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I. INTRODUCTION

N the winter months of the year 1913—1914, the “Kommissionen for Havundersegelser” made invest-
I igations in regard to the fishery conditions in the Danish West Indies, (St. Thomas, St. Jan and St. Croix).
An important item of the programme was to investigate the possibilities for improving the conditions
for turtle-catching. It is a well known fact that the yield of turtle-catching at the present time
is far less than in former years. Every report on fishery conditions in the West Indies! mentions
this, and there is a concensus of opinion that measures must be taken to prevent this important industry
from dying out. The necessity for such measures in the Danish West Indies has been clearly portrayed
by Tn. MorTENSEN (1. c.).

As no records have been kept of the number of turtles caught in the Danish West Indies, either
recently or in the past, it is impossible to cite figures showing the decrease in the size of the catch. I
am therefore forced to quote—unfortunately very incomplete—expressions of opinion from various people
living on the Danish islands. These were officially collected in 1901, and put at my disposal by the
Honorable Mr. HELWEG-LARSEN, Governor of the Islands.

St. Croix.

Information given by a turtle-fisherman, a man fifty years old, considered an authority on fishing, and from
boyhood accustomed to fish for turtles near St. Croix. He tells that in his youth large numbers of turtles might be
caught in certain of the bays about the island. Turtle meat was daily fare. Now four or six weeks can elapse with-
out a single turtle being caught.

St. Jan.
Information given by “old practiced turtle fishermen”. They agree that in former days there was a very im-
portant turtle fishery about the island, especially off the eastern coast, but that it is greatly diminished, presumably on
account of the wanton destruction of the eggs.

St. Thomas.

Information given by turtle fishermen. They suggest that since the greatest number of turtles are caught
during their spawning season, when they should be protected, a close-season from March 1 to October 31, eventually
from April 1 to August 31, would be advisable and that taking the eggs be absolutely prohibited. If no close-season
is established, turtles will soon disappear entirely from the neighborhood.

All seem to agree that wanton destruction is the cause of the decrease in the yield. Even though
this cannot be proved, it is probably true, and the question remains as to how the condition may best be

! To. MorTENSEN: “Om Fiskerierne paa vore vestindiske @er”, (“Atlanten”, Hefte 43, p. 139—142, Kebenhavn 1907).

J. Boege: Rapport betreffende een voorloopig onderzoek naar den toestand van de Visscherij en de Industrie van Zee-
produkten in de Kolonie Curacao, 1, p. 121, Haag 1907.

See further: Rareu M. Munror: The Green Turtle, and the possibilities of its protection and consequent increase on
the Florida coast (Bull. U. S. Fish Commission, vol. XVII for 1897, p. 273—274, Washington 1898).
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remedied. Should a close-season be established? If so, at what time? A legal size-limit? If so, what
size? Would some totally different scheme be better for attaining the desired end? Are turtles so sta-
tionary that the establishment of a close-season and a size-limit for a few islands could have any effect?
Such considerations bring us face to face with difficulties which seem insurmountable so long as prac-
tically nothing is known about the conditions for which regulations are to be made. Almost nothing is
known of the rate of growth, age or migrations of turtles. There is a difference of opinion as to the
spawning season of the different species, which are often wrongly confused with each other.

From these causes alone it is easy lo understand that no results have come from the negotiations
started in the beginning of this century, on British initiative, between those nations interested in turtle
fishing in the West Indies. To attempt to introduce international regulations for the protection of turtles
on the basis of our present knowledge, or ignorancé, is to work without aim.

Therefore there is all the more reason for attempting to gain the required information as soon as
possible, and the “turtle question” occupied an important place among the investigations planned by the
“Kommissionen for Havundersogelser” in the Danish West Indies in the winter 1913—1914.

The most important facts to be determined are the rate of growth of turtles and their migrations.
As is known, marking experiments are very exlensively used in modern fishery investigations in order to
determine the rate of growth and migrations of fish. Our problem was to test to what an extent, and
with how valuable a result, marking experiments might be used for the turtles of the West Indies.

In what follows, I will describe the work we have done along this line, for although the experi-
ments are far from being extensive enough, yet they are sufficiently so to indicate that results may be
obtained by this methed. This seems to me to be of very special interest, and is the reason why this
little report is published now. It is my hope that its appearance may contribute toward awakening in-
terest for this question in the Danish West Indies, and toward introducing a work similar to ours in
other parts of the West Indies. For it is my opinion, that only on a basis of solid tested facts, is it
possible for the various nations interested in West Indian turtle fishery to frame regulations, by which
the stock of turtles in these waters may be used in a more rational way.

I take this opporlunily of expressing my indebledness lo all those who have assisted me in the
work, both here at home and in the West Indies. I wish to thank cand. mag. A. STRUBBERG, stud. mag.
P. Jespersen and Captain G. Hansen for assistance of various kinds, and Professor Dr. H. E. JUNGERSEN
and Professor Dr. J. E. V. Boas for lending me specimens of turtle young from the collections under
their charge. '

I owe the Hon. Mr. HELwEG-LARSEN, Governor of the Islands, many thanks for his help in the
arrangement of the marking experiments, and for the interest be has shown in the work.

I wish to give special thanks to Lieutenant V. ArNTz, harbor assistant in St. Thomas, for the great
care and perseverance with which be has carried out the extensive work connecled with the conlinualion
of marking experiments in the West Indies.



II. THE VARIOUS SPECIES OF TURTLES AND HOW TO

DISTINGUISH THEM

These investigalions deal only with the green turtle, or edible turtle (Chelone midas).

However, all the exisling species of turtles, 4 in number, are to be found in West Indian waters.

In our study of the bioclogical conditions we must discriminate very sharply between the various
species, [or they are animals that differ greally from each other, and under no considerations are to be
grouped under one heading. Let me give a single instance of this. The green turtle is an herbivorous

animal, while the three other species are carnivorous. It is therefore reason-
able to expect that the species may differ in other biological conditions that
are of interest to us, but which are at presenl unknown or known but
inadequaltely (breeding season, rate of growth, migrations, age elc. elc.)

From what we have said above il seems advisable, in a few words
to tell how lo distinguish the four species of turtles. This is very easy
even without previous zoological training!. Referring to the figures I will
limit myself to pointing out those distinguishing characters found in the
carapace, which in all probability will be that part of the turtle most
easily acquired for investigation.

A turtle’s shell consists of the dorsal “carapace” and the ventral
“plastron”. Each is composed of a number of bony pieces (plates),
which may or may not be covered with horny “shields”.

In the majority of species the carapace has the following plates Fig. 1. Green Turtle (Chelone midas).

and shields.

Carapace, showing the arrangement of the
various shields.

Along the median line there is a row of plates fused with the _ N—N::neuralshields. Nu:nuchalshield,

C,—Ci: costal shields. M,—M,,: marginal
5.

vertebrae, called “neurals”; the foremost plate is the “nuchal”. The M5 .. from St. Thomas, Danish West

neurals are surrounded on each side by the “costals” which are fused with

Indies).

the ribs. The costals are surrounded by the “marginals”, which form the outermost edge of the carapace.

Fig. 2. Loggerhead Turtle
(Thalassochelys caretta).

Carapace of a specimen caughl in the
Mediterranean (“‘Thor”, Station 132, July 10,
910). _C;: Costal shield No, 5.

The arrangement of the plates (respectively the shields) is to be seen

from the figures (cf. fig. 1, p. 5).

The following species of turtles may be found in the West Indies,
and in all tropical waters as well, though perhaps in various subspecies
or races.

1. Leathery Turtle also called Luth and in the West Indies Trunk Turtle (Sphargis
coriacea).

This species differs greatly from the other three, among other points in
that the carapace is soft and not fused with, but free from the vertebrae
and ribs. It consists of numerous small polygonal plates and is covered with
leathery skin without any epidermal shields (cf. fig. 7).

The leathery turtle is the largest of all the species. The shield in any case
attains a length of about 4 ft. The weights recorded vary from !: to 1 ton
(Gavpow). The flesh is supposed to be unwholesome and the species is of no
commercial value.

. “Loggerhead Turtle” or ‘Lantern-back™ (Thalassochelys caretta).

The shell has b pairs of costal shields (see fig. 2 and 8). Large specimens

have a shell about 3'/: feet in length (Gapow). The loggerhead is carnivorous

o

! Those who wish further information in regard to the anatomy of the turtle, see Hans Gapow: Amphibia and Reptiles,
The Cambridge Natural History, vol. VIII, London 1901. The larger part of the diagnoses given here, are taken from that book.
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and commercially of no value. It is very migratory, often wandering outside tropical waters, found for
instance, in great numbers in the Mediterranean. Concerning its rate of growth. cf. fool-note page 18.
3. Hawsbill Turtle (Chelone imbricala).
The shell has only 4 pairs of costal shields, (see fig. 9), and by this may be distinguished from the
loggerhead.
The horny shields of the caparace are more fully developed than in the green turtle. Moreover they
differ from the shields of the latter in that they strongly imbricate or overlap each other from before
backwards (cf. fig. 3). The margin of the carapace forms at first
a deeply serrated sharp edge, the serrations disappear gradually
on the front portion, but remain on the posterior half of the shell.
The jaws form a hooked beak. (Thence the name, “hawks-
bill™).
In young specimens, under 1 foot in length, there are 3 rows
. : i of keels, converging towards the posterior end of the shell, and
Fig. 3. Hawkshill Turtle (Chelone imbricata). formed by the neural and costal shields (see fig. 9).
Carapace in plOgé%yNf;:)lﬁluluéur:;iﬂdppmg shields. The limbs have 2 claws (see ﬁg. 9).
The largest specimen measured, found in the National Collec-
tion, London, has a shield 85 cm (34 inches) long. (Gapow).’
The species in carnivorous.
In general it is not eaten, but it is of great commercial value on account of its shells, the horny shields
of which are the “tortoise-shell” of commerce!. A large specimen yields up to 8 lbs. (Gapow).

4. “Green Turtle’, also called “Green Back’, and ‘Edible Turtle’” (Chelonc midas).

The shell has only 4 pairs of costal shields (see fig. 1, 4, 5, 6 and 10). In this respect it differs from the
loggerhead. It differs from the Hawksbill in that all the shields are juxtaposed, fitting closely into each
other. The margin of the carapace is smooth or but indistinctly serrated.

In younger specimens the carapace has one feeble keel following the median line formed by the
neural shields. Newly hatched specimens, have, however, 3 keels, but the middle one only is clearly defined
(see fig. 10).

