
ments on others.

Briefly, methods of conservation shouold in-
clude protection of all remaining species of tor-
toises, the prohibition of scaling, the introdue-
tion of the land ignana on islands where pigs
and dogs do not exist, the protection of the
flightless cormorant and the pengnin, and the

conlrol of pests,

Narborough Islamd,
litograph by C. H, Towneend,
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e Commodore culs down enclus lenves for lorioise Tood.

The Mountain Party on Indefatigable Island

Kensir Rooseverr

.
ONF. of the ebjectives that Dr, C. H. Town-

send had suggested for the Nourmahal
Galapagos Expedition was the peneteation of
Indefatizable Island, the interior of which was
practically unknown,

Four vears ago at the instigation of the Nor-
wegian Consul in Guavaquil, a party of some
thirty-hve Norwegian scttlers eame out (o the
Galapagos with the purpose of cstablishing a
fishing industry, using Indefaligable Island as
their base of operations. For one reason or an-
other, all save two of the colonists have left
the Island. Maost of them have obtained work
on the South American Continent, only a haml-
ful have returned to Norway.

The two men that have remained are still en-
gaged in fishing, and in spite of the remoteness
of their market (for their fish is disposed of in
Ecuador) they are doing better than they feel
they could do in Norway,

Dr, Townsend had planned landing al Aend-
emy Bay in the hope of seeuring the assistance
of any of the possible remnants of the Nor-
wegian colony. It was determined that the in-
terests of the Fxpedition could best be served
if, in addition to Dr. Townsend, Messrs, Hay,
Chapin and Svenson should also land, so that
they might make a reconnaissance of the Island
in entomology, ornithology and botany, their
respective specialtics,

Cutting and I went ashore with them in or-
der to ent out trails to the interior, and to do
any othier work which would have as its pur-
pose enabling the natoralists to put in the max-
imum amount of their time collecting, and a
minimum amount of unremunerative tasks,

When we landed, we found the two eabins
and the fish cannery which the Norwegians had
We had no wethod of
telling when they had last been oceupicd. or

built were deserted.
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Robert Huonfinghon

fisherman

Un the Erall to the lortoise country,

Toresronnd, and the Norwegian

We had heard,
however, that three or four miles inland there

where their owners mizht be.

was a plantation where the eolonists grew fruit
and vegetables, After casting ahout, we struck
a trail which .'l].l]h.':l.rt'd to o in a dircetion that
might lead to the plantation, so Cutting and |
decided to follow it.

Water presented an awkward problem, for on
Indefatigable vou were entirely dependent on
rain, From the Newrmahal a supply had heen
landed in carboys. We also found a zood deal
of water in rain butts which had been placed
under the eaves of the eabins h:{ the Norwe-
gians. This water, however, was only suitable
for cooking purposes.

Armed with machetes and
with our canteens slung over
off

along the trail, Mueh labor

our shoulders. we  set

had been spent in its con-

straction, for it pursued an

undeviating course through
one of the most UnComparo-

ing hits

of jungle it has
EVET my lot to
Huge boulders of voleanic

been L5
rock lay in confused masses
on' cither hand. Cactus of
different varieties was inter-
spersed between them, while
the tangled mass of creepers
and miconium presented a A
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barrier throush which one
could only have procecded

at the veriest snail's Jraee
were it not for the tenil, In
=l I|.|'|':|| III.":l"- !‘l"'.!'l: Werde

fissures in the rock. Drop-

|-i!!-_- stones into them, we
found them to be of great
depth, XNo air eircalated,
:||:|i u..[li.I|| i I_':'1.1. |||i2|||||'- Wi
Woere as I||'1'|II'II|'I| s i] W

liad pluneed into the sea.

Yo ter ersing this low
for

we ascended an abrupt

rstal  jungle half an
lvovuer.
escarpment and for the first
time were able to see far-
ther cither hand. Look-

ing back we caught a glimpse of the sea and

than a few feet on

its nearness formed a disheartening commen-
tary on the speed, or lack thereof, with which
we had been traveling,

The jungle now opened out and there were
In another

pleasant glades with great trees.
half hour's walking. we practically passed out
of the cactus belt and found ourselves in a mi-
coninm forest.  Along the trail we {wice came
across bits of tortoise shell, enconraging us to
believe that one of the main objeels of the
landing party stood a fair chanee of atlainment,

We had got a late start, so the shadows soon
began to lengthen and we realized that unless

we were prepared bo pass a waterless night in

rest on the way to the tortodse country.



Refreshment along the way
the jungle, we would have to leen abhout., We
had proved nothing, for we could find no trace
of anyone having recently passed over the trail,
By the time we got back to the coastal belt
we had become unpleasantly aware of the pres
ence of mosquitos, and when we rejoined onr
companions we found them busily engaged in
repelling attacks. The insects increased in num-
bers momentarily, and we hurried through a
very briel supper.
. To add to our miscries, we had not been able
to take any steps loward rigging our mosquito
ncttings, and we now found that the cabins
were deficient of any sort of appliances to aid
us. It is not difficult to foretell an uonpleasant
night. Cutting, as le
crawled into his blankets,
liappened to pick out from
folds hy the
light of his electrie torch
the most

among  the
CTOFMmdanS l'l'|'|1i'
pede 1 have ever seen. He
measured fully six  inches.
With great skill Hay intro-
duced him into one of lhs
collecting tubes, but the in-
cident left each of us with
rather  an
feeling  of
fellows.

uncomfortahle
bed-
I pitched my net
outside until I was driven in
by a sharp shower, and T am
that the combined

possible

certain

Juelur- L agraiat, [a40

sleeping of all seven of us
would not have amounted Lo
a reasonable night's sleep
for one of ns,

The nexl morning we set
out again,  Hay and Sven-
son  volunteered  to aecom-
pany us and bring a large
canteen  of  water  which
could be left on the teail, so
that if we puoshed on and
would
have something Lo fall back

upon, We

found no water., we

went along for
half an howr bevond the
peint which we liad reached
on the previous day, and then our companions
turned back,

within an hour w

Clhapin continued with us, and

came oul into a clearing.
Never have T seen larger banana trees nor more
loxuriant sugar eane; indeed everything seemed
to thrive. There were papava and guava trees;
colfee also appeared to adapt itself most ex-
cellently to the conditions. The first living
thing to grect us was an old roan pony who
quite obviously had thrived on his dict of ba-
nanas and SINEAr Ccane,

We threaded our way through the plantain
grove, I was in the lead when of a sudden I
caught a flecting glimpse of an Tndian dodging
oft into the shelter of a clump of banana brees.
I shouted to him in Spanish, proelaiming the

T e

Dowctor Fool bandages n spralned ankle o the tortolse country,
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ik we wer ricnds, and rather “i""'i'i‘i'l."

1
i ¥ lia nnyone for a :;'n.'ll?l]
many da; alterward explained, the
_\'-'-_nr'.1-'l;i';l.- knew so little :“.lll."‘ii'li\il Lhial any

conversation he held with them was of neees

sitv. vervy primilive.  His name was Fliag San-
had spent thirteen years on Chal-

Why he

l.'.III'Z_, illa'lj il"
ham Island, had eriginally come
Eeuador has wsed the
penal settlement,

quire.

extent as and the

concerning enriosity that holds good in so many

fronticr communitics,

When onee friendly reln-
tions had been established,
the flow ol Flins's Spanish
knew no bounds, and e sup-
(licd us with muele interest-
ing informalion. First and
inguired  for
the whereabouts of the Nor-

told that

Ill'll't'lllﬂhl WL

wegians and were

they were  away  fishing.
Sancher believed that we

them
shores of Barrington

could  tind along the
Island
Iving some Gifteen miles off
of Academy Bay.

Weo liad

packs that we were

abandoned  the
licavy

carrving a number of miles

Tums lefix

LODLOGICAL

to the
Cralapagos Islands we diserectly forebore to in-
[slands to some
old rule

is well worth observing,

tie b earricd away.
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back in order to make better
speed in our search for the
plantation, Chapin was suf-
fering from a cramp, so Cut-
ting, Sanches and | vetorned
for the after refresh-

with

cane ani

loads
ing  onrsclves SO
stalks of
fow |1:|:I|:1I'|.'l:\.

The  trail
overgrown, and it was no

sugar

wans  mueh

light task stumbling along
under the weight of our
packs. It was dusk when

we reached the single room
cahin that the
had huilt as
residenee. It stood on ten foot stilts,
open space below Sanehez conducted his kitehen,
Fie was living on the land, which meant a fruit
but he did have with him a sack of coffee.
He roasted some beans and made a brew of
ealled ** It wns hlack

and bitter, but I never remember enjoving a cup

:\.'nr-.-.'u_'girm.-\'
their country

amd in the

tiil'i.

what he mountain coffee,'”

more. We found the attention of the mosquitos
in the cabin distinetly disagrecable, but Sanches
told us that onee we were upstairs we would be
free of them, course of our aseent,
Cutting fell through a step near the lop, for
the wood was badly drey rotted. &

During the

Although at first exceedingly skeptical, we
found Sanches’s prediction true, for in spite of
the fact that the moonlight streamed through

I=lanad,

In the tortolse country, Todefatizgable
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the chinks amd koot holes, so long as we kepl

the door shut no mosquitos entered. Cutting, al-
though unable to offer any explanation, said
that he had noticed the same phenomenon be-
fore, and could only bazard the remark thal
1tm§1!uihl.-'- woere conventionally minded.

The next morning we had a chance to see
the plantation. and to fully appreciate the luxu-
rinnt growth. The soil

E

s v - FERTIITEN RTTITER A
Arali or the vak to the Tibetan. He needs no
beast of burden for transport or for food,
With his machete he hacks his way through the
jungle and fells the palm tree for, foody or
plants his mandioca in the little elearvings.
Having started back to the Coast, the last
sight we had of Sanchez lie was busy elearving
away the heavy jungle that had swarmed in
upon the coffee plants

must be immensely rich. I']"ﬁ:l i i, - ; and would soon. if not
']'E'PL‘"‘E!",I as it does en- I I Ry "ﬁ' cheeked, liave anea
tirely upon rainwakter. more  reclaimed  from
In addition to bananas

and plantains and sugar

cane, there were pa
paras and guava brees.
Th ranges were not

yeb bearing, and San-
eh in

awav the jun-

hez was enmaged
elearing

gle from among the cof:
fee  bushes which he
said

twelvemonth,

if in A
A family
of pigs was living in the
ap-
peared to thrive on their
fruit dict. Some chick-
ens had been introduced

would e

banana grove and

b the Norwegians., but
they were far more wild
than the island
were 50 lean
serawny that,
chex  peinted  ount,
one would wish to eat
them in any event,
Sanchez

hirds
and and
15 San-

Ty

was
scornful of the Norwe-

Viry

gians' qualifications as
farmers. He said that
they might be all right
as fishermen, but they
certainly knew nothing

sanchez In

*That asilorm

about the soil and were quite useless when they
tried to help him in getting the plantation into
shape.

As far as we could sce, about the only tool
he had with which to earry on his agricultural
labors was a machete. In the back blocks of
South and Central America the machete means
to the native what the camel does to the desert

everyilay dresa
tortoise collecting—

te
Was moithing muoeh  before

and rathier ey
af that behind.'

Photograply by Kermil Woosevell,

man the whole of the
little plantation,

chiristened
the small settlement on
Academy Bay as
“Hangman's Hest.'”" be-
cause a gibbet-like
derrick at the landing,

and when we gob back

Hay lind

of

there we found that our

companions  had  been
having a very lively

time of it with the mos-
quitos, Long  before
dark they would come
out in their myriads and
from then until well on
in

the morning living

not worth  while,
The diffcrent types of
mosquito oil which we
possessed  seemed  only
to stimulate their
petites,

Wwas

-

- ] . It had been arranged
- | that the Noarmahal
&“’é’_ _\I,'—ﬁu- o would return to learn

what progress had been
made, and the next day
at noon she arrived. We
set off immediately to
look for the two Nor-
wegians and found them just where Sanchez
had predicted they would be. "They were sail-
ing in a small boat that liad been brought out
from Norway by the Expedition. Taking theie
eraft in tow, we returned to Hangman's Hest,

The two men were lean and sunburned. They
had been living very light and our advent was
most weleome, Neither of them spoke enough

Eenndorian  helper in

Wi

1han farl
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English to be of much assistance, but one did
speak a little Spanish, and while we were on
hoard the Nowrmahal, there was no lack of in-
terpreters among the erew,  Commuodore Aslor
S04 tlint them
should join us in the attempt ab reeaching the
interior. while the other took Sanches amd went

made arrangements one ol

in search of tortoises,

It seemed better o mive them both a com-
fortable night aboard ship before setling oul.
Their new found fricnds among the crew took
them off and outfitted them ancw,
than the euisine of the Nowrmahal the Norw,

'
]'.\'1.'II LAY R

wians enjoved the beer we had taken on al
Panama.

Our new  friends,
Gordon Wold, assured us that they could take

us into the tortoise grounds on the morraw, bui

Fdvardsen Stampa  amd

warned us that it would be a long dav's teck.
nor were they wrong about this. An hour's
walk along the trail to the plantation hroweht
us to where we turned off for the “galapazo™
crounds, for Galapagos means tortoises and the
natives when going off to kill these animals for
their meat and oil, sav they are going to “gala-
pago,”

It was casy enough to get lost, for you could
onlv sec a short distance in any direction, and
evervthing looked exactly the same with no
ontstanding landmark of any description. Our
fricnds told us that eight months previously a
party of the colonists on Chatham Island lead
gone over and killed a number of tortoises. In
blazing their way they had not stuck to the
Norwegians® trail, so that we were soon in a
maze of blazes, and then not long afterward,
Hay recognized a tree which proved that we
had made a complete cirele,. We would have
been in difficultics had it not been for our
compasses. Steering a course by these we hit
off the pool of dark water which FEdvardsen
said was the center of the tortoise grounds.
As we reached it. he pointed to one of the great
reptiles making off through the undergrowth
in cumbrous fashion. We could only estimate
its weight, but we put elose in the neighborhood
of three hundred pounds. Culting took some
motion pictures and the rest of us tried our

TORK ZO0O0LOGICAL
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hand at stills. We could not linger long if we
hoped to get back by dark, and the prospects
of a waterless night in that jungle were not
alluring. Before we had gone far, Astor slipped
on a rock, giving his ankle a very nasty sprisin.
Fortunately he was able to hobble along on it,
amd when it got stendily worse Dr. Pool
strapped it up enabling him to continue. It was
seven o'clock by the time we reached the shore,
and the flesh pots of the Nouwrmahal were thor-

onghly apprecinled,

The next morning Astor sailed off in search
of penguins and Hightless cormorants and other
fapna of the Islands, while-the landing party
returned to Hangman's Rest, Fach man loaded
on his back whatever he thought he would
need in the way of food and cquipment for the
next five days, and we started off up the trail
to the plantation, “Fortuna™ the Norwegions
called it. The farther we gol inland, the less
simple to navigate became the trail, and al-
though we had ent down to the barest necessi-
ties. our packs were heavy, The first glimpse
of the banana grove was a weleome sight. San-
chex departed for the tortoise grounds with the
horse which we had scen on our fiest arrival,
but Waold stayved with us.

There were bwo cabins at Fortuna, standing
five or six hundred vards apart. No onc had
been to the farther one sinee the departure of
the balance of the colonists, and so0 thoroughly
had the jungle elaimed its own that it took an
hour's steady work with machetes before we
hacked our way lo the deserted hut. Four of
us in line were wielding our machetes and the
man behind me misgaged his distanees, giving
me a whack on the calf of my leg that T at first
thought had half severed it, but some energetic
first aid on the part of my companions set things
pretty well Lo right,

The next day Chapin was busy eollecting
birds and Svenson was equally active making
hotanical specimens, while Cutting, Hay, Waold
and myself set ont to cut a trail up the moun-
tain. It was very hard work, and most discour-
aging after toiling interminably to still hear
the erowing of the half wild fouls at Fortuna.
We followed up the dey bed of what in the rains
is a raging torrent. The heat was suffocating,
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Tla: Xourmnhal in Waler DBay, Cocos Iskamnd.
Loty ealaract beyvomd Foremnst,

for no breecze stiveed through the tangled vines
and ereepers,

At nightfall we were back with the others at
%the cabin. We found that it took us five times
as long to hack our way through the jungle as
it did to return over our trail for the same dis-
Eance.

Both Chapin and Svenson had spent a sue-
eessful day, What most strikes a visitor to the
Galapagos is the lack of fear shown by the wild
life of the Islands. Cooper’s lines on the “Soli-
tude of Alexander Selkirk”™ econstantly run
throngh vour head

“The beasts that roam over the plain

My form with indifference see

They are so unacguainted with man

Their tameness is shocking to me™

It seems partienlarly strange that domestie

animals such as goats and dogs and chickens
that have gone wild should invariably be so
wary of man, while the natives of the Islands
show no fear.

The Galapagos hawks are particularly Lame,
We came up under them as they perched on

branches of trecs, and if vou poked a pole at
their fect, you could make them get of the
branch on to the pole. 1 saw one silling with
a flveatecher and a mocking bird on branches
close by in the same tree. This confidence was
somelimes misplaced, for not long after 1 came
upon a hawk devouring the remains of a mock-
ing bird, We saw hawks stooping at ehickens
mare than onee, but judging from the case with
which the fowl evaded them, it must have proved
a [roitless pastime for the hawks.

The two suceceding days we continued Lo
liew our way up the mountain side, at length
coming out on a ridge twenty-one hundred fect
above sea level. Along the trail we saw many
native mice and collected several snakes. The
Inst day both Chapin and Svenson came with
us and brought back what they found of inter-
est in fauna and flora. We had eonstant showers
which made it most uncomfortably slippery, but
in compensation filled with water the holes in
the rocks and relieved ouwr anxictics anent
thirst. The jungle teemed with mosqguites and
it was a bedraggled and mueh bitten group that
wended their way back to Fortuna from the last
dax’s climh,
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To add to our discomforts, we Tound that the
pigs had in some manner gol hold of the rem-
manls of our supply of bacon, and with true
cannibalistic propensily had made a meal of il
The next morning we gathered one seanty be-
longings, and with greatly
headed down trail for Academy Bay. ‘I'bat
much  bitten,

lizghtened  packs

afternoon a  grimy, unshaven,
and hungry landing party boarded the Nowr-
mahal in a condition to whole heartedly appre-
The

ciate its kindly welcome. compassionate

Wiheere Lhe brook

TORK ZO0LOGICAL

many  weary and  thirsty miles,

meels (e sen,

SOCIETY 14333

Townsend hurericd ashore with a bottle of lini-

ment Lo anoint the broised ankles of the gallant

pony  that had carvied e heavy tortoises so
Bidding the
Norwegians amd  Sanehez  good-bye, we up-
anchored and headed North withe more than o
twinge of regret to think that our visit te the
Gialapagos was at an end.  Temporary discom-
forls are not long remembered when the rongh
country explored leaves the mind filled with

malters of unusual interest,

Chatham Hey, Cocos Tsland.
Fhotograph by Kermil Roosevell,

The Vegetation of Indefatigable Island

Hexny K.

HE fragrant breeze on approaching In-

defatigable Island was an indication of our
good fortunc in arriving at the height of the
flowering season, Though from a distance the
coastal region, with its great cacti, had the
same chareed aspeet as Chatham and Barring-
ton Islands, the highland interior through a
glass presented bright patehes of color with
sinoous lines of vegetation, instead of the up-
land grassy slopes reported on the other high

SveExsoN

island. On landing we found evervthing in
full bloom, though the flowers, as previous vis-
itors have observed, were decidedly inconspic-
uous. Here and there the dreary landseape
was enlivened by the sulphue-vellow fowers of
Cordia bushes, the bloom of tall eotton bushes,
and the white masses of a clematis-like Cardio-
spermum clambering over the shrubbery. De-
ciding on a collection of Cordia flowers, [
spread drying papers on a little sandy spot in
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the brilliant -||u![gh! amd soon was startled by
a wonder in this region, rain, In tifteen minules
the shower was over,

About us were isolated bushes from five to

fifteen fect in height; brittle branches of Lan

Cascade, Cocos Iskunil.

tana pedunculariz cxhaling a strong tarry smell
from small white flowers and gray foliage, and
the narrow-leaved form of Crofon bush with
its white bark. Upon the branches of a small
Croton tree clung the thick green leaves and
pulpy white berrics of a native mistletoe, Pho-

G A L
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later  Cound
Here in the

radendron  henslovein, o speeics
abundantly in the moist interiore.
;_:I.'il!_'l.' brown soil were Telanthera bushes of
al least four distinet species. and host of

small prostrate plants; insignificant in appear-
-

Photograph by . L. Hay,

ance but of great interest to a botanist. ‘The
abundant Cenclirus grass proved wholly in-
nocnous, so different from the spiny-burred spe-
cies on our Atlantie Coast. There was no shade
except that cast by a large Mancinella trec; a
beautiful tree with shiny pear-like leaves and
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ancharise preeulinr {o
low ovirl

mging branches but one of the most

poisonons in the tropies. The milky juice raises
blisters and the attractive vellowish-green fruit,
of crabapple size, makes it a dangerons objeel.
Some of the carly Spanish explorers believed
that they had found apples in the New World,
fatal

slories ns to the

and ate them with resnlts. Thus arose

fabulons

deadly effeet of the tree
upon  all those who came
within its  shnde. Tl

seems, however, to be no

I{Ill'wtiﬂll. of  ils ]1ui_-.|,1|:||1||_-.
quality when touched, The
tortoises, according Lo Stew
{hese

art’s observation, eal

fruits as well as cactus

spines  seemingly  without
ANy AnnOVane:,

In gencral, walking was
not so difficalt at Academy
Bay kept

hands  and elear

provided one
shonlders
of Cactus and kept away
from the hawthorn - like

Disearia bushes.,  But  in

Dusky Gulls ( Loarvs fallgfaosusg,

TI-% Jaedap Laraegd, 1530

Cactuz zrowing aroumd btop of this cmaler

Fower Island (Opeatin hellerid.

some laces where the twisted and long-rang-
ing Cryptocarpus shrubs joined in the growth
and spiny Adeacia trees were interlaced, prog
ress under the broiling sun was nearly impos-
gible, often with the added danger of deep
crevices and tumbling fragments of lava,

Procecding inland the ground beeame firmer

Tower Tskand,
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Furk-Eaile silla (Creogreg fercoali Fower Tl
Photograph b Iame= ', Chopin

and the direct sunlight broken by enormous

cactus trecs rising to thirty or forty fect; pun-

fia with pad-like leaves and vellow
flowers, Cerews with candelabra tennks  and
small white flowers sleaminge al ~Lmmits,
Featherr Burgera trees weee inteomingled. and

in hollows appeared the shrubbery Cleroden-

Booby (Swha)

dran molle, closely simulal
ing our swamp azalea (A,
vivcoxa ) both in habit and
flower, A vonrse srass [(Se-
farig ) covercd the _:'T'HI]I'II{
and along the pathway were
bioth vellow and pink-flow-
ered leguminous vines, and
flll' | 1Y '\|||'|'|I"\- 1||. rlni-\.TIrJrr
pelos (1 g _-'.I'n'!ln'r|lrr.'_r.lr'1.l-'-'.;'. }
found by Stewarl in 1903
and so far as known re-
stricted to .Illl,'.'l.iil'llll'n' H.'I.}'.. ."l.
cventy-five foot escarpment
halfemile inland wave a
ighitful  view through
ftursera rees Lo the Dblue
waters of Academy Bayv and the roofs of our
encampment, Its lava-block slope was covered
witli .'|1'E]I_|“.' Howers of wild tonmislbo, !!!ll'.'|'||||‘ Jrirs-
sion-flowers, and in creviees srew the strange
fern, Traclhypleris pinwata, with broad un-
toothed basal leaves and ordinary fern leaves
above, an -'Il.|:l'|'lliI|.iIII'I well suited to withstand
the dry weather,
A egradual ascent of 200 feet brought the

Fower [<Eugul,
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Man-o-War birds greeting the Nourmahal,
Tower Isbamd,

cactus to an end, ils place taken by a luxuriant
and beautiful growth of leafly trees (Psidinm,
Pisonia, and the queer tree-composite, Scalesia).
Grass way to a dense tangle of vines
climbing among the fragrant heliotrope bushes
and ascending the trees, and to mats of a small

fFave

Plue-flowered Commeling and a reddish Jus-
ticea. Upon tree trunks
perched  ferns and  fleshy

Peperomias, with hanging
white and purple flowered
clusters of the splendid lit-

tle  orchid, Jfenopsis, and
dangling festoons of  ab-
sorbing roots of Parcira

vine (Cissampelos parcira),

Suddenly at 700 feel we
came upon a partly aban-
doned plantation, with rich
black soil of great depth, cx-
tremely fertile, with groves
of banana trees obscuring
the sunlight, and a great
arca of squashes, elephant
vars (Calocasia), sugarcane
and coffee.  The second
growth about this planta-
tion was murderous to get
through, consisting of close-

F R

LETIX Julp A ugust, 15920
1 Iy interwoven  Psyehotria

bushes,  pricklyv-ash  trees

{X.rrhl.fru.rl.ljfuru}. bush  met-

ff tles ( Crerald, and tall ferns,

1 The real ascent soon began,

Damp rocks and overhang-

ing elifts were carpeted
y with  numerous  species  of
ferns  (maidenhaiv, spleen-

worls, and filmy ferus) and
chickwed

{ Drymaria), and three spe-
) cies of orchids

round-leaved

were Tound
all past Howering. At 1500

feet appearcd the fivst M-

conite  shrubs,  resembling
lilaes 1 sreawth with
hondsome: (oliage and
- masses ol purplish lowers

and prodizions  growth
Hacking
thicket of these
shrubs we reached above 2000 feet, where oe-
easional glimpses into slightly open country
showed Miconie dominating the whole upland
southern slope of Indefatigable Island., Pre-

liminary study places this shrub as Miconia

of st ems,

throush  an  interminable

robinsoniana, known very sparingly on the up-
per regions of Chatham Island, and its dom-
inance links the vegetation of the Galapagos a

i

A lide pooal view.

