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INTRODUCTION

It is a well-known fact that the diamond-back terrapin (Malaclemmys) once was
blentiful. When this animal first came into demand only the terrapins taken in
Chesapeake Bay and northward broughta good price, and the more southern terrapins
fr‘f‘lllently were shipped to dealers at certain points on Chesapeake Bay, to be re-
shipped from thence to the larger cities as ‘‘Chesapeakes.” Gradually the Carolina
terraping gained in favor, and more often they were shipped directly to the larger
Markets. The practice of sending southern terrapins to dealers on Chesapeake Bay,

Owever, appears not to have been discontinued entirely, as the writer has been in-
formed authoritatively that some southern animals are still sent there to be reshipped.
It is not known to the writer whether the more northern terrapins actually excel in
flavor. It seems probable, though, that the difference is not great or Chesapeake
dealers would not, for many years, have been able to sell animals from the South as
“Chesa.peakes.”

! Submitted for publication Nov. 16, 1928.
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The catch of terrapins, soon after the flesh came into demand, exceeded produc-
tion, for the animals could not stand a heavy drain, as they do not reproduce rapidly
and growth is gained slowly. The natural supply, therefore, was quickly dimin-
ished. 1t was quite evident by the beginning of the present century that these
valuable creatures were being reduced so rapidly that very soon they would be so
scarce as to make fishing for them unremunerative, if, indeed, the animals were not
doomed to extinction. In view of the rapid depletion the Bureau of Fisheries (then
the Fish Commission) instituted an investigation in 1902 on Chesapeake Bay, which
had for its principal object the determination of the adaptability of the diamond-
back terrapin to artificial propagation (Hay, 1905). About the same time the State
of North Carolina, in cooperation with the United States Fish Commission at the
United States Fisheries Biological Station at Beaufort, N. C., undertook another
investigation, which consisted principally of an inquiry into the habits and life his-
tory of the terrapin and the condition of the terrapin industry in North Carolina
(Coker, 1906). The investigation at Beaufort was discontinued in 1903, but the
investigations on the Chesapeake Bay were made more comprehensive. In 1904 a
comparatively large wooden pound was built at Lloyds, Md., which provided facili-
ties for holding both young and adult terrapins, and suitable sand beds, in which the
terrapins might lay their eggs, were furnished. The experimental work at Lloyds
was continued until 1909, when activities were transferred to Beaufort. The series
of experiments upon which the present report is based dates from that year.?

It was learned from the early experiments conducted at Beaufort, N. C., and
at Lloyds, Md., that adult terrapins would produce eggs when confined in pens;
also, that the eggs could be transferred from where they were laid to ‘‘suitable
hatching boxes,” where most of them would hatch. Raising the young, however,
appears not to have been successful prior to the transfer of the work to Beaufort
and the beginning of the present series of experiments in 1909.

A number of attempts to raise terrapins in captivity have been made by private
individuals. Most of the private terrapin ‘‘farms,” however, consist of pens, often
called ““crawls,” in which the animals are placed and fed in order to gain growth
or merely to be held for a better market. However, in 1913 a company was organ-
ized in Beaufort, which built concrete pounds and a terrapin nursery house and
provided itself with all the facilities necessary for raising terrapins. A large brood
stock was obtained, and within a few years from 15,000 to 20,000 terrapins per
annum were being hatched. This farm progressed nicely until the beginning of the
World War and the adoption of the eighteenth amendment to the Constitution.
The cost of labor was more than trippled locally, the market value of terrapins
dropped, owing to the general curtailment of the use of luxuries during the war,
and it seems to have been believed by the manager that under prohibition terrapins
never again would be in demand or command the fancy prices paid for them prior
to prohibition and the war. In view of these seemingly adverse circumstances, the
breeding terrapins as well as some of the young that had attained a marketable
size were sold, and in 1918 the plant virtually was abandoned. The Beaufort

1 Because of the rather frequent changes in the scientific personnel, the experiments were planned by various individuals.
The care of the terrapins and the actual work of carrying on the experiments, however, have always been in the hands of Charles
Hatsel, the station’s able terrapin culturist and foreman. Mr. Hatsel also kept nearly all of the original records, and the success
of the undertaking Is due, in 8 very large measure, to his interest and painstaking work.
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Terrapin Farm was patterned after the experimental plant of the Bureau of Fish-
eries, and the success attained in raising terrapins compared very favorably with
that of the Bureau of Fisheries.

EXPLANATIONS

Wherever the size of terrapins is mentioned in this paper it refers to the length
along the median line of the plastron or lower shell, as this measurement has long
been in use in classifying terrapins for the market.

“Carolina terrapins,” when used in this paper to designate animals grown
In captivity, refer to terrapins that actually are not of “pure blood,” because, as
shown below, they are the result of a cross between the two closely related sub-
species, Malaclemmys centrata centrata and M. centrata concentrata. This term is
used for convenience in distinguishing the Atlantic-coast animals from the Texas-
coast species, M. pileata littoralis, as well as from certain hybrid lots also used in

the experiments.
DISTRIBUTION OF TERRAPINS

Diamond-back terrapins occur on the coasts of the United States from Buzzards
Bay, Mass., to Texas. Two species, divided into five subspecies, are recognized
by Stejneger and Barbour (1923, pp. 131-132), as follows: The Carolina terrapin
(Malaclemmys centrata centrata), ranging from central North Carolina to Florida;
the Chesapeake terrapin (M. cenfrata concentrata), ranging from Buzzards Bay to
North Carolina; the Florida terrapin (M. pileata macrospilota), on the Gulf coast
of Florida; the Louisiana terrapin (M. pileata pileata), ranging from the mouth of
the Mississippi River eastward on the Gulf coast to Florida; and the Texas terrapin
(M. pileata littoralis), which inhabits the coast of Texas and the shores of the out-
lying islands. The differences between the Chesapeake terrapin and those from
the Gulf coast are quite pronounced; that is, the Gulf-coast terrapins have evident
tubercles (humps) on the median line of the back, which are obsolete or wanting
In the Atlantic species, and generally there are also differences in color that aid in
Separating the species. The differences between the Atlantic (Chesapeake and
Carolina) terrapins, however, are slight. In general, the Carolina terrapin has a
1&1‘ger head, a blunter snout, and the sides (lateral outlines) of the carapace are more
nearly parallel and less flaring posteriorly than in the Chesapeake terrapin. These
differences usually are evident and are recognized by dealers. However, North
Carolina is the geographical meeting place of the Chesapeake and Carolina terra-
Dins. Therefore, it is not surprising that some animals are seen from time to time
that are difficult to place in either variety.

The Atlantic varieties (Chesapeake and Carolina) of terrapins have both been
used from the very beginning of the experimental work at Beaufort, for the original
brood stock (still on hand) was obtained in part from Chesapeake Bay and in part
from the general vicinity of Beaufort, where both varieties occur. These terrapins
have been confined together in a small pen for almost a score of years, and there is
Dot the slightest doubt that interbreeding is occurring freely. It may be stated here
that apparently no inferior stock has resulted from this ‘““crossbreeding,” as the
offspring raised to maturity in captivity are a fine race of animals and superior in
&ppearance to their parents. '
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The Chesapeake terrapin is generally preferred on the market, but the differ-
ence between it and the Carolina terrapin is so slight that large, fat animals of the
last-mentioned variety are accepted readily as ‘‘Chesapeakes.”

EXPERIMENTS CONDUCTED AND SOURCES OF INFORMATION

At the present time (January 14, 1928) 33 lots of terrapins are on hand at the
station. The animals composing the various lots, exclusive of those that comprise
the original brood stock, were hatched and grown in captivity and therefore are of
known age. Every lot itself forms the basis for a separate experiment or is a part
of an experiment. The following are some of the experiments for which the various
lots of terrapins are being used: (a) Space requirements for young and adults; (b)
size of egg beds required; (c) natural sex ratio; (d) sex ratio required for breeding
purposes; (e) practicability for increasing growth, hastening maturity, and reducing
the death rate by feeding young terrapins during the winter; (f) the control of disease
among recently hatched animals (young terrapins only are mentioned in this connec-
tion, as no disease has occurred during the course of the experiments among animals
a year or more of age); (g) several experiments in selective breeding; (h) two experi-
ments in crossbreeding the Carolina with the Texas terrapin. Some of the experi-
ments have not been carried on long enough or far enough to yield results, and these
will not be reported upon at this time. Others have yielded noteworthy results,
however, and the information derived forms the basis for the present report.

The latest previous report * made upon this investigation is entitled ‘“‘Further
Notes on the Natural History and Artificial Propagation of the Diamond-Back
Terrapin,” by R. L. Barney (Bulletin, U. S. Bureau of Fisheries, Vol. XXXVIII,
1921-22 [1922], pp. 91 to 111). Although the present paper essentially is a progress
report, nevertheless it is based upon the original data, all of which have been studied
carefully. The data presented cover the entire period during which each experiment
reported upon has been under way. In the interpretation of the data due considera-
tion, however, was given to the published accounts. A different conclusion occa-
sionally was arrived at, mainly on account of the much more extensive data now at
hand and partly because of errors that were corrected and, no doubt, also in part
because of a different personal viewpoint.

PRODUCTION OF EGGS

The production of eggs has varied from year to year within broods and even
within lots of the same brood, as shown by tables presented herewith. Similar varia-
tions have taken place among wild terrapins of unknown age confined for breeding
purposes. For example, among a certain lot of wild breeders production has varied
from about 7.6 to about 23.9 eggs ¢ per female during the period 1915 to 1926, inclu-
sive. It appears to be of interest to mention in this connection that wild terrapins
have produced few eggs during the first two and three years of confinement. The

3U. 8. Bureau of Fisheries Economic Clrcular No. 80, entitled “ Diamond-Back Terrapin Culture at Beaufort, N. C.,” by
Samuel F. Hildebrand and Charles Hatsel, was issued in October, 1926. This short paper gives only the economic phases of the
work and gives no specific account of the many experiments per{formed nor of the more scientific aspects of the work.
gs‘}‘ A slightly larger number of eggs per female was produced than shown, as the terraping themselves accidentally destroyed a
few eggs from time to time and rats often destroyed an unknown number. Eggs thus destroyed are not taken into consideration
in these data. :
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records for the original brood stock are rather obscure, but sufficient data are avail-
able to show that only a small number of young was produced during the first years
of confinement. Similar results (no definite figures are available) were obtained at
a local terrapin farm and also for some wild terrapins purchased by the State of
North Carolina and confined in 1925 for breeding purposes at the United States
fisheries biological (Beaufort) station. The last-mentioned lot, consisting of 478
fermales and 108 males, laid only 0.8 egg per female in 1925, 1.2 eggs in 1926, and 4.2
in 1927. Another large increase was expected in 1928 but this, for reasons unknown,
did not materialize, as the production of eggs remained the same as in 1927,

The largest number of eggs laid per female by any group of terrapins that has
been held in confinement during the course of the present experiments was produced
by the first brood (1909) hatched and grown in captivity. In the first year few
animals were hatched and only four females were grown to maturity. These four
animals grew at a fairly uniform rate, and apparently all reached maturity at the
same time. The rate of egg production was high and fairly constant, varying during
the years 1915 to 1925, inclusive, from 22 to 34.3 eggs per female, with an average
for the entire period of 29.4 eggs. The four females in this lot (used in certain dye
feeding experiments in 1926, which proved fatal to two of them and sickened the
others) appear to have been extremely fertile, and the rate of egg production far
surpassed that of the later and larger broods. The broods of 1910 and 1911 prob-
ably show to a far greater extent the rate of egg production that may be expected
from terrapins grown in captivity. An increase in the average number of eggs laid
per female for the lots is expected, as some of them have only recently reached sexual
maturity, The tables show that a downward trend in egg production took place
from 1919 to 1925 in the two lots of the 1910 brood and also for the winter-fed lot
of the 1911 brood. A recovery is indicated for 1926 and a further one apparently
will result for 1927, when all the young have been collected and counted. The
general downward trend for these broods that took place, therefore, appears to have
been only a “fluctuation,” which is shown also for the original wild brood stock.