The limbs have generally only one claw (see fig. 10).

The species is herbivorous and in this differs from the other turtles.

For its size see later.

This species is the “edible turtle”, and of great commercial value.

With the help of the short description given above and the figures, it is a simple matter to diffe-
rentiate between the various species of turtles, which, as has been stated, are all to be found in the Danish
) In the year 1870, 49,332 lbs of tortoise shell, valued at 32,503 £ were imported into the United Kingdom, In the year

1898, 76,760 lbs were offered for sale in London, practically all of which were sold. The import to France in 1876 was 42,306
kilogrammes with a value of 2,078,910 francs (R. L. in “Nature”, March 2, 1899.)

Complete figures from the Danish West Indies are lacking, but the two firms in St. Thomas quoted below, have kindly
given me a summary of the tortoise shell sold by them during a period of years.

Ch. Delinois & Co. Louis Delinois.
Year 1bs Value (Dollars) Year Value (German marks)
U e i A e 686 ABAB. v s o e A 16,060
L 1 184.. ... 915 TBID. . vy o pen A s 15,459
TI05. ¢ o i 2 . 11 BT e 1180 1900. . 14,007
1905 by 105.......... 772 1901. .. . 13,620
LI0F e e e i 3 B H i 651 TR smamaman an o s =% s 14,027
17 et N O 5 e M et 786 1903, . i 15,007
e i ot 775 U805 wn v B e SuEE W e 8,920
RGN0 e 1512 TN i romomamnn 46 OGRS 3 9,937
) 160 865 0 ] e e S R N 10,020
1813 o ] 2 o ST 1260 YQ0T o visrsmusssmsnin w s 9,954
1913, .. e o i 100 700 1908. . ... 9,927
L e T P e 12,425
L ) 10,698
e P e 9,047
LRI S e 4,896
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West Indies. Provided the species are kept distinct from each other, every observation made by people
living on the islands in regard to the biological conditions of the turtles (breeding season, laying, develop-
ment, size etc.) will be of value, as our knowledge of the subject is so incomplete. But just so long as
people say “turtle”, as the case is now, without discriminating between the species, such observations are
of but small, or no value.

III. TURTLE-CATCHING IN THE DANISH WEST INDIES
AND ADJACENT WATERS '

The center of the turtle-trade in the West Indies is Jamaica, and from there large quantities of
turtles are exported, especially to London!. Nowadays the greatest numbers of turtles are caught along
the “Mosquito coast” in Central America, whereas formerly the best places for catching turtles were more
northerly (Florida, the Bahamas, Cuba etc.). The history of turtle-fishing in these regions reminds one
of the British Trawl-fishery, which must ever seek more and more distant localities to obtain a profitable
yield, as in the more adjacent fishing-places the number of large valuable specimens seems gradually
to diminish. -

The region of special interest for us, is the group of islands lying in the shoal which, stretching
east from Porto Rico to the Virgin Islands, encompasses the two Danish islands St. Thomas and St. Jan
and the islets surrounding them (see fig. 11).

We have though, almost no information on the subject from the Danish island, St. Croix, lying
about 30 miles south of the shoal. '

I am unable to state with certainty which of the 4 species of turtles is most commonly found at
the Danish islands for the trunk turtle and loggerhead, having no special commercial value, are never
the objects of organized fishing. Probably, though, the eggs of both species are collected and sold, in
any case those of the first. Of the two remaining species, green turtle and hawksbill, which are both

very valuable, the former on account of its meat, the latter on account of the horny shields of the

shell (“tortoise-shell”), every specimen, however small, which falls into a fisherman’s hands is landed
and killed.

According to all information gathered on this subject, and according to what I have personally
seen during my stay in St. Thomas in the winter 1913—1914, it seems a positive fact that far more green
turtles are caught than hawksbill, probably 10 times as many, if not more.

Unfortunately we have no statistics in regard to the turtle-catch in the Danish West Indies, so no
statement can be made as to the numbers or value. By request from the “Kommissionen for Havunder-
sogelser”, the government, through the butchers in St. Thomas, collected various data during the year
1914—1915. These are given in Tables IV—V, p. 20—21. Even though incomplete, and therefore powerless
to give an entirely correct picture of the extent of the turtle-fishing in the Danish islands? yet they give
a certain impression of the situation which is of interest to us.

! DUERDEN: The Marine Resources of the British West Indies (West Indian Bulletin, I, 1901). In this we find that in the
year 1900, turtles were exported from Jamaica to the value of about 10,000 £,

* It was particularly striking that on the butchers’ lists, practically no small specimens (e. g. under 10 lbs. weight) were
found. However when we advertised that we wished turtles for marking we obtained such specimens from the fishermen, The

explanation lies probably in the fact, that the fishermen, for the most part, sell such small specimens directly to private individuals,
while only the larger ones come into the hands of the butchers.
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Turtles are caught, sometimes in the sea, sometimes on land, when they have gone ashore to lay
their eggs. In St. Thomas, the French speaking white fisher-folk, living due west from the town, Charlotte
Amalie, form that part of the population which is most interested in regular turtle fishing in the sea. 1

_ have the following facts from these people, who are popularly called the “Cha-Cha’s”.

Various kinds of wide-meshed nets are used for the catch. When the nets are set out, a wooden
block, or decoy, shaped like a turtle, is fastened to the head-rope. This attracts the turtles; especially the
males, and they become entangled in the nets, which are examined at frequent intervals. For catching
“hawksbill”, nets are used which are 16 fathoms long and 2 fathoms deep, for green turtles, nets of the
same depth but only half so long. The “Cha-Cha”s consider Sail Rock, Little St. Thomas and French-
man’s Cap especially good places for catching hawksbill. The green turtle is to be caught in bays, es-
pecially where the bottom is overgrown with “turtle-grass” (Thalassia and Cymodoceq).

While turtle-fishing with nets is carried on throughout the year, turtles are caught on land only
during the period in which they lay their eggs. The fishermen have various opinions as to when this
period occurs, but it is between the months March to November, and probably varies in the case of the
different species of turtles.

Those places near the Danish Islands in which information was to be had through lilerature on

the subject, are Porto Rico and the islands, Vieques and Culebra. The last mentioned lie very close to

. the Danish islands, belonging to the same general division, and one may expect to find that the conditions

there and in the Danish West Indies are similar.

In the report “Investigations of the Aquatic Resources and Fisheries of Porto Rico”, made in 1899
by the U. S. Commission of Fish and Fisheries!, turtles are thus mentioned in passing by B. W. EVERMAN,
p. 25: “Turtles are also uncommon. The species represented are said to be the hawksbill and green turtle,
which are rare, except at the east end. The scarcity of turtles is doubtless due to the absence of large
areas with sandy bottom”. P.49—41 of the same report, W. A. WiLCOX says:

“About Vieques and Culebra islands and the east end of Porto Rico as far west as Arroyo is the
region where turtle fishing is carried on to the greatest extent. At Arroyo turtles are found at all seasons,
being most plentiful from September to the last of December, during which time they deposit their eggs
in the sand of the beach. In the latter part of November, 1898, this section was fished by two small
vessels from the English island of Tortola, who used large-meshed nets to which wooden decoy turtles
were attached, the nets being set near the coral reefs off the harbor of Arroyo. The vessels remained
two weeks and it was reported that a fair catch was made.

A few turtles are caught about the small islands near Hucares, chiefly with gill nets. During 1898,
400 pounds of hawksbill turtle shells were taken and sent to New York, where the best brought § 5
a pound in gold. The nets used about Vieques and Culebra islands are 27 feet long, 8 to 12 feet deep, and
of 12-inch square mesh. A few turtles are taken on the beaches, but the catch is principally by nets
which, with their wooden decoy turtles, are anchored near the coral reefs; the nets are visited once or
twice a day during the turtle-fishing season, which is said to be in May, June, July and August.

The hawksbill, green sea, and loggerhead turtles are reported more plentiful in this vicinity than
elsewhere about Porto Rico. The catch, however, is small, only 75 hawksbill turtles having been taken
in 1898. The shell of the hawksbill is said to average from 3 to 5 pounds, and brings from 75 cents to -
§ 4 a pound in gold at St. Thomas. The loggerhead turtle is used only for its oil. The meat of the
other species is sold for food at 6 cents a pound’’.

I have not been able to obtain information as to the conditions on the British Virgin Islands,
lying east for St. Thomas and St. Jan (Tortola, Jost van Dyke, Anegada, Virgin Gorda, etc.). From the

1 J. S. Fish Commision Bulletin for 1900, Washington 1901. Concerning turtle catching in the Dutch Leeward Islands
(St. Martin, St. Eustatius and Saba) see BoEkE l. c.p. 123—124.
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stalistics which the government of the Danish West Indies, at the request of the “Kommissionen for Hav-
undersegelser” had drawn up by the butchers in St. Thomas it appears that an important part of the
turtles sold in trade in St. Thomas originate in the British Virgin Islands (see Table V, Page 21).

IV. THE BREEDING SEASON OF TURTLES, ETC.

I can give no information about the breeding season of turtles, deduced from personal investigations,
as my stay in the islands was not during the breeding season. I am therefore forced to confine

myself to facts obtained from the fishermen and information of older date from a work on the reptiles of '

the West Indies by J. REiNaARDT and C. F. LiTreEN?, published in 1863.

I must mention that in certain instances the facts furnished by the fishermen were somewhat
contradictory, so that I have only made use of those which seemed to me plausible.

The fisherman from St. Croix, already mentioned on page 3, says, (according to notes given to me
by the Governor of the Danish West Indies, Mr. HELWEG-LARSEN):

“Three species of turtles are to be found in our waters: the hawksbill, the green back and the
trunk turtle. The species first mentioned lays its eggs during the months June—October, inclusive. The
eggs are laid high upon the beach in the dry sand. The place is easy to find for those who have had a
little experience, and the eggs are therefore found and collected without difficulty. Green back turtles lay
their eggs in so low a part of the beach, that the water, constantly lapping over the place, washes away
all traces. Therefore these eggs are found only by chance and are very rare. The exact date for the
breeding-season of this turtle is unknown, though it is the most common species along our coasts. The
trunk turtle lays its eggs during the months March—May inclusive. The meat of this species is inedible
and can only be used for oil. This turtle attains an enormous size. The shell of the hawksbill is valu-
able, but that of the other two species has no value”.