Tuwer Islunil,
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Ihe conspicoouns red aml yellow erab,
rimks

little closer to that of Cocos Island where Mi-
conia-like shrubs are abundant. The undulat-
ing lines seen toward the summit on our ap-
proach to the island probably represent spaces
filled with tall brake-ferns

1

prickly-ash trees enveloped in a brownish moss,

and fll.'r.'l-jl:lll.:ll
and feeming with epiphytic ferns and elub-
mosses. Here and there the sogey ground was
covered with ferns or Lycopodinm elavatum, a
common club-moss of the eastern United States,
or in a few sunlit places by small patehes of a
seldge  (Selerin).  Glimpses  through the fog
banks which almost continually settle down on
this region scem to show the same general type

extending
table
which forms the summit of
Indefatizable.

A visit to the

country where several small

of  vegetalion

throngh the land

tortose

ponds were reported by Mr,
Astor’s exploring party did
not turn out to be as frail-
ful as had been anticipated.
The grasses throush which
the tortoises wallowed and
the aquatie duek-
weed {f.r'rmrr::l anid water-
ferns  (Jzolla),
common plants widely dif-
fused “1r::tlg]l the tropics.
About these  mosquito-in-

plants

were  all

YURK Z00LOGICAL

Man-o-War Blrd (Freguta aguiln),
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fested pools were masses of
and
and  the

(lerodendron  bushes

Mancinella  trees,
Frassy  openings  were sur-
rounded willh small priv'[-:l:-
ash and deacia trees, and
large cotton hushes, Clumps
il _'u-”n'.h' Cassia  Howers
now and then gave color to
the desolate scene.

The exotie vegetation of
the island consists ].‘Lr;{:']_'l.'
of weeds brought in by tor-
toise hunters and colonists,
and eultivated plants such

castor-oil

a8 papavas,

bushes, squashes, cte.. some
of which will undoubtedly persist long after
complete abandonment of the plantations, From
my brief experience the vegetation of the
coastal regions appears the most varied and in-
teresting, and there is o starlling  dilference
between the similavly dry coasts of Academy
Bay, Clarles Island, and the north shore of
[ndefatigable,

Cne of the most noteworthy fnds was the
diseovery by Dr. Pool of the soft-leaved Hur-
seva (B malacophylla) on Daphine Island, pre-
vionsly known only from a single collection
Snodgrass and Heller on :'Zr.lvn.mm“
Island in 1898,

plants colleeted on Indefatigable Island shows

made by
A preliminary survey of the

that very few, if any, are actoally new to sei-

it

(&

5 )
art L2,

With red throat =sae fwllated. Tower Island.
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enee, but thal at least forly
of the specics have never
previeusly

been foumd on

the island. Tavestization of
tly jasmed rvocks which can

e seen with a olass at the

north edee of the tableland A »
; . e
and of the isolated peaks in B
t|:||' center I|.'|.'|,_"|. rn'!'.-l'l.]'n b It ld
something more,
Growth and Age o
iant Tortois
A question  frequenthy
.'I,-\.FCt'-:i 'I'i';.l_[r" Law |_|:-. it nl
tained by the wia ortoise
l.II]H .1_1. the wi ul. L. to &
Little is known of the o "
of animals exeept in cases B

observed under conditions

involving long continued eaptivity. There are
three or four AT r||!_'. anthenti
miant tortoise that were kept in semi-domesti-
cation for periods exceeding 140 vears, when
they died soon after being removed to cold
climates.

More is known of tortoise growih in captiv-

itv. A twenty-nine pound Galapagos tortoise
aken te California by Mr., Edmund Heller,

Booby (Swula),

Tower Island.

records of

Jiela-Haegrarat, 1idn

Mam-o-War binds mesting.  Tower Isbanl,
attained a weight of 415 pounds in iftecn vears.
The younger Galapagos tortoises in the colonies
cstablished alone the southern border of the
United States by the New York Zoological So-
cicty, have in general deubled in weight each
vear sinee 1925, The older specimens have
grown less rapidly,

The following record from Fouston, Texas,
rrowth  for

showing Lwo

yaars, Ty hl' 1_.'|I¢i.|,'][ as

Ly pical:

Weizht Woeighit
T IMes, Lha.
Xumhirs Juima 18, July i1,
1 11k
i 1444 +
a1 1] 30
RE i a5
A = A5
an T4k 0
L] (] 1]
i 12 il
i T h
o 10 i
11K} 1 47
1 B oo
(1 o e
L1 |||:5 M)
100k 7l (L
Total “yoa THE 200
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Galapagos Fishes of the Gepus Powiocesdens,  Largest - ahove - from  Seymour
Iskamel. AL bottom, from Tower I<dand, Others from Tagos Cove, Albemarle Island.
Muany specimens of (lwese fihes were brooght alive to the New York Aquarinm by
the Astor Expedition. The preserved material bas not yet heen stuidied.
Painted from Hie by Wilfred 5. Hronson,
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Short-enred Owl. Adsio fomwens fompens (ot A species of wide distribation,
found In neny parts of e worlil, The following story, o which e bied fzared
Playisd a lemding part, was furnislhidd by Fleal Assistant Engineer Harris, of the
teamer Weslern fhecan: “When the 8.5, Wealern Tecan wns, on October 3. 1930, ot
Latitude 23% @ N Lopgitude 66% 537 W, oan owl was sighted elose to the ship, We were
ahout A0 milles portleeast of Porto Rieo ot the time, amd the only way in which we
coulil aceount for the presence of he bird o Dot lecation was nosnoall storm center
il b passed Ehere e I!rlt' Before amd earchsd the brd from shore.  “The Chilel
Fagliwer kept waleh for the bind Tor o da pl o hdf, and during thal time he
woatld only eome on baarnd Tor short periods of prest. He eould not <eem to keep
godng with these shorl smadehes of rest, and by peon of e secomd day  declided
o make Limsell at home on one of the ventilntors leading to the fire-room. The
Areman o wateh at the tme beard a pecollnr sereeching noise nml afler vainly
trying to locate it in the fire-room and meeling polhing but fallure, deeided Lo
repord it Lo some one willh more authority than he bad, After being notifhsd, Lhe
Chicf Engincer, hearing the nolse and being a hunter of sorts, recomnized the eall
of the owl and decided to cateh L. Guns or poison belng oot of e guu‘l.lnn. a
few yards of mosquite nelling were used and after mancovering behind the hind,
it was sugcessfully caught.
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The Owls

LEr 8. Craxparn

= of the New York Zoolozieal Sociely,

Mu=trations from photozraphs in the colleetion
noled under the culs,

made by Edwand R Osterndorfl, cscepl ns

owls were regarded with The eves are proportionately large and the

B'I- the ancients, ow
superstitions dread.  This feeling still per-

sists among most savage peoples and also, un-
fortunately, in many countries where modern
enlightenment should long agoe have suppressed
it. This sense of fear and awe is derived, no
doubt, from the apparently mysterious wavs ol
owls—their nocturnal habits, their silent flight,
their weird voices and their staring cves.
as the barn owls, even add a strikingly human
facial expression to their other qualifications
as ogres.  In reality, they are the most bene-
ficial of gnomes, for their never-ending war on
rats and mice renders us a priceless serviee,
Owls make their homes in almost every part
of the eartly, from the polar regions to remote
tropical islands. While the characters of owls
separate them so distinetly from other birds that
they are recognized at sight by almost every-
one, there is much specific variation within the
and well over four hundred forms have

Somi,

group,
been deseribed.

Competition for food amongst the
groups of birds is very keen, and most of the
owls have become adapted for hunting at night,
A few, such as the snowy owl, the hawk owl
and the burrowing owls, are diurnal, and the
barred owls are partly so. But the majority
spend the bright hours of daylight doesing in
hollow trees or in dense cover, and become
active only at the approach of dusk, This is
the time when many small ereatures on which
owls feed begin to move about, and owls have
many specializations to aid in capturing them.

various

pupils capable of being greatly distended, so
taken of cven the faint-
CVES are

that advantage may b
est mlimmer of light,

placed that they are
convergenee

Moreover, the
greater
than is to be found
other birds.  The general belief
owls arc blind in davlight is. of
quite untre, for the hinds are able Lo
I onee saw a captive barred

capable of a
degree of
amongst any
that
COIrsLEe,
sce perfeetly well,
owl, on a bright, sunny
the bottom of its ecage, ten feel below. 1 oex-
amined the Hloor carefully to find the object
of his attention, but for some time I could detect
nothing. Fventually, [ found that lie was

watehing an unfortunate carthworm, which was
beneath more

day, gazing intently at

wriggling in a concrete pool,
than a foot of water.

Many speeics, sueh as the eagle owls, horned
owls and serecelr owls, wear two long tufts of
feathers or on the head.  These append-
ages appear o have no conncelion with the
sense of hearing sinee others, as the barn owls
and barred owls, are equally sensitive to sound.
In the stillness of dusk in marsh and woodland,
the faintest sgueak of the tiniest mouse is in-
stantly detected.  For the real ears, hidden
beneath the plumage of the head, are large and
well developed.  In the barn owls, the ecar
openings are very large and provided with a
fleshy flap.  The long-eared and short-eared
owls have the advantage of ears that open in
opposite directions—one upward and the other
downward. In the little saw-whet and its re-

“enrs’

[175 ]
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ricd so far that the shape of several hones
of the skull has been modified.

s, this specialization of the ear has been

The silent flight of the owls is made possible
by the fact that the feathers of the wings—and
of the entirve body, for that matter—are pro-
vided with soft, 'I.'l.'!'l.'rt}' surfaces, which aet as
mufflers, This provision, of course, is of the
greatest advantage for the stealthy movements
which are necessary if the owl is to have good
hunting.

In most owls, the color of the plumage is o
neutral gray or brown, so streaked and motiled
that the bied, in its natural surroundings, is
very difficult to observe. During

the truly mocturnal species trv earnestly to

the daytime,

efface themselves, and whether or not the ob
literative plomage is regarded as a divect adap-
tation to this purpose, it certainly is an effective
misans "'r ]'I'rl‘li_'('ti"ll'l. ,"-]t:.' L '\'l'iil'l ||'|‘i =CU1 T
serecch owl with his body drawn creet, his
feathers compressed Lo the smallest possible
circumference, his raised ears extended to fine
points, and his evelids elosed to mere slits, will
understand how a small bird, hunting a thicket
for insccts, might overlook his enemy of the
evening. This daylight precaution on the part
of the owl is largely duc to his dread of dis-
covery by his small vietims. Onee a sparrow or
a warbler has sighted an owl during the daytime,
the role of hunter and quarry is reversed.  In
response to the alarm notes of the spy, the bird
population of the neighborhood is immediately
arouscd to hysteria, and suele a din of shricks
and eries is raised, that more powerful enemics
are likely to be attracted to the seene,

The food of owls consists principally of
small mammals, birds, frogs, fishes and inscets,
each species having its own special preferences,
The barn owl, for instance, feeds prineipally
on mice, cked out with inseets and oceasional
small birds. ‘The great horned or eagle owls,
strongest and ficreest of the tribe, may kill
animals as large as lambs and birds to the size
of turkevs. During the winter months, horned
owls sometimes make their homes in the Zoo-
logical Park and make havoe among our out of
door collections until they can be suppressed.
Early in 1919, our water fowl suffered severely
from Lhe attacks of a mysterious marander,
many ducks and geese, and even a black swan,
being numbered among the victims, Their out-

BULLETIN
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vaged keeper spent several nights on gouard bul
never could find the eulprit. At length, ns he
was passing the Pleasant Aviary on his rounds,
he saw a paic of wreat, lominons eyes blaging
at him from the top of the trellis work, He
could sce nothing clse, but he fired al the poinl
where he judged the body of the owner of the
eves should be and down eame a tremendous
owl. 1t later proved to be an artie horned owl,
a membicr of a very pale race from the far
north, and the firsl record of its occurrence in
New York State. repose in
the American Muoscum of Natural History,

[ts remains now

The fishing owls of Asia and Africa feed
largely on fishes.  In them, the lower legs or
and the toes are

armed with small _-rai*;.-.'-\. or .I.-\-'l'l;'l'l.li.‘ll.'..‘l nseful

tarzi, are bare of Teathers
features for a fisherman,

The voice of owls vary from the lond “Hoo-
fieo-hoa™ of he horned owls to the weird pells
amd sereams of the barred owls. The barn owl,
in addition to its louder ealls, utters. in moments
of alarm, a loud, wheezing hiss,

On one oceasion, three voung barn owls,
about half grown, were brought to the Zoo-
logieal Park, o oat frequent in-
tervals was neeessary, the voung owls were

Becanse feo

placed in a large covered basketl, wlhich was
kept in the keepers' room at the Large Bird
[ouse, That night, & Negro watehman, enter-
ing the rooms on his rounds, was grected by a
terrifving “sohoosh ! from the startled owls.
To this day, the walchman declares the Bird
House to be inhabited by “ha'nts™ and always
enters it by a cirenitons route, whicl does not
inelude

the keepers' room.  Many tales of
haunted  buildings muost have started in a

similar manner,

While owls are shy and sceretive birds, their
nocturnal habits give them a great advantage
in resisting the encroachment of man on their

In the ontskirts of New York City,
I owl still persists as a breeding bird,
On May 27, 1830, a brood of newly hatehed
barn owls was discovered in an emply water
tank on the roof of a foundry at 1358th Street
and Fast River, New York. Hardly a winter
passes in which the Zoological Park is not
visited by barred or great horned owls, usually
with resultant loss to us, Long after the hawks
have suecumbed to the constant persecution that
besets them, the owls will continue Lo thrive,
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Javan Fishing Owl. Kefupa ketupn (Horsf. As their name implics, the fishing

owls feed largely on aguatic creatures, including fish, fross and crustaceans. They

do not. however, disdnin either binls or mammals. when these are easily obtninable,

This species is found from Cochin {‘ir;:nu and the Malay Penlnsuls to Java and
T,
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(Hant Eagle Owl. Beba Leba
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Gilant Eagle Owl. Bwbo bubo bwba (Linoo.  Beside the typical form. found only
in Europe. six other subspecies are recognized. extending from Spadn to Chinn,  OF
these, only the very pale Siberlan Fagle 0wl iBwlo Bubo  sifiricas) hns been
represented in the collections of the Zoolozieal Soclely.
Thaotegraph by Elwin R. Sanbarn
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Greal Hormed Owl,  Bube virginiones virginiesvs (Gmeld, The horned owls are

the larzest of Ihe group found in the United States. They are fieree amd powerful,

feeding lrzely on small game and poultry, The binds pictured represent e
eastern form. which Is found from southern Cannda to Texns.

Flu

tographs by Elwin K. Sanborn
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Arctic Horned Owl, Bubo eirginionus eopacwthe (Gmel ), About twenly forms aof

Fubee virgiiiouws are recoenizs], ranging from the Arctie Region oo Patagonis.

In thiz subspecles, which breeds frome northern Canada o Manitobs, the eround
calor of the plumage 15 white,

-]
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Pacific Horned Owl. Buba cirgiionws pocifices Cossin, This western representative

of ke horned owls s smaller and darker than the eastern hind,
sotliern Orezon to central Arizona,

I s Founed Froom
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Dusky Hormed Owl. Bubo virginioaws solveolvs Rideway., Both the common anid
technical names of this bird soit It well. for in color i1 s the darkest of all the
horned owls, It inhabits the Paclfic eoast. from northern California to Alaska,
Photograph by Elwin H. Sanbarn
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Milky Eagle Owl, Bwbo locteus (Temmo), The zreat size of thls bied and its soft-
toned gray plumage mark It as among the fAnest of all the owls, It is further
distingulsfed by its dark irides. in contmst to the hard, yellow orbs of mast of

s congener<, The Milky Eagle Owl julnbits most of Africa, from Seneesl
Cape Provinee, except for the heavy forest regions of the west, bot 1t i
CUTRTIRCR.

b Ll
i here
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snowy Owl, Neefea apelea (Linn). The Snowy Owl nests In the circumpolar

regions. moving southward during the winter. In the United States, it s heen

recorded as far south as Texas. This owl s diurnal in labil, hunting and feeding

during daylight hours. It is extremely swifl on the wing and is said to be able
to caplore ducks in iz,
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Spectacled 0wl Pulsairie perspivillotn rapieillotn | Lath..

in the largely white hady plumage of youth,

the owls, The specles {s found in South
eastern Panama.

Photograph by Elwin R. Sanbarn

Immature, When
thiz i= the most strikingly eolored of
America, north of the Amazon, as well asin
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spectacled Owl  Pulsatric perapicillote perspéeilate (Lath. ). Aduolt. T the adult
plumage, the coloration of the Spectacled Owl i almo=t reversed. but while much
of the shamp contrast = lost, the bird remains extremely hand=ome, This tropiml
spaciv= thrive= in captivity amd has e with ws for long periods,
Phetsraph by Elwin K. Sanborn
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Adult Sereech Owl, Ofwa asio weevivs (Gmela. The Sereech Owl = essentially a
sedentary bird, which no doubt necounts for jts persistence, @z well ns for the
many subspecies Into which It has been divided. Aboot fourteen forms are now
recosnized, rmnging from New Brunswick and Ontario to Mexfeo and  Lower
Califarnia,
Photozraph by Elwin R. Sanborn
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Barred Uwl. Stric vorin eorin (Barton). As owls go, this 1< a rather fearless amni |
confidine  species, =0 that it las sufered, perfinps more Uon other owls, from

thoughtless sportsmen and otbers, who <hoot it on sighl, It is undoubledly an

extremety  beneficial hird. feeding largely on rodents. Hardly o winter PllasES

without ot least one Barred Owl being recorded as novisitor to the Zoalosicn] Park,
Photograph by Elwin R. Sanborn
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Western Burrowing Owl

Spwewellee  ewndeularin bppogten (Bonapd. A typieal
Feature of e western plains this Hitle owl s often foomd as o resident in colonies

of prairie dogs. This assochation lms given rise to the pleasinl myth that the rlght-
fal owners of Ehe burrsws, with both owls and ratilesnakes in the rode of muests,
form a “bappy family,” Unguestionably, both of the latter occupy the position of
demans, rather than friends
Photozrnph by Elwin R, Sanborn
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Owl, Telo ol protiveols (Bonap.). Adull. Known eommonly s
el Ol thi= bird is found throushout the United States and
Mexico, winter to Feundor, It is an extremely secrelive species, bt
vecisionally living specimens are captured, resalting In an fmmedinte offer to the
nearest zon, of 4 “strabze bind with a face lke a moukey's, which no one has
ever seen before.'

Photozraph by Elwin K. Sanborn
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Ewropean Barn Owl.  Twte olle offe (Seop.d. This bs the common Barn Owl of
Eurepe. Its weird expression, lond call-noles amd zhostlike fight, have made it j
the subject of many fearsome beliefs and  superstitions,
Phetograph by Elwin R. Sanhborn ]
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The Staft of the Expedition

The staff of the second vear of the Bermude Oeeinographic Expedition
was as Tollows: Willlam Beche, John Tee-Van, Gloria Hollister, William
K. Gregory, E. Newton Harvev, Otis Davton, E. M. Bostelmann, Jocely
Crang, Margarct Elliott, Llewellyn Miller, Helen Tee-Van, YVirginia Ziegler,
Howard Barnes. Perking Bass, John Cannon, Jock Connery, Phil Crouch,
Jack Guernsey and Patten Juckson, The work earried on by cach will be

n

indicated in a coming Bulletin, which will contain o résumé of the
Loological Society's Second Expedition to Nonsuch in 1830,
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Lookine out thirouzh e six-inel, Tussd guiartz window of e hailivaplere, son feel

bolow the surface.  The water is blsckishehlne; the electrie Tl cuts sharply throngh
the centre: w school of Silver Hatchet-fsh A rgeropeleores heavigsass) 15 possing.
showing agalnst the blue as lsolaled. movia roups af lights, aml agninsl e

elevlrie beam s silvery fi<h with great teleseopie eves. Painted by 1. M. Bostelmann.
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The Second Bermuda Oceanographic Kxpedition

Thirteenth Expedition of the Department of Tropieal Rescavel
of the New York Zoological Society

Witriam Beene., Dircetlor

THE TEXN HIGH LIGHTS IN 1930

of the Department of Tropical Research

1—That onr :L'rp sea wwork of T025 scax #Mf.'.'j'nr.rnr_alr o our s ponsors.
<—That it weas completed weithout a deficit.

4—That we nowe have a pressure depth gange which aceurately and minitely records the
time and course of any net from the surface down to one thousand fathoms and bacl
again.,

4—That we were able o descend a quarler of a mile into the apen ocean, to obserpe
strange ereatures, and to return safely,

d—T'hat we went throwgh the hurricane of Adugust 26th with a maximam of thrill and a
minimun of damage,

t—That of ten young enthusiasts on our staff this year every one made good in his or her
field of wark.

T—That the Zoological Socicty, on our fifteenth birthday, has given us a new fnhr.lr.r:f:.lry
tn the Zoological Park,

d—That the Government of Bermuda abates nothing in its constant expression of warm
friendship.

#—That thus far we have drawen 976 nets and our last catalogue number was 19520,

10—That see have been promised support for a third season's work on Nonsuch.

[ 199 ]
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CERTAIN day and hour and second are

A approaching rapidly when a human fac
will peer out through a tiny window and signals
will be passed back to companions, or to breath-
lessly waiting hosts on carth, with sucl sentences
s

“We are above the level of Everest.”

“Can now see the whole Atlantie coastline.”™

“Clouds blot out the earth.”

“Temperature and air pressure have dropped
Lo minus minus,”

“Can see the whole circumference of Earth,”

“The moon appears ten times its usual size.””

“We now——"¢lc,

Both by daylight and by moonlight T have
looked down on the earth from a height of over
three miles, so 1 know the first kindergarten
But until I actually
futuristic rocket

sensations of such a trip.
am fastened down into some
and start on a voyvage into interstellar spaee, [
shall never experience such a feeling of complete
isolation from the surface of the planet Farth
as when, a few months ago, I dangled in a
hollow pea on a swaying cobweb a quarter of a
mile below the deck of a ship rolling in mid-

OCCiIL.
* #* * *

When I mapped out a quarter of a square mile
in the British Guiana jungle for intensive study
my activities were more or less confined to the
two planes of space on the jungle floor. 1 could
go ahead or backward or to cither side, but
upward 1 could only look through my glasses,
or send shot hurtling through the branches to

A Quarter Mile Down in the Open Sea

Wirriam

Breune.

bring down a bird or some evcature of Lhe brees.
I ¢limbed laboricusly up a tree-

Oeceasionally
trunk on a ladder of driven spikes, or shot an
arrow carrving a line over a lofty Hmb, later

to be hauled up with a pulley and tackle for a
period of brief observation.

In our present deep-sea work off Nonsoch,
the conditions are much the same but inverted.
The tug Gladisfer can steam toward any point
of the compass, but to gain knowledge and obitain
specimens of the littHe-known life-zones beneath
our keel, we ean only lower weights on a wire
and record the depth of the bottom; or reversing
thermometers and automatically closing bottles
for temperatures and tiny samples of water from
deep down, or finally we can send down dredges
and nets and bring up a modicum of life from
bottom or mid-water.

As far as actually descending ourselves, up to
this vear we have had to be content with donning
a helmet and walking about arm in arm with a
hoseful of air 2 few fathoms beneath the surface.
This would be comparable Lo elimbing among the
branches of a fallen tree in the jungle. But we
have recently descended far benecath the levels
at which, up to the present time, human life lias
been possible.