The data appear to indicate that certain years are not as productive of eggs as
others. The tables show that egg production in 1921 and again in 1925 was lower
than usual for nearly all the lots on hand. The causes for the ‘“lean’’ years are not
obvious. The care and the food received have not varied from year to year. In
fact, the animals have remained in the immediate care of the same terrapin culturist
throughout the course of the experiments. A study of the weather records kept at
the station reveals nothing unusual during the lean years. On the other hand, the
winters of 1917-18 and 1918-19 were both unusual, the first one having been extraor-
dinarily cold and the second exceptionally mild, yet each of these winters was
followed by a good laying season. The cause or causes of poor laying seasons remains
for future investigation.

The great variation in the number of eggs produced by individuals is referred
to under the section of this report dealing with fertility, the range given for a single
season being from 5 to 29 eggs. Experiments are under way wherebylit is hoped
to determine whether certain females more or less constantly lay a small number
of eggs while others produce a much larger number. These experiments have not
beon running long enough to yield definite results. The indications are, however,
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that among terrapins, as among chickens, certain females are ‘“boarders.” If fur-
ther observations confirm the results already obtained, it should be possible to elim-
inate the boarders and to select animals of high fertility for breeding purposes.
It appears to be of interest to call attention to the long period of time during
. which the original brood stock has produced eggs. Some of these animals were
confined in 1909 and others in 1912. The early records of egg production by the old
breeders are rather obscure, but there is on hand a fairly definite record dating
from 1915 to 1926. Table 1 is based upon this record. It is evident from the table
that the general trend in egg production over this period of years has been downward.
Yet it has fluctuated from year to year, and the rather sharp recovery in 1926 is
noteworthy. The age of these animals, as stated elsewhere, is not known, and the
length of life of diamond-back terrapins, too, in unknown. Therefore, it is entirely
impossible to state that the general decline in egg production is due to old age.
Furthermore, the table shows an upward trend since 1921. An upward trend during
recent years would scarcely be expected if the general decline were due to old age.
For the same reason it does not seem logical to assume that the long confinement
affected egg production. Neither can the decline readily be ascribed to food and
care, for these have been uniform throughout the period. It seems very difficult,
therefore, to find the cause or causes for the decline in egg production from 1915 to
1921, the partial recovery during recent years, and the annual fluctuations that have
taken place. The number of eggs destroyed by rats has varied from time to time,
but it is not believed that the loss was great enough to affect the results greatly.

TABLE 1.—Average number of eggs produced by the wild brood stock, based on a lot confined in a single
pen from 1916 to 1927

Year Eggs Year Eggs Year Eggs
23.9 || 1920, .o 13,41 1028 . e 9.8
21,6 1920 ... 76 [ 1926 e 14.8
20.8 ) 1922, oo 8.2 | 1927 e 10.1
18,8 ) 1023 ... .. 9.2
19.6 || 1924 .o 11,6 AVerage.........oeoveeen. 4.8

The yearly egg production by the wild brood stock from 1915 to 1927, inclusive,
has averaged 14.4 eggs per female. The average per year for all females 514 inches *
and over in length, exclusive of two lots of wild animals recently confined, is 13 eggs
per female. This, then, appears to be about the number of eggs per female that may
be expected of acclimated animals. It is shown in another section of this report
that a rate of fertility of the eggs of about 90 per cent usually prevails when sufficient
males are present. These data, then, indicate that in general terrapin-cultural
work about 12 young per female per annum may be expected.

§ The records show that no lot of terrapins grown in captivity has ever produced eggs until at least some of the females had
reached a length (on the median line of the plastron) of 334 inches or more. Therefore, animals less than 534 inches long are consid-
ered immature and are not considered in computing this average.
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TaBLE 2.—Average number of eggs produced per female of the brood of 1909 1

Year Eggs 1 Year Eggs ? Year Eggs?
24.0 35.0 | 1924 .. ... 22.0
29. 5 32.3 1 1926 ... 29.8
24.5 29.4
29,2 33.0 Average_ ___..___._____.___ 20.4
34.3

! These animals hibernated each winter.

3 All of the females in this lot were 514 inches in length or longer during the entire period.
¢ Discontinued after 1925.

TABLE 3.—Average number of eggs produced per female of the brood of 1910

Fed first winter Hlbe’;:,]i':lt&?, each Fed first winter Hlbe;ﬁ’ﬁfg each
Year AN 534 All 534 Year Al 54 All 534
Entire inches Entire inches Entire inches Entire inches
lot and over lot and over lot and over lot and over
in length 1 in length1 in length1 inlength!
0.3 4.0 ...
5.7 3.5
8.1 3.2
7.6 3.2
111 3.6
9.5
6.6 Average. ..o . 16.9 0.8 213.8
8.1

. .1 Female terrapins less than 534 inches long apparently do not lay eggs. Therefore, the rate of production shown in this column
18 the actual rate per sexually mature female. Measurements of the size of the terrapins are not available for every year and, there-
ore, the rate of egg production per mature female ean not always be given.

! The first year of egg production is not considered in determining this average, as only a few eggs were pruduced and nearly
all of the females were still immature.

TABLE 4.—Average number of eggs produced per female of the brood of 1911

P

Fed first 3 winters Hibegli%t&(i each Fed first 3 winters H’bewiﬁgfg_ each
Year All 5% Al 54 Year | Ausy AlL 5}
Entire inches Entire inches Entire inches Entire inches
lot and over lot and over lot and over lot and over
in length! in length t in length t in length t
0.1 7.1 8.7
0.1 6.8 8.0
5.3 4.3 7.5
7.6 8.6 8.6
11.9 7.8 11.6
8.1
4.2 160 6.1 6.7 8.7
6.6

is th‘el“emale terrapins less than 534 inches long apparently do not lay eggs. Therefore, the rate of production shown in this column

fora S octual rate per sexually mature female. Measurements of the size of the terrapins sre not avallable for every year and, there-

e, the rate of egg production per mature femals can not always be given.

all tha 8 TSt 2 years of egg production are not considered in detersnining this averago, as only a few eggs Were produced and nearly
6 females were still immature,

35006—29—--—2
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TaBLE 5.—Average number of eggs produced per female of the brood of 1912

Runts Selects Runts Selects

Year All 5% All 534 Year All 534 All 534

Entire inches Entire inches Entire inches Entire inches
lot and over lot and over | - lot and over lot and over
in length ! in length 1 in length ! in length !
2.4 5.0 16 51 9.0 | 1.7 8.9
4.5 21 1 25 811 | K O
4.1 (. 1.9 881 .. ‘ 6.9 | ...

6.4 19.5 3.2

7.6 18.1 2.1 5.8 14.6 3.0 19.6
6.1 . ... 3.6 .

! Female terrapins less than 54 inches long apparently do not lay eggs. Therefore the rate of production shown in this column
is the actual rate per sexually mature female, Measurements of the size of the terrapins are not available for every year and, there-
fore, the rate of egg production per mature female can not always be given.

TaABLE 6.—Average number of eggs produced per female of the brood of 19131

. All l?% E All ha%

Cntire inches ntire inches
Year 1ot and over Year lot |and over
in Jength ? in length?
0.4 . ... 0.8 4.1
I N P ) i N
1.8 18.2 75 N DU,

1.2 8.9

1.4 .. 1.3 10.4

1 These animals were fed the first winter. .
1 Female terrapins less than 534 inches long apparently do not 1ay eggs. Therefore, the rate of production shown in this column
is the actual rate per sexually mature female. Measurements of the size of the terrapins are not available for every year and, there-

fore, the rate of egg production per mature female can not always be given.

TABLE 7.—Average number of eggs produced per female of the brood of 19141

. Al 5 ? . All 534

intire inches | ntire inches
Year lot | and over Year lot |and over
in Jength in length
0.4 17.5 0.7 6.8
I 2 PO, ) S A SO
.8 6.8 4.5 ] __________

1.4 12.1

I 1.4 i 10.8

1 These animals <were fed the first winter.
FERTILITY OF EGGS

The percentage of fertility of the eggs has fluctuated greatly from year to year
and often within a single small lot. For example, in a lot of terrapins hatched in
1910 (fed the first winter), which consists of 13 males and 116 females, the percentage
of fertile eggs has varied from 79.2 to 92.8 the average for the period 1915 (when the
terrapins laid for the first time) to 1926, inclusive, being 85.2 per cent. In another
lot hatched in the same year (1910), but which was allowed to hibernate each winter,
now (1928) consisting of 5 males and 87 females, fertility has ranged from 57 to 91.9
per cent, with an average for the period 1917 ¢ to 1926, inclusive, of 71.8 per cent.

8 This lo]: laid for the first time in 1916, but the number of eggs produced was so small that the results for that year do not appear
to be worthy of consideration.
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Tables 8 to 15 show in detail the approximate number of eggs produced each
Year, the number of young hatched, and the percentage of fertility. It is difficult
to account for the wide yearly fluctuations in the fertility of the eggs that hLave
occurred in nearly all lots on hand. In general, the highest percentage of fertile
eggs has been produced by those lots having the largest proportionate number of
males. Examples of a high degree of fertility, as already shown, occurred in the
wild brood stock (Table 8), in which the ratio of males to females has usually been
about 1 to 2. A very high percentage of fertile eggs was laid from 1918 to 1925 by
8 small brood hatched in 1909, in which there also was one male to two females.
During the first three years in which eggs were laid by this brood the percentage of
fertile ones ran very low, and then, as shown by the table, fertility suddenly increased
and thereafter remained fair to very high.