In continuation of those facts reported from St. Jan, 1901, and referred to on page 3, the
following is given:

“In our waters, only 3 species of turtles are known, the hawksbill, the trunk turtle and the green
back. Of these the two first mentioned lay their eggs in the sand along the sea shore, according to report,
in the months May—October. The nests are easily found as the tracks of the turtles can be followed in
the sand. During the spawning season the hawksbill comes ashore 3 times, laying about 175 eggs each
time, in all about 500 eggs. As far as is known, about 20 days elapse between each laying. The eggs of
both these species are edible, and are gathered by people who, whenever they come across the turtle kill
it, the trunk turtle for the sake of the oil, the turtle being otherwise valueless, the hawksbill on account of
its valuable shell. All three species are caught in nets throughout the year. As the green backs lay their
eggs along the margin of the sea, they are hardly ever found, but it is presumed that this species lays
its eggs during the months May—October, for in these months eggs have been found in the females.”

The following facts, in written form, come from a Dane, Mr. ANDERSEN who has lived for several
years as a fisherman, and much else, on the little island Lovango Cay, in the sound between St. Thomas
and St. Jan. (The facts are quoted from a letter written in the spring of 1914 by Mr. ANDERSEN to Mr.

- P. JESPERSEN, who worked as assistant with the investigations carried on by the “Kommissionen for Hav-
undersegelser” in the West Indies in the winter 1913—1914).
t J. RemwsarpT and C. F. LiTken: Bidrag til det ve.stindiske Briges og navnligen til de dansk-vestindiske @ers Herpetologie

(Videnskabelige Meddelelser fra den naturhistoriske Forening i Kjebenhavn for Aaret 1862, p. 284—290, Kjehenhavn 1863).
Fiskeri I. Serie V. 2
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“The following species of turtle are to be found: green turtle, hawksbill, trunk turtle and logger-
head. I have found them all, except the green turtle, breeding on St. Thomas and St. Jan, about fifty
pair. The hawksbill and loggerhead turtles lay their eggs (in the period from June to November), high
up on the shore, far in under the bushes. The trunk turtle lays its eggs, (in the period from March to
June), quite far from the waters edge, so that the waves cannot reach them. About 700—800 eggs are
laid, divided in four batches with an interval of 15—17 days between. They are laid in a hole in the
ground and covered with earth or sand. The turtles are usually caught after they have laid their first
batch of eggs. Therefore only comparatively few eggs are collected. A greater number of green turtles
are caught than hawksbills. Turtle-catching is diminishing. About 100 specimens are caught annually
around St. Jan.”

We are under obligations to the late apothecary Rusk, in St. Thomas, an enthusiastic naturalist,
for the information about turtles quoted by ReNHARDT and LUTKEN, 1. c. from the latler part of the
last century.

According to Rusg, four species are to be found in the Danish West Indies, hawksbill, green turtle,
trank turtle and loggerhead, or as it is usually called, lantern back. The last mentioned he has not seen
himself. He has sent two specimens of the eggs of the trunk turtle found on the British island, Tortola,
near St. Jan. These eggs, according to RemnmarDpT and LUTKEN, measure 60—61 mm in diameter, and are
thus larger than the eggs of other turtles, which do not attain a diameter much greater than 40 mm.

Concerning the two important species hawksbill and green turtle, Mr. Ruse makes the following
interesting statements (REINHARDT and LiTken, 1. c. p- 228):

“It is usually the eggs of the hawksbill species which are sold and eaten in the Danish West Indies,
not the eggs of the green turtle as is commonly supposed. Mr. Rusg, is in fact, prone to believe that the
eggs of the green turtles never come on the market, though he will not state this as an absolute fact.
According to information he has received, the green turtle does not, as does the hawksbill, lay its eggs
on the dry beach, but buries them in the sand further out in the water. ... In the West Indies, not
only the eggs, but also the meat of the hawksbill in eaten, though the latter is not considered as great a
delicacy as the meat of the green turtle. The eggs, of which Mr. Ruse has sent some specimens preserved
in alcohol do not seem to vary greatly in size. They are spherical in shape, as are all turtle eggs. The
largest measures 40'5 mm in diameter, the smallest 39 mm. On Sept. 4, 1861, Mr. Rusk had a large hawks-
bill specimen killed in his presence. It was about 3 ft. long and 2 ft. broad. In it were found 167 eggs
with a white shell of the same consistency as the shell on the eggs already laid. It was presumably to
lay these 167, that the turtle had come ashore. 300 yolks were also found inside the turtle, and of these
one half was twice as large as the other. The fishermen, who sold Mr. Rusk the turtle, reported that two
weeks previously they had taken 150 eggs which this turtle had buried along the beach. The turtle had
been caught on its return to the spot where it had come to hide a second batch of eggs. They claimed
further that, had the turtle been allowed to live, one half of the yolks inside it would have been ripe and
ready for laying two weeks later. According to Mr. Rusg’s report the laying period (for hawksbills) in
the West Indies lasts from July to October. The males do not come ashore, but are caught in nets.”

We must now describe the newly hatched turtles from the Danish West Indies to be seen in the
various collections in Copenhagen. These have a certain biological interest, since the discovery of such
very young turtles leads one to conclude almost positively that they were hatched on the Danish Islands.

The specimens were measured by Mr. A. STRUBBERG.

1. Trunk turtle (Sphargis coriacea) from:

' Tortola:
1 specimen, 1. 7005 mm (Zool. Museum University of Copenhagen).
2 eggs. ;
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St. Croix:
1 specimen, 1. 65 mm., wt. 43 gr. (Zool. Museum, Royal Coll. Agri.)
(In addition the Zool. Museum University has from Guinea 3 specimens, 1. 54, 56 and 67 mm. The largest
dorsal shield in the University Museum from St Thom as measures 144 cm. in length.)
2. Loggerhead (Thalassochelys caretia) from :
West Indies:
No specimens in the museums.
Realejo, Nicarag ua:
1 specimen, 1. 43:2 mm. wt. 155 gr. (Zool. Museum University of Copenhagen).

1 — L. 42 mm, ( — — = J:
Malabar:
1 specimen, 1. 415 mm. wt. 14'3 gr. ( — - — D

(The largest dorsal shield in the Zool. Museum is from Rio Janeiro, and measures 95y cm.)
3. Hawksbill (Chelone imbricaia) from:
Danish West Indies:

1 specimen L 50 mm. wt. 26 gr. (sent by apothecary Riise to the Zool. Museum, Royal Coll. of Agri).

1 — L 52 mm. (Zool. Museum, Royal Coll. of Agri),
1 e 1. 78 mm. wt. 65 gr. (caught in January 1896 and brought to Copenhagen by Mr. Chr.

Lofting, and placed in the Zool. Mus. Royal Coll. Agri).
1 specimen 1. 422 mm. wt. 17 gr. (Zool. Mus. Uniy. Cop.)
1 — . 428 mm. wt. 195 gr, — —
(These two last specimens are of older date.)
1 specimen 1. 51'5 mm. wt. 22 gr. (Zool. Mus. Uniy. Cop.)
1 — about same length as above (Zool. Mus. Univ. Cop.)
(Both these specimens are marked @nsTED, 1846.)
1 specimen 1. 468 mm. wt. 16 gr. (Zool. Mus. Univ. Cop. 1912).
1 — 1. 80 mm. ( — — ).
Various eggs are to he found in the collections of the Museum. The diameters of the eggs vary from
39—41"5 mm, (Remvmaror and Lurken, 1. ¢)
4. Green Turtle (Chelone midas) from:
West Indies:

1 specimen, 1. 512 mm, wt. 23 gr. from St. Croix (Zool. Mus. Univ. Cop.)

1 e 1. 59 mm. wt. 32 gr. (Zool. Mus. Royal Coll. Agri.)
Java:

1 specimen, . circa 52 mm. (Zool. Mus. Univ., Cop.)

1 = L. 81 mm. ( - - )
Indian Ocean:

1 specimen, 1. circa 52 mm. ( — - )
Bonin Islands:

1 specimen, 1. 105 mm. ( — - )

] — 1. 115 mm. ( — — )

If, based on the facts seen above, we attempt to construct a pictlure of the biology of the turtles
in the Danish West Indies, we find the following to be true.

1. Loggerhead (lantern back).

There is no positive proof that this species breeds in the Danish West Indies. As is mentioned
on page 10, an observer of this turtle tells that the laying season for the hawksbill and loggerhead
is from June to November. DAVENPORT Hooxer!, who has specialized in the study of the breeding habils
and early life of the young of that species says: “The breeding season of the loggerhead turtle lasts through
the months of April, May and June. There seems to be basis for belief that two nests are laid in a

season by each female. The number of eggs laid is approximately one hundred. The period of incuba-
tion lasts aboul fifty days”.

' DavenrorT Hooker: “The Breeding Habits of the Loggerhead Turtle and Some Early Instinets of the Young”. (Science,
N. 8. vol. XXVII, p. 490, New York 1908.)

9%

!



12

2. Trunk Turtle.

It seems to be established beyond doubt that the trunk turtle breeds in the Danish West Indies.
Both the eggs and the newly hatched young are known from Tortola and St. Croix. All reports from the
Danish West Indies place the spawning season for this species in the period March—May inclusive, or
March—June. The eggs have a diameter of 60—61 mm. (REmnraRDT and LOTREN 1. c.)

Neither of the two species described above has any commercial value. This is not true in the
case of the two species which follow.

3. Hawksbill.

Without doubt the hawksbill is that species of turtle, which breeds most prolifically on the Danish
islands. At any rate, it is that species whose nests are most frequently found, and whose eggs form the
bulk of the “turtle-eggs” sold on the islands.

ReiNHARDT and LOUTKEN stale that the eggs have a diameter of 39—41'5 mm.! The spawning-
season for this species is later than for the trunk turtle, namely during the summer and autumn (“hurri-
cane season”). The two informants on the subject from St. Croix and Lovango Cay agree in their statement
that the spawning season is from June—October, November, and this statement is confirmed by apothecary
Rirse’s data about the turtle he had killed September 4, and which contained ripe eggs.

Far fewer specimens of hawksbill are caught near the Danish islands than of the following species.
When various informants from the Danish West Indies make this general statement that “the ruthless
destruction of turtles’ eggs is the cause of the decrease of the turtle catch”, the statement may be applied
to the species hawksbill. It is literally this species that pays the penalty every time turtle eggs are enjoyed
as a delicacy. As hawksbill, on account of its “tortoise shell”, is the most valuable of all turtles, a well
grown specimen often bringing a price of 100 francs (§ 20) or more, it would be difficult to imagine a
more exiravagant article of diet than turtle-eggs, even though these are sold for a few centimes apiece.