For more than a year Mr. Otis Barton and I
have been in frequent consultation concerning
thie Iumhihilil}' of a steel h]:l];‘nr, |.1rg¢: and skrong
enough to permit wvs to enter. keep oursclves
alive, to deseend into, and return from, the
depths of the ocean,  Many years ago I used
to talk for hours with Colonel Theodore Roose-
velt about such a plan, and I have a rough draw-
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Captain Darrell. Dr, Beehe and Ar.
While the netz are being

dolphins, whales ani

ing of a sphere which he made one evening at
Sagamore Hill. We worked out many details,
but never carried it to completion,

For the inception and financing of the present
sphere Otis Barton deserves full credit,  He has
devoted a great deal of time and money to it,
while I could contribute only my belief and faith
and the keenest interest in the scientific results
of the adventure. I do not think that either of
us ever for a moment thought of the possibility
of failure; Barton's faith was sustained by the
mechanical knowledge of the great percentage of
safety in the various details of the apparatus,
and my hopes of secing a new world of life left
no epportunity for worry about possible defects
in the means to the end.

As the great metal chamber took shape, we
found the need of a definite name. We spoke of
it casually and quite incorrectly as tank and cyl-
inder and bell. One day, when 1 was writing
the name of a deep-sea fish—Bathytroctes—the
appropriateness of the Greck prefix occurred to
me: I coined the word Bathysphere, and the
name has stuck.

Fee-YVan on the upper deck of the ladisfen.
Irivwn, walch musl b kept on the sea, sky, currents, the
angle of the wire apd its tensbon. and the oeean seanned for anrsissm  weed,

rhant =quid=

In April 1 took my staff to Nonsuch, opened
the I:Limruil'lrj.'. gob the tug Gladislen into har-
ness again, and was in full swing of shallow
and deep-sea work by the time the sphere was
We then joined forces and
the

ready for operation,
found that
attempt dovetailed perfectly together.

Barton had the steel sphere, 8,500 fect of
seven-eighths-inch non-twisting steel cable, a

our various econtribuntions to

half mile of solid rubber hose containing tele-
phone and electric light wires and the multitude
of necessary extras. 1 was able to provide my
great seven-ton Arcturus wineh and sheaves, and
the Gladisfen for towing out to sea, and my staff
for cooperation in the actual working. The great
open deck of the barge “Ready” had been fur-
nished with a stout mast and vard, and two
boilers for working the winches, and when the
bathysphere was hoisted on hoard we were ready
for action. I had the barge towed out and an-
chored near Nonsuch, and then we watched sea
and sky and barometer, praying for propitious
weather,
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A voung gale blew itself out, and on June 3rd,
We
ran up the prearranged flag signal and the work-
ing crew saw it from St Georges amd put ont.

the sun rose on a ealm, slowly heaving sea,

On this day we only made a trial submergence
with the bathysphere empty. to test the working
Wik
let down 2000 fect, and when bronght up there
were forty-five turns of the hose aboul the cable,
These we freed after long and tedions work, and

as it afterward turned out, this tangling was due

of the crew and the whole apparatus. 1IN

to the inevitable twistz of the cable when first
wound upon the drom, We devised a new svs-
tem of clamps, and returned well satisfied with
the condition of the bathvsphere after its long
downward journcy.

June Gth was the next ealm dayv, and we were
all on board at 7:30. The Gladisfen steamed
close alongside, threw us the towrope and began
pulling us steadily ahead. We left Nonsuch be-
hind and describing a great curve around he
recfs, headed out to sea through Castle Roads.
The great jagged eliffs towered high on both
sides, and on their summits the roined battle-
ments of the three forts frowned down upon us,
ag weather-worn as Lhe ¢liffs themselves, T won-
dered what old Governor Richard Moore wounld
have said, three hundred and odd years ago,
leaning his elbows on the parapet, if he conld
have watched our strange procession steaming
past. In all likelihood, the steaming part would
have mystified and interested him far more than
our chief object.

As we cleared the outer head of Brangmans,
we felt the first gentle heave and settling of the
swell of the ocean, and in a few minutes the
foam-ringed mass of Gurnet Rock passed astern,
and we steered south straight into the open sea.
An hour later the angle of the two lighthouses
showed that we were about cight miles off shore,
with a generous mile of water beneath us. Choos-
ing a favorable spot under such conditions is
much like looking around and trying to decide
on the exact location of the North Pole. 1 think
it was Dooley who said that finding the North
Pole was like sitting down on the ice anywhere.
And so I felt when they all awaited my signal
to stop. I looked about, could deteet no unusu-
ally favorable swell or especially satisfring
wave, so | resorted to a temporal decision, and

s ETLIN

Novemlwr-Deeember, 1330

exactly at 8 o'clock ordered the Gladisfen Lo stop.
We headed up wind and up swell, and lowered
the bathvsphere again with only a motion picture
camera inside, AL a depth of filteen hundred
feet this was cxposed by electricity and the
sphere pulled up after an hour and a hall sub-
mersion, There was no twisting of the hose, the
windows were intact. and only a gquart of waler
in the bottom,

We dricd and eleaned it theroughly, then put
in the oxvgen tanks, a shelf of caleium chloride
for absorbing moisture, and another of soda lime
for removing the excess of carbon dioxide from
the air. I looked around at the sky and sea, and
the boats and my friends, and not being able Lo
think of any pithy saying which might echo
down the ages, I did the next best thing—said
nothing, erawled painfully over the steel screws
of the fifteen-ineh cirele of the door, fell inside,
and curled up on the cold. hard bottom of the
sphere. This aroused me to specch, for T vividly
realized the discomfort of an hour or more in
suele a position, and I ealled for a cushion. Olis
Barton clambered in
tangled our legs and got set.

after me and we disen-
I never realized
how much room there was in the interior of a
sphere four and half feet in diameter, and al-
though the longer we were in it, the smaller it
seemed to get, vet, thanks to our moderate pliys-
ique, we had room and to spare. At Barton's sug-
gestion 1 took up my place elose to the windows,
while he hitched himself up on the side of the
door, where he eould keep watel on the variouns

instruments. He also put on the carphones.

As pre-arranged, John Tee-Van took charge
of the deck crew, and Gloria Hollister put
on the ecar-phones and arranged the duplicate
control clectric light so that she could watch
it. She dictated all our messages direct to an
assistant who took them down and later trans-
cribed them unchanged. AL our signal, the four
hundred pound door was heisted and clanged
into place, sliding snugly over the ten great steel
bolts, Then the huge nuts were serewed on, 1f
cither of us had had time te be nervous, this
would have been an exeellent opportunity—car-
rving out Poe's idea of being sealed up, not all
at once, but little by little, For after the door was
serewed on there remained a four-inch round
opening in the center through which we could see
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and Lalk and just slip a hand,  Then this mighty
bolt was serewed in place, and there began the
most infernal racket 1 have ever heard. 1t was
necessary, not only Lo serew the nuls down lard,
but to pound the wreenches with hammers to
take up all slack.

be shattered, but having forcibly expressed our

I was sure the windows wounld

feelings through the telephone we gradually got
used to the ear shattering reverberations. Then
utter silenee settled down, and 1| breathed wpon
and cleaned my six-inch quartz window. 1 could
see a narrow section of the seurryving about on
deck, and as we rolled 1 ecaught sight of the
ultramarine sea and the Gledisfen dipping at
the end of the slack Faint scuf-
fling sounds reached us now and then, and
an oceasional hollow beating,

tow rape.
Then it seemed
as if the steel walls fell away, and we were
again free among our fellows, for a
came down the half mile of coiled  on
the deck, and human mind,
that vocal connection secmed to restore physi-
cal as well as mental contact.

voiee
wire

such is the

While waiting
for the take-off, Barton readjusted the phone,
tested the search-light, and opened the delicate
oxygen valve. He turned it until we both veri-
fied the flow as two litres o minute—that being
sufficient for two people. I remembered what 1
had read of Houdini’s method of remaining in a
closed coffin for a long time, and we botlr began
conscientiously regulating our breathing, and
conversing in low tones.

Another glance through my port-hole showed
Tee-Van looking for a signal from old Captain
Millet. I knew that now it was actually a pro-
pitious wave or rather a propitious lack of one
for which they waited. Soon Millet waved his
hand, and exactly al one o'clock the winch
grumbled, the wire on the deck tightened, and
we felt our circular home tremble, lean over, and
lift clear. Up we went to the yard-arm, then a
half-score of the crew pulled with all their
might and swung us out over the side. This all
between two big heaving swells.  We were
dangling in mid-air and slowly we revolved until
[ was facing in toward the side of the Ready.
And now our quartz windows plaved a trick on
us. Twice already, in an experimental sub-
mergence we had not gauged correctly the roll
of the ship or the distance outboard and the

Novemher-feecuher, 1950

sphere had erashed into the lalf-rotten  bul-
warks., Now as 1 walehed, | saw us .w.'in;: and
my eves Lold me that we were much too close,
amd that a slightly heavier roll would crash us,
windows first, into the side of the vessel. Barton
could nol sce the imminent danger, and the next
message 1 ol was "Gloria wants to know why
the Dircctor is swearing 50, By this time we
had swung far oul, and 1 realized that every
word which we spoke to each other in our tiny
hollow chamber was elearly aodible at the other
end of the wire. 1 sent up word that any lan-
guage was justifiable at such gross negleet as to
allow our window to swing back and [orth only
a yvard from the boat. And very decisively the
word came back that fifteen feet was the nearest
it had ever been. and we were now Lwenty-five
feet away. Barton looked out with me and we
could hardly belicve our eyes. Fused quarts
is the elearest, the most transparent material in
the world, and my apologics must have cost us

several litres of good oxyvgen.

To avoid any further comment on our part,
profane or otherwise, we were lowered twenly
feet. I sensed the weight and sturdy resistance
of the bathysphere more at this moment than at
any other time. We were lowered gently bul
we struck the surface with a splash which would
have erushed a rowboal like an eggshell.  Yet
within we hardly noticed the impaet, until a
froth of foam and bubbles surged up over the
glass and our chamber was dimmed, We swung
quietly while the first hose clamp was put on the
eable. At the end of the first revolution the
This
was a familiar landscape, which I have often
seen

great hull of the barge came into view,

from the diving helmet—a transitory,
swaying reef with waving banners of scawced,
long tubular sponges, jet black blobs of ascid-
ians and tissue-thin plates of rough-spined pearl
shells. Word came down, and the keel passed
slowly upward, becoming one with the green

water overhead,

With this passed our last visible link with the
upper world; from now on we had to depend
on distant spoken words for knowledge of our
depth, or speed, or the weather or the sunlight,
or anything having to do with the world of air
on the surface of the Earth.
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A few sceonds after we lost sight of the hull
of the Ready, word came down the hose that we
were at fifty feet, and I looked out at the beil
liant bluish green haze and could not realize
that thizs was almost my limit in the diving hel-
met. Then 100 fect” was ealled out, and still
the only change was a slight twilighting and
chilling of the blue, As we sank slowly 1 knew
that we must be passing the 182nd fool level,
the depth where Commander Ellsberg labored
so gallantly to free the men in the Submarine
S-57. “200 feet” came and we stopped with
the slightest possible jerk and hung suspended
while a elamp was attached—a double gripping
bit of brass which bound the eable and hose
Then word came
down that all was clear and again | knew that
we were sinking, although only by the upward
passing of small motes of life in Lthe water.

together to prevent bwisting,

We were now very far from any touch of
Mother Earth: ten miles south of the shore of
Bermuda, and one and a half wiles from the
gea bottom far beneath us. At 300 fect, Barton
gave a sudden exclamation and I turned the
flash on the door and saw a slow trickle of water
beneath it. About a pint had already colleeted
in the bottom of the sphere. I wiped away the
andering stream and still it eame. There

[ R L
flashed across my mind the memory of gentle
rain f[alline on a window pane, and the first
drops finding their way with difficulty over the
Then I looked out
through the crystal elear quartz at the deep

dry surface of the glass.

blue, and the contrast closed in on my mind like
the ever decpening twilight.

Twe minuates more and 800 feet’ was called
out: 500 feet eame and passed overhead, then
GO0 feet where we remained for five minutes.
The eclectric searchlizht now became visible,
Herctofore we could see no change whatever in
the outside water when it was turncd on, but
now a pale shaft of yellow—intenscly vellow—
light shot out through the blue, very faint but
serving to illuminate anything which crossed it,
Maost of the time I chose to have it cut off, for
I wanted more than anything else to see all that
I could of the lumincscence of the living crea-
tures.

Now when I cupped my face in my hands,
and stared and stared out, I began to see what

ETTX November-Dveenber, 1530
a strange illumination the water atb this depth
!:I{H-'I.I,'\_\il,'il_ In fact, the most .'Ill1.‘lﬂ-il'|IL{ I.]Iitl_L!1
that which endured most vividly in our memory
was the color, My companion kept exelaiming
at its brilliance and saving he could read by it,
and while the general sensation reported by my
exciled optic nerves urged me Lo agree with
him, vet my mind told me it was not true. |
brought all my logic to bear, I put out of mind
the excitement of our position in walery space
and tricd to think sanely of comparative color,
and I failed utterly, I flashed on the search-
light, which seemed the yellowest thing 1 have
ever seen, and let it soak into my eyes, yvet the
moement it was switehed off, it was like the long
vanished sunlight—it was as though it never had
been—and the blueness of the blue, both ontside
and inside our sphere scem Lo pass materially
This is
worthy of lheing

through the eyve into our very heings.
all wvery

jeered at by optician or physicist, but there it

unsciculifie; quite
was. [ was excited by the fishes that I was

seeing perhaps more than 1 have ever heen by

other organisms, but it was only an intensifiea-

tion of my surface and laboratory interest: 1
have seen strange fluorescence and ultra violet

illumination in the laboratories of physicists: |

recall the weird effects of color shifting thirough

distant snow ervstals on the high Himalayas,

and T have been impressed by the cerie illumina-

tion, or lack of it, during a full eclipse of the

sun.  But this was beyvond and outside all or any

of these. T think we both experienced a wholly

new kind of mental reception of color impres-

sion, 1 felt T was dealing with something too
different to be elassified in usual terms.

Yot T find that I must continue Lo write about
it, if only to prove how utterly inadequate lan-
gnage is to translate vividly, feeling and sensa-
tions under a condition as unigque as submersion
at this depth.

After a few minutes T sent up an order, put
out the light and we knew that we were sinking.
The twilight (the word had become absurd, but
I could coin no other) deepened, but we still
spoke of its brilliance. It scemed to me that it
must be like the last terrifie upflare of a fame
before it is gquenched. T found we were both

at any moment to have it blown out,
But

expecting
and to enter a zone of absolute darkness.
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Our Quarter-mile Dive: Shown in

Twelve Photographs

Upper: The Gledisfes towlsg the barge Ready out Lo sen, Thetozraph by Glorbe Hollister,  Lewer : Deck
af the Ready, showing the powerful lifting yurd and the bathysphere.,
graphs by J. Connery.

This. and the following plioto-



210 B 1 LT November-lerember, 1540

Upper: Deck of the Keady, with electrie engine,  Gloria Hollister laking notes telephoned up from the
divers in the bathysphere. Lower: HBatliysphere ready for the :le-_-pl descent. with the foags of the
Explorers’ Club and of the Tropleal Hesearch Department of the New York Zoologleal Society,
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Uprper: The balliv=phery palsed over the waler wilh Beelse EI:||'|_u||_ In=dile, reidy Tor one of {he ey
sei dives,  Lower! The drcteres winch and the heavy cable, with Jolin Tee-Van in charge
of the deck crew.
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Upper: The balhysphere is on lks way up aml tle cable is belng wound in over the wineh: the electric
hose drawn in by band. Lower: We get our fArst glimpse of sunshine again as the great steel ball
breaks the surfoce.

R e ———
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Upper: O deck asaln after the quarler mile dive, 1 peer ool hroogl e erystal cleare window.
Lotoer: The l'q:.ur-],umlrr;lr_r;uu.l.ml door is up=crewed and we bresthe naturnl air again,  Yel after fwa
hours of being sealed tight in a fourand-a-half-foot chamber, cur artificlal atmosphere was fresh.
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WU L LE TN Nooew el Dheve sl i,

Fpper ! Uur emergence from the bathiysplere Is somewiel like the priseression of seils,
fully stiff from eurling up on cobl steel for se fong o tise,  Lower: We hope nnothier year (o ga dowi
to a half4nile and remaln there for hours,

W were [rizht

[3d
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only by shutting my eves and opening them
again could I realize the terrible slowness of
the decpening shade. On the carth at night in
moonlight, T can always imagine the vellow of
sunshine, the searlet of invisible blossoms, but
here, when the searchlight was off, vellow and
orange and red were unthinkable, The
which filled all space admitted no theught of

blne

other colors,

We spoke very seldom now. Barton examined
the dripping floor, took the
watched and adjusted the oxveen tank, and now
and then asked “What depth now " “Yes, we're
“No, the leak’s not increasing.”

lemperatures,

all right.”
“Its as brilliant as ever.”

And we both knew it was not as brilliant as
ever, but our eves kept telling us to say so. It
actually seemed to me to have a brilliance and
intensity which the sunshine lacked; sunshine,
that is, as I remembered it in what scemed ages
ago.

“B00 feet” now came down the wire and I
called a halt. There seemed no reason why
we should not go on to 1000; the leak was no
worse, our palm leaf fans kept the oxygen cireu-
Yet
some hunch, some mental warning which 1 have
had a half dozen eritical times in my life spelled
bottom for this trip. ‘This settled, 1 coneen-
trated on the window for five minutes.

The three exciting internal events which
marked this first deep descent were, first the
discovery of the slight leak beneath the door at
00 feet. whiclr steadily lessened as we went
down: next the accidental wetting and short-
vircoiting of the electric light switch, with
attendant splutterings and showers of sparks,
which was soon remedied. The third was absurd
for it was only Barton pulling out his palm-leaf
fan from between the wall of the sphere and the
wire lining of one of the chemical racks, I was
whaolly absorbed at the time in watching some
small fish. when the sudden shricking rasp in the
confines of our tiny cell gave me and the listener
at the other end of the telephone wire all the
reactions which we might imagine from the
simultaneous eaving in of both windows and
door! After that, out of regard for each other's
nerves, we shifted position and carried on our
various duties silently.

lating so that we had no sense of stuffiness.

AU LOGIC AL

LR T el B

We reached the deck again just one hour after
our start, and sal guictly while the middle bolt
was slowly unserewed. We could hear our com-
pressed air hissing outward through the threads
until finally the bolt popped off, and our ear-
drums vibrated very slightly, After n picee of
boiler-factors pounding the bir door finally
swung off, I started to follow and suddenly
realized how the human body could be com-
pletely subordinated 1o the mind. For a full
hour 1 had sat in almost the sane position witl
no thowght either of comfort or discomforl, and
now 1 had severally to untwist my feet amd legs
and bring them to life. As for the enshion. |
found it reposing on one of the chemieal racks,
while T had sat on the hard cold steel in a ol -
sized puddle of greasy water. 1 bore the dis
tinet imprint of a monkey wrench for several
I followed Barton out on deck into the

glaring sunshine, whose yellowness can never

days,

hereafter be as wonderful as blue can be,

While still upside down, crecping painfully,
sealion-wise, over the protruding cirele of bolts,
[ fancied that I heard a strange inexplicable
ringing in my cars. When I stood up, T found
it was the serceching whistles on the boilers and
the deeper toned siren of the Gladisfen giving
us, all to ourselves, a little celebration in mid-
ocean.  The wind was right and my stafl on
Nonsuch ten miles away saw the escaping steam
through the telescope binoenlars, later heard
the sound faintly, and knew that we had made
our dive and aseent in safety,

Four days later we were able to put to sea
again and sent the bathysphere down to 2000
fect. By the judicious use of white lead we had
elfectively stopped the leak in the door, and
there was no tangle or twist of hose. A tiny flaw
which we had watched with suspicion on the
outer rim of one of the quartz windows had not
increased. The only novelty in the way of un-
expeeted happenings after this two hours' sub-
mergence, was that aboul three feet of the hose
had been forced inside the sphere. When this
was rectified, Barton and I climbed inside and
started enthusiastically for a deeper plunge.
Everything went well until at 150 feet we began
to experience bad static on the phone. A sen-
tence would come through clearly and then only
a mixture of spluttered words. Tt improved for
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wn elongabed, deep-cea squid, with large. welldeveloped oyes, and roumd. arange
lights on the tips of the longest arms. It @ feeding on o schoul of lanlern fish.
Painted by E, M. Bostelmann.
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a while, hul at 250 feet Barton said “My God!
the phone is hroken,” Tt was a tragic exelama-
tion, and I felt exactly as he did, The leak on
our ather trip, the short eircuiting, the static
today—these were all annoying but not terrify-
ing, andd ns I have already mentioned, the sound
of e human voiee had, all unconseionsly to ns,
been o much surer bond than the steel cable o
the sturdiness of the sphere. We had neither of
us felt before quite the same realization of our
position in space as we did now. The silence
was oppressive and ominous, and our whispers
The
We
to signal with the seaveldight,

to cach other did nothing to alleviate it,
dark blue outside became cold and inimical.
did our
knowing that answering flickering must be re-
flected in the checking bulb on deck., We felt a
sudiden weight beneath us and knew thal we

hest

were being reeled swiftly to the surface. A
momentary delay eame and we knew the single
clamp was being removed. Some part of my
brain worked steadily on and counted twenty-

four jellyfish swimming past, amd then we rose

swiftlyv. As soon as the ascent first began my
mind went to the people on deck, and I knew
that they were getting the worst of this dive.
As we shot into the air and over the bulwarks T
caught a glimpse of Miss Hollister's face, and
that of one of the erew and 1 knew how little
we had appreciated the steain of the last two
minutes. I jammed my face as closely as pos-
sible to the glass and assumed what 1 supposed
was a reassuring grin, and the seeond attempt
at a deep dive was over. A broken wire had
caused the tronble, and eventually we had to
cut off and throw awayx fifty fathoms of the hose,

The next day, June 11, was a perfect one for
our work, and we were able to take advantage
of it and make our deepest descent, to a depth
of 1426 feet, or well over a gquarler of a land
mile. When we went out in our launch to the
Ready, we found there had been a fire on board
in the night which had taken several hours to
put ont. The side and part of the aft gunwale
had been badly charred, but no serious damage
done. while the hose, winch, and sphere had
1.':!t:'n|:,~l'.li‘ With our ancient barge looking a little
more than usual like a deserted hulk, we put to
sea again.  As there was a current and an out-

ward set. this time I stopped at a point in the
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ocean five miles south of Nonsuch, where former
soundings had given us a depth of 750 fathoms.

This was Dive Number Seven (or the bathy-
We
had made a number of improvements sinee the
The inside had been painted black
Barton

sphere; and we climbed in at 9:50 AL ML

first dive.
sooas ol bo interfere with observations,
had come to look upon his very greasy leather
skull-eap as a mascol, so when he could oot
findd it, the central bolt was unsercwed, and Lhe
feady scavched thovoughly for five minutes,
after which he found he was sitting on it.  We
now had a special place for fans amd monkey
wreneches and T arranged a shell for my nobe-
book and peneil, specimens of searlel crusta-
ceans, and a book with Ly pe amd plates Lo les
the pseudo-brilliance of the light.  The cushion
was in its right place, and we had buoilt a shicld
to shut out the lateral glare from the search-
light. We had also learned to cover the ehevanr-
des-frize of bolts at the entrance with sacking,
and so to soften the effects of our franlic wrig
glings in and out. The shackle of the cable had
been shifted from the central to the posterior
hole so that the sphere tipped slightly forward
and downward when swinging free.  This gave
me a better outlook in a slightly obligue down-
ward The fastening on  the
sphere had been tightened so that there was
less chanece of our being smothered in its en-
twining coils, which would have been an undra-

direetion. hose

matic, Laocoin ending,

This time we took a chance on evervthing
being in good order. and did not make an experi-
mental submergence. We fastened the flag of
the Tropical Research Department of the Zoo-
logical Society and that of the Explorer's Club
to the bathysphere, and tied a very ancient squid
wrapped in cheese-cloth just beneath the ohser-
vation windows. Dangling in front and just
to one side was a cluster of luminons hooks
altractively baited. With the searchlight ready
to turn on, I felt that I had contrived all the
attractions possible for luring decp sea fish
within my ohservational zone,

Barton and I were serewed and bolted in at
10 o'clock, and four minutes later touched water.
The surface was crossed with small wavelets,
and three times before we were completely sub-
merged the distant Gladisfen and the level
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horizon were ctehed clearly on the glass, and as
instantly erased by a green and white smother,
We sank slowly and I peered upward and
watched the under side of the surface rise above
me.  When the rush of silvery bubble-smoke
imprisoned beneath the sphere had passed, the
surface showed clear, From the point of view
of a submarine ereature, | should by rights eall
it the floor of the air, and not the ceiling of the
water. Even when diving in the helmet [ am
nlwn:r,-‘. conscious of the falsity of ealling the
water wet when 1 am once immersed in it. Spray
blows in one's face and leaves it wet, but down
below, the imprisoned air sailing upward, slips
through one’s fingers like balloon pearls, dry,
mobile beauty, leaving only a pleasant sensa-
tion.

And now 1 looked up at our vertical wake
of thousands of iridescent swimming bits of air,
and, for a moment, forgot whither we were
bound.