The lowest percentage of fertility among the older broods, for which considerable
data are at hand, occurred in a lot belonging to the brood of 1911 (Table 11), which
was allowed to hibernate each winter. This lot now (1928) consists of 3 males and
35 females. Egg laying began in 1918. Since no males were penned with the females
until the fall of 1919, the eggs for the first two summers were not fertile and have not
been considered in these data. Fertility has varied from 23.6 to 89.7 per cent dur-
Ing the period 1920 to 1926, inclusive, with an average fertility for the whole period
of 64.8 per cent. Another lot of the same brood (1911), consisting of 38 females
(originally penned with the lot just discussed) and 3 old males taken from the original
brood stock, has produced consistently a higher percentage of fertile eggs over the
same period of years. Fertility in this lot was the lowest in 1921, when only 71.4
per cent of the eggs hatched, and it was highest in 1925, when 93.4 per cent of the
oggs were fertile, the average fertility for the entire period being 81.5 per cent. It
Seems probable, although by no means certain, that the higher fertility in the last-
Ientioned lot may have been due to the old and fully matured males that were
introduced, whereas it is not known that the young males of the other lot were all
Mature when eggs first were produced.

It is a well-known fact that all females of one age do not become mature at the
same time. Some females, in fact, require several years longer to reach sexual
Maturity than others. The same very probably is true of the males. This subject
18 discussed more fully in another section of this paper (see p. 56). The fact that
the percentage of fertility in the lot penned with young males increased each year
(Table 11) until 1925 lends support to the belief that the number of mature males
Present may have been insufficient. It will be seen, also, from Table 11 that the
lot penned with young males each year produced a larger number of eggs than the
other one, notwithstanding that there were three more females in the pen with the
old males. This suggests earlier maturity for a larger proportion of the females
Penned with young males than for those penned with old males, and this, too, may
have had a bearing upon fertility in relation to the number of males present.

Owing to such great fluctuations in egg production, it can not be stated definitely
that one of the two lots of the brood of 1911, compared in the preceding paragraphs,
Produced a greater number of eggs than the other because it contained a larger num-
ber of mature females, for the difference in egg production, as just shown, may have
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been due to a difference in fecundity rather than to the number of mature females
present.

The highest degree of fertility for all broods on hand or used at one time or another
in the many experiments conducted has almost consistently occurred among wild
terrapins (Table 8) that have been confined for breeding purposes. The product of
all wild animals is considered together here for convenience, although these terrapins
have been separated into smaller lots at various times. To give a record of each Jot
separately would require much space. When last enumerated (1926) there were on
hand 39 males and 72 females belonging to this “wild stock,” and this ratio has not
varied greatly for several years. Fertility among the wild terrapins, or the “‘orignal
brood stock,’” during the period 1912 to 1926 was lowest in 1912, which was the first
year of confinement for the majority of these animals, when 83.9 per cent of the eggs
hatched. Two years later (1914) it was the highest that it has ever been, namely,
97.9 per cent. The average fertility for the entire period was 94.4 per cent.

In the case of a few groups of animals the results with respect to fertility, as
related to sex ratio, are contrary to the more general rule stated in a preceding
paragraph, namely, that a large proportionate number of males tends to bring about
a high percentage of fertile eggs. The 1910 brood (Table 10), for example, was
divided into two lots. One lot was fed the first winter, the other being allowed to
hibernate. The first-mentioned lot has one male to nine females and an average
percentage of fertility for the entire period during which eggs have been produced
(1915 to 1926) of 85.2 per cent; whereas in the hibernating lot, in which there is a
ratio of one male to 7.8 females, the percentage of fertility during the period (1916
to 1926) in which eggs have been produced is only 71.8 per cent.

It is evident from the foregoing discussion that the reason or reasons for the
great fluctuations in fertility among the various lots and broods and even within
a single lot and brood are not understood, and that sufficient data are not yet at
hand from which specific recommendations relative to the proper sex ratio that
should be maintained for breeding purposes may be made. This question is further
complicated by the fact that females appear to produce a high percentage of fertile
eggs for at least two years without recopulation. Thereafter, fertility apparently
drops rapidly. This conclusion is based upon the results obtained from penning 10
old females without males. During the first season following separation from males
these 10 females laid 124 eggs, and only 1 failed to hatch; during the second summer
116 eggs were produced and 14 failed to hatch; during the third summer 130 eggs
were laid and 91 failed to hatch; and during the fourth summer 108 eggs were pro-
duced and only 4 hatched. Thereupon, seven old males were introduced, and in the
next season 145 eggs were laid, of which only 4 failed to hatch. The results of this
experiment would indicate that annual copulations are not necessary, and that very
few males would suffice for breeding purposes. The combined records for all adult
terrapins on hand appear to show, however, that the highest rate of fertility is
obtained when the males are fairly numerous. The indications are that for breeding
purposes a ratio of about 1 male to 5 females should be maintained.
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TABLE 8.—Production and fertility of eggs of the original wild brood stock, most of which were confined
between 1909 and 1912. Males, 39; females, 721

Per [ Per Per

Eggs | Young Eggs | Young Eggs | Young

Year > cent Year 285 | cent Year 4 cont
laid |hatched fertile laid ~‘hutched fortile laid |hatched fortile
1,337 | 1,121 83.9 11918 . ... __.__ 1, 157 ‘ 1, 113 96.2 1 1924 _____._ ... 870 829 05.3
1,374 1, 289 93.9 [ 19100 . ... 1,451 § 1,398 96.4 |1 19256 ........... 719 680 94.6
1,411 1,381 97.9 4 19200 ... _._.__ 939 915 97.5 | 1926 .. __.... 1,065 985 02. 5
1,480 1,415 95.7 || 1921 .. ... 531 512 96.5 || 1927_. . ___.__. 733 626 92.2
1,415 1, 335 94.4 |(1922_.__ . ____._ 615 | 566 92. 1
1,275 | 1,215 95.3 | 1923.. _ ___..__ 686 ‘ 654 95. 4 Total. .. 17,058 | 16,084 94.2

|

{ The number of females in this brood stock was reduced from 123 in 1912 to 72 in 1927, which accounts in part for the smaller
number of eggs produced during recent years.

TasLE 9.—Production and fertility of eggs of the 1909 brood, which hibernated. Males, 2; females, 4

— e — s
Per Per Per
Eggs | Young Eggs | Young Eggs | Young

Year laid |hatehed| (SOR% laid |hatehed| SORE Year laid |hatehed| 20t
w15 . 96| 17| 1.5 Mo| 126 0.0l 1925 19| 16| 975
e . 118 75 63.5 129 120 3.1
017,77 | 72| .5 8| 114! o966 Total....| 1,203 { 1,098 | 85.0
1918777771 17| 12| 058 12| 1| v
g . 137 129 94.2 89 88 08.9 ‘

i Discontinued after 1925,

TaBLE 10.—Production and fertvlity of eggs of the 1910 brood

] R T
i Fed first and in part : Fed first and in part :
| in the second winter. Hv‘vti):tii-l “tf&‘ﬁeg"? in the second winter. H’;,’g&‘:,““ﬁ,[afe:c;!
. T, ] " .
{ i\ldgles, 13; females, females, 87 4 i\iléalss, 13; fomales, females, 87 » O
Year | e Year
] Per Per Per Per
Eggs | Young cent Eggs | Young Eggs | Young Eggs | Yo
> 3 cent ? cent 3 nt
] laid |hatched fortile laid |hatched fortile laid  hatched| o 4ile laid |hat J oe il
39 34 B7.2 | e 648 { 91.3 360 233 64.7
754 587 | 77.9 38 37| 97.3 6068 | 87.0 304 218 | 71.8
1,071 002 | 84.3 260 214 | 82.3 549 | 02.8 283 223 | 78.8
1,015 934 | 92.2 379 348 1 91.9 652 | 86.2 281 203 | 72.3
1,428 | 1,136 | 79.5 633 475 | 75.1 768 | 1.7 318 221 | 69.5
13,111 932 | 83.9 456 263 57.7
768 087 | 89.5 187 128 | 68.5 Total..... 10,950 | 9,228 | 84.2 | 3,061 2,836 | 71.8
937 793 | 84.7 462 273 | 59.1 ‘

TaBLE 11.—Production and fertility of eggs of the 1911 brood

Hibernated each winter (2 lots)

Fed qFSt (;I, winters. M:zles,
Year 10 “old""; fernales, 78 Males, 3; females, 35 Males, 3 “old”’; females, 38 1
. . Young | Percent | .. : Young | Per cent | .. : Young | Per cent
Eggslaid; potched | fertile | PRRS1BIG | yatohed | fortile | PEESIAIA | patonca | fertile
445 417 3
628 582 3
973 821 )
641 572 . 3.
336 302 . 3
515 461 . .
561 520 %4.3 452 305 67.8 224 174 A
529 471 89.1 353 252 7.4 253 215 85.2
335 311 2.9 367 320 89.7 181 169 93. 4
673 532 79.1 336 200 86.3 204 245 89. 4
613 463 78.5 454 288 61. 2 393 320 81. 4
6,249 5, 461 87.3 2,903 1,933 64.5 1,862 1,516 81. 4

¢ ! This Iot of terrapins upon mnturitg' proved to be all females. 10 old males taken from the original brood stock of wild
errapins of unknown age were then added.
2 Three old males taken from the original brood stock were added in 1919,
be 0’{ I? l?tli 5 and 1016 a few eggs were produced but they are not considered in calculating fertility, as the number is too small to
Significance.
gES were produced for 2 years prior to this date but are not considered in calculating fertility as the females were penned
Without males.



BULLETIN OF THE BUREAU OF FISHERIES

TABLE 12.—Production and fertility of eggs of the 1912 brood

Smallest (runts) of
the entire brood se-
lected at 1 year of
age, in part fed the
first winter and all
the second winter.

Largest selected from
entire brood at 1
year of age, all fed
first 2 winters.
l\gales, 17, females,
8

Smallest (runts) of
the entire brood se-
lected at 1 year of
age, in part fed the
first, winter and all
the second winter.