That the hawksbill breeds very commonly on the Danish Islands is seen, too, from the fact that
the newly hatched young of this species are very often found. In any case they are more often found
than the young of any other species. These, when hatched seem to be 4 cm. long (carapace) and to weigh
about 15—20 grammes.

4. Green Turtle.

The green turtle is without doubt that species of which the greatest number of specimens is
caught in the Danish West Indies. The fishermen sell it for about 20 centimes (4 cents) per 1b. The
turtle can attain a weight of several hundred pounds, though specimens weighing more than 100 Ibs. are
rare in the Danish West Indies. Strangely enough the eggs have not been found on the Danish islands,
so the purported decrease in the number of turtles of this species caught, cannot be due to the destruction
of the nests by man.

As has been seen from the facts given by fishermen and stated above, it is generally believed that
eggs are not to be found, because they are laid so near the waler that the waves wash over the place,
effacing all traces made by the mother turtle. An old “Cha-Cha” fisherman on St. Thomas, with whom I
talked, had a different theory. He thought that the green turtles do not breed on the Danish islands but
come from a long distance. As a matter of fact in the collections in Copenhagen, there are one or two
newly hatched specimens of the green turtle from the West Indies, a little over 5 cm. long. One of these
is marked St. Croix. This would seem to indicate that if opportunity affords it, this species will breed on

! An egg, measured by Mr. STrRuBBERG and now in the Zool. Museum of the Royal Agricultural College in Copenhagen, is
43 mm. in diameter, and weighs 30 gr.
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the Danish islands. However it is strange that there are so few newly hatched young of this species in
our collections, and no eggs whatever, especially since the species is the most common one, whereas
the hawksbill which is far more rarely caught, is more fully represented in its newly-hatched stage in
the collections. The case is the more strange, as the eggs of the green turtle seem to be found quite
commonly other places in West Indian-American regions.

BoekE (1. ¢. p. 126—127) states, that according to a report received from Great Inagua, one of the
Bahamas, the eggs are collected and hatched and the turlle young artificially fed during a certain period™.
Authors differ somewhat as to the breeding-season of the green turtle. Gapow (L. c.) says that in the
West Indian region it falls within the period April to June. AupusoN, according to LUTKEN, gives May
and June. MunroE (l. c¢. p. 273) mades the following statement. “It mates on the Florida coast in the
month of May, or there abouts, the female with eggs, except in rare cases, at once disappearing from these
waters, and, until recently, going no one knew where, but it may now be asserted that their hatching-
grounds are the beaches of various isolated islands off Central America or the Bahama banks. How this
migration is accomplished across the Gulf Stream for hundreds of miles is past comprehension? As high
as four hatches of eggs, containing from 130 to 180 each, are believed to be laid by one female during the
months of June, July and August....”

Although BoEegk (1. c. p. 129) believes that the laying season falls from March to July, he did not
succeed in procuring any eggs of the green furtle during this period. However in October, (on the Dutch
islands Curacao and Bonaire) he obtained some eggs, some of which were taken from a turtle, while the
others were found in the sand along the coast.

All in all the statements made as to the spawning season of the green turtle are so inconsistent,
that one unconsciously begins to suspect that a confusion of the species has often taken place. I think it
possible that green turtles’ eggs have been found but seldom. This may perhaps be due to the extreme
shyness and cunning shown by the female when she comes ashore 1o lay her eggs. Should Boeke’s find
in October month be an ordinary case, there would be but little difference between the spawning season
of the green turtle and that of the hawksbill.

V. THE MARKING EXPERIMENTS

A. Method and Plan of the Experiments.

The first intention was to use the two valuable species of turtle, green turtle and hawksbill, for
the marking-experiments but, as we soon found that only a few specimens of the latter were obtainable,
we decided that the green turtle only should be used.

I had originally thought that turtles could be marked by branding numbers on the carapace, and
before leaving for the West Indies we supplied ourselves with several branding-irons, such as are used
for branding numbers on military horses. The first turtles marked were branded in this fashion as the

! It is possible that these facts only apply to the species hawksbill; whether or not this is the case cannot he seen from
the report.

? What right the author has to conclude that it is the same specimens which mate in May on the Florida coast that later
lay eggs on the coast of Central America and the Bahamas, is impossible to say.

Marking-experiments, or possibly an intensive study of the various races found in these places, should give an answer to
this question. i

On the whole, until exact proofs are forthcoming, I am inclined to be extremely sceptical as to the very long migrations
the green turtle is supposed to undertake.
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figure 5 shows. It is seen that the letiers DA (Danmark) are branded

on the largest (8rd) right costal

shield, while the number 11, is pranded on the two middle left costal shields. At first the numbers were

very distinct as the figure shows, but I soon saw that there was danger

Fig. 4. Green turtle (Chelone midas).

Carapace, showing the arrangement of the
v:u*:l%ns Erhield.s. e i
—N;: neura shields; Nu: nuchal ghield: Fig. 5. Green
C,—C,: costal shields; M,#Mm: marginal shields. g
(Specimen from St. Thomas, anish Wesl
Indies.) the coslal shields.

and disappearing. We therefore adopted another method of procedure.

of the marks becoming indistinet

Turtle (Chelone midas).

Specimen marked No. 11 by branding numbers on

This was to fasten to the turtle

a piece of flat silver wire, on which was stamped a number and the letters DA. The silver wire (or

rather silver tape), Was of the same kind as is used for finger rings and

Fig. 6. Gr

2 gpecimens, doubly marked, first by branding numbers on the costal shields, secondly by
poring holes in the marginal shields.

The specimen branded with the No.123 is marked No. 14 by means of the holes. (The hole in
the first right marginal shield indicales 10, the hole in the fourth left marginal shield indicales 4.)

The specimen branded with the No. 122 is marked No. 16 by means of the holes, for in addi-
tion to the hole hored in the first right marginal shield, a hole has heen bored in the sixth left
marginal shield.

cen Turtle (Chelone midas

found in the shops in St. Thomas.
The marking tape was fastened
to the turtle in the following
fashion. In one of the posterior
marginal shields two circular
even holes were made with a
drill,. The silver tape was
threaded through these, and the
ends pinched together soO that
the tape lay tightly against
the shield.

Later, as means of marking,
in addition to the silver tape
holes were bored in the marg-
inal shields. The silver tape
is fastened in one of the
marginal shields No. 1, in
which two small holes have
been bored. Other holes that
are to indicate numbers are
pored in certain marginal
shields. (In regard to the termin-
ology of the respective shields,
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see Figure 4, where the shields are numbered). These holes are bored in a similar way to that described
above, bul with only one hole in each shield, and made with a larger drill. The holes in the right
marginal shields indicate tens, those in the left marginal shields, ones, and the shield numbers give the
ciphers. Figure 6 shows two turtles marked both by branding numbers and by boring holes.

In order to be cerlain of the identification of the recaptured turtles in this first experiment, where
the mosl important thing was to find a method useful in marking, I let all the marked specimens be
photographed. There is so greal a variation in the form of the shields (especially the neural shield No. 2),
between the various individuals, that by comparing the carapaces sent in with the pholographs, a doubt
that might have arisen, due to a branded number being almost obliterated, or a silver label being lost,
could easily be cleared up.

The result of the marking experiments showed that all the recaptured specimens could be identified
with certainty. It soon appeared, however, that branding the figures on the shields was insufficient, for
after a few month’s the figures could only be read with difficulty, or not at all’. On the other hand the
silver markers seem to prove satisfactory. In one single case the silver marker fell off while the turtle
was being handled after being caught. This was probably due to the fact that the two holes in the first
marginal shield were bored so close to each other, that the little bridge belween them broke. In this
case too, the specimen was very small, and the shield in question quite thin. If there is a fair space
between the two holes, a repetition of the above accident may be avoided without difficulty. As far as
our own experience goes, we find there is good reason to continue the use of silver markers. Possibly
for the sake of greater certainty, this method might be combined with drilling holes in various marginal
shields. The mark DA is always branded on the largest costal shield, on the right side near the neural
shields. When marking-experiments with turtles in the West Indies are made by other nations than the
Danish (which we hope soon will be the case), the mark of nalionality should perhaps be placed on one
of the other costal or neural shields to avoid confusion. It would possibly be better to cut the nationality
mark into the shield, rather than brand it. '

The plan for the marking-experiments was as follows. Before leaving St. Thomas the Commission
applied to the government of the Danish West Indies for help in continuing the experiments, and in
receiving the recaptured turtles. An arrangement was mmade with the harbor direction in St. Thomas,
whereby the harbor assistant, Lieutenant V. ArNTz, was to continue the work after the Commission had
left, receive the turtles sent in, measure and weigh them, and send their carapaces together with a report
to the “Kommissionen for Havundersggelser” in Copenhagen. Before this Commission left the West Indies,
notices were inserted in all the local papers, requesting fishermen, who might catch marked turtles, to
deliver the same to Lieutenant V. ArNTz, and receive a reward. As it was probable that many of the
marked turtles would emigrate from the Danish islands, the government of the Danish West Indies wrote
to the colonial governments of the islands lying near St. Thomas requesting their cooperation in the work.
In a letter dated May 19, 1914, from the Danish colonian government to the “Kommissionen for Havunder-
sogelser”’, we find that such cooperation has been promised by the governments of the British Leeward
Islands, thereunder the Virgin Islands, the British Windward Islands, the Barbados, Trinidad, Martinique
and Curacao. The letter states that notices in regard to the experiments have been printed in all the
local papers, and that those in authority have been requested to assist in every way possible toward
gaining the desired information. The government of the Barbados has, on itls own account, offered an
extra reward of one dollar for each carapace delivered. No answer had as yet been received from the
governments of Porto Rico or Guadeloupe.

1 This was particularly the case, when as in Fig. 5, the figures (letters) are branded on the outer, not bhony part of the
costal shield. The marks last longer when they are branded on the inner bony parts of the costals, but even so, not sufficiently
long, that this method may be used.
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B. Results of the Experiments.

The experiments in marking green turtles in the Danish West Indies, described here, are eleven
in number, and include 65 specimens in all. Of these, up to date (Jan. 1, 1916), 9 have been recaught
and recorded, that is to say about 14°/. It is by no means certain that this number corresponds exactly
to the true state of affairs. 1t is more than possible that over 14 %o have been recaught, and that no
record has been made of the specimens, could be due either to the fact that the fishermen have not seen
the marks, or have not understood their meaning. This might especially be true in the case of specimens
caught in waters outside the Danish West Indies, for example those toward the west (Porto Rico, etc.),
where we may conclude that the marking experiments are not known (cf. page 15).