The boundary of air and water above me
appeared perfectly solid, and like a slowly way-
ing, pale green canopy, quilted every where
with deep, pale puckers—the sharp apexcs of
the wavelets above showing as smooth, rounded
indentations below. The sunlight sifted down
in long, oblique rays as if through some un-
earthly beautiful cathedral window. The host
of motes of dust had their exact counterpart in
mid-water, only the general fecling of color was
cool green, not yellow. The water was so clear
that I could see dimly the distant keel of the
Gladisfen, rolling gently. And here and there,
like bunches of mistletoe hanging from a chan-
delier, were clusters of golden Sargassum weed,
with only their tips breaking through into the
air. A stray berry went past my window and
T gaw an amusing likeness between its diminu-
tive air-filled sphere and that which was at
present my home,

The last thing in focus of the upper world
was a long, undulating sea serpent of a rope
dangling down from the side of the Ready.

We had asked to be lowered slowly, When
less than fifty feet beneath the surface I hap-
pened to glanee at a large deep-sea prawn
which T had taken for eolor experiment, To my
astonishment it was no longer scarlet, but a

BT LN
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deep velvety black, 1 opened my  copy of
“Depths of the Ocean”™ and the plate of bright
red shrimps was as dark as night: No wonder
I thought of the light as cool,

A few Aurclia jellvfish drifted past while
we were sinking Lo 50 feet, and at 100 fect a
cloud of brown thimble jellies vibrated by the
window. These were identical with those
which we had observed in vast swarms in Iaitit
They are supposed to be surface forms, but
here they were pushing against my window
twenty fathoms dewn. They were the first or-
canisms which showed that the fused quarts
Full twenty feet
away 1 could see them coming, and the knowl-
that of a thimble—

gave me a gauge of comparison which helped

did away with all distortion.
edge of their actual size

in cstimating distance, size and speed of un-
known organisms.

[ found that little things could change my
whole mental outlook in the bathysphere. Up
to this moment I had been 1.1.'.'|1:~||i:|1;__,r the sur-
face or seeing surface organisms, and 1 had
focused so intensely upward that what was
beneath had not yet become vivid, As the last
thimble jelly passed, an air bubble broke loose
from some hidden corner of the sphere, and
writhing from the impetus of its wrenching
free, rose swiftly, breaking into three just over-
Now I felt the
isolation and the awe which increased with the
dimming of the light; the bubble scemed the

head, and the trio vanished,

last link with my upper world, and I wondered
whether any of the watchers saw it coming,
silver at first, then clothing itself in orange
and red iridescense as it reached the surface
to break and merge and be lost forever.

At 200 feet there occurred my first real deep-
sea experience on this dive, something which
could never be duplicated on the surface of the
water. A six-inel fish  soddenly appeared,
nosed the bag of ancient squid and then took
up its position close to the glass of my window,
less than a foot away from my face. Some-
thing about it seemed familiar, yet it was
strange. In size, shape and general pattern it
was very like a pilot-fisl, Nauerates duclor.
Twice it swam back to the delectable bait and

' Beneath Trople Seas, Linuche jellies, pp. 20-23,
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upknown Indinn arii=t, of the period of Aklbor, from

. v " a 1 oan unknown

ahout 1375, (Courtesy of Lhe Metrogpolitan Museum, )

e In this slass exlinder depicted by an
manuscript of



220 | L PR |

returned  to where it almost
diametered my eiveular ontlook, Then T knew
whatl the trouble was—it was the ghost of a
pilot-fish—pure white with eight wide, black,
AL 200 feet a pilot-tish eould
not be the color he is al the surface, and like

Finstein's

three  times

upright bands.

half-sized world, here was o ense
where u|||_1.' the E.-1||]lllr. transicnl memory of man
sealed up in a steel sphere had any right to
assert thal vnder different conditions the fish
would show many colors other than the davk
npright bands. 1 am eertain that the fish itsell
aidded this pale appearance, for it has consider-
able power of color change, but this was very
different from the mere expansion and contrac-
tion of dermal chromatophares. At 250 fect 1
saw the pilot-fish going wpreard.

At 400 feet we found that we could just read
ordinary print with an etfort, and vet to the
unfocused eve the
brilliant. I found that the two hours’ differcnce
between 10 AM. and noon, marking the two
dives, Numbers ¢ and 7, although both were
made in full sunlight, resulted in fifty per cent
less illumination at 10 A M., than at noon.

illumination seemed VET)

In the next few fathoms I saw schools of
prawns and two strings of salpa, both appear-
ing dead white,

At 500 feet a four-inch fish came into view
and nosed the baited hook. It was almost trans-
parent, the vertebrae and body organs being
plainly visible, the cyes and the food-filled
stomach the only opaque parts. Since making
the dive I have twice eapturcd this fish, the
'I:-inkigh, semi-transparent voung of the searlet,
big-eved snapper.

At 550 feet I found the temperature inside
the bell was 76°, twelve degrees lower than on
deck., Near here a big leptoceplalus undulated
past, a pale ribbon of transparent gelatine with
only the two iridescent eyes to indicate its ar-
rival. As it moved I could see the outline
faintly—ten inches long at least, and as it
passed close, even the parted jaws with their
needle teeth were visible. This was the larva
of some great sea eel,

A few fathoms farther and I identified what
looked like a host of brown bubbles as little
flying snails, Cavolinia, which lived within a
tissue shell with an outline like a heraldic

cET LN
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shield, and which flew through life with a pair
of delicate rounded wings, T had seen them
alive in the net hauls, but here they were al
home in thousands,  As they perished from old
e or accidenl or whal-not, Ltheir shells drifted
slowly Lo the bottom, a mile and a hall down,
anmd several times when my nel had aceidently
touched boltom it had brought up quarts of the
empty, tinkling shells,

As 600 feel passed [
flashes of light in the distanee and at onee
turned on the seaveh-light, but although the
dark, the  electrie
alare I no visible elfeet, and we turned it off.

RHEI T il1|l| EHAYY

blue  oulside  seemed yel
The sparks of light and the distant flashes kept
on from time to time showing the power of
these animal illuminations.

G530 feet: Several three-inel jellics passed,
appearing jet-black,
feal: 1 some  silver

hatehet-fish, heliographing their silver sides,

700 thought 1 saw
and later observation made this certain, but the
olimpse made my eyes hungry for a nearer view,
Shrimps and jellies drifted past like Hakes of
unheard-of storms, We had left the deck at
ten o'elock, and twenty-five minutes later we
had again reached onr record fHoor—S800 feet.
This time I had no hunch—reasonable or un-
reasonable—and three minutes laler we were
anl

We both agreed

passing through a mist of crustaceans
flapping snails at 900 [eet,
that the light was quite bright enough to read
by and then we tricd Pica type amnd found that
our eyves showed nothing definite  whatever,
With the utmost straining I could just dis-
tinguish a plate of figures from a page of Lype,
Again the word brilliant slipped wholly free
of its usnal meaning, and we looked up from
our effort to sce a real deep-sea eel undulating
close to the glass—a slender-jawed Serrivomer,
hronzy-red as I knew in the dimly-remembered
upper world, but here black and white.

At 1000 feet we had a moment’s excitement
when a loop of black sea-serpenty hose swung
around before us, a jet-black line against black-
ish-blue. Almost at once the sparks we had
seen higher up became more abundant and
larger. At 1050 feet I saw a series of luminous,
coloured dots moving past, similar and yet in-
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A deep sen fish (Chinsmodon nigery which has swallowed another (Omosiediz) three
times ax Jong as it=clf. The jaws must be capable of complete disloeation to permit

thi* pazzace

dependent. I turned on the search-light . and
found it clcetive at last. At 600 feet it could
not be distinguished; here it et a swath almost
material, across my ficld of vision, and for the
first time, as far as 1 know, in the history of
scientific inquiry, the life of these depths was
visible. My series of colored lights proved to
be a school of silver hatchet-fish, Argyropelecus,
from a half to two inches in length, all swim-
ming steadily ahead. The marvel of the search-
light was that up to its sharp-cut border the
blue-blackness revealed nothing but the lights
of the fish. In this species these burned stead-
ilv. and each showed a colorful swath directed
downward —the little irideseent channels of
glowing reflections beneath the source of the
actual light. These jerked and jogged along
until they reached the sharp-cdged border-line
of the search-light’s beam, and as they entered
it, every hint of their own illumination disap-
peared and they showed as spots of shining
silver, revealing every detail of fin and eve and
utterly absurd outline. The only effect of the

vellow rays was to deflect the path of each

of food of such great size. Photograph by E. M. Bostelmann.

fish slightly away from their course. Like ac-
tive little rays of light entering a new mediom,
the Argeros passed into the search-light at right
angles to my cye and left it headed slightly
awayv, With them was a mist of jerking ptero-
pods with their tissuey shiclds, frisking in and
out among the hatchet-fish like a pack of dogs
around the mounts,

My hand turned the switeh and I looked out
into a world of inky blueness where constella-
tions formed and reformed and passed without
ceasing, At this moment I heard Gloria Hol-
lister's voice faintly seeping through Barton's
head-phone, and it seemed as if the sun-
drenched deck of the Heady must surely be
hundreds of miles away,

I used the searchlight intermittently, and by
waiting until T saw some striking illumination
I could suddenly turn it on and catch sight of
the author before it dashed away.

At 1100 feet we surveved our sphere care-
fully. There was no evidence of the hose com-
ing inside, the door was dry as a bone, the
oxygen tanks were working well and by ocea-
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sional use of our palm-leaf fans, the air was
kept sweet.  The walls of the bathysphere
were dripping with moisture, probably sweat-
ing from the heat of our bodies condensing on
the cold steel.  The chemicals were working
well, and we had a grand shifting of legs and
feet, and settled down for what was ahead of us.

Although 1 had able the
forms of the illuminated hatehet-fish in the
dark, vet a glance oul of the window now

showed distinetly several, rat-tailed Macrourid

not  been Lo see

like fish twisting around the bend of the hose,
They were distinet, and were whollv new to me,
Their profiles were of no Macrourid [ had ever
seen.  As | watched, from the sides of al least
two, there flashed six or more bright grecnish
lights, and the blinding effect on my eyes was
such that the fish vanished as if dissolved inle
water, and the search-licht showed not a trace,
I have no idea of what they were.

At 1200 feet there dashed into the search-
light, without any previous hint of illumination,
what I identified as Tdigcantlins, a long, slender,
eel-like form, which twisted and turned about
in the glare, excited by some form of emolion.
Twice it touched the edge and turned back as
if in a hollow eylinder of light. I saw it when
at last it left, and I could see no hint of its
own light, although it possesses at least three
hundred light organs. The great advantage of
the electric light was that even transparent
fins—as in the present case—refleeted a sheen
and were momentarily visible.

From this point on I tied a handkerchief
about my face just below the eves, thus shunt-
ing my breath downward and keeping the glass
clear, and after doing this I realized that not
only was I watching with every available rod
and cone of both eves, but I was unconsciously
listening at what was going on outside the six-
inch cirele of quartz.

At 1250 feet several more of the silver hat-
chets passed. going upward, and prawns be-
came abundant. Between this depth and 1300
feet not a light or an organism was seen: it
was fifty feet of terrible emptiness, with the
blue mostly of some wholly new color term—a
term quite absent from any human language.
It was probably sheer imagination but the char-
acteristic most vivid was its transpareney. As
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I looked out I never thought of fect or yards
of visibility, but of the hundreds of miles of
this color stretching over so much of the world,
And with this 1 will try to leave color alone
for a space.

Around 1300 feet life again became evident
but wholly luminous. After watehing a hun-
dred or more firelly-like flashes T turned on the
searcli-light and saw nothing whatever. These
sparks, brilliant though they were, were kindled
inte conflagralion and gquenched in the same in-
invisible bodies.

stant upon

Whatever made
them were too small to reach my eyes, as was
almost the host of copepods or tiny ecrustaceans
through which we passed now and then, At
one time 1 kept the electrie lizht going for a
full minute while we were descending, and I
distinetly observed two zones of abundanee and
a wide interval of very scanty mote-like life,
When very elose to the glass T could clearly
make out the jerking movements of copepods,
but they were loo small to show anvthing more.
The milky sagitta or arrow worms were more
easily detecled, the eve catehing their swilt dart
and then focusing on their quiet forms. While
still mear 1300 feet a group of cight large
shrimps passed, showing an indcterminate col-
oration. We never took large shrimps st this
comparatively shallow depth and I do not know
what they were,

Barton had just read the thermomeler as
72% when 1 dragged him over to the window to
sce two more drgyropelecns and what I had at
last recognized as Cyelothones. These are the
most abundant of deep-sca fish and we take
them in our nets by the thousand. Flickering
forms had been bothering me for some time,
giving out no light that [ could detect, and
twisting and wriggling more than any prawn
should be able to do. Just as my eves had at first
refused to recognize Pteropods by their right
names, | now knew that several times in the last
few hundred feet T had seen Cyelothones. In
the search-light they invariably headed up-
light, so that only their thin-lipped mouths
and tiny eyes were turned toward me.

Before Barton went back to his instruments,
three squids shot into the light, out and in
again, changing from black to barred to white
as they moved. They showed no luminescence.
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At 10:4+ we were sitting in absolute silener,
our faces reflecting a ghastly bluish sheen, 1
became conscious of the pulse-throb in my
temples and remember that I kept time to it
with my fingers on the cold, damp steel of the
window ledge. 1 shifted the handkerchicf on
my face and carefully. wiped the glass, and at
this moment we felt the sphere check in its
course—we felt ourselves press slightly more
heavily on the floor and the telephone said
“1400 feet”. I had the feeling of a few more
meters descent and then we swung quictly at
our lowest floor, over a quarter of a mile be-
neath the sorface.

I pressed my face against the glass and
looked upward and in the slight segment which
I could manage [ saw a faint paling of the
blue. 1 peered down and again I felt the
old longing to go further. although it looked
like the black pit-mouth of hell itself—vct
still showed blue. 1 thought T saw a new fish
Aapping close to the sphere, but it proved to be
the waving cdge of the Explorer’s Club flag
—black as jet at this depth,

My window was c¢lear as crystal, in fact
clearer, for fused quartz is one of the most
transparent of all substances and transmits all
wave-lengths of sunlight.  The outside world
I now saw through it was, however, a solid,
blue-black world, one born of
a single vibration—Dblue, blue, forever and for-

which seemed

ever blue,

Once, in a tropical jungle, I had a mighty
tree felled. Indians and conviclts worked for
many dayvs before its downfall was accom-
plished, and after the cloud of branches, leaves
and dust had settled, a small white moth flut-
tered up from the very heart of the wreckage.
As | looked out of my window now | saw a
tiny, semi-transparent jellv-fish  throbbing
slowly past. I had seen numerous jellyfish
during my descent and this one aroused only a
mental note that this particolar species was
found at a greater depth then I expected.
Barton's voice was droning out something, and
when it was repeated T found that he had
casually informed me that on every square
inch of glass on my window there was a pres-
sure of slightly more than six hundred and fifty
pounds. The liitle moth fiving unharmed from
the terrific tangle. and the jelly-fish drifting

YORK 200LOGICATL

SOULETY 20
gently past seemed to have something in com-
mon,  After this 1 breathed eather more gently
in front of my window and wiped the glass
with a softer touch, having in mind the nine
tons of pressure on its ouler surface!

until 1

wias

hned  aseended
vouchsafed

However, il was not
that the farther information
me that the pressure of the waler al our great-
est depth, upon the bathysphere from all diree-
tions was 6,732,168 pounds, or more concisely,
H#E666,2 tons.  So far from bringing about an
anticlimax of worry, this meant hardly more
than the statement that the spiral nebula in
Andromeda is 900,000 light years away. Never-
theless 1 am rather glad that this hit of preg-
nant information was withheld until T had re-
turned to the sucface. I 1 had known it at
the time [ think the two-tenths of a ton might
have distracted my allention—1that #00 |||1|_||||_{\;
being feaneht with rather o last-straw-on-the-
camel’s-back siznificance,

Like making onesclf '-|I|.‘.'I.|~'. of earthrise in-
stead of sunset, there was nothing but con-
tinued mental reassertion which made the pres-
sure believable, A six-ineh Stomias passed
lizhts first visible, then three seconds of search-
light for identifieation, then lights alone—and
there scemed no reason why we should net
swing the door swim ont.  The
baited hooks waved to and fro, and the edge
of the Explorer’s flag fapped idly and T had
to call upon all mv imagination to realize that
instant, unthinkably instant death would re-
sult from the least fracture of glass or col-
There was no possible chance

open and

lapse of metal.
of being drowned, for the first few drops would
have shot through flesh and bone like steel
bullels,

The duration of all this rather mandlin com-
ment and unnecessary philosophising oecupicd
possibly ten seconds of the time we spent at
1426 feet.

Although the temperature registered only 72°
vet the wall of the sphere was clammy and very
cold to the tonch and we distinetly felt the chill
of this cternally sunless country.

The return trip was made in forty-three
minutes, an average of about a fool to a second.
Twice during the ascent I was aware of one or
more indefinite, large bodies moving about at a

distance. On the way down T had aceredited
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The Avocel-billed Fel (Nemickibwe seodopacews), The adult s dark, the young
quite transparent. Painted by E. M. Bostelmann.
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this to an over-exeiled imagination, but after
having the expericnce repeated on several deep
dives I am sure that 1 did see shadowy shapes
of large and very real living creatures.  What
they were 1 can only guess, and live in hopes
of sceing them closer on some future descent,

We stepped out of the bathysphere at 11:52
after a submergence of almost two hours, with
good air to breathe, perfect telephonic com-
munication, and the memory of living scenes in
a world as strange as that of Mars.

The bathysphere being in perfect shape and
the sea remaining calm, I let John Tee-Van
and Gloria Hollister go down to a depth of
410 feet where, at the threshhold of the zones
of more dangerous pressures, they could realize
and have always in memory the sensations
which wholly evade deseription. They were on
deck at 1:15 P. M. and we now sent the bathy-
sphere down empty for an extreme test of
2450 feet. On its return to the surface, with
the exceplion of bad twists in the telephone
hose, there was no noticeable defect.

Our chief interest on this day of the deepest
dive was naturally under sea, but as usual in
this area which I Lave cliosen for a three-years'
study, there was an abundance of life on and
above the surface. Flyingfish of two species
were abundant, and while we were drifting and
manipulating the bathysphere, Portuguese men-
o-war or Physalia passed us. A large shark
kept about the Ready but refrained from our
hopeful expectation of allowing himself to be
seen through the windows of the sphere. A
school of dolphins passed, and at two o'clock a
good-sized manta or devilfish flapped slowly,
close across our bows, giving abundant oppor-
tunity to memorize the exact pattern of black
and white. Tropie-birds dipped down to look
at us on their way to and from their Bermuda
nests and in one spot eight shearwaters fought
and sereamed and fairly rolled over one an-
other in a most undignified and unavian man-
ner, as they strove for some tough-museled
food. probably a large squid, on the surface.

Two immature herring gulls kept at a distance
from us as they do from Bermuda all winter.
Although we did not voice it at the time and
were usually quite unconscious of it, every
descent put a rather severe strain on both the
deck staff and ourselves. Now and then this

relaxed and we sent back and forth on the tele-
phone somewhat infantile jokes. Omne of these
ended in a surprise. We were at the botlom
of an 800 foot level when Gloria Hollister sent
down word that a gull was flving about the
Ready, and a moment later said that it was a
voung herring gull. I relaved the information
that 1 had made a note of it—qualifying thus
as the first ornithologist who had ever made a
submarine bird note, and then contradicted it
by remembering that when diving in a helmet off
Marlborongh in the Galapagos T had recorded
on my zine tablet a passing visit from two pen-
muins,

To a question as to what was happening 1
retorted Lhat two fpuops had taken our hooks
—this fish being one that we much desired
but had nol vet seen or taken,
the statement that one of the men had just
scooped up a big deep-sea fish with his hands on
the surface. I jeered—and then, secing a
luminous fish, snapped into an excited account
of what began to come into view. When we
returned to the surface I was astonished to
discover that the eapture of the decp-sea fish was
not n rather pointless joke but a fact. In
some way a giant specimen of Myctophum
affine had got mixed up with the sphere or
hose, and had come to the surface somewhal
damaged. It was the world's record for size,

Down came

The following week was too rough to go to
sea and nobt until the eightly day, June 19th,
did T think it wise to lry another dive. On
this day Barton and 1 made four dives, two
in the open sea to a depth of 800 feet, and two
over the insular shelf to depths of 120 and
80 feet respectively. All were made with defi-
nite objectives and we were successful in eyery
respect,

Dive Number 10 was devoted to constant
spectroscopic and intensity records. I made
cighteen observations from the surface to 800
feet, and six on the way up, telephoning them
direct to Miss Hollister, The accompanying
colored plate is as close a reproduction as pos-
sible of the diminishing spectrum, from the air
to a depth of 800 feet. While, to a trained
physicist, it will be recognized as only a replica
of a spectrum seen through diminishing light,
yet it is of interest as closely representing what
my eye recorded beneath the sea,
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As we plunged bencath the surface 1 un-
limbered my small Zeiss spectroscope, adjosted
the scale to bring the sodivm line opposite its
proper wave length number, and began to con-
centrate on the limits of visibility at this top-
most level, of the array of colors, spread out
in the rainbow-like band of their natural order
—red, orange, vellow, green, blue, indigo and
The intensity recorder was a cinophot
The de-

tailed records are given bevond, wuder the sys-

vielet.
intended for photographic exposure,
tematic observations. There is of course little
refinement about these notes, but on the spur of
the moment I had to do what 1 could with the
simple instruments at hand. In future descents
to greater depths I shall arm mysell with more
accurate means of record.

Just beneath the surface the red diminished
to one-half its normal width. At 20 feet there
was only a thread of red, and at 50 feet the
orange was dominant. At 100 feet the orange
was much narrowed, and had almost vanished
at 150. At 200 feet there was no orange, faint
vellow and less green than at the surface. At
300 the whole speetrum was dim; the yellow
almost gone, with a dirty brown edge toward
the red end. The blue was much narrower.
At 350 feet I should give as a rough analysis
of the spectrum, 30 per cent blue-violet, 25
per cent green, 25 per cent colorless pale light.
At 400 feet the violet had eompletely taken
the place of the blue. At 450 no blue remained,
only violet and the faintest green. too faint
for naming if I had not known what it had been
at upper levels. At 700 feet there was no color
detectable by either of us.

Finally, at 800 fect the spectrum showed to
the eve pale grayish-white, due of course, to
the small amount of light passing to any part
of my eve through the spectroscope. The
brightness was very low and all ability to ap-
praise the hue was gone, so I saw what I can
only describe as gravish-white, which was no
doubt, wholly subjective. It was a very nar-
row arca, not far from the middle of the spee-
trum, about the 520th wave line, blurred, fad-
ing out slowly toward the violet end, and much
more abruptly toward the red end. Yet when
I took my eve from the spectroscope and looked
out and down, I saw only the deepest, black-
est blue imaginable, a color which in the

A A e B
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spectrum had vanished four hundred fect above,
overlaid and superseded by vielet.

In addition lo intensity and eolor observa-
tions I made complete notes on the fish and
other organisms scen, and au hour after 1 had
reascended safely, 1 made @ sceond 800-foot
deseent, with the object of comparing biological
notes in almost the same locality at similar
depths, with only an hour inlervening.  This
comparison was of vilal interest,

Questions of time and of finances made it
imperative that we could carry on only one
more day. and rather than try to exceed onr
depth with apparatus which was showing signs
of wear 1 determined to confine our final efforts
to testing out the sphere in an entirely new
In the four final dives [
did what I wmight describe as contour diving—
to steal an term. I steamed in as
the shore as 1 dared, then turned
seaward and dived while the Ready drifted
As it turned out, the
first two dives were probably the most fool-
hardy things we could have done, for the sphere
drifted backward, and from my window I could
see only the bottom over which we had passed.
If our projecting wooden landing gear had
caught in a sudden rise of reef it would have
gone very hard with us. As it was, 1 could
only flatten my eyes against the quartz and
try and adapt my elevation orders to what the
contour promised. Once a crag passed eight
fect beneath us and I lad a most unpleasant
moment while we were rushed up thirty feet,

phase of the work,

aviation

close to

slowly away from land.

Early on the following day, June 20th, Bar-
ton affixed a double wooden rudder of stationary
boards, and during the two final dives we
swung around and faced frontward.

I sent the sphere down when the boltom was
visible from the deck, and had the lead heaved
constantly and telephoned to me, and so rapidly
were my orders transmitted to the man at
the winch that we rose and fell swiftly by 10
to 80 feet, and so0 kept the bottom in elear view,

The rapid and radieal spectroseopic changes
reflected the turbid coastal water as compared
with that of the open sea, and at 350 feet the
spectrum was very dim, and the violet com-
pletely overshadowed the green and the blue.

The thing which impressed me most was the
very great size of the fish—snappers, grunts,
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angelfish, chubs, trumpet-tish, and parrot-fish—
all were larger than I have ever seen them when
diving in shallawer water near shore,

On  the shallowest dive—80 fect—1  had

onge of the greatest thrills of the whole under

taking. We were drifting slowly along, lifting
over a toothed ridge or settling down into a
valley of caves and fissures, when 1 suddenly
saw a black line undulating over the bottom.
now in full view, now hidden by a mass of
giant sea-plumes, and in an instant I knew
I was looking at a deep-sea eable lving
quictly on its rocky bed, and [ reealled Kip
ling's words, and I thought of tle messages
of hope and fear, of joy and dealh passing
along. 1 shall never send a cable again with-
put recalling something of its path.