Largest selected from
entire brood at 1
year of age, all fed
first two winters.
Males, 17; females,

Year 5I\/‘;Iales, 10; females, Year gales. 10; females, 67
Per Per Per Per
Eges | Young Eggs (Youn Eggs | Young Eggs | Young cent
laid |hatched lemle laid 'hatched lrtlle laid hatched femle laid (hatched fertile
135 102 76.5| 124 1131 91.2 1] 1925 4219 247 | 88.5| 118 116 | 100,0
255 | 226 | 88.7| 189 161 | 85.2 || 1926__ Ty 395 88.4 | 255 200 | 82.0
2281 182 | 79.9 | 142 130 | 016 || 1927 461 306 | 85.9| 459 392 | 85.3
350 | 288 | 82.5| 246 227 | 92.3
416 | 356 & 85.6 | 171 167 | 907.7 || Total.._... 2,907 | 2,480 | 85.3 ‘ 1,953 | 1,750 | 89.8
336 8.8 2511 235 937 ] g !
. I !
TABLE 13.—Production and fertility of eggs of the 1913 brood, which were fed first winter. Males, 4;
females, 75
B - {_a;;s Y Pe t Eggs Young | Per cent
! Eg oung T cen R, un,| n
Year | laid | hatched | fertile Year laid | hatched | fertile
|
31 29 93.1 61 41 67.0
42 35 83.3 115 60 49,0
146 73 50. 4 234 157 67.0
101 88 87.1
118 101 83.2 Total. e ooeoceaeeean 848 584 69.1
TAnlj 14.—Production and fertility of eggs of the 1914 brood, which were fed first winter. Males, 2;
females, 83
|
Eggs Young | Per cent Eggs Young | Per cent
Year laid | hatched | fertile Year lald | hatched | fertile
35 35 00.0 61 61 100.0
26 12 6.2 140 99 71.0
75 34 48. 4 371 241 64.9
121 121 00. 0
147 147 00.0 Total .o ... 976 750 6.8
TABLE 15.—Production and fertzlzty of eggs of the 1916 brood, which were fed first winter. Males, 40;
females, 168
Eggs Young | Per cent Eggs Young | Per cent
Year laid | hatched | fertile ‘} Year laid | hatched | fertile
I
2 2 100.0 ’ 19! 133 122 91.8
34 3¢ 100.0 | 19 219 183 83.6
83 81 96.9
52 44 84, 503 446 88.6

RECORDS OF SURVIVAL

During the entire course of the experiments no evident diseases have occurred
among the terrapins after they had attained an age of about 1 or 2 years, and there-
after the loss from this source has been negligible. A very considerable death rate,
apparently due to disease, has occurred among the young. Further remarks con-
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cerning diseases are to be found in subsequent paragraphs. A definite record of the
deaths that have occurred can not be given because several animals in nearly every
lot are missing. Some of these animals may have died unnoticed (especially when
they were small), others undoubtedly were carried away by rats, birds, or other
enemies, or, again, they may have found an avenue for escape. It is definitely known
that in a few instances a number of animals got away during storms, when the water
nearly reached the top of the walls of the pens. On the other hand, not infrequently
the missing animals simply were overlooked when a census was taken. It is very
difficult, because of their very proficient hiding propensities, to find all the terrapins
in an inclosure even though the pen be small. Therefore, the ‘“missing’’ animals of
one census sometimes reappeared in the next one. On account of the impracticability
of getting and keeping definite records of deaths and escapes only the animals found
when a census was taken were considered in many of the tables appearing in this
report. From a practical standpoint, the animals that are missing, of course, are of
no more significance (unless they can be found) than the dead ones, and the propor-
tionate number of those hatched that may be grown to maturity is of chief importance.

Many of the terrapins grown in captivity, as stated elsewhere, were selected, and
the entire brood was kept only in 1910,” when only a small number was hatched.
This brood originally consisted of 293 animals. It was divided into two lots. One
lot, consisting of 120 individuals, was allowed to hibernate, and the other one, con-
sisting of 173 animals, was kept warm and fed the first winter and part of the second
winter. At the age of 1 year 93 per cent of the winter-fed terrapins and 85.8 per
cent of the hibernating ones were alive. At 6 years of age, when at least some of the
animals had become sexually mature and reproduction had begun, 83.2 per cent of
the winter-fed lot and 78.3 per cent of the hibernating one still survived, and at 15
Years of age 74 per cent of the former and 76.6 per cent of the latter lot were found.

In two unselected lots of the brood of 1911, each originally consisting of 100 terra-
pins, the percentage of survival at 1 year of age was 95 for the winter-fed lot and 89
for the hibernating one. At 6 years of age 82 per cent of the winter-fed animals were
found and 78 per cent of the hibernating ones, and at 15 years 77 per cent of the
former and 76 per cent of the latter were on hand.

The four lots discussed in the preceding paragraphs are the only ones of those
at hand that have reached maturity that were carried through as separate lots and
without selection from the time of hatching to maturity. All the other lots of mature
terrapins were selected at about 1 or 2 years of age from lots that had been fed the
first winter, and therefore the records are not continuous and not directly comparable
with those of the 1910 and 1911 broods. ,

Winter feeding in an especially constructed brooder house ® was begun with the
1913 brood. The object of winter feeding, of course, was mainly to increase the
growth of the young animals. The results of this project, with respect to the rate of
growth, are discussed in another section of this paper. Its results with respect to
mortality or survival, however, appear to belong to the present section of this report.

7 In 1909 only a few terrapins were hatched, of which only 12 grew to maturity. This number is regarded as too small to be of
much significance and is omitted [a this discussion.

% A description and photograph of the terrapin brooder house used in these experiments may be found in Bureau of Fisheries
Economie Cireular No. 60, 1920, pp. 17 and 18, fig. 8.
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Winter feeding, from the standpoint of survival, has resulted in varying degrees of
success. The highest percentage of survival during the course of the experiments was
obtained in the 1915 brood when 97.6 per cent of 1,306 animals placed in the brooder
house in October, 1915, lived until May 15, 1916, at which time the surviving ones
were removed from the house and placed in outdoor pens (Table 17). The results
for the preceding brood (1914), however, were the most unsatisfactory, from the stand-
point of survival, obtained to the present time (1928). Of 1,349 animals placed in
the brooder house only 53.9 per cent lived until May 24, 1915, when the surviving
ones were removed from the house.

The best results under more crowded conditions, such as have prevailed during
recent years in the nursery house, were obtained with the brood of 1921, of which
2,395 young were placed in the house in October, 1921. Of this number 87.7 per cent
lived until May, 1922, when the surviving ones were removed from the house (Table
17), and this rate, under similar conditions, has not fallen below 68.6 per cent to the
present time (July, 1928).

Various methods of sanitation, several different kinds of food, fresh and salt
water, and wooden and metal (galvanized-iron) tanks have been employed, but
generally with indifferent suceess with respect to mortality. After an epidemic of a
disease (elsewhere described and designated as “sores’’) in the brood of 1914, the tanks
were disinfected weekly with a solution containing potassium permangenate and so-
dium bicarbonate. 1In 1922 this method of disinfecting the tanks was abandoned
largely because it did not prevent the growth of alge. Food and excreta readily be-
came lodged in the alge, fouling the tanks, and it was necessary to scrape the tanks to
keep them clean. Thereafter an extra tank was provided, making it possible always
to have an empty one, and the animals were shifted at about weekly intervals. Each
trough was allowed to dry, and before replacing the animals it was scalded with hot
water. This treatment prevented the growth of alge, and & considerable amount of
work previously necessary to keep the tanks clean wassaved. The results with respect
to mortality, however, were quite indifferent (Table 16).

It would appear from the rather unsatisfactory records that the death rate during
the first winter among young terrapins subsisting on foods producing the greatest gain
in growth (oysters and fresh fish) increased, whereas it decreased when food (salted
fish) producing little growth was supplied. It does not necessarily follow, however,
that a larger percentage of the slow-growing animals would reach maturity, for the
larger and more robust ones appear to stand a much better chance of survival when
liberated or placed in outside pens. Unfortunately, the data bearing upon this phase
of the work are very meager. Animals kept in salt water had the appearance of being
healthier, and generally the death rate appears to have been a little lower. It has
been thought necessary, however, to supply such animals with fresh water once a day,
which increases the amount of labor, and the slight advantage gained may not be suffi-
cient, in practical terrapin culture, to offset the extra amount of work involved. A
few galvanized-iron tanks have been in use for several years. Such tanks are kept
clean somewhat more easily than wooden ones, but no advantage from the stand
point of mortality is apparent.

Different degrees of crowding of the animals have been tried in the brooder house
with the view of determining the space requirements of the young animals. In this
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series of experiments tanks 8 feet long and 20 inches wide, divided into four equal com-
partments, have been used. Each compartment, therefore, had a floor space of about
20 by 24 inches. In some of the compartments 25 to 50 animals were held, 100 in
others, and in still others 125 to 150 were placed. The experiment was carried through
three seasons (October to May, 1923 to 1926) using each year an equal number of
compartments for the different degrees of crowding. The rate of survival is very
slightly in favor of the least crowding, for of 325 animals used, 80 per cent survived.
Of 1,100 terrapins held 100 to a compartment, 79.5 per cent survived, whereas under
the crowded condition of 125 to 150 animals to a compartment only 70.7 per cent of a
total of 1,530 terrapins survived. The results with respect to the rate of growth for
the different degrees of crowding are discussed elsewhere. It is sufficient to state here
that they bear a relationship to each other somewhat similar to the rate of survival.
It may be concluded, therefore, that it is practicable to confine as many as 100 young
terrapins in a space having an area of 20 by 24 inches.

_ The death rate among the young animals that are allowed to hibernate frequently
1s almost negligible during their first winter, as in the brood of 1926, of which 99.9
per cent of 1,627 animals survived (Table 17). However, in a few instances the death
rate has run very high, as, for example, in the brood of 1922, in which only 44.7 per
cent of 789 animals survived the winter.

Records of survival of the hibernating animals, as well as the winter-fed ones,
as far as data are available, are given in Table 17. 'The percentage of survival of the
winter-fed and hibernating terrapins, given in the table are not directly comparable,
as the hibernating ones usually emerged from hibernation and were counted during
the latter part of March or early in April, whereas the winter-fed animals each year
were counted from four to six weeks later; that is, at the time they were removed from
t!le nursery house. During the first four to six weeks after emerging from hiberna-
tion the death rate usually is quite heavy and generally much greater than in non-

ibernating animals. Therefore, Table 17 does not contain directly comparable
data, with respect to survival, of the advantages of one method over another. It does
show, however, the yearly fluctuations in the rate of survival during the early months
of life that has taken place during the course of the experiments, both for hibernating
and winter-fed animals.

The fluctuations in the death rate in the winter-fed animals can be accounted
for, in part, by the prevalence of a cancerous disease (elsewhere referred to as ‘‘sores’’)
that as yet (1928) is of unknown origin and for which no preventive or cure has been
fo}lnd; This disease, which outwardly makes its appearance as sores chiefly on the
tal_l or as discolored areas on the plastron, has always existed among winter-fed
8nimals throughout the course of the experiments. However, it reached serious
epidemic proportions only in the 1914 and 1927 broods, when the rate of survival, as
shown in Table 17, was greatly reduced. Deaths have occurred from other causes,
of course; principally of ““soft shell” and a few of ‘“limber neck’ and miscellaneous
causes. The deaths from these sources, too, have varied and are the cause of a part
of the great fluctuations.

The disease designated as ‘‘soft shell ” is associated with a failure to eat, resulting,
of course, in a failure to grow and in general emaciation. The majority of cases of soft
shell oceyr among young that never have been induced to take food, although rather

356006—29——3
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rarely it occurs in animals that have fed and have gained some growth. Animals
that fail to take food are inactive, and they seldom enter the water but seek the sun
and heat. Many of these animals die, but others often suddenly begin to feed, and
a rather rapid recovery (for a terrapin) takes place. For example, 200 soft-shell
terrapins (the very poorest) were selected late in May, 1927, from 2,180 winter-fed
terrapins of the 1926 brood. Of the 200 animals selected, 74 were living on August
15, 1927, when they were liberated. All had gained some growth, the shells had
become hard, and, with the exception of 1 animal that had a tail lesion, all gave the
appearance of being healthy and sound.