Moreover Table 1, page 17, shows thal there is a great difference in the various experiments
(marked I—XI) in regards to their percentage of recaptured specimens. This percentage varies from 0—100.

ANEGADA
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Fig. 11. Chart showing the migration of the marked Turtles (Chelone midas).

vadtsate 1&214;!11{’;;)1:11)1;;10F%?;h];rm‘ll}{%ﬂ(l& rtt]il:. li(b&g"arl;g]-)giglic;s. li?.?icmes {he number of the experiment, the Arabic number heside lhe eatching-places

If we leave out of consideration, experiments Nos VII and XI, in which the turtles were liberated
in deep water, north of St. Croix, and experiment No. VIII, in which the turtles were liberated between
St. Jan and the British island Tortola, all the remaining experiments (I, IT, IIT, IV, V, VI, IX, X) were
carried out in nearly the same locality, that is to say, in shallow water of about 15 fathoms, due south
of St. Thomas, and close to the little “Buck Island®.

From the table we see that the turtles (with the exception of No. 122, which was caught the day
after liberating, and therefore liberated again), have been from 3':—11 months in the ocean before
being recaught.

From the chart, fig. 11, page 16, we see that none of the recaptured specimens have wandered far
or quickly. No. 31 has travelled furthest, having gone eastward to the British Island Anegada, a distance
not exceeding 50 miles, and for which it has used 10 months, so that the average distance travelled may
have been about 5 miles per month. The remaining specimens have wandered but a very few miles, for



Fig. 7—10. Newly hatched young of the various species of Turtles.

All figures about natural size. — Drawings by Miss B. RorwEDER.
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Fig. 8. Loggerhead Turtle (Thalassochelys caretta).
Principal distinetive feature: 5 pairs of costal shields.
(Specimen from Realejo, Nicaragua).

Fig. 7. Trunk Turtle (Sphargis coriacea).
Principal distinetive features: Carapace consisting of
numerous small polsygonal plates.
(Specimen from 5t. Croix, Danish Wesl Indies).

he o

Fig. 10. Green Turtle (Chelone midas).

Principal distinetive features: 4 pairs of costal shields,
only one distinet longitudinal lkeéel, shields juxtaposed,

Hawlksbill Turtle (Chelone imbricata).
airs of coslal shields,
only one claw on the limbs.
(Specimen from the Danish West Indies),

Fig. 9.
Prineipal distinctive features: 4
longitudinal keels, shields overlapping, two

3 distine
claws on the limbs.
(Specimen from the Danish West Indies).
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Table I. Marking experiments with Green Turtle (Chelone midas) in 1914.
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No II, III and IV
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instance No. 31, eleven months after marking, was caught in almost the same spot (liberated 18°16'N.,
64°54,5’ W., recaught 18°16,6’ N., 64°53,1" W.).

All in all, the records made thus far, though few in number, seem to show that the younger
specimens of the green turtle, such as those used in the experiments, are very stationary.

As to the rate of growth of turtles, these records, in spite of the fact that they are but few in
number, give us valuable and consistent information. This may be seen from Table I, page 17. In ex-
planation, T must add that the length of the specimens is measured (in centimeters), from the foremost
edge of the nuchal shield along the longitudinal keel to that point where the left marginal shield No. 1,
separates from the right marginal shield No. 1. The measurement is made by means of a tape-measure
laid along the middle of the shield, which is arched, so that the measure does not show the distance
between the two extremities. In the same way the greatest width of the carapace is measured with a
tape-measure. The weight is reckoned in English pounds on a decimal scales, belonging to the Customs
House in St. Thomas.

From the Table we see that the monthly increase in weight varies from 0-3 to 0'95 English lbs.
(138—442 grammes). In the following little table the specimens are arranged according to their weight at

the time of marking, and the increase in weight per month is given
Table Il. Green Turtle

(Chelone midas).

in pounds and in percentage of the weight at the time of marking.
From this table we find a very slight difference in the monthly
Initial weight Average Increaseinweight permonth gain between the largest and the smallest specimens, weighing 44

1bs. in lbs. in %ol initial weight v "

5 063 196 9, and 5 1bs. respectively. On the whole younger specimens show the
11 075 68 — largest percentage of gain in weight per month.

15 064 43 L ¢ & o

1; 031 91— If we count on a monthly increase averaging '/z Ib. per speci-
186 031 16— men, which is too small an increase rather than too large, the monthly
%225 323 ‘ig_ increase in value of the small green turtles which we are considering
z0* g Seli—— .
44 058 fodi here will be between 10—15 centimes, when prices paid per lb. in

St, Thomas vary from 20 centimes (4 cents) to 30 centimes (6 cents).
The season of the year does not appear to exert any special influence on the rate of growth (see
Table I), but the seasons in tropical waters’ are not as clearly defined as they are in northern waters.
It is of great importance to be able to tell the age of a green turtle of such and such a size and
such and such a weight. Unfortunately we have as yet insufficient material for making a definite state-
ment in regard to the matter,
1 In an article, “Sur le développement des tortues (T. caretta)” (C. R. Soc. Biologie Paris, tome V. p. 10—11, 1898), S. A.S.
Prince ALseErt I oF MoNAaco reports some interesting observations made as to the growth of 3 specimens of loggerheads, caught
near the Azores and placed in a pool filled with salt water at Monaco, where they were fed with fish, The temperature of the

water was 21°—-923° in the summer, 17° in the winter. It was observed that the turtles ate much more during the summer than
during the winter, with a resulting greater growth in summer than in winter. I quote below the results found by weighing.

Specimen A. Specimen B. Specimen C.
93 Angust 1895. .. ..« e 2:30 kg. SiSept. 18960 .. r v s 231 kg. 23 July 1807 i oo swwvams on io 068 kg.
26 March 1897 ............. 4 - 46 Mareh 1897 - sueaen ws wen 256 - 18 Sept. = o e e e 12 -
T Aprll = % psmees venen 4 - T AL = L e e e 266 = G INON - — o s s s o 13 -
a5 APHL = s en cwes smesss 4 - 25 Aprill  — s s e e 255 - 1B DEE. =5 cw o somminiees wn e WEO =
28 May — e 4 - 28 May S e i e T 261 -
18 Septy  :— oo es wapen . 51 - 18 Sept. = N e 30-38 -
5 Nowv. S 52 - 5 Nov. e 341 -
15 Dec. = ARG ¢ 53 = 15 Dec. et 352 -

The results found by weighing these loggerheads show quite another condition of weight than that found in our marking
experiments with the green turtles, i. e. that not only is there a great difference in the rate of growth between summer and winter,
but also between large and small specimens. We see, for instance, that specimen B, in the period from April 26—Dec. 15, 1897
gains 10 kg. in weight, an enormous increase in weight for so short a period, and not to bhe compared with anything our ex-
periments can show. '



Table IIl. Green Turtle (Chelone midas), St. Thomas 1914.

Showing the ratio between total weight and length and breadth of Carapace, according to measurements made by the “Kommissionen
for Havundersegelser” and Mr. V. ArNTZ.

Length of | Breadth of Weight Weight Length of | Breadth of Weight l Weight Length of Breadth of Weight | Weight
Carapace | Carapace Carapace | Carapace Carapace | Carapace

cm, cm. leas. 1bs. em. cm. kgs. 1bs. em. en. kgs. 1bs.
23 21 1-3 218014 35 32 49 11 455 40 92 205
266 23 21 43)y 376 345 60 13Ys 46 41 92 2015
265 235 20 4]y 39 336 67 15 46'5 415 107 24
21 23 2.0 4716 39 376 67 15 465 43 S0 2214
276 25 2:0 41y 396 37 67 15 47 44 98 22
276 24 2:5 51s 40 36 74 161¢ 47 435 114 2512
28 25 2:6 5103 40 38 Tb 16%]4 47 43 112 26
28 24:5 2:2 b 40 38 76 17 475 43 112 2b
286 245 22 5 40 375 71 16 47-5 43 103 23
285 245 27 6 405 36 67 1h 475 46 113 2511,
285 24-5 2:5 5116 405 3956 18 174 485 b 117 264
286 25 2:b 5y 405 37 6 17 48-5 435 107 24
29 25 27 6 426 385 8 18 485 44-5 121 27
30 27 2:9 6]y 43 386 89 20 50 46 12:7 281y
306 27 31 6210 43 39 85 19 50 45 129 29
31 27 33 Tila 43 38 85 19 50 45 132 294y
32 28 33 T2 44 385 83 181/, 505 43 12.7 281y
33 285 37 814 44 415 94 21 505 455 132 291
3356 305 42 9y 44-4 39 92 2013 50-5 45'5 132 2015
34 285 b4 12 44'5 39 89 20 515 465 134 30
34 285 54 12 45 40 92 20%s 55 50 165 37
345 30-5 49 11 45 416 | 104 232 57 562 196 44
345 295 4-2 9y 455 40 10 22, 58 535 21 46
346 30 54 12

A few remarks on the subject may however, be of interest. I will first refer to Table III, p. 19,
in which the size an, weight of certain specimens of green turtle examined in St. Thomas by the Commis-
sion and by the harbor assistant, Lieutenant V. ArNTz, are given. From these we see that specimens

having a carapace 23--30 cm. long, weigh from 3—6 English lbs. A weight of 20 lbs., or thereabouts,

gives a corresponding carapace 45 cm. long, and a weight of 30 lbs. a carapace 50 cm. long, and a weight
of 45 lbs. a carapace ca. 57 cm. long.

It would be possible to find out the age of the turtles here described, did we but know the age
of the smallest specimens examined, for by means of the marking experiments we can estimate approx-
imately the subsequent monthly (or yearly) growth.

The question then resolves itself to this. How rapidly do turtles grow in the first period of their
life? As far as I know, the literature on the subject gives no information for the green turtle. We must
therefore turn to the hawksbill. Here we find several interesting observations from the Danish West
Indies recorded by TH. MoRTENSEN and published in his article on the Marine Resources of the Danish
West Indian Islands (l. c. p. 141). In this he tells how Consul Scuack in St. Thomas, on April 29, 1905,

! The “Kommissionen for Havundersegelser” have had no access to larger specimens, so no general statement can be made
as to the relationship exisling between the weight of the turtle and the length of the carapace. There is, however, (on the request
of the Commission through the government) a record of the size and weight of the various turtles, made by the butchers in St.
Thomas. These measurements are quoted page 20, Table IV. In examining them, many inconsistencies will be found, so they are
cited with great reservation.