We were 300 fect down, with the bottom at
least 100 fect Denenth, when, without the slighi-
esl warning, the green water rained blue par
rotfish. They were all deep eacrulean bl
{(Secarus caerulews) almost unmarked, and they
varied from about six inches to four feet. Two
to three feet was the average, and they dropped
obliquely, but very steeply downward. amd 1
counted up to two hundred and then gave up.
There must have been several thonsand al the
el far bevond gy

very least, and they exten
vision in every direction. Soeme were the
merest shadow ghosts of parrotfish in the dis-
tance, others almost broshed the glass, and the
downpour did not cease—we merely  passed
through it.

Onee before, a few miles to Lhe westward,
when I descended on o particularly rough day
in my helmet to a depth of thirty fect 1 saw
a similar migration or gathering of the Dblue
parrotfish clans. On this occasion they were
filled with curiosity aboul me and milled about
for five minutes, fairly blanketing me—almost
obliterating the surrounding seascape,

With a ealm ser. n steady offshore breesze
or corrent, and our scarchlight in working
order it will he possible another year to make
a systematie survey of the Bermudian insular
shelf. Even to repeat the conditions under
which we worked would mean perfect facility
for recognizing the change in species of fish
and sueh invertebrates as Echinoderms and
horny corals: to sce and name and note the
lmttu.m limits of algae and brain coral and

finally to wateh for the limils of water-worn
and aiv-worn rocks, s beginnings of the lava
flows of old Bermmda  Mountain and  the
wholly  unknown trapsition from the fish of

the shore and mid-zones to Lhose of the abyvsses

of oeean,

For over a vear, ever sinee Barton and I
had talked about the possibility of descents
into Ll |_|_-|'|'|!s sen 1 had been somewhal |H"‘-.'€JI'
mistie about any large amount of life we might
hope to see from the window, ‘The constant
swaving, duc to the relling of the barse high
overhead, the greal while sphere itself looming
up through the blue murk, he apparent
scarcity of organisms at Dest in the depths of
the oeean as revealed by all deep sea net hanls,
el |"|1|:|”_1. (he small size of Lhe aperiare, much
smaller than one's Tace—all these scemed han-
I.Eil,'i"ljl'\ oo greal Ll overconie, Yot i ]Iﬂ'|_1L"
of such observations was the sole object of
the entire |r|'|1llr|'{'|_. We never ||1|'l|l_,'.'_|=|: of it as
n stunl, as beating the vécord of anyone, as
the-first-white-man-who-had-ever, cte.

The slight pessimism 1 earvied with me on
the first deep dive made Lhe actual results all
the more astonishing.  As fish after fish, which
heretofore I had scen only in my net hauls and
dend, swam into my restricted line of vision,
as I saw colors and their absenee, activities,
modes of swimming, associalions which ne one
had ever had a chanee of obscrving, T felt that
all the trouble of planning and achicving were
heing repaid manyfold. For two years [ had
been studving the decp-sea fish in a limited
area of mid-ocean off Nonsueh, and now when
we were at the boitom of our pendulum T
realized that 1, myself, was down where many
hundreds of nets had been hauled.  During
the coming vear 1 should be able to appreciate
the plankton and fisle hauls as never before,
I felt as an astronomer might who looks
through his telescope after having rocketed to
Mars and back, or like a palacontologist whao
could suddenly annihilate time and see his
fossils alive.

In the course of my various dives T found
that without the electrie search-licht for 600
feet in the open ocean, and with its golden
swath below that depth, T could distinctly see
and recognize—and even aceurately  identify
fish in many cases down to the very species.
The most interesting phase of the work was
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Main trail from the laborntories
sagebush or linlana and maritime golden-rod,

te North Beach,

the optical adjustment to a new angle of view.
During the past two years 1 had looked at a
great many thousands of dead Cyclothones in
the net hauls but it took me three deep dives
and possibly twenty observations before 1 recog-
nized these fish in the rounded objects, open-
ing and closing, which I saw again and again,
these being the great mouths of these fish
seen from in front,

In my trawling hauls on any lwo consecu-
tive davs over the identical course there is
often a very marked difference in the num-
ber and character of organims;: the first six
nets may be rich in species and specimens of
fish, the sccond six with only a few. This is
true at times of nets on the same cable—those
at 500, 800 and 900 fathoms for example, all
with a splendid lot of plankton, large Cros-
tacea, and fish, while the 600 and 700 fathom
nets may hold but a scanty showing. On
our very first control dive, immediately fol-
lowing one of a similar depth, I saw only a
small fraction of the fish which came within
the range of the glass on the preceding dive.
There seems no doubl that there are zones of

The treex are Bermuda cedars, the lesser growth is
Photograph by J. Conmery.

richness and of paueity, closely associated, but
changing and shifting.

A second unexpected fact was the presence
in comparatively shallow levels, of fish which
the trawl took only hundreds of fathoms deeper
down, 1 am convineed that this is a result of
the light in the upper strata enabling the fish
to see the approaching nets and to avoid them.
This is a problem wholly apart from the noe-
turnal migrations upward of many specics,
which in a number of instances I have been
able to verify even on elondy as compared with
sunny days.

The third point is the presence of creatures
of larger size than we have ever been able to
take in one-metre or two-metre nets, going at
two knots,

It is difficult to write of the actual personal
experience of descending to such great depths.
In my case | was so completely absorbed in
conscious observation of what [ could see out-
side my window that only by thinking back and
trving to remember what T subconsciously
recorded can I consider the adventure as a
whole. When in a position of tremendous in-
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terest, or al the eritical moment at the very
elimax of a long period of preparation, we
often realize the full significance only when it
is all over, TFortunately this was not the
in the bathysphere at our 1426 fect of depth,
I was curled up in a ball on the cold, damp
steel, Harton's voice was droning out questions
and assurances, a fan swished back and forth
through the air, and the ticking of my watch
sound of anolher

Lhei BT

came
world.

One moment stands out clearly, stimulated
by no unusual happening, when not an organ-
ism was visible in the I sat erouched
with my nose and mounth wrapped in a hand-
kerclief and my cves pressed closely against
the cold surface of the tiny circle of guartz
—that transparent bit of Mother Earth which
held so sturdily its burden of nine tons of
water back from my face. There came over
me a tremendous wave of cmotion, a real ap-
preciation was momentarily  almost
superhuman, cosmie, of the whale situation:
our barge slowly rolling hizh overhead in the
blazing sunlight like the merest chip in the
midst of the ocean, the long thread of cable
leading down  through the spectrum to our
lonely sphere, where, sealed tight, we dangled
in mid-water, isolated as a lost planet in outer-
most space.

Here, under a pressure whicly, if loosened,
in a fraction of a second would make amorphus
tissue of a human being, breathing our own
homemade atmosphere, sending a few comfort-
ing words chasing up and down a string of
hose, here I was priviliged to sit and tev to
ervstallize something of value, secing through
inadequate eyes and interpreting by a mind
wholly unequal to the task.

These are the only words T can command to
answer what has been asked of me so many
times, "How did it feel, ete ete., ete.?” And
written down they fail utterly. I have quoted
it before and probably shall again, but my feel-
ing was that of Herbert Spencer—"an infini-
tesimal atom Hoating in illimitable space.” Nao
wonder my sole written contribution to science
and literature at the time was “Am writing at a
depth of a quarter of a mile. A luminous fish
is outside the window."

At any rate, here was I, by grace of the in-
genuity and generosity of Otis Barton and from

us a th‘."!.]ILft‘ N INOry

waler,

which
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the New York Zoological Socicty side, of Har-
Williams, Mortimer Schiff, and Froest

And instead of a swift deseent and re-
a silly record to brag of, we were

rison
Wieir,
turn and only
staying minutes and hours in the sphere, com-
tortably looking out and secing ereatures which
had evolved in the blackness of a blue midnight
for the hundred million vears or so,
ever sinee the second I:E:l:l.' of creation when the

st one

oeeans were born,
It seems Lo be the habit with modern cx-

ploreres Lo measure the extent of new lands ey

ave traversed in terms of well-known states
or countrics. [, alas, lave nothing but addi-
Lional water to offer, but here goes: I the

water of the occeans which we have made our
own (or a quarter of a mile depth, was equally
distributed over all the dry land of the world.
the Americas, Furope, Africa and all the rest
would be submerged well over a hall mile. Or,
if you like this sort of thing, I may add that
we have provided the possibility of exploring
at first hand 35,000,000 cubic miles of water,
and these if laid end to end—but the reader
can carry on for himself,

We hope in 1931 lo continue work with the
bathysphere, using new quartz windows and
fresh, electrically wired hose, and if possible
we intend to penclrate the ocean a full half-
mile, and study the abyssmal life at that depth,
But there is sufficient work for a life-lime well
within the zone of new territory in the open
ocean which we have added to human activitics.

We biave set ourselves four ohjects for next
year:

{1} To descend to 500 or 600 fathoms,

(2) To remain for several hours eontinually
at eerlain definite depths, for prolonged obser-
vation.

(3) To carry out definite tests of light, pres-
sure and temperature with adequate instru-
ments.

(#) To trace the gradual change from shal-
low water fauna to that of the deep sea.

The importance of the whole adventure may
be summed up in a single sentence: The mar-
gin of safety, as we have demonstrated, makes
future research in this provinee possible and
reasonable; the results, both in sheer accuracy
of observation, and abundance and varicty of
visual material will warrant the continuation
of this method of research,
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The Bathysphere

Orris Banrox

r]:’{”". Bathysphere is a spherical steel diving
chamber, or tank, as we generally eall it
It was designed by the writer, and Messrs,

Butler and Barret of Cox and  Stevens.
It consists of a single casting made by the
Watson-Stillman Hydravlic Machinery Com-

The first casting weighed five tons,

pany.
which proved to be too heavy for any of the
It was there-
five

hes in

winches procurable in Bermuda,
fore junked., Our present tank

thousand pounds, is four feet nine ine
il least an ineh and a

wiiirhs

diameter, and has walls
half thick.

It earries a four lundred pound door, fas-
tened over the man-hole with ten large bolts.
This door has a circular metal gasket which
fits into a shallow groove. The joint, when
packed witle a little white lead, was entirely
waterproof at twenty-four hundred feet. In
the center of the door is a wing holt plug,
which can be serewed in or oul quickly.

The windows are evlinders of fused quartz
eight inches in diameter and {hree inches thick,
They are a special product of the General
Electric Company, the use of fused guarts
being suggested by Dr. E. E. Free. They are
fitted into cannon-like projections in the front
of the tank. The joint is secured with a paper
gasket and white lead, and a light steel frame
is bolted over each on in front. In all we have
had five guartz windows. The first was ehipped
in an attempt to grind it into its seat. The see-
ond gave way under an internal pressure test of
one thousand two hundred and fifty pounds to
the square inch. It seems probable that the
frame in front was bent oul, and that the result-
ing sheering strains broke the glass.  The third
was broken when the frame bolts were tightened
unevenly. The remaining two, however, have
never leaked a drop, and have withstood the
pressure at twenty-four hundred feet, and will,
no doubt, hold much more.

The electric cable was specially made by the
Okonite Company, Tt is one and one-tenth
inches in diameter and has a heavy rubber in-
Tnside are two eonductors for the

sulation.

lights and twe for the lelephone. The cable
passes through a stulling box in the top of the
tank and is squeesed up by two glands, one
outside of, and the other within, the

It, too, proved entirely waterproof

o the
sphere,
under all pressures we cncountered,

The two big conduetors passed to a two
hundred and filty watt spot-light (loaned by
F. W, Begzs of the Westinghouse Company) in
the right forward projection. We were obliged
to seal the left projection with a steel plug,
since only two quartz windows were left. At
depths of over seven hundred feet the beam of
light could be scen passing throngh the water,
When more illumination was desived, it was sim-
ply necessary for the divers to direct the deck
crew Lo specd up the generator. The light was
turned out by the divers when they wished
to observe the effects of the nalural submarine
illumination. To facilitate these observations
the entire interior of the sphere was painted
black.

The small conductors passed to the telephone
lent by €. R. Moore of the Bell Telephone
Laboratory. The two sels were run by a twenty-
two and a half volt radio battery on deck. At
times stalic occurred, especially when the free
ends on the conductors were disturbed, buot on
the whele they were a success.  All observations
taken in the depths were recorded by the deck
CrEW.

The breathing apparatus was designed by Dr,
Alvin Barach of New York., On either side
clamped to the wall an oxvgen tank was ear-
ried, either of which would take Dir. Barach's
special valve.  We set this valve to allow two
litres of oxvgen per minute to cscape for the
two divers. One tank lasted about three hours
at this rate. Above each tank was a wire mesh
tray. One contained soda lime, which took up
the €O, the other ealeium chloride which al-
sorbed the moisture.  Palm leaf fans kept air
in circulation. During our deepest dive of
fourteen hundred fect we were comfortable and
eool, although we liad been inside more than
an hour and a half.
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For lowering the bell, we nsed De. William
Beebe's seven ton wineh and special large reel,
To operate these, we installed two boilers on
the after part of the long deck of our lighter
which had once been the H. M. S, Neady, The
lighter was in turn towed by the tug Gladisfen,
of the New York Zoologieal Society. This
equipment was used on the Arclurus .EX})L'tH-
tion, as were also the three six-ton sheaves.
One of these was bolted to the deck about 70
feet in front of the recl at midship. From this
the cable returned to the second sheave close
to the mainmast and then passed to the third
at the end of the heavy boom.

The cable was a speeial seven-cighths ineh,
stecl-center, non-spinning one made by HRoeb-
ling, It was thirty-five hundred fect long and
would hold twenty-nine tons,
two tons under water., On our dive of foor-
teen hundred feet, therefore. the weight of the
cable let out was nearly six-sevenths of a ton
in the water. To this was added the weight of
the bathysphere in water, about seven-eighths
of a ton. The amount of cable onl
lied by the special meter wheel also from the
Arcturus, as well as by a system of ribbons
tied around the ecable.

The comparatively light electric cable was let
out by hand, and attached at intervals of not
more than two hundred feet to the steel ome.
This we did at first with brass clamps, but
later it was found better o tie them together
with lengths of rope about a yard in length,
since these took up much of the twisting. The
winch could be stopped while the tic was made.

It weighed about

was tal-
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Several problems were naturally encountered
in these operations, At first we found that the
sphere swung badly when raised from the deck.
To remedy this we lowered the boom, by means
of a second winely, nearly down to the elevis,
The
whole boom was then raised and pulled out over
the side, with the top of the tank almost
touching the third sheave. From this position
the sphere eould be lowered upon a single whip.

Perhaps the greatest trouble was caused by
the twisting of the rubber hose about the steel
Most of this was apparently due to the
failure to stretell the latter by letting it all
out without the rest of the apparatus and then
When
twisting was bad we would tic up the loops
every two hundred (ecl in a loose eoil, through
the center of which the siecl eable continued to
operate. Eventually, however, we succeeded in
retting out as much as two thousand feet with-
out twisting.

which connects the ecable and sphere.

eable,

to rewind it under tension on the reel.

Besides taking observations at greath depths
in the open ocean, we tried towing the tank
along under the vessel, endeavoring to keep the
hottom in sight and not to run into any of the
ledzes which rise up quite suddenly in these
waters. In this work we nailed a wooden rod-
der on each skid behind, by which the windows
were kepl always to the front in the dirceclion
of makion,

Tt is with this outfit that we hope next season
to study the contours of the bottom down te
five hundred feet and also to make dives in the
open ocean of two thousand feet.

e

How the Bathysphere Was Operated

Joux Tre-Vax

T[} operate an elevator in a skyscraper has
always been my seeret ambition; by a twist
of the wrist to shoot rockel-like up and down
a shaft. to be guided by the flashes of myste-
rious colored lights, to converse familiarly with
all humanity from charwomen to kings of fin-
anee,

This vear my elevator ambitions were ful-
filled in a most remarkable manner, But in-
stead of being in a prosaic skyscraper 1 was

far out at sea; I controlled the mechanism from
outside the lift, and although my passengers
stopped at many floors they never alighted. It
might indeed have been called a deelevator—
for its starting point was at the top and every
passenger made the round trip.

This unusual elevator, the bathysphere,' is

1 Information as to slzes and construclion of the varioos
parts of the bathysphere, iz glven mainly in the caplions of
the dingrams and photographs ustrating this Bulletin.
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50 unique and the results gained from its use
have been so valuable, that a description of the
method of using the apparatus will not be
Amiss,

A typieal day's procedure, which will show
the operation as well as any other way, can
be outlined as follows:

The Ready, a hull of an ex-British Navy
water-boat, one hundred and thirty fect long
and twenty-three feet beam,—with the bathy-
sphere and necessary machinery for operation
on board, is towed out to sea by the Zoological
Society’s chartered tug Gladisfen. The days
chosen are clear and calm and with little breeze,
although on some of the later descents the wind
and sea rose to quite an extent. On practically
all of the days that the bathyspliere was em-
ploved, it was neeessary, because of current,
swell and wind to go from five to eight miles off
shore, This was done so that the barge wounld not
drift in toward land in case of aceident to any
of the machinery, and also to eliminate the
possibility of striking an uncharted peak, an
unlikely but pessible happening in the shallow-
er waters near the coast,

During the journey out steam is raised in
the two boilers and the rigring,—cables, fast-
enings, pulleys, cte.. is examined so that by
the time that the barge has reached far enough
off shore to begin lowering the sphere, every-
thing has been investigated. The quartz win-
dows through which the divers observed are
polished and their fastenings checked : the stuf-
fing-box through which the electric light and
telephone cable enters the sphere is tightened:
the gaskets on the great door are cleaned, the
remnants of previously-used white-lead being
removed from the groove of the sphere into
which the raised gasket of the door fitted. The
screw threads of the central bolt of the door
receive the same treatment.  The ten nuts which
hold the door tightly in place are examined
and put in numerical order, so that each nut
is ready for its own individual bolt. T.ast but
by no means least, attractive, ill-smelling bait
is fastened to the sphere just below the quartz
windows,

When nearing the desired loeality for the
descent and just before the divers enter, travs
of chemicals are placed on the racks inside the
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sphere just above the heads of the future oceu-
pants—on one side caleiwm ehloride (anhy-
drous porouns, No, &8 mesh) for absorbing mois-
ture, and on the other side, soda lime (4-8
mesh) for absorbing earbon dioxide, T'wo tanks
of oxygen, each containing eighty gallons of
oxvaen under a pressure of ecighteen hundred
pounds, are fastened to the sphere a short dis-
tanee below the chemical trays, one tank being
prepared for immediate use by elamping a valve
in place, while the other is held in reserve.
These two tanks when filled completely, are
sufficient to sustain life in two people for eight
hours,

With evervthing in readiness the ship is
hauled upinto the wind and swell and the two
divers slide  through the latehway into th
sphere.  Palm-leaf fans to keep the air in eir
culation, notebooks, tools such as wrenches,
serew-drivers, pliers, ete., keys to oxvgen valves
and most important of all, pillows to cushion
the occupants, are passed through the opening.
The four-hundred pound door with its central
wing-boll removed, is slung into place, being
lifted by means of a small hook screwed tem-
porarily inte its upper rim, Lifting the door
is accomplished by means of a small block and
tackle attached to the boom overhead. When
the door is part way in place and its weizht
supported by the ten bolts, the hook is removed
and the door shoved home, the sunken copper
washer having been given a light coating of
white lead in order to insure absolute sealing,
The ten large brass nuts, which had been
placed in numerical order on the deck beneath
the door are serewed onto their respective bolts
as rapidly as possible by hand and tightened
by wrenches.—the final tightening being done
by hammering the outer ends of the wrenches,
a procedure not especially enjoyed by the in-
mates.

Meanwhile the outer end of the boom has
been raised and swung inte position so that the
sheave is about ten to twelve feet above the
sphere,—this distance being sufficient to allow
the bathvsphere to clear the bulwarks when it
is raised and swung over the side,

While the central wing-bolt portion of the
door is still open, tests are made of the tele-
phone connections, lights and other apparatus
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within the sphere.  Conversations over the tele-
phone are constantly in progress from now on,
and even when there is nothing to communicale,
an O.K. is senl out every fifleen or thirty see-
onds to show that all is well.  Evervthing being
reported in proper order, the central bolt with
its threads slight
white-lead, is serewed in and hammered tightle
into position,
the oxvgen tanks is opencd by one of the divers
and oxygen allowed to escape into the tank
the rate of two liters per minute,

for the plunge. All
hands being stationed at their respective posts,
the signal is given to haul the
head of the boom. and in a

ball is swspended over our

coated with » amount of

As it is tightened, the valve on

Now evervthing is ready

sphere up to the
few sceomds Lhe
heads, swingiig
slightly with the roll of the vessel. All hnd

fall to and haul or lopsen the guys that hoeld Ht:-
outer end of the boom in place, one guy each to
port, starboard and forward. In a minute or
two the order is given to make fast and the
sphere is now over the water and ready for sub-
MErsion.

the barge

When the proper moment arrives and

is rolling but slightly, the bathy-
sphere is lowered into the sea and allowed to
descend beneath the surface, from
the vessel's side at this moment usually being
from ten Lo fifteen fect.

its distance

With the top of the sphere just below the
surface, the meter or measuring wheel is set al
geron amd a pieee of white cotton tape is tied
to the eable. ‘I'he meter wheel registered the
amount of cable reeled over it direetly and all
that was necessary was to change this reading
from meters to fecl. The em-
ploving the white tape, functioned as follows:
A board indicator was nailed to the deck at
fifty fect from the forward sheave. The first
tape was ticd to the eable at the indicator, and
when it had travelled to the sheave and back
to the marker again a hundred fect of cable had
been let ont, and it was only necessary to fasten
on another tape to repeat the same performanee
for the next hundred feet, The measured dis-
tance of fifty feet did not include the distance
around the pulley, which added two feet to
each hundred. The accuracy of these two sys-
tems of measurements may be judged by men-
tioning that the discrepancy between the two

second method,

Noveuber-Deeepher, 1380

Section of the
A, Bwivel
calble

Lnthysphere.
amld Clevlz for altiching cable to sphere.  The

approximmbely nmbural  size.
wins -8 inches in dinmeter nnd 3300 feel Jong, with
Its nlternnte stronds Inid in opposite directions to correct
the propensity to =pin when fn the waler. The setual
allachment of the cable to the swivel wis mude by separnt-
Ing the strimels of the enid of the cable until they spread
out Into o truncabed cone, between the Interstices of which
white melal was poursd. ‘Thiz cone was then palled op
inte the correspondingly-shaped portion  of  the swivel
H, StufMimg-lox through which the eleelrie cable entersd the
sphere, Formed of nn Inner broass ehod and an oober
stainles= steel gland through which the eabls mn,  Special
pnecking was plneed between the outer and  inner glands.
which  were  then tghtened by means of  wrenches:
15, Electric ealile, 1| oamd =00 inches in diameter and 3000
Feel long, heavily insulatied amd containing Two wires Tor
the lelephone cirewit and two for the  electric  Hehts.
Iy, Telephone. K. Senrchllght with beam focussed through
window 1% F. ODxygen tank ready for ose with valve ni-
tached —one ddial showed the amount of oxygen remalning
in the tank, the olber the mbe of discharge. Fr, Heserve
Oxygen tank. O, Tray eontaining soda lime for nhsorbing
carbon dioxide.  H, Tray containing ealelum chilorlde for
nhzorbing moisture, 1, Main observation window, 8 incles
in diameter, The windows were dizses of fused quartz
3 inches thick and & inches In dismeter. I and 1%, Windows
for searchlights. During the 1820 descents window 1* was
Alleed with o stesl plate,

amounted to two feet in fourteen hundred and
twenty-six,

The sphere is lowered until it is well below
the keel of the barge, and the guys are hauled
in until the main cable is but a foot or so from
the side of the vessel; it being necessary to
have the cable as close as this so that the cable
clamps connecting the electric line and the main
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I"tan and Elevation of the Bathysphere Apparalus s 60 was arraoged on beard the Ready.

«team  bodlers, generaling

I pounds steiam  pressure,

Twur

were uwsel bo drive the winches.  The left

haml winch wins used for operating the 1ift which redsed or lowered the boom, while the right hand
wineh carried the main cable which supporfed the hathysphere.  The path of the cable is shown as b
passes first from the winch to the sheave near the bow of the orge, thence to a pulley nenr the sl
and fastened to the deck before it finally pisses over the sheave at the tip of the boom from which it
drops into the =i, On the lewer ilostration the meter wheel can be seen attached to the boom.  The
upper ilustration shows the varfous goys that beld the upper end of the boom in place and the
measuring stick placed fifly feet from the forward shenve,  In the upper rieht hand corner is the
weneralor, attached bo thie 000 foeol length of electrie cable, which whien not overboard wis coiled on
ek o e el slide of the viessel, The deck Leleplione was connecbed (o e mnin cable al ihe generator,

cable can be attached. Word is now sent to
the divers that the deck erew are waiting upon
their orders and from here on all raising and
lowering is controlled through the telephones by
the occupants of the sphere.