Soft shell, except possibly during 1914, when a severe epidemic of sores existed,
has eaused the greatest loss among winter-fed terrapins. The loss from this source,
combined with minor losses from limber neck, ete., for the several broods (1920 to
1927) for which fairly accurate data are available has ranged from 10.3 per cent
(1921 brood) to 23 per cent (1924 brood). Table 16 shows in detail the percentage
of deaths among winter-fed animals ascribed principally to soft shell and those due to
sores. Soft shell, too, appears to be the chief cause, during their first summer, of
the heavy mortality among terrapins that hibernated.

Limber neck apparently is a form of paralysis, which most frequently causes
the animal to lose the use of the muscles in the neck and fore limbs, but occasionally it
affects only the hind limbs or the control of all muscles may be lost. Few recoveries
have been noticed. No definite records of the death rate caused by this disease are
available, but it quite certainly has never exceeded one-half of 1 per cent and, there-
fore, is quite negligible.

The cause or causes of the great fluctuations in the death rate of hibernating
terrapins is much more difficult to find. Since the animals do not feed during the
hibernation period, nor have fed previously, and since they do not expose themselves
to light but lie buried underneath sand, sod, or débris, food and light appear to be
eliminated as factors influencing survival. Weather conditions—that is, tempera-
ture and precipitation—appear to be the most plausible influences to consider.
Precipitation is of little importance, however, as the hibernating animals are pro-
vided with covered quarters,? into which little rain can enter, and moisture is provided
artificially. Therefore, rainfall appears to be of little importance. A careful study
of temperature records has revealed nothing. The greatest mortality that has
occurred during the course of the experiments, as shown by Table 17, took place
in the brood of 1922. In the 1926 brood it was negligible.

In view of the contrast in the death rate of young hibernating terrapins, tem-
perature records (kept at this station in cooperation with the United States Weather
Bureau) were carefully compared for the months during which the 1922 and the 1926
broods were in hibernation. Comparing temperatures, month by month, for the
two seasons, the greatest difference occurs in February, for the average maximum
and minimum temperatures each were 9.5° F. higher in 1927 than in 1923. The
highest temperature on any one day during February, 1927, was 74° and the lowest

% A description of the winter quarters provided for hibernating terrapins is given in Bureau of Fisheries Economio Circular
No. 60, 1926, p. 16.
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was 28°, The highest temperature reached in 1923 was 66° and the lowest was 23°.
None of these temperatures is regarded as unusual. The differences in the averages
for the other months do not exceed 4° ; nor are any of the daily temperatures regarded
88 excessively high or low. Certainly, if low temperatures were a detriment, the
brood of 1917 would have perished, as the winter of 1917-18 was by far the coldest
that has occurred during the course of the experiments (definite temperature records
for this winter, unfortunately, are not at hand). The mortality records show, how-
ever, that only 1 of 735 animals placed in hibernating boxes died that winter. The
highegt percentage of survival throughout the course of the experiments, then,
appears to have occurred during an excessively cold winter and again (1926) during
& moderate winter. Therefore, it is not evident that the fluctuations in winter tem-
Peratures as they have occurred at Beaufort in the years during which the present
experiments have been under way have affected the death rate of young hibernating
terrapins.

The hibernating terrapins have been kept in winter quarters that have varied
little, and the care has been about the same and in the hands of the same terrapin
culturist from the beginning. It is evident, therefore, that the cause or causes for
the pronounced differences in the death rate of various broods of young hibernating
terrapins has not been found, and this subject remains for future investigation.

. Table 17 shows that in 9 of a total of 14 broods the percentage of terrapins that
lived until they were removed from their winter quarters was greater among the
ibernating terrapins than among winter-fed ones. However, the hibernating ones,
88 already stated, each year were taken from their winter quarters and counted
four to six weeks earlier than the winter-fed lots. It has been pointed out elsewhere
that the death rate usually has been quite heavy during the first several weeks after
the terrapins emerge from hibernation and certainly much heaveir than in the winter-
fed animals for the same period of time. Definite statistics are not available for
Comparison, but our terrapin culturist and the writer have not the slightest doubt,
from their observations extending over several years, that by-the middle of May,
When the winter-fed terrapins usually were counted, the percentage of survival
&mong them at that time, for all years combined, exceeded that of the hibernating
8nimals. Furthermore, the winter-fed animals nearly all had gained some growth
and thereafter had a much better chance to survive. A few comparatively large
Ots of terrapins have been retained at the laboratory during recent years, and
although the records are marred by depredations wrought by rats, a far larger per-
Centage of the winter-fed lots than of the hibernating ones survived to reach an age
of 1 and 2 years, and the deaths from natural causes certainly were much greater
8mong the hibernating animals than among the winter-fed ones.
. The early broods (1910 and 1911) carried to maturity in captivity, as indicated
!N a preceding paragraph, appear to show that winter feeding, from the standpoint of
Survival, has a slight advantage. Later records (if they were not clouded with missing
8umals killed and frequently carried away by rats), it is confidently believed, would
show & much greater advantage in winter feeding than the early ones. Our terrapin
Culturist and the writer are both firmly convinced (although they are unable to supply
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definite statistics) that a much larger percentage of winter-fed than of the hibernat-
ing terrapins (if both were retained in equal numbers) would survive to reach an
age of 2 or 3 years. Thereafter, as shown elsewhere (Table 19), the death rate is
small. Winter feeding, even though considered only from the standpoint of sur-
vival and entirely aside from the faster growth and earlier maturity, undoubtedly
is advantageous.

The percentages of survival of most of the lots of terrapins that were hatched and
raised, or partly raised, in captivity are shown in Table 18. In this table ‘“‘missing”’
terrapins are counted as dead, and the percentages are based upon the surviving ones
only. In next to the last column is given (except in those lots in which the terrapin
were carried through from hatching to maturity without selection and without remov-
ing any of the original number) the percentage of the whole lot that probably would
have survived had they been retained. In making the calculations it is assumed that
equally as large a percentage of the entire broods or lots from which selections were
made would have survived, had they been kept in captivity, as of the smaller lots
selected. This appears to place the probable averages of survival a little too high,
because in most instances the largest and finest animals were retained. The probable
percentage of survival at 6 years of age (when at least some of the animals had
reached sexual maturity) for all lots combined is 60.7. If depredations by rats could
have been avoided, the average percentage of survival undoubtedly would have been
considerably greater. It is quite certain, also, that in a plant built in the light of the
knowledge gained from the experiments conducted and constructed especially for
terrapin growing a somewhat better average could be attained. On the other hand,
the average of 60.7 per cent of survival apparently compares favorably with results
obtained in chicken farming. (See Hildebrand and Hatsel, 1926, p. 15, footnote.)

It was stated in the first paragraph of this section that accurate records of deaths
are not available. However, after a terrapin has reached an age of 3 years or more
it is of a sufficiently large size that a dead one in a pen scarcely would be unnoticed.
Table 19, giving the number of terrapins at 3 years of age in various lots held in con-
finement, together with the deaths that were noticed during their third year and
thereafter until disposed of or last counted, nevertheless appears to be of interest.
It is evident at once that the death rate has been consistently low. Generally it was
impossible to determine the cause or causes of the deaths that have occurred among
the larger terrapins.

The low death rate (see Table 19) that has occurred among the wild brood stock
is noteworthy. Some of these animals were confined in 1909, others in 1911, and a
few appear to have been held over from certain experiments conducted in 1902.
Most of these animals were mature when confined, but not all of them, as stated by
Barney (1922, p. 94) and Hildebrand and Hatsel (1926, p. 13). Measurements of
the first lot of breeders, taken when purchased in Beaufort in 1909, have been found
recently among the early records, and these show that 10 of 45 females obtained
in this lot were less than 514 inches long and therefore almost certainly sexually imma-
ture. The second lot of breeders, bought in 1910 and 1911, also appears to have con-
tained at least 6 of a total of 43 females that were less than 514 inches long. It
seems to be incorrect, therefore, to say that all the wild terrapins were mature when
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confined. On the other hand, some of them probably already were very old. The
shells of some of these old animals have been worn smooth, leaving no trace of growth
rings, which are prominent in younger terrapins. The writer does not care to venture
to make an analysis of the age !° of these terrapins. A conservative estimate, in the
opinion of our terrapin culturist and the writer, is that the ages range from 25 to
Possibly 40 years or more. It is pointed out in the section of this report dealing with
egg production that there is as yet no conclusive evidence indicating that these
animals are declining in egg production because of old age; nor is the death rate such
(only two deaths having occurred during the past four years) as to suggest old age.
The span of life of a diamond-back terrapin, therefore, remains undetermined.

TaBLE 16,—Perceniage t(dedths caused by sores and other causes among winter-fed terrapins

Per cent Per cent
of deaths of deaths
Animals | of aoathe| tner Animals | of doaths| btner
nimals | of deaths| other nimals | of deaths| other
Brood fed dueto | oauses, Brood fod dueto | causes,
sores pr(iﬁxl- sores rhﬁ-
cipally cipally
sot{) shell sofg shell
2,502 149 14.7 2,407 6.3 23.0
11T AN LI
, 78’ 3 . 6 4 ),
2, 427 2.3 12.7 3,720 13.4 15.0

! The combined percentages of deaths due to sores and all other causes do not quite equal the percentages of loss shown in Table
17, because each year a small number of animals is missing and in the table showing survival such animals are counted as dead.

TABLE 17.—Survival of young terrapin during their first winter ¢

Terra- Terra- Terra-
Per Ani- Per ¢ Per Ani- Per Per Ani- Per

pins pins pins
Your | e | S| | G| vew | el | SRV | ver |l )RS

QUISSrY vived | nated | vived ThrserY| vived | nated | vived Trsety| vived | nated | vived
——] | R
19128 50| 92.6 480 1,481 | 82.5 735 90.9 || 1923._.| 2,427 | 86.0 993 93.8
913 __ 525 96.0 718 2,937 82,0 | 1,590 70.8 || 1924 ___| 2,407 68.6 | Y163 99.0
1914 __| 1,349 53.9 254 2, 502 79.6 | 1,404 99.5 (| 10256...1 2,391 85.0 , 068 813
1015, 1,308 97.6 736 2,395 87.7 231 82.2 1 1926___} 2,936 74.2 1 1,627 99,9
1916 __{ 1,908 80.7 636 2,820 75.6 789 4.7 ‘ 1927 3,720 9.4 | 3,102 80.2

s The percentages of survival of the winter-fed and hibernating terrapins are no$ directly comparable because the hibernating
terrapins were taken from the hibernating boxes and counted Jate in March or early in April, whereas the winter-fed terrapins were
counted when removed from the nursery house at least 1 month later. The death rate among hibernating animals during the first
month after emerging from hibernation ususally is large and generally much greater than among winter-fed animals.

® It must not be assumed that the sum of the winter-fed and the hibernating lots of each year equals the total hatch. Al the
Young animals rarely are found in the autumn, and frequently there is a considerable addition in the spring. Such animals, of course,
are not included in this table.