3914

14!
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placed two hawksbill young in a little pool, and later, June 26, a young specimen that was somewhal
larger. They were measured again Dec. 18, 1905
The result was a follows.

No. 1: measured April 21; length 10 cm.; breadth 65 cm.

— Dec. 18; — 23 — — 150 —
No. 2: — April 29; — 9 — — 65 —
— — Dec. 18; — 20 — — 658 —
No. 3: — June 26; — 14 — — “11'6 —
— — Dec. 18; — 24 — — 166 —

From these observations we see that the small hawksbill young gain on an average 11/z cm. per
month, and that in December they had reached a length of 20—24 cm. '

Now comes the question, at what season of the year do the hawksbill young come into the world?
As I have mentioned before, statements made as to the spawning-season of this species agree very well,

Table IV. Green Turtle (Chelone midas).
Size and weight. Records by the butchers, St. Thomas, 1914—1915.

|
Length of | Breadth of yyojope | weight |Lensth °f‘31"*‘d“1°f Welght | Weight |Levsth of|Breadtholl weiopy | weight
Carapace | Carapace Carapace | Carapace ‘ Carapace | Carapace
cm. cm, ‘ kygs 1bs. cm. cm, kgs. ‘ 1bs. em. cm, Jegs. 1bs.
36 29 ‘ 86 19 25 | 9 67 15 38 36 ‘ 71 y 16
37 29 | 85 19 25 \ 9 67 15 43 33 ‘ 49 11
33 34 ‘ 89 20 30 3 &9 20 43 36 58 ‘ 13
38 34 94 21 30 ‘ 23 &5 19 48 42 ‘ 116 26
39 32 ‘ 94 o1 | 30 23 89 20 51 B | =
39 35 | 94 91 36 \ 9 89 20 53 43 134 30
40 36 ‘ 94 21 38 » 89 2(0) b6 51 174 l 39
40 356 98 29 38 ‘ 30 134 30 56 46 156 36
40 8 | 103 23 41 9 112 2 56 46 156 35
a1 87 |- 107 24 46 ‘ 33 134 30 64 56 290 65
42 33 | 119 25 51 | ? 134 30 69 58 402 90
43 4 | 16 26 51 \ ; 134 30 | ‘
45 42 12:3 271/, 53 » 143 32
48 44 ‘ 174 39 56| 46 179 40
49 47 134 30 56 46 179 40
50 44 138 31 56 \ 46 179 10
52 43 116 - 26 61 46 17-9 40
54 49 ‘ 143 32 61 ‘ 46 17-9 40
55 48 174 39 66 51 201 45
55 47 196 44 66 ‘ 51 20:1 45
56 50 143 32 66 51 20-1 45
56 51 14'6 321/ 76 58 29:3 50
60 52 |- 201 45 81 9 22:3 50
60 49 21-9 49 84 ! 22: 50
66 60 .| 232 52 86 5 94-4 54
71 - 61 288 6411, 91 69 . 9268 60
71 61 26-8 60 91 9 357 0
3 62 312 70 94 il 279 61
87 79 183 41 106 79 312 70
101 86 179 40
14 | 100 268 60

1 The measurements were given in inches, but have been here transposed to centimeters.



and it is placed in the period from summer to autuinn (“hurricane season”). Without being very far afield,

we may place the time for hatching in October!. We come then to this result. Those specimens, which

in April, 1905, measured 10 cm. and in Dec. 1905 20—24 cm. must have been born in Oclober 1904.
This deduction is confirmed further by the fact that the majority of the young of this species,

Table V. List of specimens of Green Turtle (Chelone midas),

landed in St. Thomas during the period August 1914 —June 1915, with record of the weight and place where each was caught,
from the statistics given to the government by the butchers in St. Thomas.

Date Weight Locality Date Weight Locality
1bs. 1bs. -
- 1914 | A 1915
August 8 30 St. Thomas, North Side February 19 26 Anegada
— 15 20 — , West End o 19 21 =
— 22 50 — , East End — 19 39 =
— 28 32 Anegada 211 24 30 St. Thomas, South Side
September 3 30 St. Thomas, North Side — 24 32 | Tortola
— 4 45 Jost van Dyke fe 26 60 —
— 4 39 = March 5 41 -
= 18 60 Anegada 40 5 40 St. James
— 25 49 Tortola = 12 22 Anegada
— 30 21 — e} 12 19 —
October 1 80 St. Thomas, North Side i 12 24 —
— 2 26 Thatch Island i 12 45 Smith's Bay
— 8 25 St. Thomas, North East Side o 19 19 St. Jan
- 9 44 Smith’s Bay = 24 45 Buck Island
- 14 19 5 — 2 24 35 St. Jan
— 14 20 St. Jan i 24 11 St. Thomas
= 24 32 Virgin Gorda _ 26 90 —
November 12 31 St. Thomas, South Side Al)ri[ T | 40 St. Jan
—_ 13 15 Anegada = .9 21 Smith’s Bay
— 20 70 — — 14 60 Tortola
— 25 16 — ’ - 14 35 ?
- 27 6O F, Jost van Dyke iss 16~ 28 St. James
— 2 641y Anegada o 17 20 Tortola
December 4 52 Smith’s Bay . 95 | 25 =t
— 4 b4 St. Thomas, South Side =4 30 - 40 St. Thomas, West End
= 6 ey A8 Tortola May 5 20 = =
— 9 39 St. James e i 30 Anegada
1915 ) —_ 7 271y ==
January 8§ 40 Anegada = 7 21 $3
= 15 20 St. Thomas, West End — 14 40 Smith’s Bay
= 23 65 St. Jan — 14 o3 =
— 29 31 Smith’s Bay . 14 30 ‘St. Thomas
= 29 50 St. Thomas, North Side - — 14 40 Virgin Gorda
February 5 61 Anegada = 21 70 Savana Island
== i 4 27 Tortola — 28 3215 Tortola
— 1T 13 St. Thomas June 4 45 St. Jan

found in the collections in Copenhagen, and presumably newly-hatched, measure a little over 4 cm. in
length (see page 11). Moreover we find that a specimen, brought to Denmark by Mr. Cur. LOFTING, {rom
the Danish West Indies, and caught at the end of January 1896, measures 7'8 cm. (weight 65 grammes).

! In the literature on the subject we find that according to some authors the period of incubation lasts 6—7 weeks (Gapow,
L c., according to Agassiz; Borkg, L c.), according to others 10—12 weeks (MuNRoE, 1. ¢.). These notes, however refer to the green
turtle. On an average the period of incubation may be taken to last 2 months. Davenrort Hooker (Science, N. S. vol XXVII, p. 491,
1908) says that for the loggerhead the period of incubation lasts about 50 days.



=

22

We may therefore conclude that the young of the hawksbill species, which during the winler were
a little over 20 cm. in length, were a little over a year old (between 1—11%/2 years).
The following shows the rate of growth of the hawksbill in the Danish West Indies during its

earliest stages. 1
First autumn, about 4—5 cm. long

— winter, — 7-8 - —
— spring, — 100 - —
Second autumn — 20 - —

When we try to apply the information we have about the hawksbill, in an attempt to discover
the age of the smallest specimen of green turtle examined by us, we meet several difficulties. For the
first, nothing is known as to the breeding season of the green turtle. Then too, as it is a different and
larger species than the hawksbill, we cannot take for granted that it will have the same size at the end
of its first year.

I do not know positively what size the green turtle has when it comes out of its egg, but judging
from the smallest specimens found in the collections in Copenhagen, and which are presumably newly
hatched, we may place the size at about 5 cm. (cf. page 11), and therefore in this respect does not differ
very much from the hawksbill.

In the West Indian waters the spring and summer are usually considered the spawning season for
this species. However BoEke (1. c. page 129) has seen eggs of this species in October on the Dutch islands
Bonaire and Curacao, and MuNROE (1. c. page 273) mentions June, July and August as the spawning-season
in Florida, We therefore find that eggs are laid during the greater part of the year.

If we turn to our own material, the young green turtles which we have examined in St. Thomas,
we seem to find that the following conditions exist. Small specimens 23—30 cm. in length and 2—6 lbs.
in weight are caught for the most part during the winter and spring months (Jan., Feb. and March) while
none or but very few of that size are caught during the summer and autumn. I say with emphasis
“seem” lo exist, for it must be confessed that at present the observations made are too few, and made
during too short a period for me to consider the matter seltled. If however, the conditions are as above
stated, it means most probably that here, as in so many marine animals, a certain periodicity is present,
which is due to the young being hatched during a somewhat limited season of the year.

An examination of the small green turtles made in St. Thomas in February, 1914, shows that their
average length was 27—28 cm., and their average weight a little over 51bs. In conneclion wilh what we
discovered to be true of the hawksbill (see above), and that turtle No. 11 in 4 months grew from 285 lo
31 cm. (see Table I), we may perhaps say that these green turtles are a little over a year old, perhaps
1'/s years, and in this time they have grown in length from 5 to 27 or 28 ¢m., and increased their weight
from 20 to 2300 grammes.

If this conclusion as to their age is correct, we have the following results (cf. results from our
marking experiments).

Green turtles which weigh:
about 5 lbs. are aboul 1—1'/z yrs. old

- 12 - - — 2-2Ys - -
e . . = B-gm - -

and we may slale in regard lo the green turtles young that they are:
the first summer or autumn about 5 cm. in length.
— winter or spring — 7
second — - — — B = e, =
thid — - — — 35 - = =
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I hardly need to say that even if there is all probability for the correctness of the above conclu-
sion as to the age of the green turtles, which in February weighed 5 lbs., yet the matter cannot be regarded
as settled before exact information has been obtained as to the rate of growth of the turtle during the
first year and also the season at which the young are hatched. To settle these two questions seems to
me the most important matter with which the study of the biology of the green turtle has at
present to deal.

VI. RESUME

In the Danish West Indies all 4 species of turtles are to be found, the trunk turtle (Sphargis
coriacea), loggerhead or lantern back (Thalassochelys caretta), hawksbill (Chelone imbricata) and
green turtle or green back (Chelone midas). Of these, only the two last have commercial value.