As far as the deck erew is concerned all are
at their respective posts. The helmsman main-
tains a course that eliminates as much rolling
as possible, as the ship has just enough forward
motion to hold it head to wind and sea, Two
men are assigned to fastening on the clamps
which attach the electric light and telephone
cable to the steel supporting cable. Five others
pass this cable from where it is eoiled on the

port side of the deck, over the main eable and
the bulwarks and pay it ont at nearly the same
rate of speed as the sphere descends, A
winchman stands by at the levers of the main
wineh, while the second winehman who is needed
only during the landing period, takes care of
the steam boilers. Two of the staff read
the meter wheel and keep track of the registra-
tion of the amount of cable let out, ealling out at
each fifty or one hundred-foot interval, while
two others of the Nonsuch staff control the tele-
phones and constantly record times, observa-

tions, ete.
Orders from below are called ont, “Lower
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fifty feet.” With a rumble, the great wineh un-
reels the cable until the first tape reaches the
sheave at the bow, when the engine is stopped
and word is sent down that, "You are now at
fifty feet.”

aphere moes lower, a stop being made at each
= I L

The same process continones as the

hundred fect to fasten a tape and at every two
hundred feet to elamp the electrie cable to the
main eable.

The electric cable is paid out by hand, its
own weight being sufficient to cause slightly
more than two hundred feet of itself to run out
for each similar unit of supporting cable, thus
prodocing a small amount of slack, This slack
is of considerable value in taking care of the
twisting of the cable,—a subjeet discussed later
o1,

When the sphere reaches approximately onc
hundred and thirty feet, it passes out of sight
of those on board the barge and contact changes
from visual and aural to awral only. Lowering
continues in the same way, the divers being
moved to whatever level ther desire, remaining
there until their observations are completed.

In bringing the sphere back to the surface,
most of the operations employed in lowering are
reversed.  The eleetric cable is hauled in by
hand, a rather tiresome procedure, but not a
very  dificult the two hundred foot
lengths between supporting clamps ean easily
be hanled upward by two men working side by
side. The main ecable, however, in ascending,
has to be spooled onto the drum, a procedure
requiring three men. A snateh block is fast-
ened about the eable and connected to either
side of the ship by means of bloeks and tackle,
thus allowing the cable to be hauled from one
side to the other depending upon which side of
the drum the eable is being wound upon.

one as

When the sphere on its wpward journey,
reaches fifty feet from the surface, the boom
is onee again swung outward so that the bathy-
sphere can pass the side of the ship in safety.
When this is accomplished the sphere is brought
up so that its top is at the surface of the sea.
The actual emergence from water to air is al-
ways a gradual one, principally because of the
difference in weight of the sphere while in
water and in air.—the weight in the former
¢lement being about seven-eighths of a ton and
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in the latter two and a fifth tons, Too swift
a woltion might produce a sudden strain upon
some portion of the machinery.

When the ship is rolling least, the bathy-
sphere is hauled up to the tip of the boom, as
The boom is
pulled in until it rests over the mid-line of the
ship, and, by the smaller
winch, slowly lowered until the sphere onee
more rests upon the deck. It is necessary to
use this method of landing, for if any length of

close to the sheave as possible.

means ol second

cable is allowed o remain between the sphere
and the sheave, the sphere operates as a gigan-
tic pendolum and thrashes violently about,
With the sphere onee more on the deck, the
central bolt of the door is removed, the ten
nuts unserewed and he

of place.

ereat door hoisted out
The divers slide out and streteh their
cramped lmbs and o descent into another world
in a unigue clevator has been accomplished.
Observing the bottom close inshore in depths
down to three hundred and ffty feet required
the same operation of the sphere, with the ex-
ception that the units of raising and lowering
were smaller, ten feet being the usual amount
of cable let out at a time, and that extremely
close attention had to be paid to rapid manipu-
lation of the winches in ecase the sphere came
suddenly too close to the bollom. When ob-
serving the bottom at these depths, the vessel
was taken close to the coast and pulled slowly
out from shore, the sphere being lowered as the
bottom became deeper.  In order to keep the
sphere from spinning as the ship moved for-
ward, wooden rudders were fastened onto the
rear ends of the skids. These effectively kept
the windows to the front. Soundings were
made every few minuies with a lead line, when
the bathysphere was employed in contouring.

As already mentlioned, most of the details of
the bathysphere are given with the illustrations,
A few phases of the outfit and operations which
cannot be illustrated in that manner are des-
eribed here,

On the carlier test deseents with the empty
sphere, the electric cable came to the surface
wound many times about the steel supporting
cable, at one time as many as forty-five turns
being found in 2,000 feet. Evidently twists
insinuate themselves as the steel supporting-
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eable is wound from its factory reel onto the
wineh, and these in turn eanse the electrie line
to wind itself up. A single descent of the non-
twisting steel cable, with its attendant unwind-
ing, allowed the cable to take its correct lay,
and in use after that only a single or at most
two turns were to be found in each two hundred
feet. During these deseents the eleetrie cable
was fastened by double-jawed elamps divect Lo
the supporting cable.  Afterward it was found
better to insert about a yard or so of rope
between the cable attachment and the clectric
eable attachment. Twists, if present, wern
taken up by the rope, and this if necessary
could easily be cut and the clamps removed
without trouble.

In the earlier test descents whenever the elee-
trie line was twisted about the cable, the turns,
as they arrived at the surface, were tied to-
gether in large loops, through which the main
cable ran. This procedure operated efficiently
and required but little effort or time. After the
bathysphere arrived on board ship, the coils
were unwound by removing the end of the
cable from where it entered the sphere and un-
coiling 1t

The generator employed for electric lighling
purposcs, was a 110-volt Kohler plant of 1500
watt capacity, connected through 3,000 feet of
insulated cable to the sphere. The distance be-
tween the generator and the bathysphere caused
a drop in the voltage, so that it was necessary to
use especially made 90 volt lamps. The elec-
tric cable was coiled on deck near the genera-
tor when not overboard.

Whenever the divers required electrie light
they asked for it and the generator was started.
The clectric light circuit also served as an
auxilinry signalling apparatus, as, in case of
breakdown of the telephone lines, signals could
be sent by turning the electric light off and on
by means of switches, situated one in the bathy-
sphere and one at the generator. A control
lamp was placed in the circuit so that those
on deck could tell when the light was on below,

The telephones were of ordinary type and
operated on 16 or 22 volt dry batteries. The
instruments were furnished with head phones
and neck clips so that the hands of the liaison
officer and diver were free at all times.
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The erew necessary for the operation of the
Bathysphere consisted of the following:

2 divers

1 deck officer in charge of operations on
deck, such as control of the winches,
raising, lowering, cle,

1 linison  officer, relaving  communica-
tions between the divers and deck offi-
cer, and communicating the observa-
tions of the divers to the recorder.

1 recorder, keeping account of time, and
noting all observations called through
the telephone to the liaison officer
from below,

winchmen, one on duty at the main
winch which controlled the main ca-
ble; another who operated a smaller
wineh which lowered and raised the
boom supporting the bathvsphere. The
second winehman acted as a fireman
during the periods in which he was
not needed for the wineh,

1 steersman, controlling the rudder of
the Ready.

2 men, clamping the telephone line to
the main eable,
9 deckhands, paying out and hauling in

telephone eable, hauling guys, wind-
ing cable on drum, cte.

1 or 2 messcngers, communicating be-
tween liaison and deck officers; one of
these attended to the generator and
its requirements.

1 man, reading meter wheel and tyving
tapes onto the eable at every hundred
feet.

In shallow water when there was a possibil-
ity of striking bottom, two men were assigned
to sounding, determinations of the depth heing
made with a lead line every few minutes,

To complete the roster of those necessary
for the operation of the sphere, there must he
added the crew of the Gladisfen, 5 men, and
one man who operated the motor-boat which
stood by in case of emergency.

Counting the six men last mentioned, it will
be seen that the total number needed for low-
cring the bathysphere amounted to twenty-eight
persons including the two divers. This num-
ber might have been reduced slightly, but the



240

BU Ll
unigueness of he venlore required  an over-
complemented  crew  rather than an under-

manned one,

In the use of the bathysplere and its aeces-
sory equipment the factors of safety cmployed
vught to be stressed. Those used in the oubfit
were as great as could be consistently obtained,
As an example, the main cable had a breaking
strain of twenty-nine tons and a maximum load
of three tons,

ik -

Five methods of ohserving fizh: In tide-pools, with

water-wings amd wal rlass, throwegh o gloss-hol-

tomed boat, wilh diving helmet anmd in the batly-
spliere.  Drawn by Bostelmanmn.

ETILX November-December, Jo30
Safety in the operation of their elevators is
the only reason why our skyscrapers nre able

to exist, and the operation of the bathysphere
or deelevator represents a new safe invasion of
man, nol upward inte oflices and homes far
above the strects and avenoes, but downward
into the darker deeps where for untold centuries
the lights of decp-sea fisle have turned on and
off in much the same way as the great adver-

tising signs on the roofs of our tall buildings.
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Telephoning to Davy Jones's Locker

Groniy, Honnisrer

WISH my readers could ask Central for

Bathysphere 0001 and hear for themselves,
as I have, the exeited voices and thrilling ob-
servations of two pioneer cxplorers sealed in a
sphere of steel, sinking down and down into
no-man s-deep.

At ten o'clock on June eleventh I was seated
on the rolling foredeck of a weather-worn
barge. the Ready, in tow of the Gladisfen eight
miles out at sea south of Nonsuch Island. 1
was erouched close to the gasoline engine which
generated light for the sphere and was adjust-

ing the car-phones to my head and connecting
the telephone battery which was the heart of
our only communication with the bathysphere.

The divers were already in the sphere and
Dr. Beebe's face appeared at the center win-
dow signalling that they were ready for the
final electrie light and telephone test. I plugged
in for only an mstant because the hammering
on the bolts of the four hundred pound door
reverberated over the wire beyond endurance.

There was tense but silent excitement every-
where on deck as cach man performed his share
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of the preparations and then waited at his post
for the auspicions calm during whicl the bathy-
sphere conld be swung from deck to water, My
brief words of that
evervthing was ready and in order seemed to
As the
sphere was hoisted high above the deck and

assurance to the divers

echo from every part of the barge.
lowered below the surface, Otis Barton, who
had the other end of the telephone. thought and
wondered alond about  the
things that might co wrong,
he had forgotten that even a4 faind
verberated in my like
through a gorge. Each sugzestion reacted viv-
idly on my keved-up imagination. 1 elamped

W POOnes Closer o MY cars oesp fliese jia[‘.‘:\.
t ! | i \ lest |

many  mechanical
I his excitement
".l.!I:-I'\-\.Ill'l_' L

¥ls B
CiErs rusing T-.!I!i!

should be overheard and interpreted as demor-
alizing facts. Soon after the sphere started its
descent, reports of almost unbelievable obscrva-
tions came as rapidly as I ecould record the
depth, time and message. This in
sured me that conditions with the divers were
splendid and I frequently called out a message
to cheer the anxious stall and crew.

itself ng-

For the next two hours I was wholly ab-
sorbed in receiving and dictating messages of
all kinds, mechanical, meteorological, and seien-
tific from depths to which living men had never
herctofore penectrated.

I experienced with the divers the joy and
excitement that was cansed by cacl ab-
servation, but, secretly, 1 longed to see ab first
hand these folk of the deep.

Only onee during this record dive, when
the spliere had almost reached the record depth,
was 1 confronted with intermittent static which
was soon controlled on deck. Even the slight-
est indication of this trouble worried me for
on a previous deseent static was caused by a
severed wire in the hose near the sphere which
resulted in a complete break in the connection,
The deadly silence during the rapid recall of
the sphere with its human ecargo was almost
Had anything more serious hap-
It was only too

new

unbearable,
pened than a silenced wire?
casy to imagine that the sphere had hroken
loase from the cable and like the head of a
comet plunged downward and downward leav-
ing only a momentary trail of phosphorescence.

But to continue with the present dive, while
the sphere, on its way up, hung just below the
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surface waiting for the last readjustment of
s voice

the weary ereaking booms, Lhe Direet
came over the phone asking if T were ready to

e the pext dive. 1 had longed o see alive,

with my own eves, the creatures which, for
months, 1 had sorted and classificd in our hun-
dreds of nets, and with whose skeletons T was
so familiar. My imagination was working at

top specd, but 1 refeained from definite

hope until 1 could be certain that this was not

any

just another joke from below o lighten the

steain on board.  Between greatl, smooth, sor-
face rolls, the spliere was buowled safely on deck
and in a few minutes its human ¢ } Wa§ Ti-
leased.  Then the amd Otis Barton
presented me with the strangesl and most de-
sivable birthday present in the world. It was
all the more surprising becanse I had forgotten

Director

it was my birthdayv,—all trivial memorics had
vanished in the face of this greal diving soe-
vess,  John Tee-Van welcomed this reverse in
responsibility as muel as 1 did for he had had
full eharge of the deck ecrew and the manipu-
lating of the mass of machinery necessary for
lowering and raising the batlhiysphere.
The Director gave us final instructions and
at twelve-thirty-two we were in the sphere and
The
hammering of the ten big bolts began and 1
winced as | recalled the other dives when I
held the deck end of the telephone. Within
the sphere this rhythmic elanging was merely
monotonous  because we were impatient to be
below. Tee-Van adjusted the flow of oxygen
and elamped the earphones to his head while 1
pressed my face to the window and waved a
signal to Barton that all the connections were
rendy for the final telephone test.  Then the
Director, who was managing the deck crew,
shouted “vou're off," and Barton warned us to
brace ourselves. [ felt perfectly safe and much
more comfortable than when on deck watching
It was un-

the giant deor was swung into place,

the others go down in the sphere.
believahle that T should be in this reversed po-
sition with the Director and Barton in charge
on deck. Not until the two tons of steel which
encased me swaved in mid-air over my friends,
poised for a calm, then plunged below the sur-
face, did I realize completely that this was my
hour.
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A young pedicubale fish, with the real body showing through the translocent, Lal

lomnm=liker, oulir sk An lluminated teninele is just developing oo 1ogp of the lemil,

Painted by E. M, Bostelmann.
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As the sphere broke the smooth surface it
faced the bow of the barge and we had a hasty
slimpse of the Gladisfen Leailing her long, slack
tow rope.  Suddenly, the seenc was no longur
hoats, machinery, and men, but instead the ceil-
ing of the sea quilted in silks and studded
with glistening bubbles of air. Then Barton's
voice broke a silence that only dead men know
and brought an carthly aspeet to this canopy
mirage which had held our gaze. He reporied
that we were hanging at fifty feet while the
first clamp was attached to the cable and the
telephone hose.  We strived continuously o
control the seliishmess of over-enthusiasm and
to refrain from occupying morve than our half
of the quartz window. This was unlike the
former dives when the Director had the window
alone beeanse Barton had chosen to watch the
oxygen gauge, chemicals, and possible places
for leaks.

Strange vertical streaks of light broke the
solid brilliance of the water, like a sunbeam
that has erept through a chink in an old dun-
geon wall and made the moist mold sparkle in
the darkness. Then the tone of the light be-
came more and more amaging. Rays of bright
sunlight that had struggled to illumine this
world of water vanished and all became a lake
of intense bloish green.  Air bubbles continued
to rain upward, many oozing from the bait
tied at the margin of the center window., Hun-
dreds of tiny, white triangular pteropods darted
in mid-water with here and there a spray of
small, brown, throbbing linuche jellies. A
slight swaying of the sphere had been notice-
able but we were not conscious of downward
motion until Barton reported that we were de-
scending. 1 remarked atl the wonder of being
able to observe life bevond the maximum depth
permitted to us in the diving helmet, In a few
minutes Barton's voice again awakened our
other world consciousness and reported that we
had reached the depth of two hundred feet. The
sphere swayed here for several minutes while
another clamp was attached. A comb-bearer
jelly, or ctenophore, was wafled close enough
to see its eight rows of eilia waving it througlr
space. There followed a large ghost-pale um-
brella jelly trailing its four oral stinging tenta-
cles. Then another tiny linuche jelly appeared
and disappeared into the bluish green beyond.

A swifl-swimming silvery fish swerved at the
bait, peered at us, then vanished.

suddenly, the upward course of the jellies and
the glistening  bubble-like pleropods indieated
that the sphere was descending again. Then
the Director spoke on the phone for the first
time and told us that we had reached the depth
of four hundred and ten feet.  After a hasty
g]nm:u: to assure those on deck that the door,
hose, and window grooves were not leaking we
continued to concentrale on the twilight pa-
geant which streamed past our tiny quartz
port-hole. We watched a school of colorless
shrimps pass in the distance and a startled
carangid-like fish as he butted savagely against
the window and darted away into blue space,
It was diffieult to believe that these creatures
and hundreds of others could exist in this world
of strained sunlight, constant eold, and cnor-
mous pressure. At this depth the pressure on
the sphere was one hundred and ninety-seven
pounds to the square inch, or 2,032,055 pounds
total pressure, or 1,016 tons.

Looking directly out, blue seemed to be the
dominant tone, and pecring straight down we
stared into an infinite depth of dazzling blue
purple. This was an awful color which excited
not only an indescribable foree in holding our
attention, but a strong desire to descend deeper
and deeper “down to the dark, to the utter
dark, where the blind white sca-snakes are”
We asked the Director to lower us another hun-
dred feet, but his reply was decisive and soon
we started to ascend. At three hundred feet the
silvery fisl appeared again and pirouetted
around the bait long enough for us to identify
it as Psencs, many of which have come up dead
in our nets. We passed several small eylindri-
cal salpas and many shrimps. Psenes contin-
urd to dart around the bait while we were held
at two hundred feet to have the clamp removed.
Suddenly, a long, slender, ccl-like leptocephalus
undulated into view. With the exception of its
glistening eve it might have been a strip of
wavy, white, tissuc paper. Only two days be-
fore a similar leptocephalus had come up alive
and T had studied its ways of swimming and
breathing but under artificial laboratory condi-
tions, acrating the water and regulating the
temperature all night in an effort to keep it
alive. Here, in its natural haunt, its move-



metls were much less .-]:;|'<||'||.1|ii|_' and harried
and it slid past with liead poised and slow
graceful swaying of the body like those of a
giant snake.

We beeame more exeited when we saw Lhe tail
of an eel which seemed to dangle near the bait
Just out of full view,
into the

But soon this cel turned
the Yoological Socicty's flag
which draped one side of the Sphere,

el of
Psenes
'|'-|';|||'||1'.|.!'|.'|,| amd followed as far as l]ll,' rit.t:l.‘
foot halt, where the last elamp was removed,
Here we were aculely conscious of the bril-
liance of the light, made the move dazzling by
Then, as prear-
ranged, the Diveetor pounded on the cable and
we answered by hammering on the side of the
sphere near the inlet of the telephone hose.

the glistening Pteropods.

U L LET

November-Noce milier, 1850

Both messages were heard distinetly,  In case
of a severed telephone conneetion in the future
this signal could be nsed as a reassurance for
those on both ends of the eable,

In a very few minutes we had broken the
quilted surface and were swinging high above
the deck waiting for a calm during which to
land. Before the center plug of the door was
entively unserewed we heard the outrush of air
which sounded like the swash of a tide along
a deserted shore. Our ears pained for just a
second while becoming adjusted to normal at-
mosphere. After the big bolts had been whanged
oft and the giant door swong open we cmerged
from our steel chirysalis, excited by the unfor-
gettable experience of this hour, and merged
again into the scene of boats, machinery and men.

A Pertect Depth Recorder

Witriam Beene

I I' has been the costom in recent vears for
occanographic expeditions, instead of giv-
ing an cstimated depth of their mid-water net
hauls, to state the amount of wire out.  Seldom
are we told the size of the wire, the trawling
angle at which it is drawn, the terminal weight,
and the nomber and character of the collecting
appliances.

In the Plymouth “Journal of the Marine
Biological Association™ (Vol, X1II, No. 3, pp.
769-77F) Dr. Russell writes of a depth re-
corder Joaned by the British Admirally which
registered exact depths down to fifty metres or
twenty-five fathoms, How much deeper it
could operate, or what Lthe mechanism was we
are not told, but an illusteation of a diagram-
maltic record shows that this instrument is ex-
ceedingly accurate at least in shallow depths,

My own work at present deals with depths
of five hundred to one thonsand fathoms, and
with pressures from 1350 to 2700 pounds to
the square inch,

Among a list of unsolved problems connected
with the mechanics of oceanographic work
which I disenssed with Me. L., R, Smith of Mil-
waukee was that of tracing the cxact course of
the deep sea nets,  Mr. Smith was eager Lo help
ug and had unlimited faeilities both in trained
engineers and in laboratories in his steel plants.

In 1929 he devised and sent me o cireular
depth gauge in which the outside pressure was
{ransmitted to two needles on a disk, When
brought to Lhe surface the extreme depth was
ascertained by the pounds of pressure indicated
by the idle red needle. It was found execed-
ingly difficult to adjust this recording needle
so that it would be flexible ecnough to shift
casily, sufficiently stiff to maintain its ultimate
position, and yet on the whole to resist dis-
placement from the jerks and vibrations conse-
quent upon being drawn through the water al
the end of two miles of eable. Nevertheless,
when first lowered vertically to a depth of six
hundred Fathoms it registered the coreect pres-
sure in pounds,  There were two dials in the
homb, and on subsequent tests, both vertical
and when dreawn on regular haols, the records
did not coincide, and the gange was always half
full of water, the pressure forcing it theough
the pores in the three inches of brass,

In August of the present year o new pres-
sure gauge was sent o me.  This is a steel
sphere, fourteen inches in dismeter, 1t is di-
vided transversely across the center, the con-
nection being made absolutely tight by a rub-
her ring fitting into a groove of less diameter,
and the two halves fastened by sixteen long
bolts and nuts, Great pains were taken to make
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Twar records made on revelving, sodl- oversd, paper dises, by oar depth pressure gange.  On e upper

is seen the brack of six vertical hauls: then six nets atbaelisd, sent down Lo 1ooe Falthoms and drawn

f,.-r' an hour and a half. The lower dise shows n best of Hhe gauge lowered bo 1000 Fathoms, every 100
fathoms marked by ten-minute intervals; followed by a six-pet laal for over three lairs,
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By LLETI™N Novesiher-Deevmber, 1830

A rare, pelazic, midocenn suall (Glawcrs), colored ultramarine and sliver, which
wiz blown ashore in tle August lurricane.  In o an aquarium (b deposited  long
streamers of eges.  Painted by K. M, Bostelmann,
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Patten Jackson

Wirniam

T the home of De, and Mrs, Henry Llovd
of Brookline carly last winler 1 was in
trodduced Lo a ql.lil't. .‘-|I_'l. III.'I_'I.' of l.'l'1|_|,'|I1|'I.'I1 Pal
ten Jackson,  Without sayving more Lthan a very
on that he

few words he :"I.'IH'I.'I'_'I.'I."! tle illl]ﬂ'l'-‘i-
Was ol of those mortals bilessed with tlli.' L B
genital and absolute love of the ereatures of
carth,—a love, as [ so
well know, taking no ac-
count of money, position,
opportunity  or
but which. unless stitted

fricmls,

by main force. wins
throwgh to expression, At
ong extréme it may mate-
rialize as a tramp or a
grpsyi at the other as a
savant, but when devel-
oped to the full it cannot
be gainsaid.

Later the question arose
of Patten Jackson join-
ing my staff and the de-
ciding word was thalt of
one who knew him well
and also the exigencies of
my work. ‘The night be-
fore the boy arrived on
Nonsuch [ told the others
about him and suggested
that out of regard for his
vouthfulness they rather
look after him and sec
that he got into no trouble
when out of my sight. As
a matter of facl within a
week after he joined us
he was doing the leading and the looking after.
I have never had a member of my staff react so
instantly and accurately to snggestions, nor one
more perfectly balanced, physically, mentally
and socially.

I was puzzled for a while about what to
allot him as his special interest.  He saw me
examining an otolith of a fish one day and
comparing it with the plates in Allen Frost's
work. Without any real conviction of his being
able to develop a satisfactory technique, I sug-

Patten Jwekson,
hotegraph by P Crosch,

Breue

gested thal be try his band al it The resull
wias that 1 worked off and on with him, and
wateled him achieve, alinost unaided, a remark-
wble eclmique of disseetion, and an ability toe
deaw and deseribe these inlevesling conevelions
little short of astonishing,

Inn three months we had thoroughly accurate
tdata of the otoliths of
ninety  speeies  of  fish,
from one to three pairs in
cach case, with auxiliney
information and measure-
ments of the statoeyst
and the canals. A dissee-
tion of the three semigir-
eular canals of a shark
wis superior to anything
of the kind I have ever
SeCT,

But better than all this
were the gropings of the
boy after the Whys and
Wherefores of it all.
From the first he differ-
entiated between the nee-

casary but to-he-subordi-
nated  actual dissections
and deseriptions, and the
eventual, sublimated phil-
osophical raison d’elre.