1 Barney (1922, pp. 93 and 94) has attempted to analyze the age of the wild broed stock on hand at this station. He estimated
that their average age in 1921 was 28 years. I that be true, they would now (1928) be about 35 years old.
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TaBrLe 18.—Actual and probable percentage of survival of terrapins at 6 years of age

Number
‘su:va- P ¢ Probablte
ng when er cent | per cen
T‘}g:’ selec- Number | of lots | of whole
oigl. | tlons [ CiTRod | retained | brood
Brood pally in | Were an surviv- | orlot Remarks
brood, made | atained ing at | surviv-
or lot (usually 6 years ing at
at8or 9 of age 8 years
months of age
of age)
.......... All fed @irst winter and in part the second. Entire Jot

retained.
Hibernating lot, all retained.
.| Fed three winters.
Hibernating each winter.
Largest (best) selegted from entire lot.
Smallest (runts) selected from entire lot.
Largest selected.

Do.
Miseing, 84; probably escaped or carried away by rats or
other enemies. This lot was liberated when 5 years of

age.
Largest selected.

Largest selected; many missing.

Allliberated soon after hatching,

Largest selected.

‘Hybrids; Texas male, North Carolina female.

.................... Hybrids; North Carolina male, Texas female, Rats
destroyed many during first year.
337 62.0 527 ) Largest selected, three lots combined.
.......... ?; 160.7 )

1 No selection.

2 In cornputing this average, the actusl number of terraping that survived in the unselected lots, as well as the number esti-
msated that would have survived of the lots and broods from which selections were made, were taken into consideration.

TABLE 19.—Deaths among adult and growing terrapins after an age of 3 years was atlained

Deaths
On ing
Lot hand ¢ 1dusing "g; end
0! 3 years jcounted| (o 0 of
od ening | period
period
1910—Fed. ... ... 167 | 19256 13 14
1010—Hiberoated . 98 ) 1925 5 0
1911—Fed.rae.o.-. 84 1926 6 0
19011—Hibernated 81 ) 1927 2 3
1912—8elects... 96 | 1927 [] 8
1912—Runts. 79 1927 3 12
1913—Belecte 94 1927 9 []
1014—S8elected . 96 | 1926 7 4
1915—8elected . .. 440 | 1920 20 82
1916—8elected . _. - 195 | 1927 [ 0
1917--Close range. ......... 52 ) 1927 1 0
1 On hand(in 1911,
RATE OF

Deaths [y
n -2 1Missing
during
Lot 3hyael£s mlﬁgi‘éd vig&er— at:lnd
old pe,,‘g period
1917—-Wide range.... ... 683 | 1927 3 21
1919—Hybrids; Texas male,
Caroling female._....._... 54 | 1927 1 1
1918—Hybrids; Texas fe-
males, Carolina male. _ 31| 1927 0 0
1919—Domestic stock.. 87 | 1927 1 12
1620—Hybrids; Car
males, Texas females.. ... 64 | 1927 1 8
1920—Domestic stock....._.. 144 | 1927 6 24
Adults—Wild stock, age un-
BOOWN. . omececmeceean 1154 ) 1927 9 129
3 Mostly sold.
GROWTH

The average length of diamond-back terrapins at hatching is about 27 milli-

meters (1%, inches), the usual range in size being from 25 to 30 millimeters.

Qcca-

sionally individuals are hatched that are only 22 to 24 millimeters long, and there

is a record of one abnormally small one with a length of only 19 millimeters.

The

largest one of which we have a record was 31.5 millimeters long.

Newly hatched terrapins do not feed immediately. Those that are left outdoors
to hibernate, as in nature, do not take food until they are from 7 to 8§ months old;
that is, they do not feed in the autumn during which they are hatched. In fact,
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some of them do not even leave the ‘“‘nests.” They hibernate during cool and cold
weather and generally do not emerge from the shelter in which they have spent
the winter until the first warm days of the following spring. Even then they do
not feed until the weather gets fairly warm. At Beaufort some of the terrapins
generally emerge from hibernation during the latter part of March and others in
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FiguRE 1.—Rate of growth of two unselected lots of the brood of 1910, Line F represents a lot that was fed the first and in
part the second winter, and line H represents a lot that hibernated each winter

April. They do not feed regularly until about the latter part of May and do not
make perceptible growth for a month or more after regular feeding takes place.

GROWTH OF YOUNG TERRAPINS KEPT WARM AND FED DURING THE WINTER

Winter feeding experiments were carried on at Beaufort almost from the begin-
ning of the present investigation, and since 1912 a small house especially constructed
for this purpose has been in use. This house, a frame structure with a natural sand
floor, was provided with a long, gently sloping glass roof on the south side, which
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admitted direct sunshine to most of the floor space during the greater part of the day.
The animals were held in water-tight wooden boxes or tanks (a few metal tanks also
were used) from 8 to 10 feet long and 20 to 24 inches broad. These tanks were
divided into four or five compartments. Kach tank was tilted to one side, and enough
water was supplied to cover about half of the bottom of each compartment. This
arrangement made it possible for the animals to enter the water or to stay out,
according to choice. The house was heated by a stove.
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Generally, young animals were placed in the brooder house in October, and an
effort was made to keep the temperature at or above 80° F. in so far as possible with
such an inefficient heating plant as a stove. Under these conditions terrapins remain
active all winter.

Recently hatched young, only, were winter fed, except a lot of the 1910 and
another of the 1911 brood, which were fed, respectively, two and three winters.
The gain in growth during the winter of terrapins that were over a year old was so
small that winter feeding of all except the recently hatched young was abandoned
because it appeared to be impracticable.
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A small percentage of the terrapins placed in the brooder house begin to take
food almost immediately, others will not eat for several weeks, and still others
apparently never eat. Those that start to feed first also begin to grow earlier than
the others. In general, very little growth is made, however, prior to the month of
December. The animals that do not appear to feed at all for a long period of time
become more and more sluggish, they become emaciated, and the shells gradually
soften, causing what is described as “soft shell” under another section of this report.
The death rate from this source, as shown elsewhere, has been heavy. It is remark-
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able, however, that some of these animals that appear to have subsisted for months
upon food stored within their bodies or, as it were, upon their own substance, until
they arc pitiful objects, may suddenly take food and thereafter make rapid growth
and become strong and healthy animals. Elsewhere in this report (p. 40) it is
shown that of 200 such animals selected during the latter part of May, 1927, which
had never gained growth and which, so far as known, had never taken food although
1t had been supplied almost daily, 74 recovered without providing a change in food or
In the environment in which they wereliving. Animals that have once fed occasionally
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cease feeding and in that event also become emaciated and gradually acquire a soft
shell. The sudden change in the rate of growth of animals that have made little or
no growth is further discussed in connection with the brood of 1912.

Animals in hibernation, of course, make no growth, but subsist upon foods stored
within the body. Such animals are poor when they emerge and generally have to
feed for a month or more, as already stated, before perceptible growth is made.
This is especially true of terrapins in their first year, and that is one of the reasons
why winter feeding of recently hatched young appears to be profitable.
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FI1aURE 4.—Rate of growth of a selected lot of the brood of 1913

The rate of growth of the winter-fed lots while in the nursery house—that is,
until they are about 8 months old—has varied greatly, as shown by Table 20. The
small lot of the brood of 1910, consisting of only 173 animals, the first one fed during
the winter, was among the best produced to date (1928); for the average length of
the terrapins was 39.7 millimeters (representing a gain of 11.6 millimeters) when
they were removed from winter quarters on May 10, 1911 (Table 22). Small lots
of 100 or so, held in separate compartments in the terrapin house, have done equally
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as well or slightly better, but the greatest gain made by a large lot occurred in the
1916 brood, when 1,040 animals reached an average length of 39.2 millimeters on
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May 25, 1917, when they were removed from winter quarters. The least growth
attained to date occurred in the broods of 1911 and 1923, the animals in each brood,

upon removal from winter quarters, being
found to have reached a length of only
30.9 millimeters.

The average rate of growth of the
1923 brood, as in several other broods,
quite probably was considerably reduced
because of experimentation with different
kinds of foods and various kinds of treat-
ment. For example, some of the animals
of the brood of 1923 were fed salted fish,
which proved to be less acceptable to the
terrapins than fresh fish or oysters and
produced slower growth. Then, too, some
of the animals, for the purpose of experi-
mentation, were greatly crowded in the
tanks in which they were held, and that
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FIGURE 6.—Rate of growth of a large lot of the brood of
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appears to have retarded growth. The different kinds of foods used and their
relative value, as well as the different conditions with respect to crowding, heat,
water supplied, etc., are discussed elsewhere in this section. It appears to be suffi-

cient to state at this point that a considera
that several of them actually retarded grow

ble number of experiments were run and
th, which, however, was not unexpected.
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If the sole aim had been to produce the greatest gain possible, a much better average
rate of growth undoubtedly could have been produced.

The excellent growth made by the winter-fed lot of the 1910 brood is noteworthy,
especially because of the seemingly unfavorable conditions under which it was held.
A special house, as already indicated, was not yet available. Therefore, the animals
were placed in the pump house at the station. The tanks were so arranged with
respect to the windows that they received the rays of the sun through the window
glass during a part of the day. No special heating plant was provided. Some heat,
however, was obtained from the steam boiler used for pumping water, but the boiler
was used only intermittently and not every day. On especially cold days some
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FIGURE 7.—Rate of growth of two lots of selected terrapins of the brood of 1916, Line D represents
offspring of domestic stock and line W that of wild stock

extra heat was supplied from oil stoves that were run only on such occasions. It is
quite remarkable, in the light of present knowledge, that such excellent results were
obtained under these circumstances, and furthermore, as shown elsewhere, the death
rate was extremely low. A part of the next brood (that of 1911) was kept under
identical conditions, and although the death rate remained remarkably low, the rate
of growth, as already indicated, was as low as it has been to date (1928) for any
winter-fed lot. Somewhat similar fluctuations with respect to growth, as shown by
Table 20, have taken place from year to year. They have occurred. also, within a
brood among animals of the same parents and not infrequently among the small
lots held in adjoining compartments of the same tank, receiving identical treatment.
It is impossible, as yet, to explain the reason or reasons for all fluctuations.
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In general, those animals that were nearest the stove where the temperature
was the highest and probably somewhat more uniform than elsewhere made the
greatest growth. On the other hand, those held in certain tanks rather far removed
from the stove and placed in such a position that the animals received no direct
sunshine invariably made the least growth.

Various methods of sanitation (some of which are described in the section of
this report dealing with the records of survival) have been employed, but apparently
without appreciable effects upon the rate of growth.