We have only proof that the hawksbill and trunk turtle breed on the islands, the former
during the summer and autumn (“hurricane season”), the latter earlier in the year, in the spring or early
summer. Only in the case of the hawksbill have we so many data that we are able to form a picture
of the growth of the turtle during its first year. At the time of hatching in the autumn, the hawksbill
young is 4—5 cm. long (carapace). In the winter it attains a length of 7—8 cm., in the spring 10 cm. In
the beginning of its second winter it has a length of about 20 cm.

The green turtle is, when hatched about 5 ¢m. long. After that, we have no specimens smaller
than 23 cm. long, (weight a little under 3 1bs.), and we do not know where the specimens of intermediate
sizes are to be found. Small green turtles with an average length of about 27 cm. and a weight of about
5 lbs. are quite common during the winter season, and there is much that would indicate that these speci-
mens are between 1—1%Y2 years old.

The marking experiments in the Danish West Indies carried on in 1914 with young and somewhat
older specimens of green turtles (weight from 5—45 lbs.) have shown that they gain on an average a little
more than /2 1b., (058 1bs. or 259 grammes), per month, and corresponding to this there is a monthly
increase in value of 10—15 centimes. The average increase in weight per month varies as a matter of
fact from 03—0'95 lbs, and is proportionately greater for the smaller specimens. As far as the present
results of the experiments may be taken as an indication, the rate of growth seems to be the same
throughout the year.

Of the 65 specimens used in the 11 marking experiments, 9 specimens or abt. 14°/o, have been recaptured
and recorded. Probably a larger percentage has been recaptured but not recorded. There is a great difference
between the experiments in regard to the percentage of recaptured and recorded specimens. It varies from
0—100°0. In most cases the recaptured specimens seem to have migrated but little, the only exception
being specimen No. 24, which wandered from the waters south of St. Thomas, in a north-easterly direction
to the British island Anegada, a distance of about 50 miles, but requiring no less than 10 months to cover
the distance. On the other hand, specimens No. 31 has apparently not wandered at all during 11 months,
and was recaught in the same place in which it was liberated after having been marked. All in all, the
marking experimenis seem to indicate that the young specimens of green turtle are rather stationary.

The relation between the length of the carapace, and the total weight, may in the case of the
younger specimens of green turtle be seen from the figures in Table III, p. 19.

No statistics are to be found concerning turtle-catching in the Danish West Indies. However the
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records, kept by the butchers in St. Thomas and referred to in Table V on page 21, give an impression
of the yield. ;

Many more green turtles are caught than hawksbills, but the single specimens of hawksbill are
far more valuable. A full grown, well developed specimen of this species easily atlains a value of 100
francs (§ 20) or more, on account of its horny shields (“tortoise shell”). In St. Thomas a green turtle
brings about 20 centimes pr.lb. Specimens weighing over 100 1bs, are rare. The majority of green turtles
captured weigh much less.

That species, which in the Danish West Indies particularly yields the commonly enjoyed delicacy
known as “turtle eggs”, is the hawksbill. It is therefore very probable that the cause of the alleged
decrease in numbers of this species is the great destruction of its eggs. In the case of the green turtle
the decrease in numbers must be due to another cause, since the eggs of this species have never been
found by the fishermen of the Danish West Indian Islands.

VII. SUGGESTIONS FOR FURTHER INVESTIGATIONS

The object of this work is to begin the collection of such reliable facts concerning the biology of
the turtles, as are at present wanting, but which are indispensable when regulations to assist in increasing
the turtle catch are to be formed. In certain directions the work has brought in valuable information,
but up to the present the observations are too few, and have been made during too short a period for
me to be able to give any positive suggestions as to how the turtles should be protected. The work’s
most important contribution, at present, lies in the fact that through it, it has been possible to define
more sharply the information on the subject still needed, and indicate in what way it may best be sought.

When one, like the author, has his residence in Europe, and the opportunity of paying but short
visits to the West Indies, and those during the winter, a season particularly unpropitious for the study of
the breeding habits of the turtles, it becomes necessary to make serious efforts to arouse the interest of the more
intelligent members of the population of the islands in this “turtle question”. I do not doubt but that
through their cooperation, much valuable information could be gained, which in connection with the
continued marking experiments would lead to a desired result.

I wish very briefly to state which particular chapters of the biology of the turtles need further
explanation, and toward which, those who have opportunity for, and interest in the work, should in
particular turn their attention. '

Before going further, I must once again emphasize the fact that it is absolutely necessary
to discriminate between the various species of turtles which live in the West Indies. Without
such diserimination, all eventual observations will have but small value, for the four species are very unlike,
and we must be prepared to find that they vary greatly in their habits of life, growth, and wanderings.
An aid in distinguishing belween the 4 species is given in section 2, where figures showing the differences

are also to be found.
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1. Breeding.

First and foremost exact information should be obtained as to which species lay their eggs on the
islands, and as to when and where this takes place.

We can hardly state with any degree of certainty whether other species than hawksbill and trunk
turtle breed on the Danish Islands. Whether the green turtle, the species most commonly caught, breeds
in the Danish West Indies, or whether it first arrives there as specimens 20—30 c¢m. in length, is strangely
enough, unknown, and is a matter of great importance.

Next, information should be obtained as to which species breeds in the greatest numbers on the
islands. For instance, if in the course of a season, 10 nests are found in a certain locality, how many
of these belong to the hawksbill, how many to the trunk turtle, etc.

As is known, turtle eggs are an article of commerce in the islands. It is very important to know
definitely to which species in particular, the eggs bought and sold belong. Every one who buys turtle
eggs should, in addition to marking a note of the date, ascertain from where they were taken, how many
there were in the nest, and to which species they belong. I must state that trunk turtle’s eggs are larger
than the eggs of any other species (about 6—6'/2 cm. as compared to 4—41/: cm.) but otherwise, as far as
I know, there is no way of distinguishing between the eggs of the various species, and it will therefore
be a matter of great interest to have the opportunity of examining the turtles eggs, especially those in
which young turtles are found. They may be preserved in alcohol (or rum).

2. The Newly-hatched Young.

Exact information is wanting as to the season of the year at which the young of the various species
leave their nests, and their size on being hatched. By means of the figures it is hardly a difficult matter
for one interested in this subject to decide with which of the 4 species he has to deal. Moreover it will
always interest the Commision to have an opportunity of examining such newly hatched specimens of
turtle young if exact data as to the date and place where they were found are given. These, like the
eggs may be preserved in alcohol (or rum).

Information, moreover, is desired as to the approximate number of young per nest. In the literature
on the subject we find that the newly hatched turtles are so hunted by other animals that possibly only
2—3%0 survive the first period of their life. It is important to have information based on observations as
to which animals, in particular, eat the newly hatched turtle young.

3. Undersized Turtles.

Information is desired as to the season and place for finding turtles having a carapace 10—20 cm.
(4—8 inches) in length. This applies particularly to the green turtle, and it is very important to ascertain
whether specimens of this size are to be found in the Danish West Indies. With the exception of a couple
of newly-hatched specimens having a carapace of about 5 cm. (2!/2 inches) in length, found in the collec-
tions in Copenhagen, no specimen less than 23 cm. (about 9 inches) long and weighing 3 lbs. is known
to have been found at the Danish islands.

In a similar way information is wanted as to the hawksbill young 10—20 ¢m. long.

4, Mature Turtles.

Information is wanted as to the season of the year during which turtles of the various species,

especially the green turtle and hawksbill, contain ripe or nearly ripe eggs. (The size of the largest eggs
Fiskeri I. Serie V. 4



should be given.)) It is also very important to know how large turtles must be (length and weight) in
order to produce young, i. e. to contain ripe or nearly ripe eggs.

Exact information is requested as to the relation between the length of the carapace (measured as
indicated on page 18), and lhe weight as shown in Table III, page 19 (this especially in the case of
large specimens’. -

Statistics are requested as to all the specimens of green turtle and hawksbill caught and landed
in the Danish West Indies, large or small small. For each specimen the length of the carapace should
be given, its weight, sex, (or whether the specimen contained ripe or nearly ripe eggs, and their size), and
the date and place of capture. If statistics of this kind can be made, which can be done through the
friendly codperation of the bulchers, we will be able to give a splendid picture of the size of the turtle
yield, and at the same lime those points mentioned above under 4 will be explained.

1 Measuring should take place as soon as possible after the turtle is caught, as turtles lose much in weight when they
are kept without food. As an example of this I can state that a specimen of green turtle, which we brought home to Denmark
from the West Indies in May, 1914, weighed 341); 1bs. when canght on May 1, but when it arrived in Copenhagen, June 6, 1914,
it only weighed 277/s lbs. It had lost 15 of its weight in a little over a month.
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nectes, Zeugopterus.) 1 PL. 1906. 10 p. Kr. 0.50.

Jons. ScamipT: The pelagic post-larval stages
of the Atlantic species of Gadus. A mono-
graph. Part II. 1 PL. 1906. 20 p. Kr. 1.00.

Jons. ScamipT: On the pelagic post-larval sta-
ges of the Lings (Molva molva [Linné] and
Molva byrkelange [Walbaum]). With 1 PL
and 3 Figures. 1906. 16 p. Kr.0.75.

Jons. Scamint: On the larval and post-larval
development of the Argentines (Argentina
silus [Ascan.] and Argentina sphyr®na
[Linné]) with some Notes on Mallotus villosus
[O. F. Maller]. 2 PL. 1906. 20 p. Kr. 1.50.

A. C. JonanseN: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. II. The marking and trans-
plantation experiments with Plaice in the
years 1903—06. 6 Pl. and 10 Figures. 1907.
122 p. Kr.5.25.
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Bd. II, Nr. 6 (Jons. ScamipT : Marking experiments on Plaice

L

I,

I1,

11,

111,

111

2

11

?

111,

11,

111,

111,

I,

v,

7

and Cod in Icelandic waters. 2 Charts. 23 p.

Jons. Scamint: On the post-larval develop-
ment of the Hake (Merluccius vulgaris Flem.)
1 Pl. 4 Figures. 1907. 10 p.

Kr. 1.75.

Jons. ScamipT: On the post-larval develop-
ment of some North Atlantic Gadois (Rani-
ceps raninus [Linné] and Molva elongata
[Risso]). 1Pl and 1 Fig. 1907. 14 p. Kr. 0.75.

Jous. Scumipr: On the post-larval stages of
the John Dory (Zeus Faber L.) and some
other Acanthopterygian Fishes. 1 Plate.
1908. 12 p. Kr.0.75.

C. G. Jon. PETERSEN: 'On the larval and post-
larval stages of some Pleuronectidee  (Zeu-
gopterus, Arnoglossus, Solea.) 2 Plates, 1909.
18 p. Kr.1.25.