Patten was taken ill
when at sea with me on
the Gladisfen on Sunday,
September 28th, and in
spite of an operation by
skilful surgeons at  the
King Edward VII Hos-
pital, dicd on October 2nd from acute appen-
dicitis and peritonitis. He would have been as
brilliant and as scholarly a scientist, had he
lived, as he was a charming gentleman and a
perfect companion.

On varions expeditions in different parts of
the tropies I have lost, from first to last, eleven
men from illness or violent death, but all of these
have been servants, guides or native savages
This is the first instanee of the loss of a white
associate or member of my staff,
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Log of the Bathvsphere

By Wintas Beene and Groma Honvisten

Summary of Dives in Bathysphere

Pozition

st Georges Harbor to bottom, 14 mile off shore

£ LA Pl P T R T

Open Sem Gty miles south of Nonseeh

427 14 0T N 6ET a0t AN
Chpen Sea. 905 mlles S5W of Nonsuch
18 30% M. 6% 91 W

Cpenn Sea. 10 miles Soulh of Xonsuch

H o 11° 5. GFF 300 WL

ymiles SxW of Nonsuch
201 s07 N G° R WL

Open Sea, 514 miles Sonth of
32 15 207N BE30 40

5 amiles South of

Ut S, 111
I

Non=nch
W,

Cipen - Sea, Xonsuch

b L Tl R L L LS
Open Sea, 532 miles SxE of Nonsuch
s2e 15t 207 N, 64 38" W,
Chpen Sea, 61 miles S5E of Nonsuch

d20 150N, G387 107 W,
Open Sea, 614 miles S5W of Nonsuch
: 307N, GE° 42 30 W,
L34 miles SxW AW of Nonsuch
327 16 417 N, 6T W,
Berimsda Insular Shelf, 34 miles 5. of Gurnel
F27 19 307 N, G40 39 307 W,
Bermuda Tnsular Shelf, 34 miles 8, of Gurnet
g2° 1P 40" N, 64° 307 80" W,
Bermuda Insular Shelf, 135 miles 5. 35 W.
q20 000 N, 68° 0t W,
Bermuda Insular Shelf, 2
proximately 4 mile  off

Cpen Sea,

nearest  reef, to

miles SWxS of Nonsuch, ap-
miles

B

Depth
Freot
13
R
15
B3
{H0
2050
(B ]
S0
2450
=ik
S
120

=ik

210

SWxSi48 of Nonsuch, Approximately 104 miles off shore.

32 180 NG AT WL Lo
2017 40" N, 64° 410 307 W,

i 3 Feet  Stop
[ive Une 1650 105240
Descent of Willlam Beebe and Otis Barton in Bathy- 120 108
sphere May 27, 1930, 45 feel. 10:00 AM. b
St Georges Harbor, 14 Jrli'fl.' off shore 106 1057
a23 0wt 25T N 47 1 W, NP P

: x Fiiink
No nobes made, 1o 11503
1700 1121
Dive Two 1300 12
Teat dive of Bathysphere. June drd, 1830 2000 feet. 0 L0

10:00 AN, to 1:40 P.AM.

Nonsnch party on board 750 AM.
Passed Gurnet’s Rock 5:00 AM, i
Stopped o let down Bathysphere 8:30 40, "

Feel  Stop Stuerd

AL

i L]

k11 Lk 1 0
L -

RT LU JELH

g3 1037 Lol

LR Tz TG

st 12321

1243
" 650 120
Ofsgeroaliong
150 1 s
Clamp attached. S50
Clamp attached,
Clamp attached, 50
Clamp attached, = S

Clamnp attached.

Start
13l
1o
R
10 =51
(§ 1]

11:ie
11513
11:23

11333

Cligervntions
Clamip atbached.
Clamp abbached.
Clivmp afiached,
Clamp ntlached.
Clnmp allached.

Clamp wnfastened.
Clamp unfastened,
about coble,

Clamp unfastened.

nhout cahle,

Clamp unfastened.

nhout cahble,

Clamp onfustened,

abiul cable,

Clamp  unfnstened,

aboul calile.

Clamp unfastened,

nbout cable.

Clamp unfastened.

nhoul cable,

UClamp unfastened.

abaut eable,

Clamp unfastened.

abumt eahle,

20

Pasaengers

Wi & OB

Empty

mply

wh & OB

mply

wWB & OB

wWh & OB

™ & GIl

Empty
wWh
Wik
wh
Wik
W

wn

Hinse
Hinae
Huose
Flinse

o=
Hunse
Hise
s

Hapsie

& OB
& OB
& OO0
& OB
& OB

& OR”

twisted
twisted
P st
twiated
twisted
twisled
twisted
Pwlsbidl
twishid



250 B LLETIN Novcmber-theenber, 1500

Uppeer: Bermuda Amphioxus or Lancelel, which closely resembles e ancesiral flsh.  IL ling no hony

verlebrae, nor proper jaws, and only & single median eve.  TE lives buaried in the sand near Nonsuch,

Phatograph by J. Connery. Loweer: A transparent larval ecl ©F toeeplialvg ) which eame up inoa et
from a depth of threcquarters of a mile. Photograph by J. Connery.




el rrxriii, Neo. € NEW YORK
In this deseent about 45 turns of the telephone amd
electrie light hose were twisted about the steel cable.
These were caused by the anlwisting of the turns
which the cable had acquired as it was veeled from
its original wooden drum onte the wineh,

Started toward Nonsuch 1:45 M.

Arrived Nonsuch w20 POM.

Weather: Clear, bright sun.

Wind: SE., &

Sen: Caline low swell, small while eaps; swell mml
while caps Increasing in UL

Svlvester and erew of 12 men on board,

Pasiliomn:
1y miles s=outh of Nonsuch,
2% 1 307 XN, 647 407 W
Traveling time:
Down—=41 minutes, 100 feet every 2 minutes,
Up—85 minutes, 108 fect every 175 minutes.
Total average time per 100 feet: 3.0 minutes.
Total average time per 1 foot: 2 seconds,

Dive Three
Test dive of Bathvsphere, June 6, 18630,
9:25 to 11:00 AN

1ang feel

Feel  Stop Start Crlsserpaficing
AL
Surfnce f:80
2 9:34 §ay
4 R L RN |
i ¥:43 Bias
By fized g5
iy 9153 B
1200 L1 BIiT
Hdoi T i Tz
1500 Tivzing 10313
T4k T8 I0:18
12an b UL i Fa s
T 10:25 1026
Sl [ RLE{1] 14I =81
fon 10:33 1038
ETTT U T C1-F TR [T £
CLTTTS TR ¥ S D E ]

Surface Li:ad
On deck 1100
Bell disappeared at 1385 feet (42 melers). Movie in
sphere run by electricity for 1 minute at depth of 1500
feet. XNo twist to hose, which was held away from
cable by ropes about 3 feet long clomped to hose and
cable,
Windows not effected by trip.
Camera still in position in center window,
About a quart of waler in bottam,
Position:
a1 miles 5xW of Nonsuch,
#2° 11" 80" N, Lat., 64° 41" W. Long.
Traveling Hme:
Down—22 minutes: 100 feet every 1647 minutes,
Up—23 minutes; 100 feet every 167 minutes,
Total average time per 100 feet: 157 minutes,
Tatal average time per 1 fool: # seeonds,

Dive Four

Descent of William Beebe and Otis Barton in Bathy-
sphere, June 6, 1930, 800 feet. 1:00 Lo 2:00 PAL

Feel  Stap Slart Ohgerrationg
I".M.
Left deck 1w Clamps atteched at every 160 fi.
A0 1:00 1:68  Alany tiny Jellyfish,
s 13035 1:06  Jellyfish, biue lizht, temp. 537,

2 Linuche jellics.
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Feel  Stop Slnrt I Moo s

(R 107 Large jellyfish,

N 105 1;08

20 | B4 1)

Ay T 1213 Smnll Shrimps,

=] 103

b 1316 17 Several Myctophids or Lantern iish,

Sk 1220

L 1325 1:25  Salpa strimez, 3 luminous fish, small
Many  Shrimps, Jellyfish,  1&ineh
fish, peile blue moonlizht, red sl
prisent of Sheimp o bell, Do,
Ta°,

Toa 120 12 fish swhmming upright, Ught stil
present. Large, dark Torms seeh
moving In distance,

S0 1:32 1T Many sparks, several d-inch  dark
fshy, bismip, 507

LA LH

il 1

M 1

i i

A 1:

i 1z

a0 1

LT 1

100 1

=nrifnee

Position:

Ten miles south of Nonsuch,

32° 11* N, Lat, 64°29° W. Long.

Over 1500 fathoms of water,
Traveling fime:

Pown-—24 minutes, 100 feet every 5 minutes.

Up—11 minutes, 100 fect every 14 minutes,
Taotal average time per 100 feet: 2:07 minutes.
Taotal average time per 1 fool: 13 seconds,
Bell in sight for 138 feet or 42 melers.
Temperature: On deck 872, 600 fect 787, 800 feet 567,
Pressure: 360 1bs, per square inel,
503 feet, 134 Tathoms, 245 mekers,

Dive Five
Test dive of Bathvsphere, June 10, 18930, 2000 fect.,
Duration about 2 hoors. On deck agnin 11,10,

No tangle or twist of hose
No waler in bottom of bell and no ehange in suspected
erack in center window,
Three feet of rubber hose foreed into sphere.
Pasition:

Gitg miles SxW of Nonsuch.

F2% 1 a0 N, Lat., 64° 41* W, Long,

Dive Six
Deseent of Willinm Beehe and Otis Barton in Bathy-
sphere, June 10, 1930, 250 feet. 12:54 ta 1:06 P.M.

Feel  Stop Slart Ohaerpalions
F.M.

Lobster ns bait below center win
dow,  Explerers’ Club and Zoalog-
ienl  Society Flags altochied on
oulbside.

12:8¢4 W. B. amd Otis Barton boik in
Sphiere.

Door in place. Phane tested,

Sphere left deck,

Sphere in water, Lights tested 0. K.

i Sun’s rays are strakzht down, look
like rain pouring down,
i Many small Jellyfish,
(510 2 Caranx-like fish swam st rap-
iilly. 1 goded-sized .I'LUIEIE:
iy 2 long strings of Salpa, Feel lighter

when lowered, same ns In an ele-
valor,

Fhone connection cut off after sev-
ernl seconds of had statie.
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| O P~ L . Nuvvuhier-Deevudier, 18I0

Freel  Stop Stord U s ek foiis Feel  Sioq Kt f s e liins

i

bz Conneetion re-establishel, gt Fiali & belies long, like Stomins,  3-
Lzl t'.-tnllll oft again,  Batleries chanied, jnch shrimps, all white,  Argyre
all  evnnections  aml  en slevns dn light beam. 2 luminoons

: tested and Hebtened to m: !|.,|:|.|': 1\l:'ll||l' Jellies,
Up trip 1:04 I.I-:II;I swilely eub olf, amd molor slat T T 6 or & shelmps, o0 or 1o fArey-
A R like lights. Small squid in leht
e Enhen ; 11:|“-'::'-11' whieh seems o have oo lizhis,
M '..;:,,|::.,.:- e ol ; " Dirisctor g 2§ wenl down to bait, Cyclothenes,

delly fi=h on way up. Il vl -

Positiont LEETUR TH S [ pale.  Temperature s
515 miles south of Nonsuch, <! Meter, wisgel rm.nllm: M e
e CapT N 3 H T LR T 1 Inia Tidd 106 Lassking slradght down is the

; ¥ !‘5 A Lat, 61 0T W, Long. sl bl af  hell,  Meler

I'raveling tin reading is 4=
Dow i35 minules. | REIUR T i 5 ,‘;rnrrnisll:tn'u-. dogens of jellyfi=l,

T—2 mi g, many large  shrimps,  while, by
LA ninmtes bilt, tremendous lisxh, Stomlas

10545.5

T SO 1 25 Tezi] Jellies. golng  past.  Thozen  little

Dive Seven flashes zomeg on and off.  Sgulds
SRR . ; 2 . | ght. C

Descent of Williamy Beebe amd Os Barlon in Bathy ,L-l_-mlr-'llll-lr; |.|r1|'lL|'1:|.;:L.Tmlml ¥ sl

sphere, June 11, 1930, 1,426 feel. 8:50 1o 10:52 AM. 1
LI hiese Tadneh fsln Ilnrgest one yel.
Feet Stop  Stord Cervintivat Loon 1050 Conskant drift of lktle shrimp across

glow, sel=n sparks. Walls of tank

sSpl left deck

i_'l'lnl.p- atlached every 266 fesl damp with sweal,

I wakber at 10} p's rope looks ke se-serpent, = A LT 2 :
s 1005 107 20 or 30 small roumd jellies of seve sl I"l'ml.:'l'i'i:"I'|1|.I]'L.':IHllciﬂﬁﬂ._mi’:.tﬂﬂf:_
eral slzes ably 1 joke ¥ oo o
L s Red gone. color plites black. lack — cin 1141 1109 Can still see phosphorescence. Some-
H':“-nt '.“_"I 1ejul t“' “"_r":" :III bk thing flashing around bait, can’t
: LTS e T AR R sew it Temperature 72%  Little
LEad LN cikD ; rovimil boddied A=l wenl past wille
200 loie 1ozl Pllotfsh aroumd balt, & fnches lone Xidh hibs, Mot nearly s much
puare wiite with = jet Black hands. = ;‘ “'"“_,;_ doy, Walls {n tank
250 foshd N red or vellow i =oobeht,  More are eoll.
Jellice, tnil of pllotflch seen again,  <ap 1101 PllotAsh back ngain.  Deam  from
306 10:153 10t Ois saw pilotfish, sl many colored flash Heht became invisible.
at surface bul looks white, (L] 11 =ivi 1t Large while hody fn distance, ean’l
i 10:p5 Lty Can just resd print withoul light. ||1:|i|:1_'I oul slape.  Devepesea fish o6
W. B, wriling, ean'l see. yel il Immia el
spemns brilliant, I s as dark here el 11:11 i5e ’
as L was soi fecl just afler My 1112 11:13 Faint lights in disinnce.
Illlmlll |Ir|!i'. Ll'lﬂ-'l'r "Il’ilkllf:- of Salpa, o g 118 Shrimp piclure o “Deptlic of the
Shrimps look pure white. Dewean®™ =100 jet black. Can just
ban School of prawns, read  with  lights  off.  Jellytksh
S Qoels  pecds Transparent fi<h with only food vis- Bl |l':|-"|]- Fufler |l I““-'II'“!“'i’:
jile, 2 fnclisa Jong. . Snapper. swam slowly neross window, W, B,
550 L1923 Tempernture 76° rl| LTEe II:::Imu:h knows that he saw Cyelothones.
119.23 Temper 76%, La reph- - - g = .
nlus,  Many  Cavelinin, Seversl A50 118 Litthe moints of light in =Lrimgs-—re-
s Hection, § |.||r||:< ol ruibdser s
lyetophids, aroundd enble
o sy s “ i ; s i ., L d 2 L
i 10:2 pazr Bright inside, but mn1l see oulbside 2 [T 158 Something Aroande kel ioretlose
54 10 a2 Flashes of lizhl in diztance.  Jet Tovipes,
black jellylish 2 inches long, 250 10320 ? 2
L 1023 Many little Shrimps—like small ten- 200 11321 1iz2a  Good and light.  Saw lighted Eﬁ';“'l
tacles.  Argvropelecus, ~Cubleeps which looks like Salpa,  More
nenr gliss, leh'!lnsh. At lengt 10 Joops o
[LES L
750 jazeg T srmbure 7470 Nice and eool ) J
En SN e 13 11325 1i:Ed Fine and clear now,  Hathysphere
som jos oiEd Pretly dim.  Meter wheel rending reported In sight from  deck.
Is 247, Noo trace of red in oshrimp in
5 10:27 20 or 3 spots golng in one direc- ot Lle.
tiem, can't fidentiry. Fur!l'um : 11 :30
o LF b
gon lo:2s 1024 Severnl mists of  little Shrimps. nlr:. :‘ll'h"r'bipllt‘rl.' ::g.
Large Serrivomer. B e
e ;
@30 130 Pretty dim, can't see muE'Ih!n:. try- NOTE: Meters as recorded are nol actual ieters but
ing o read, Ot could see plates e recording of the meler wheel ealibrated for 34
o bk hnl. nbt i inch eable instead of its original 14 inch, With this
ALY AL DN L“::a .-»c:-m::n?::“ ?ﬂﬂﬂqﬁuhﬂﬁ' J.,III':’;E meter-wheel 150 feet of eable equals 4 meters,
5 X e
yelo Reading of meter B2 now 205, Pocition:
foxo ez Blacker than blackest midnizht, vet Five miles south of Nonsueh, over o bobtom §50
brilliant. 20 little fish whieh might (60 W DT R e BAIE 1%
(1" Argyn sebeows  witly lehts:  0f ‘It rrlllh- tuwn. _r" “, rlil' rooul,
s, When these are the youns, #2° 16" N, Lab, 647 88° W, Long.
1104 10:35%  Thick: lopg, rat-lalled Muerurbd-like o
fish with & Jights went around “““““H,P"' : X
benid of hose, Down—27 minutes, 100 feel every 18 minutes,
1150 T8 U'p—24 minutes, 100 feel every 1:5 mintes
Jaig  10:ET 1R Beam of light showing clearly, Meler oy ; ¢ minukes,

wheel rending is 35=, Idiscantios,
Twa Astroneshies,

Total average lme per 10 fecl: 139 minutes.
Tolal average {ime per 1 foot: 1 second.
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Temperature on Deck, 88%; 550 feel, 769 750 foet, 7473
1350 feel, 72°; 800 feet, 727,

Pressure: 6337 pounds per square inch on Sphere, or
6,732,469 pounds, Total pressure in tons is 3366.2 tons,
Depth: 1426 fecl, 2376 fathoms, 435 meters,
Telephone connection worked well during the whole
dive with the exceplion of the List 150 feet when there
were several breaks and bad statie.  Phone wos tested
on the average of every mimute when messages were
not being sent up. Light signals were Lested twice; 1
meaning O K., 3 meaning pull us up. This is to be the
means of communication in case the phone conneclion
is cut off.

Caleulations for Pressure on Diving Sphere
abl 1426 Feet
Circumference of sphere equals 180 inches by mens-
urement with a stecl tape. In these ealeolations the
protuberances on the sphere are ignored and it 15 con-
sidered to be a perfect sphere.

Diameter of sphere . . . . AT.8 fwehe
(Area of sphere ]
572
57.3
1718
4011
28565
B2B3.20 32883
31416
196505
32833
11332
AZm33
3400

10314.51528 square Inches bo
surface of the sphere.

Pressure at 1426 feet,
(Pressure at depth — 14.7 Iba. per 10 melers.)
1426 fect—divided by 8 — 2874 fathoms
217.40 fathoms — 43342 meters
4334 melers — 43.4 almospheres
Adding 1 atmosphere for pressure at surface of the waler,
wi have o total of 440 atmospheres—
4.1
14.7

G527 [hs, — pressure per  Aqoare

nch on the splere.

10314.8 square inches
652.7 Ibhd. per square inch

TEEOAG

20AZRE
S15740
BIRRRS
673240998 — pointing of 2 places we have the
amount of pressure as 0,752,409 Tha,
Translated into tons, we have the follow-

ing total pressure . . « . -« « & o S30E2 loma

Dive Eight

Descent of Glorin Hollister and John Tee-Van in
Bathysphere, June 11, 1930, 410 feet. 12:32 P.M, to
1:15 P.M,

Feet  Stop Start Olservations
P.M,
12:32  Both in bell.
12:34  Fhone lest.
12:30.15 Motor started. Light test. Door in
place,

b Nopember-December, 15306

Feel Sigrt (g roael i s
12:34,50 Boom  lifting.
pline
10,80 Lined of deck,
1200080 In waler,

Nl
Door hammered  inko

Surfiee

MO pdnpAn iz e fool clamp In plaee. . Bubhbles
coming  pust. S5t luminescent
alow, wo apparenl  change in

Little white darts all over

place.  May be Pleropods,

152 Small brown jelly, (43 melers on

whesel,d  Lillle bobbdes =till flnsh-
Ing past,

200-foot clamp In place. One fish
coming. Con still see o little red
in rifng. {Looked  purplish
brown.) Large while ellyfish.
Blue color secms Lo be losing &
little of its yellowness, Lizht test
0, K. One more brownish Jelly.

Fhone Test,

30 Mhose  Lest. _lltrr{! ellies, Fale
translucent jelly. Large bubbles
il golng up. Amount of lght is
quite  surprising. Large bubble
just wenk up,

| shrimp.

Flisshes of lisht are Pleropods.
Certain it iz triangular Prerogod.
Holding nt 00 feet. Director on
plicae,

enlor,

L3 (R 12240

HAL 1325

Vi

12580 Phone test,  See Director’s streaks.

e 1256 Lo Diropped o 120 meters (410 feet
actual measurcment) by the meter
wheel.

ALix 12:56 Tempernture 76, 1 Brown jelly. 1
Sapphirinn?  Carangid of some
=art, ahout 2 Inches long.

d10 10 Going to pull up. Psenes fish,. “Take
it slowly.”

1:@00  Oxygen pressure 800 pounds, Molor
ol 1 Jelly.

1 1 salpa. 1 transparent eel-like lepto-
cephnlid.

200 103 1:04 200 fool clamp off, Psenes, silve
fish pasg=ed ngain. Porpoise sighted,

18  “Too much lght, Gladisfen o s=low

= duwn,

16 1 hrown worm passing.

107  Can see lnpe from draped flags.

a0 Ly 18 Psences wenl past again, 50 foot
clamp off. Pounding on cable 3

1 1:00 times. Heard distinetly.

1:00 Tounded § times, heard (0. K. Shrimp
is getting red. Gloria ean see
atomic theory working!! (joke).
Bubbles paszing by.

1:11  Flninly in sight. Golog to stop at
surface. Up for photos,

13 Above deck.

14 On deck.

1:5%  Door open. phone off,  Very little
pressure,  Slightly  noticeable  to
inmntes when st nmount of pres-

i sure wits released,
Position:

Open sea, 534 miles SxF of Nonsoch.
427 15" 20" N, Lal., 63° 38° W, Long.
Dive Nine

Test Dive of the Bathysphere, with camera, June 11,
L3 2450 feet, 1450 to 4:18 P.M.

Feet  Slap  Starl Obgervations
.M.
Surface 10 Comera mounted o window,
205 2os 2350 Camern ron for 75 seconds. 2030 fecl

--:Iu: melers; to phone conpection
ek | 18
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Feet  Stop St Lihaereations Feel  Stop Hfart
Surface $:17  Light test ..I.l (RS
On deck Bael  bwi hame cable  around

stewl n:||1lh l'nlln the beginning,

Na waler in Sphere,
Barton discoversd camers lad nol
¥ worked ! T T P 1
Position:
iy miles S5E of Nensuch.

32° 15" N, Lat, 64% 37 10* W, Long,

Traveling time:
Down—33 minutes.
: : B0 L0:E  10:d
U'p—1 hour 26 minutes, :
Total average time per 100 feet: 2:53 minutes,
Fotal average time per 1 foot: 153 minutes,
Pressure at 2450 feel: 11025 pounds per square ineh
or 5656 tons total.

Dive Ten

Descent of Williami Beebe and Otis Barton in Bathy -
sphere, June 19, 1930, 800 feet. 9:48 to 11332 A DML
HEL] Iibild 1ikzl s

Feet  Stop  Slart Oheervalions
AL
On deck g0 Both in Bathysphere.

0135 Door on. opened to give Divector
elastic bamd.
5:42 Door hammered In place
men working, 16 men auwd
B:i5  Director iays that hait. flsh hooke<,
and t:ltt‘-hl'u:lhwhrr are in good po-
sitlon, (“Loud Pilkchards" wsed as
I.mr—t]m-:u wrapped  in  chevso
cloth and tled 1o brackel which
Darten rizeed to lefl window, &
small bpited fish books dangled
from the end of the bracket. An
ordinary thermometer was Hod b
outzide of left window, 454 T zn 16021
Surface f:46  Just below surface red of spectram
diminfshed 3. widli,

20 LH 1 $:31  Thin line of red mostly oranze: ¢
from o0 (o 6530 (reading of =pec
troseopel, Can see holl of Heady
plainly., Number 4 dizappeared
complelely on the smallest adjust-
ment of the Exposuremeter (2).

11} b3z §:55  Clamp. 4 litthe brown jellics. Number
4 ns strome as before, Red abso-
lutely gone. Orange at 625, (Hher
bands as wsual. 3 big Bonito-like
fish about 15 inches long.