One metal (galvanized iron) tank has been used for several years. The animals
in this tank, which was always placed near the stove, gained a fair to a good rate

mm

130 //
//{/
/10 , ,/‘/ /
100 /

90

80 /
A
70 /‘c
/ W
60 -
50

L\ e’ | e ﬂ,-M -
N s e A N N s e i A S N
/97 198 1919 1920 192 922 /923 1924 1925 1926 1927

FIGURE 8.—Rate of growth of two lots of terrapins of the brood of 1917, Line Crepresents the lot
under close ‘‘range’’ and line W the lot under a wild “range”’

/20

of growth during certain years, and again the gain was quite small. The average
rate of growth of the animals held in this tank during the period 1920 to 1926, com-
pared with that of animals held in adjoining tanks during the same period of time,
is just about equal; that is, the average size of 1,018 animals held in the metal tank
during the period indicated was 32.5 millimeters, whereas it was 32.3 millimeters
for 1,195 animals held in a wooden tank placed at one side of it, and 32.9 millimeters
for 973 animals in another wooden tank on the opposite side. The metal tank, as
indicated elsewhere, did not bring a lower death rate, for in this respect the results
also are intermediate of those for the adjoining tanks. A metal tank is kept clean
somewhat more easily, and this apparently is the only advantage it has over a
wooden one. On the other hand, galvanized iron corrodes in a comparatively brief
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period of time in this climate and does not last so long as wood. Other metals and
enamel are regarded as rather too expensive for economical use.

TaBLE 20.—Average size of lerrapin fed during their first winter

Number | longin s
umber | length in

Brood When measured measured| millime- Remarks

ters
May 10,1910 .. ... 173 39.7
Apr. 23,1012 . LTI 216 30,9
ay 5, 1913____ ... 463 318
Apr.29, 1904 ... 504 310
ay 24, 1915 ... 351 32.9 | Fed fresh fish and oysters.
..... 376 315 | Fed salted fish,
..... 662 33.8 | Fed fresh fish and oysters.
613 29,9 | Fed salted fish.
1,040 39.2
1,045 3L1
260 33.7 | Hybrids, Texas and Carolina terrapins.
- 169 34,9 | Offspring domestic stock.
..... do_.__..._.. e 158 36.0 ;| Offspring wild stock,
May 18,1921 .. 1.1 1,094 318
| May 16,1922 ____. . __. ... 2,101 3L7
i May 23,1923 . 2,132 32.2
I May 16,1924 . ... 2,064 30.9
L May 11,1925 e 1, 851 32.3
.| May 13, 1926.__. - 2,019 32.4
May 12, 1927 ... 2, 180 3L7
May 7, 1928 e 2, 583 30.8
................................................ 32.4
FOOD

The following foods have been supplied: Fresh and salted fish, oysters, clams,
and crabs. Vegetables have been offered at different times but were not eaten. A
comparison of the utility of the various foods can not yet be given because of the
unequal distribution of heat in the terrapin house. It is pointed out elsewhere that
the greatest amount of growth almost invariably was made by the terrapins nearest
the stove. This is true, in a measure, regardless of the food supplied or other treat-
ment given. This factor, therefore, evidently is an important one, and a comparison
of the rate of growth with respect to the foods supplied is not a fair one unless the
animals were similarly situated with respect to the source of heat. As far as possible
such comparisons have been made but are considered of only limited value, and only
general discussions are given. It remains for future investigation to determine the
actual value of the various foods that are available and that seem suitable, and that
can be done only when a house becomes available in which uniform temperatures
can be provided.

Fresh fish was used much more extensively than the other foods that have been
mentioned, because (next to salted fish) it was the most convenient and economical
to use and the growth attained apparently was exceeded slightly only when oysters
were fed. Salted fish (mullet) was not taken readily. In fact, terrapins that had been
feeding on fresh food had to be starved for a week or two before they would take salted
fish. It is not surprising that animals fed with this apparently distasteful food grew
slowly. Crabs appear to be a good food and are taken readily, but they are so difficult
to get during at least a part of the winter that it was found impracticable to feed them
continuously. Clams are taken readily but have not been supplied over long periods of
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time and are regarded as too expensive to use in practical terrapin culture. Ogysters,
also, are regarded as too expensive to use extensively, even though they produce
rapid growth in the young animals. Although definite data are not available, it
would appear advantageous to supplement fresh fish from time to time with oysters,

clams, and crabs.
CROWDING

Various degrees of crowding have been tried in the tanks in the brooder house
with the view of determining the space requirements of the young animals. In this
series of experiments, which extended over three seasons (October to May, 1923 to
1926), tanks 8 feet long and 20 inches broad, divided into four compartments, were
used. Each compartment, therefore, had a floor space of about 20 by 24 inches.
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FIGURE 9.—Rate of growth of two lots of terrapins of the F1GURE 10.—Rate of growth of two lots of hybrid terrapins
brood of 1919. Line D represents offspring of domestic of the brood of 1919. Line A represents a cross between
stock and line W offspring of wild stock Texas males and North Carolina females, and line B
represents a cross between Carolina males and Texas

females

In some of the compartments 25 to 50 animals were confined, in others 100 were held,
and in still others from 125 to 150 were placed. The rate of growth appears to be
slightly in favor of the least crowding, for the average length of the 260 animals
that survived was 34.8 millimeters. For the next degree of crowding, namely 100
animals to & compartment, the average size of 877 surviving animals was 33 milli-
meters, and for 1,082 surviving animals crowded to the extent of 125 to 150 to a
compartment the average length attained was 31.1 millimeters. It is shown else-
where that s somewhat similar relationship with respect to the rate of survival
existed for the different groups of crowding. It appears reasonable to conclude,
therefore, that it is feasible and economically advantageous to hold as many as 100
young animals in a tank having a floor space of about 20 by 24 inches, but greater
crowding appears to result in higher mortaility and slower growth.
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COMPARISON OF THE SIZE OF WINTER-FED AND HIBERNATING TERRAPINS AT
ABOUT 1 YEAR OF AGE

It has been shown that young terrapins were kept active and were induced to
feed during the winter when they were placed in a warm house. Under such condi-
tions the average gain in length per year over a period of 17 years ranged from about
4 to slightly over 11 millimeters, the average gain for all winter-fed terrapins (20,034)
being 5.7 millimeters. During this time the hibernating terrapins, of course, are
making no growth. Table 21 shows the difference in size of winter-fed and hiber-
nating animals at about 1 year of age for six pairs of lots of six different broods.
The winter-fed animals of all lots combined (1,069 animals) had an average length
of 44.1 millimeters, whereas the hibernating animals (780) had an average length of
37.5 millimeters. This advantage in growth appears to have been maintained fairly
well in those lots that were grown to maturity in confinement.

The gain in growth during their first winter of the animals that were fed repre-
sents about a year’s growth. This lead in size over hibernating terrapins is important
in terrapin farming, as it would hasten the turnover by just that length of time.
Furthermore, sexual maturity was reached a year earlier and, as stated elsewhere,
the death rate apparently was considerably lower. Winter feeding, when terrapin
culture is engaged in for the purpose of reestablishing or augmenting the supply in
nature, offers the advantage that most of the young will have gained considerable
growth and will have passed through the most critical stages of life at about 8 months
of age, when they may be liberated with the assurance that they stand a fair chance of
survival. On the other hand, it has been considered advisable at Beaufort to retain
the hibernating terrapins a year longer, involving extra care and work and a greater
mortality.

TaBLE 21.—Comparison of size of winter-fed and hibernating terrapins al about 1 year of age

E ‘Winter-fed Hibernating
|
[
|

‘When measured

Number | Total | Average | Number | Total | Average
| 'measured| length length |[measured| length length

1105 5614 83, 1104 3,954 38.0
95 4,464 47.0 89 3,833 43.0
241 9, 424 39.1 163 5,350 32.8
262 11,074 42.2 122 3,977 32.5
228 9, 007 30.4 206 7,469 36.
138 7,631 54.4 96 4, 686 48.7
1,069 47, 204 44.1 780 29, 269 37.5

1 These animals were not measured at 1 year of age, However, the measurements were taken the following spring before the
terrapins had started to make new growth, and the sizes here given ol course, are the same as they would have been the preceding
autumn, or at the age of 1 year.

GROWTH OF TERRAPINS PAST 1 YEAR OF AGE

It has been pointed out already that the rate of growth of terrapins during their
first year is very irregular both among broods and within single broods. This irreg-
ularity in size and rate of growth is equally pronounced in the older terrapins that
are being grown in captivity. It does not follow, however, that those animals that
grow slowly at first will continue their slow growth and always be “runts.” If that
were the case, the runts would not constitute the serious problem they are to the terra-
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pin culturist, for then they could be eliminated at an early age and before they had
become much of a liability. It is not practicable to do this, however, for frequently
the slow-growing animals suddenly begin to grow fast and in a comparatively brief
time overtake those that grew fast earlier in life but discontinued their rapid growth.
An excellent example of the changes in the rate of growth of terrapins is found in
the brood of 1912 (Table 24). In this instance, from a total of about 800 yearling
animals 100 of the largest were selected and placed in a separate pen; also 100 of the
smallest and runtiest were selected and placed in an adjacent pen. Food and treat-
ment and the general environment were made as nearly identical as possible. Meas-
urements of the two lots at the time of selection (September 13, 1913) are not avail-
able. The animals were measured in the following spring (April 29, 1914), however,
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and of course not much growth had taken place during the interval. The 100
“selects’’ all survived until spring and had an average length of 65 millimeters. The
100 “runts’ had diminished to 89, and these animals had an average length of 32.3
millimeters. On October 6, 1917, the selects, which then numbered 89, consisted of
18 males and 72 females. The males had an average length of 88.7 millimeters and
the average length of the females was 98 millimeters. On the same date the runts
numbered 69 and were composed of 13 males and 56 females. The males averaged
87.2 millimeters in length and the females 109.5. The combined average length of
male and female ‘“‘runts,” therefore, was greater than that of the ‘“selects.” The
lead then secured by the “runts’’ has been maintained to the present time (1928).
It is not known that identical results would be obtained if a similar experiment
were to be undertaken. The selection experiment with the brood of 1912, together
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with others of much shorter duration, offer sufficient evidence, however, to show
that it is not practicable to make selections of fast growing terrapins at 1 year or
less of age. Furthermore, it seems very probable that such selections can not be
made even at 2 or possibly at 3 years of age. The data on this last point still are
quite meager. The fact that some animals (as is plainly shown by the accompanying
tables) grow very slowly and require a much longer time than others to reach maturity
and a size sufficiently large to make them valueble on the market, however, is well
established, and these extremely slow growing individuals appear to furnish the
chief obstacle to terrapin farming as an enterprise.

Comparatively few females ' (as shown by the tables presented herewith)
reached sexual maturity and a length of 514 inches at the age of 5 years. A some-
what larger percentage reached it at 6 years of age. However, 9.8 per cent of the
females of the winter-fed lot of the 1910 brood were still under that size at the age
of 15 years. Among the hibernating lot of the same brood, 19.5 per cent were under
514 inches in length at the same age. Although marketable at a smaller size, a
terrapin is not considered a ‘‘count’’ and does not bring a fancy price until it has
reached a length of 6 inches or more. According to this classification only 28.5
per cent of the winter-fed lot of the 1910 brood and 25.2 per cent of the hibernating
lot of the same brood would have passed as counts at the age of 15 years.

In the 1911 brood 12.9 per cent of the animals (no males included) of the winter-
fed lot were less than 514 inches in length at 14 years of age, and in the hibernating
lot of the same brood 15.2 per cent were under this size at 14 years of age. The
percentage of counts was somewhat greater than in the 1910 brood, for 41 per cent
of the fed lot and 45.8 per cent of the hibernating lot could have been classed as
counts at 14 years of age. Younger broods have made even slower growth.