I. P. Jacossen and A. C. Jonansen: Remarks
on the changes in specific gravity of pelagic
fish eggs and the transportation of same in
Danish waters. 2 Text-Figures. 1908. 24 p.
Kr. 0.75.

Jons. ScamipT: Remarks on the metamor-
phosis and distribution of the larvae of the
Eel (Anguilla vulgaris Turt) 1 Pl and 1
Chart. 1909. 17 p. Kr. 1.00.

A. C. Jouansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. III. On the variation in fre-
quency of young Plaice in Danish waters in
1902—07. 12 Figures. 1908. 48 p. Kr. 1.50.
A.C.Jonansen: Do. do. do. IV. Is the
Plaice indigenous to the true Baltic? 2 Fig.
1908. 23 p. Kr.0.75.

Jons. ScuminpT: On the occurrence of Lepto-
c¢ephali (Larval Muraenoids) in the Atlantic
W. of Europe. 2 Pl. & 1 Chart. 1909. 19 p.
Kr. 1.50.

Jous. ScamintT: On the distribution of the
fresh-water Eels (Anguilla) throughout the
world. I. Atlantic Ocean and adjacent regions.
A bio-geographical investigation. 1 Chart.
1909. 45 p. Kr. L.75.

A. C. Jonansen: Bericht fiber die déinischen
Untersuchungen diber die Schollenfischerei
und den Schollenbestand in der 6stlichen

- Nordsee, dem Skagerak und dem nérdlichen

Kattegat. Mit 10 Figuren im Text. 1910.

142 S. Kr. 4.50.
A. C. Jonansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. V. The supposed migrations
of plaice from the Kattegat and Belt Sea to the
true Baltic. 5 Figures. 1912, 34 p. Kr. 1.25.
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Jons.ScaminT: On the identification of Murae-
noid larvae.
phalin¢) stages. 1 Plate. 1913. 14 p. Kr. 0.75.
A. STrUBBERG: The metamorphosis of elvers
as inflnenced by outward conditions. Some
experiments. 1913. 11 p. Kr. 0.50.

A. C. Jonansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. VI. On the immigration of
plaice to the coastal grounds and fiords on
the west coast of Jutland. 1913. 26 p. Kr.1.00.
P. L. Kramp: Report on the fish eggs and
larvz collected by the Danish research steamer
»Thor¢ in the Langelandsbelt in 1909. With
6 figures in the text. 1913. 39. p. Kr. 1.25.
Bsarnt SxEmunpsson: Continued marking
experiments on plaice and cod in Icelandic
waters. 7 fig. 1913. 35 p. Kr. 1.25.

JoH.ScamipT: On the classification of the fresh- |
- water Eels (Anguilla). 1915. 19 p. Kr, 0.75.

O. Winge: On the value of the rings in the
scales of the Cod as a means of age deter-
mination. Hlustrated by marking experiments.
1915. 21 p. Kr. 0.75. '

Serie: Hydrograii. .

MarTin Knupsen: On the organisation of the
Danish hydrographic researches. 1904. 7 p.

H. J. Hansen: Experimental determination of
the relation between the freezing point of sea-
water and its specific gravity at 0°C. 1904. 10 p.
N. Bierrum: On the determination of Chlorine
in sea-water and examination of the accuracy
with which Knudsen’s pipette measures a
volume of sea-water. 1904. 11 p.

Kr.1.25.

J. N. NieLsen: Hydrography of the waters by
the Faroe Islands and Iceland during the
cruises of the Danish research steamer “Thor”

in the summer 1903. 8 Plates. 1904. 29 p.
NieLs Bierrum: On the determination of
Oxygen in sea-water. 1904. 13 p.

Kr. 3.50.

MarTin Knupsen: Contribution to the Hy-
drography of the North Atlantic Ocean. 21
Plates. 13 p. ' Kr. 5:75.

J. N. NieLsen: Contributions to the Hydro-
graphy of the waters north of Iceland. 2
Plates. 28 p.

J. P. JacoBseN: Die Loslichkeit von Sauerstoff
im Meerwasser durch Winklers Titriermethode
bestimmt. 1905. 13 S.

Kr. 2.00.

J. N. NigLsen: Contribution to the Hydro-

graphy of the north-eastern part of the Atlantic |

Ocean. 3 Plates. 1907. 25 p. Kr. 1.75.

J. P. JAcoBseEn: Mittelwerte von Temperatur
und Salzgehalt. Bearbeitet nach hydrogra-
phischen Beobachtungen in dinischen Gewiis-
sern 1880—1907. 11 Tafeln. 1908. 26 S.
Kr. 3.50.

J.N. NigLseN: Contribution to the understan-
ding of the currents in the northern part of
the Atlantic Ocean. 1 Plate. 1908. 15 p.
Kr. 0.75.

In their early (»Preleptoce-

Bd. I, Nr.

-

L]
"

v

Bd. I, Nr.

13 KiRSTINE SMITH:

14 J. P. JAcoBsSEN:

4 OvE PAULSEN:

6 C. H. OSTENFELD:

12 J.P.Jacossen: Der Sauerstoffgehalt des Meeres-

wassers in den déanischen Gewissern inner-

halb Skagens. 5 Tafeln. 1908. 23 S. Kr. 2.00.

Gezeitenstroeme bei den

Feuerschiffen Vyl und Horns Rev. Mit 4

‘Textfiguren. 1910. 23 S. Kr. 0.75.

Gezeitenstroeme und resul-
tierende Stroeme im Grossen Belt in ver-
schiedenen Tiefen im Monat Juni 1909. Mit
7 Figuren im Text. 1910. 19 8. Kr. 0.75.

1 MarTin  Knupsen: Danish hydrographical
investigations at the Faroe Islands in the
spring of 1910. 2 Plates. 1911. 17 p. Kr. 1,00.

2 J. P. Jacossen: Beitrag zur Hydrographie der
danischen Gewiésser. 47 Tabellen, 17 Text-
figuren, 14 Tafeln. 1913. 94 S. Kr. 6.50.

3 J. P. JacoBsen: Strommessungen in der Tiefe
in danischen Gewiéssern in den Jahren 1909
—1910 und 1911. Mittlere Werte des Stroms
und Konstanten der Geseitenbewegung 1913,
43 S, 'Kr..1.25;

Serie: Plankton.

1 {Ove Pavrsen: Plankton-Investigations in the

waters round Iceland in 1903. 2 Maps. 1904.
41 p.

2 |C. H. OsTeENFELD : On two new marine species

of Heliozoa occurring in the Plankton of the
North Sea and the Skager Rak. 1904. 5 p.
Kr. 2.00.

3 Ove Paursen: On some Peridinez and Plank-

ton-Diatoms. 1905. 7 p. Kr.0.25.

Studies on the biology of
Calanus finmarchicus in the waters round
Iceland. 3 Plates. 1906. 21 p. Kr.1.75.

5 Ove PauvLsen: The Peridiniales of the Danish

Waters. 1907. 26 p. Kr.0.75.

On the immigration of
Biddulphia sinensis Grev. and its occurrence
in the North Sea during 1903—07 and on its
use for the study of the direction and rate
of flow of the currents. 4 Charts and 5 Text-

Figures. 1908. 44 p. Kr. 2.50.

7 Avc. BRinkMAnN: Vorkommen und Verbrei- -

tung einer Planktonturbellarie Alaurina com-
posita Mecz. in dénischen Gewissern. 12 Fi-
guren und 1 Karte. 1909. 15 S. Kr.0.50.

8 Ove Paursen: Plankton investigations in the

waters round Iceland and in the North Atlantic
in 1904. 9 Figures. 1909. 57 p. Kr. 1.75.

9 Anpreas OrTERSTROM: Beobachtungen idber

die senkrechten Wanderungen des Mysisbe-
standes in der Ostsee bei Bornholm in den
Sommermonaten 1906 und 1907. 1 Fig. 1910.
10 S. Kr. 0.25. -

, »10(C. H. OsTENFELD: A revision of the marine

species of Chztoceras Ehbg. Sect. Simplicia
Ostf. With 24 figures in the text. 11 p.

»11 |J. P. JacossENn and OvE PAULSEN: A new

apparatus for measuring the volume of plank-
ton samples by displacement. 6 p.
Kr. 0.50.

» 12 P.L.Kramp: Medusz, Ctenophora and Chetog-

nathi. From the Great Belt and the Kattegat
in 1909. 1915. 20 p.. Kr. 0.75.




; Nr.1

SKRIFTER UDGiVNE AF KOMMISSIONEN FOR HAVUNDERSOGELSER

Joms, ScamipT - Fiskeriundersogelser ved Island og
Fazreerne i Sommeren 1903. 10 Tavler. 1904. VI
+ 148 S. Kr.5.00. Udsolgt

MarTin Knupsen: Havets Naturlere. Hydrografi.
Med szrligt Hensyn til de danske Farvande. 10
Figurer, 4 Tavler. 1905. 41 S. Kr.1.75. Udsolgt.

Jonan Hiort og C.G.Jou. PETERsEN: Kort Over-
sigt over de internationale Fiskeriundersogelsers
Resultater med szrligt Henblik paa norske og danske
Forhold. 10 Tavler. 1905. 54 S. Kr.3.50.
MarTin KnunseN, C. G. Jol. PETERSEN, C. F. DrecH-
seL, C. H. OsTenFeLDp: De internationale Hav-
undersegelser 1902—07. 1908. 28 S. Kr.0.75.
Biarnt SEmunDsson: Oversigt over Islands Fiske
med Oplysning om deres Forekomst, vigtigste bio-

Nr. 6

W |

» 8

logiské Forhold og gkonomiske Betydning. 1 Kort.
1909. 140 S. Kr.2.25.

ANDREAS OTTERSTRoM: Sildens Afhzngighed af

forskellige hydrografiske og meteorologiske Forhold .

i Store Belt. 2 Textfigurer: 1910. 52 S. Kr. 1.00.

A. C. Jouansen: Om Redspztten og Redspattefiske-
riet i Beltfarvandet med nogle Bemeerkninger om
de evrige Flynderarter og Flynderfiskerier i samme
Farvand. 23 Tavler, 14 Texifigurer. 1912. 158
Sider. Kr. 3.00. o

Jons. ScamipT: Danske Undersogelser i Atlanter-
havet .og Middelhavet over Ferskvandsaalens Bio-
logi. 3 Tavler, 5 Textfigurer. 1912. 33 Sider.
Kr. 1.50. -
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