100 58 1o Barlon checked up instruments and
reported  everything all  right.,
Phone tested, working fairly well
ant thiz point, slight statie. espe-
clally when Barton moves around.
Emergency  signals  tested  with
light= by Barton amd Hollister at
instruments,  Six S-inch  silvery
fish, Orange much narrowed ot
:.FD, hl}tm: Il:;f .-rrw:-tnlmt nnrmlrllt.
Number disnppears ot a poin . 4 :
above the lowest (2.4) Snlpa, 8 00 1040 10:30.5
strings, 2 transparent jellies, 2
transparent T shaped  like -
Psepes. Dhzens of transparent BR 1030 10035
Jellies about 1 inch long. Little
white threads goilng throwgh waler
are Sagitla,
15 1o0se Qo3 Just a tirend of orange.  Visibility a5 1038
much better sinee walls have been i v 5
painted, Haited fish hooks clearly 08 10:3F 100
vigible in middie of window. This
iden i3 a great success,
17 Numerons Sagitta. Little Pteropods
Aapping.
agg  jom3 i Clamp. Number @ disappeared at the
half way turn (5. No oranze left.
Faint yellow well within the fod;
Iess green than at surface, less

i} Vil ;i3

L] 122 12D

253

U roationg

bluer sl smore viclel,  statle on
plhone  bweoming  bad  agadn, bl
illstinet break in wire not nolbced
sel,  Light =izuals tested in case
Pt slomhi] D cul odl.

Temperalure remding i 769, Alr
very sweel in Hallivsphere,  Nuin-
ber 4 disappears two-thirds aroand
the eircle (560, Violet and blue
This stmane as above, Green dim
but almost as while: rest ity
vellow with hrown 1:1]:1:.

Paenes ook a the  hook.
Backed  away. 5

b oae of e ll.l,ulls-i g
wenl awayv. Barton saw bLhiz also.
Number 4 just visible opened, but
dll=nppenrs at o little twist (101.3).
Whele spewlriom  dim,  Yellow nls
mhasl goaee, iS5 difly brown odge
towards red eml. Vielel seems
marrower  than at  the surface,
Phone not working well — intermit-
tent =tatie amd Barlon's viee fol
carrving clearly,

o ball, Jelly
Number & visd-
0 (141, Brown
gone  completely.
Analvsis wl chrons: 30 per cent
Bl jobet ; nl green, and
=25 per oenl ewnlorless pale light.

Small fishes 1 Number 4
widde open = mene trmee
of light coblor, wol as o oumbser,
Shifted 1o w0, which 1 enn just
distinguish  al  lowest  aperiure
(21, 2 silver eel: & inches long,
stopped ot the bait, then hurrled

away., Spectrom smme bat daller:

ciodet: has  eonpleiely  tnken  (he

« ol Bhae blue,

Can still see Number 30 al the bow-
est aperture fointly (2). Dlue all
gone,  Notlhing but violet and
foint, foint green. 3 eels. 4 Cy-
clothones in light beam, but abso-

II|I1-I1.' invizibla without the light.

isfactory lizht test, Phone con-

slion  poor, but oo gel  mnes-
e,

Temperntore reading at 10:22 {3 709,
Number #0 just barely visible, not
recognizable ns o fAgure at the
lowest point (2}, FEvery color of
the spectrum s gone except vio-
let. If I didn't know that there
wis green ol the other end. I
could nol lhnve named the color.
Light turned on for bemperntore
reading. 83° at 10:26. Light
out.  This lght test was redected
on the instrument bourd on deck.
I can still remdd large print, On
circular ecolor chart there s not
nny color which con possibly be
mamel,

Can stlll see Number 30 ns n falnl
blur nt the lowest twist, A pilot
fish,

Twa  pilotflshes. Number 80 still
vigibbe, not ns & number, but as o
hlur at the lowest twist. Tempera-
ture al 10234 was 707, Spectrum
very dim, No color,

Next Lime vy fresh

eige  of

Temperature a  Httle over 70 ot
16:37.  Spectrum  a  dull gray
toward center, fuding out on ench
siide,  No color whatever., Number
0 Is sfill detectable at the lowest
point, Very bad static with com-
plete break in connection for sev-
eral seeonds at a time. Hollister
sent ome flnsh on electrie Hght sig-
nifying that all was right on deck.
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A bwrsal Melwnostomicd fisl. with the finfold stil cong
falntly visible near the tamil, |
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Feet

L

=50
L

330

S

480

50

diow

api
am

%3
250

15
1o

Stup

10e2

100
(R B

10 0%

B -

11320

1123

Start

1l

Ilmn

11005
1ms

1h:n

11 :01

11215

114

11:1s

11:10

11225
11:2s

NEW YORK

Chlage rpandeenia

Wi pespaonded  with Heht ad
Il the  phobe  connection e
turned and stntie lessened,

A lish 3 fesl long went past., Larg-
ext one seen yel. 10 hmil a long,
sharp Wil and woas Melimostomiif-
lke: 3 more transparent izl swiimn
prast.

Lights out. Sl delect Number 0

wt the lowest (I6). Spectriom dall

gy, Tl :I'.|.|l||.||!|. ot Spee-
trum pale gprayish white, lightest
in the heart of whal once wis
blue, at the 520th wave line: fud-
ing oul slwly toward violet end,
much more abruptly towanl e
reifl emil.  Nobt o particle of the
faintest color  distinguizhable by
cither Barton or myself. Tem-
pernture 70° at 1007 2 dork flsh
aboul 4 inches went past. 2 spot-
tedd fixh about 1 el long  went
past. 2 more flshes like Cyelo-
thone went past the light, (En-
gine  speeded up.) Sumerons
flshes.  =till brighter.  Arsyrope-
lecus, 15 or 20, Many shrimps.

Aboul &0 spots o the second flaxh

in all direclions Condit

erandl, Conlinuous  passing like
the play of =unbesms=,  Absolutely

fnvisible oulzide lHzhi. Anodlwer
large fich, Waorm all broken to
pieres in lizht. nEs are galh-

ering around the light, Taking a
mavie, 1030, 1056, Took n short
movie.  Noo diminulion of speed:
i<l awim a=z fast nz al the sur-

face. 40 lttle fish like Cyelo-
thones all together.  Silver ecl.
The T rending  just  the

samet b 10352, Certainly  this is
the Silver fone. Cnn remd large
print.  Bad telephone statie.  For
severnl minutes stntie  continuwerd
amd  many  tmes e connection
wis dead. This beeame so serious
it it was thought best to raise
the Bathysphere immedintely.

* dilver eels around lizht. 2 Psenes,

string of jJellyiish e whole  me,
Saw hlack formz in distancee. o
are coming nearer.

Black  fish  went by in
Pufer 3 Inches long,
wenl overhead.

Viu]ﬂ. and palest green and nothine

else,

saw leptocephalus right past liooks.
It woumnd inoand ocubt, and was
about 6 inches long.,

Psepes. brillinnt  gold  in
Tempernture 69% at 101:13,
fish.

ilistannce,
Samething

the light.
2 large

Violet and green.  Yellow green Lo
the emd of speclrom on red side,

Paene=s ogain,  Very bad telephone
slatic,

Violet is pormal, Blue and green
narrow,  Gioes off in lght rediizh
brown  line,  Transparent  jelly.
Culor chiart, all colors ook normnl
exvepl reil, which looks brown.

Little silver tish 1 inch long.

Tempernture 72° 11:21.  Brown but
mao red in spectrum.  Hooks pers
fect Imdieator of direction sphere
Is going.

erflsh around hook. 2 inches,
Alternate black and white bands
from suoul to tail,  Taking movie,
Hooks indicate strong  current.
Fish working hard to keep up with
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Fevl  Slop =it E v arei Pl s
il. Leplocephnins 12 inclws long.
veery lender like nosnake.  More
|5 | [TRE Bell in =izhl, lLaaving
triggerilsh  belinad,

il IYireetor wanls o ma=k mde to keep
hiz breakth Trom e ghsss, Sl
leptocephnlus. "leropasl=,

&) 11z IMstinel line of oramge.

1] bE il More fish. 747 Lenpwerabure gt 10 :30,
Lot Ipmogs! ! (oked. Grand dive.

surfice 1132
U deck (A

Positfon:
G5 miles 55W of Nansuch,
892° 14" 30" N. Lat, 63 42" 4" W,
AL,
Deck temperature, 8573 250 feck, T6%; §00 feel, G657
G feet, T0%: 700 feet, T0°: 800 feet, 70°: 400 feet,
G897 200 Teet, 72°.

Long., at 1120

Traveling time:

Down—=22 minutes.

U'p—13 minutes,
Total average traveling time per 100 feet: 2381 minules
Total average traveling time per 1 foot: 1:3 seconds,

Note to Dive Ten

My intensity records made on Dive Ten were liken
by means of a [:I1t.lht;_'r.'|.r1|1i|_' “*Cinophot.” 1 have re-
pealed these records of brightness by means of the
illumination from an elongaled wooden box enclosing
an incandescent lanp. This rans on a track, thus ap-
proaching or receding from an end window  fitled
with opal glass,  Mr, Norman Macheth of the 3
beth Daylighting Company has very kindly checked
these records on one of his delieale hnminometers,
amd has translated their corrcsponding values into
Millilamberts aml Candlepowers,

Brizhtnes=s

Theprthy M Crradles Crviwelle s Conetles
in lamiherts per per per
Feel &, foviel & faeh &1, EHi,
L1 Do, gy ANy ks URITREY
Tikin 237 [IMFEHT ] N IRTH
1L [T [EMIZITLE ]
w50 CIMETE (Ml
R LRCUILN LA e
540 (IR i a
Seird T Toibik] (LRSI

As far s my eve could record, there was no further

change f MW feel to the extreme depth of this
parcticular dive, of sS00 feet,

The illumination term “Brightness” s defined by
Mr. Macheth in order to make the alove table more
understandable,  An ohject is said (o be bright if it
emits or refleets light, and through the fact of its
brightness becomes visible. Used in this sense the
term “bright” is purely qualitative, and, in order to
fix the brighiness of objects for comparison pur-
prrses, a quantitative scale is necessary,

In order to supply such a scale, the brightness of a
surface when viewed in any direction is considered
ta be the ratio of the lnminous intensity or flux—
cither emitted or reflected —expressed in candlepower
measured in that direction, to the area of this sur-
face projected on a plane perpendicular to the diree-
tion considered.

The brightness of a surface s always expressed
in terms of luminows intensity per unit of projected
arca. The units used to define it are the lambert,
millilambert, candlepower per square inch and can-
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A sabre-toothed fish from 700 fathoms (Omosedis lowi). In spile of its great fangs this fish [s scmetimes
overcome and swallowed by a fish one-third s size (se¢ page 2215,

110

o
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dlepower per square centimeler.  One lambert equals
1000 millilamberts, equals 206 candlepower per square
fool, cquals 2054 candlepower per square ineh, equals
LALE candlepower per square centimeter,

Distanee has nothing to do with brightness—which
means that no matter at what distance from a light
source, or other bright object, an observer places
himself, it will appear always of the same bright-
ness. The explanation of this lies in the fact that
while the total guantity of light enlering the eve
varies inversely as the square of the distance be-
tween the observer and the objeet, the area of the
Inmgq_- formed by the object on the retine of the
eye varies in like proportion, so the intensity of this
image remains constant.  In other words, the bright-
ness of the retinal image is always the same.

Dive Eleven

Descent of Willinm Beebe and Otis Barton in Bathy-
sphere, June 18, 1930, 500 fect. 12:56 to 2:05 P

Feet  Stop Start Ceserrabiomg

"M,
Surfmee 12:56  Flyingtish,
25 AT
M 12:AR 1w =mall transparent jellies. 40 or 50
small fishes in o =chool: pearly
ue with clear  yellow  verlical
bamds, & or & small Pleropods,
108 100 12
150 1:03
200 (] Lavd . IPPsenes again, snme kind as in Dive

10. 20 Pteropods, very lovely,
large, transparent jellies, 4 incles.
Motion picture taken of Pienes

250 1:07 Peenes in the distance,

0 108 s Small  Meropods, Shrimps  oon-
stantly seen.  Pleropads ab this
idepth ook like silvery vibratiog
bubbles of air.

[ 1211 1:12  Fainl luminescence seen  for first
time, Can see a big jelly go mway
at least 20 feet before it vanlshes,
Luminscent jellies. 2 hig Firolas
15 inches long.  String of salpa
with about 36 brown bodies.

158 1:13 ]

o 1:14 1213

550 1:8  The usoal jellyfish, Pteropods and
shrimp.

i 1:1% 148 l,:ptmr{:.halns 6 inches, 5 Msh,
serjola-like. 2 round fish  with
black spots.  They look  trans-
purent.

(1] 1188 School of 100 Pleropsds. golden in
electric light.

00 1:18 1:22  Jelly. 1 foot, apparenily with lo-
mine=cent food in itz stomach,
Swam past window,

H- 1:21  EBrighiness of blue I astonlshing

when 1 look up.  Downward it
seems very  hiack. Something
around the bait. Very bright.

1] 1:24 1:41 2 black fish 8 inches long going by,
Rat-talled: probably  Idiscanthos.
% long =ilver cel-like fish, probably
Serrivomer. Fish and inverie-
brates go up and down the shoft
of light like insect=. 3 Myctophids
with headlights. Dinphus. (Work
with a mirror next time.) 2 more
diferent Myectophids. The samae
three Myctophbls with headllghts,
#n Pleropods nnd & or 5 Argyro-
pelecus altogether. 3 more Plero-

Little twinkling lights in the
distance all the time, pale green-
ish in eolor, Fels, 1 dark and 1
light. Riz Argyropelecus coming.
Looks like & worm  head  on.
Eustomias-like fish 5 inches long.

250

e e Pl

s Cyelodbones,  greyish - white,
Conll se¢ every movement.  An
mwandzing  numbser of lish seen in
sevenleen minutes,

Feet  Stop St

a0 1HIES

Tikil (Bt} (I B

B 10 A dloxen  shrimps  with  lamindgus
spl=,

i 1345 146

30 1008

S 148 1w Temperalure G0° ot 3 PO, Most
beztantitu] blue of all ot this depth.
Lanks of Pleropads, al least 56, The
beedl retlects Full mation of Ehe ship,

(el

Rk} 1231 ® Puenes 2 inches long,  Pleropods,

LKL 1 Brown jellies, Linuche,

ann 1158

250 M=enes 2 lches long.

Ao HETT]

150

Y =03
T Troam=parent jellies going peist.

Farface
i deck
Paosition:

K milez SW oo Nonsuch.

427 16" 11~ N Lat 64% 41" W Long,, at 1:00 1M,

Traveline Lime:

Down—I13 minies,

Up—17 minutes.
Total average travellng time per 100 feet: 2 minutes
Tolal avers 2

e raveling time per 1 fool: 1:2 seconds.
Temperature: 5300 feel, 69°, at 1:50 PLM,

Dive Twelve
Deseent of William Beche and Otis Barton in Bathy-
sphere, June 19, 1930, 120 feel. 3:02 to 320 P,

Feat St Stert Ohaeroalions

it

i
oA
Gn Salpn and jellyish,
75
1
120 Iarral-fish, 3 species; * fool angel
fish. Drain corml.  Dozens or S0
of little blue fish & inches, Scarus
caeruleus,  See  bottom  plainly.
d Biz moray, ¢ fect. Largest angel
fish ever seen, 234 feel long. Huge
sei plumes, Dark blue parrob-fsh.
with a hroad, verfieal, pale blue
haml.
E1d HH LY
Surface 20
Posilion:

34 miles South of Gurnet.
320 18" 30" N, Lal,, 64%-29* 20" W, Long., at 3:25
P
Traveling time:
Down——d:5 minates.
U'p—3 minutes,

Dive Thirteen

Deseent of William Deebe and Otis Barton in Bathy-
sphere, June 18, 19300 80 feet. 3:22 to 3487 PUM.

Fret  Slop Rtari Ofserraliang
..
Surface 328

L] 3:25 313
il bR And



2040 Kt LLETIX Novimber-December, 1580

_.-" -

The green-toothed siant Parrot-fsh Lalaseing upright in mid-water while n seliool
of Wrnase eleans it< scales of bits of cornl debris: A eowmpon reciproenl relatlonslip

between Pacwdosearis guncamain and Tridice Biltdent ws,
Fainted by F. M. Bostelmsanm.

e



\

tiny.

slass and zoll jelly from below the Hmits of leht as e
med= bo thee square nche Pliotizmg

s

> EWN YORK ZO4 L0061

= pE

Al

ETHA

= I.-:,

1% tlasue, yet living in a pressure
J. Conners



Slop Siart

Observativns

azing 2.5 Boltom just appearing.

3:37

Surface 3:38

Position:
35 miles Sonth of Gurnet.
19 30% N, Lat., 64% 30° 30" W, Long., at 335

P,
Traveling time:

Down— 105 minutes,

Up—1 minute,

Fecd

Surface

20

50

Sehool of Kyphosus, 40 or 5, Moray
eel 4 or & feel Tong.  Aulostomus
i ofeel.  Aboost desert-like, No
vegelalbon, Al rscks, Coral seal-
tered Dere amd Phere.  Rocks lnve
all Been exposed,

Have scen o new fish, Cable lying
o Lhe bodbom ]  Tarsest bloe Ir-
rob flsh, 3-8 feet long.  Huage eny-
erns nnd abysses,

Dive Fourteen

Descent of William Beebe and Otis Barton in Bathy-
sphere, June 20, 1930, 350 fect. 9:21 to 9:51 AL

Elop Siard

AN,
10

HE
1)
Hill}
2
Hil
ik
2L
H
AT
=L
=20
21

SEEXTP

::l_"t?'-':':\-':":ﬂ

a2 B2

B:25 9:36

9:28 9395

L) 8:30.5

8131 #0035

#:32 035

Oisse e Mg

“Ready™ ander tow,

Castle Koads,

Fazzed Gurnets Tlock.

Courze. S5W to edze of deep,

Morlerate steady swell.

Lights tested,

Sounding 150 Teel,

Motor tesled.

Stopped lowins.

Sounding 170 feet.

Door in place,

Donr fastensd,

Sounding 200 feet plus,

g in.

Dadl over.

Bounding 200 feel plus,

Unider surface looks quilted. Tabbles
three-fifthe under surface, The
winidows nre focing front,  (Rud-
der appears to be working splen-
didly.y  Waves look lke little
tueks froos haokbom,

Il('rll is down to n narrow  line,
Nothing above 625 Half a dozen
Linuche jellies.

Spectrum reading: A faint, hrownlsh
redl lime atl goo,

"Ready for 100 feet,” Two big fizh
passed ot =eventy-five feel,

Thinks he can =ee bottom faintly,
{Boundings. none at 200.)  Spee-
trum rending: No red at all. Thin
line of orange. Violet has come
o Loe 450 and has considerably
overspread blue.  Whole spectrum
dimmer.

No  rudienl ehange in speclrom:
orange line a little thinoer.

Is sun oul!  (Yes, but dimmed.)
We are still facing forward ns
hiooks are facing back,

SE"IIﬂ }Tﬂ it Teel. (X0 sounding

One fneli jellies going past, trans
narent.  Whale spectrum dimmed,
ue practically gone. violet over-
Inid it.  Yellow s dirty ;ellw
with just a ittle dirty
Loweer bo 225, bhattom |1.ol In skehit
(Motor on al 1e:2s lght 1H.t
. K. Lizht lurned off in bell)
“Ready for 225"

BTN November-December, 1830
Feel  Etop Hinard {sge el fooia
235 pid Small silvery fish 4 Inches long,
Lower Lo 250,
R ] Small fhwk of sngltim,
250 L wiis (Whailing  for stronger sun  Hghl.)

Specirum reading:  Darkest parl
om eilze of green and violel, Green
e lightest part of the spectram,
wobne ol into dark violel at other
vddee of speetrom. Yellow dirty.
“Lower 25 feel more.™

HLL LR ks Take sounding, lower 25 Teel more,
35 (e Leptoeephnlus wenl past, Lower Lo
a50 feel,

R Bl 02 Is lug pulling steadily ahepnd? (Tug
parallel with coast and slightly
In.)  Light on in bell. Light off in
bell.  Faise,

A3 Spectrum reading: Very dim, violet
overshidowing  green.

a0 0343

250 Reading of color charl: corresponds
exnctly with spectrum,

i) Bds 8:455%  Chart from beginning of red to

yellow 1s brown.

150 p:1T No ored yet, Readlng on spectrum
nbout Goa,
104 Maotor of.

il B8 os Thin line of red bhrown just above
G, Regular jellies and lttle
sagitin going by. No Pleropods.
Facing ahead as all crentures are
coming head on to them. Much
casier to see.

213 Only a liftle red now, Growing rap-
iy, 650 reading.
sarface G50 Jumped to 500 oz we came oul
of walber.
On deck nesg
Troor off 1000

Rathysphere came up facing same way it went down,
showing that rudder works., Plug off 9:54.

Traveling time:
Down—9:5 minules,
LUTp: G:5 minutes.

Dive Filteen

Descent of William Beebe and Otis Barton in Bathy-
sphere, June 20, 1930, 210 feel, 10:21 to 11:05 AM,

Feet  Stop Hlart Ohservations

AN,

Surfoce (U |
10 10:21.5 Lower o 20 feel, (Sounding 35 ft.)
24 12t Can just see botbom. Lower anoiler

ten Tecl.

30 10:23  J0:a7 ﬂ]lk hole alead.) Otls saw Holotho-
rian,  Bottom looks rather dend.
Moving nhlI-FLLcll. forward to left.
(1o:26 gounding 50 feet,) Swing-
ing 2t an arc of about 30 degrees.
(10327 sounding 78 feet.)  (Sound-
ing muede in bole.) Many hig dark
blue prrrot fish dominant fish here,
iz  Aulestoma  three fect long.
General  bottom  vegelation  like
that alomg  shore, more  covered
with Inyers of sund, (10:30 <ound-
ing 55 feet.) (Boat rolling.)
Selwedl of big Kyphosus  about
cizhteen inches to two and a half
feet long, About bwenty in num-
ber,  (16:31 sounding 50 feel.)
Small wrnsse with dark strips on
them, (Wind Increasing o bit?
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i

Val, araiii, Xo, &

£
55

5

L]

100

11w

120
140

130

Stop

JLIEHE ]

18:42.3

10:43.5

1046

Binids
LT U

10 200k, 5

1052

NEW

YORK A00LOGICAL

2OCIETY

A black sen drogon (Linopkrgac) from aon fathoms, with white tall and barbel and

Siari

(L

19343

10343

1247

L0475

102439
18230

151

10525

Tuminous leeth.

Oilge rrealicne

{135 sun whider,
s-ll:ulnnwé:llh 1Irlr'.::ﬁ.! i

rrot-fish o going
ﬁ:wnwurd, All pale bue with
orange around mouth, Looks pale
bt probably ecerulean bloe.  Six
inelwes o two feet long. (10436
sounding 75 feel.) Seem to bo
moving obllquely Lo current.
Lawer up to 50 feel.

i1i:as soutcding 63 leel.) (R LIEE LT
Nothing bul deep orange al &1,
(1041 sounding 100 feel.)  Lower
bo 75 fect,

Just picked wp bottom very falntly.
Sandy desert, very dim. Qo
sounding 105 feet.) Ten more
feet.

Very ilat hottom sandy desert,
{10:43.) Big fish but teo dim to
dentify, (10:45 sounding 10 feet,)
Down to 100 feek,

(10400 (Sounding 145 Feet.) Lower
to 110 feed

Ten more feet. (10345 sounding 168
fect.) No bottom scen,

Twenty more fect,

Same kind of samdy boltom. (#6850
mnding 153 feet.y Down ten

easting  no
Thousands of
ablisguely

We ean see bottom dropping of.
Iooks fat, must be shout twenty-
five feet above. (Sounding 175
feet.) Ten more fect,

Ten more feet.

Feel  Stoap Start
im (L ({1 H
(5.1 105 Iikz54.5

140 LOER TS DChE

20y T h6.5

2
(Hhgerenfions
{1z sounding 103 feetd Ten
mure feel.
(1n:s6  sounding 230 feet.) Ten

mire  feel,

(Motor on, lights on at 16:55, Lights
turned off In bell)  Semd to 200

feet.
Ten more feet without clamp.

2l 10:5s PFut on elamp.  Hold, XNo clamp.
ull 1o surface.
1
18
1iih Huold ab 5o feet,
1 e
1y -
Lk IR |
L H] 1115
T 10075
28 11 10zed Spectrum reading: violet zoes o
450, exbends way over hlue, green
brightest eolor, Nothing but decp
ornnge 623, (11303
25 11 Ti:d To 830, Orange, and not red, spreads
fo G50, ©On eolor chart: numbers
. % 8, nre dork brown, number 4
a yellow brown. All the rest
seem to be normal, Eeise to deck.
660 ot but ormnge three feet
unider surfuce.  Extends to almost
s, Drall brownish red three feet
unnlir,
=urface 1S
i deck 11 ciki.5
Traveling fime:
Diown—24 minutes,

U'p—1 minutes,



264 B L LR LN Noveuber-eecmber, 1930

A school of Cyclithones pursulng their prey, These are the most abundant of all
deep-sen fish, and we sometimes take several hundred In one net.
Painted by E, M. Bostelmann,