The growth curves presented herewith show that, in general, the average rate
of growth is fairly rapid until the terrapins reach an age of 5 or 6 years. Thereafter
it becomes much slower, and after the eighth to the tenth year it is extremely slow.
The almost negligible growth of the older animals, as, for example, those of the 1910
brood, after attaining an age of about 8 years suggests that some of the animals will
never reach a length of 6 inches. It seems improbable, even, that all of them will
reach 514 inches. In the winter-fed lot of the 1910 brood, for example, 11 of the 102
females included were less than 514 inches long, the smallest one having a length of
only 4 4/5 inches when last measured at the age of 15 years. In the hibernating lot
of the same brood, at the same age, 17 of the 87 females included were less than 514
inches long, and the 2 smallest ones were only 5 inches in length. The first-mentioned
lot, according to our records, appears to have made an average gain in growth of only
2.5 millimeters, and the other lot only 4 millimeters during the six years prior to the
last measurements, or between the ages of 9 and 15 years.

In the winter-fed lot of the 1911 brood, 10 of the 78 females included were under
514 inches long, the smallest one having a length of 4 4/5 inches when last measured
at the age of 14 years. Among the hibernating lot of the same brood at the same age
11 of the 72 females were less than 514 inches long, and the smallest one was 514
inches in length. The winter-fed lot had made an average gain of 3.4 millimeters

11 The males are not considered in this connection as none of them appear ever to reach as great a length as 54 inches, and they
reach sexual maturity at a much smaller size.



DIAMOND-BACK TERRAPIN CULTURE 57

and the hibernating lot a gain of 8.9 millimeters during the 6 years prior to the last
measurements, that is, between the ages of 8 and 14 years. »

The data presented in the foregoing paragraphs are illustrative of the extremely
slow growth that is made by terrapins that are 8 to 10 years or more of age, and they
suggest, as already indicated, that some females will never reach a length of 6 inches
and that a small percentage may not even reach 514 inches. It appears to be of
interest to note that among the original wild brood stock confined, part since 1909 and
part since 1911, and with few exceptions ‘“adult” terrapins when secured, 17 females
were under 6 inches in length when last measured (1925). It would seem almost certain
that such animals will never reach a length of 6 inches. It is not surprising, therefore,
that all females grown in captivity apparently do not reach a length as great as 6
inches. In commereial terrapin growing it probably would not be profitable to retain
the animals after comparatively rapid growth ceases; that is, after an age of 8 to 10
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years is reached. A considerable percentage of the terrapins at these ages, as shown
by the accompanying tables, are 5 inches and over in length and would bring a fair
Price on the market, and it seems doubtful if the increment in size thereafter would
Justify the expense of food and labor involved to produce it. .

The largest size attained to date by any terrapin grown in captivity is 6% inches.
It is well known, of course, that in nature individuals measuring 7 inches and over
It length occasionally are taken. A single female occurs among the wild brood stock
confined at this station having a length of slightly less than 7} inches (185 milli-
meters). This animal probably approaches the maximum size attained by Carolina
te_n' apins. The Texas terrapins, of course, grow somewhat larger and occasionally
slightly exceed a length of 8 inches.

Information relative to the rate of growth of terrapins in nature virtually is
Wanting. A few animals hatched at this station and liberated at about 1 year
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of age have been retaken. The recaptured animals had gained growth at about the
same rate as the fastest growing ones of the same age that were raised in captivity.
In the almost total absence of data on the rate of growth in nature, a comparison of
the rate of growth of domestic and wild animals can not be given. Neither will it
be known, until much more information is obtained, whether an equally large per-
centage of wild animals are slow growers or runts as among domestic ones. There-
fore, it is not yet known what influence, if any, domestication has on the rate of
growth.

Male terrapins have been omitted in the discussions on growth because they
do not reach a large size and are of comparatively little value on the market. The
sexes can not be distinguished in young terrapins until a length of about 3 inches or
more is attained. For this reason the sexes are not listed separately in the accompany-
ing tables until they have attained a considerable size. It is not evident that there
is a difference in the rate of growth with respect to the sexes until they become dis-
tinguishable. Thereafter the males appear to grow less rapidly, and consequently
they are soon much smaller than the females. It is fortunate, from an economic
point of view, as pointed out eleswhere, that the males appear to be greatly in the
minority, for the largest one of which a record is on hand was 4% inches long and
the largest one among the domestic animals has a length of only 4% inches. The
average size of adult males appears to be around 4 inches, and a considerable per-
centage apparently never exceeds a length of 3% inches.

CONCLUSIONS

1t is evident from the foregoing discussion and the data presented that the
chief problem of the terrapin culturist is the elimination of the runty and slow-
growing animals. It has been shown that this can not be done through selection
at an early age. Therefore, the problem apparently must be solved, if in fact it
can be solved, through selective breeding. Experiments along that line are under
way, but owing to the slow growth and the long time it takes terrapins to mature
no definite results have been obtained to the present time (1928). Slow growth,
late maturity, and animals of comparatively small size may not be of importance
in the case of terrapins that are liberated and attain their growth in nature, but they
are of extremely great importance to the terrapin farmer, who would of necessity
be interested in as quick a turnover as possible and in the production of large animals
that would bring a fancy price on the market. It has been shown that little growth
is gained after the animals reach an age of 8 to 10 years, and the writer believes that
it would not be profitable in terrapin farming to retain the animals longer, but that
they should be disposed of at about that age regardless of size.
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TaBLE 22.—Rate of growth of the brood of 1910

Winter fed Hibernating

When measured Females Females

125 mm. | Average 125 mm. | Average
Number | Smallest | Largest | ;o' | “lopgen | Number | Smallest | Largest § [0 oo length

in length in length

0

.5

5

4

4

'8

6

5 ) 96 93.4

89 9 147 } 4 { 1214

5 91 97 94.2

78 101 152 } 55 { 128.2

5 91 97 94,3

129 89 12 156 } 83 { 136.7
18 85 2109 197.7 5 92 07 194.8
129 120 164 } 123 { 1401 80 114 158 } 86 { 136.4
11 88 12 102.7 5 9 100 97.8
102 123 165 } 10t { 1426 87 127 163 } 87 { 140. 4

——— o

be ! The average size of newly hatched terrapins, according to more recent measurements, is about 27 millimeters. This difference
tween the early and more recent measurements very probably is the result of the methods used. The recent measurements
were made with calipers, whereas the early ones were made with an ordinary rule and are therefore less accurate.
: Some of the males, but not all, were distinguishable prior to this date. .
m e apparent slight decrease in size may be due in part to a closer measurement, but it is more probable that the terrapins
®asured in 1918 and 1919, in part, were not the same ones, as all the terrapins in any one pen seldom are found at one time.

TABLE 23.—Rate of growth of brood of 1911!

— ]
Winter fed Hibernating
‘When measured Females F‘;;males
Number | Smallest | Largest })%5“'3)’;‘ Al::xﬁe Number | Smallest | Largest tr"n’ﬁ)’r’; "}S’Xé%ﬁe
in length in length
Mm, Mm. Mm,

Sept. 10,1011 .__________ 128.1 100 25 198.1
Apr. 231012 N 30.9 98 24 27.9
ept. 9, 1912 - 47.0 89 30 43.1
ay 21, 1913 58,8 86 31 46.8
Aept' 12, 1913_ 79.1 84 42 64.6
Pr. 29, 1914 _ ~ 79.5 81 51 71.8
0 ar. 23, 1915. B 97.7 77 64 90.5
Sct. 5, 1915___ 115.0 78 83 105. 8
Sept. -, 1916 - 120.8 78 85 112. 4
pt. 26, 1919 141. 2 78 107 135.7
OCt. pLAS LD Y IR N e R 74 116 140.7
Oct. 29, 1925__ 144. 6 72 110 143. 6
ot. 21,1927 Ty 72 129 145. 6

3 The two lots of the 1911 brood contain no males. . .
The average size of newly hatched terrapins, as shown, is about 28.1 millimeters (116 inches).
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TaBLE 24.—Rate of growth of the brood of 1912

Selects ! Runts ?
When measured Females Females
Number | Smallest | Largest :3_5[;1’:)’;;' Alggéé‘ge Number | Smallest | Largest 1)21"5;;:;;:3' Al:g;‘:ge
in length in length
Mm, Mnm, Mm, Mm, Mm.
Apr. 29, 1014 N 100 51 83 65,0 89 27 32.3
Nov. 5, 1915 ... 94 76 92,0 82 30 53.2
Sept. 7, 1916:3
Ao 19 81 3 872 4o e
o tFemaée% ............. 77 77 ne ... L L2820 SOOI NP SRS SRS S
ct. 11, 1917:
Male.. oo 18 82 98 |- ... 88,7 13 80 95 87.2
o el 72 82 130 |-.Loll 98.0 56 77 136 9 { 100.5
ept. 30, 1918:
Male.. .o 18 85 100 } 6 { 90.0 13 83 o } . 88 3
o tFxm?gfg .............. 73 88 131 100.7 56 100 145 117.0
ch. 2
Male.. ..o 18 83 i J T N % 12 83 95 4 89.7
ooy FeBBle L2 75 .87 139 115, 1 56 405 149 { 123.0
Cct. O, H
Male_____._....... 17 83 A Y 13 83 s, 89,6
oo omale L % 89 143 18.0 55 108 151 } 9 { 127.1
ec. B
Mele ... 18 83 o S Y .03 12 84 97 o 91.0
o FomBle L «73 97 145 1237 55 18 153 } { 1340
ct. 10, 1923:
7S PN 18 85 101 93.4 12 85 98 oL7
oo Foale T 70 111 Wl s g 55 122 el | S -
ct. 21, 1925:
Male..... 17 85 100 93.8 12 87 102 93.9
o PRS- 801  +106 148 } % { 128, 6 55 125 165 } 55 { 138.2
ct. 16, 1927
Aol 17 86 102 6 94.0 11 20 4101 o7.7
Femalo............ 67 115 151 1307 b4 126 168 } 55 { 1411

1 “Gelects”’; 100 best selected from entire brood, Sept. 13, 1913.

1 “Runts"; 100 poorest selected from entire brood, Sept. 13, 1913.

3 The sexes could not be distinguished definitely prior to this date.

¢ The apparent decrease in size may be due to a somewhat closer measurement, or it may be that the same terraping were not
measured, for all the terrapins in 1 pen often are not found.

TasLE 25.—Rale of growth of the brood of 19183

Females
125 mm. | Average
When measured Number | Smallest | Largest 1°r1mor?1 length Remarks
n lengt
Mm. Mm. Mm.
686 22 32 . 27.8 | Hibernated.
504 23 48 311 | Fed first winter.
100 34 48 37.5 | Belected best from preceding lot; measurements
based on 100 largest.
Nov. 5, 1915, ... _...__. 96 69 104 .. ... 811
%ept. 20';59%6 .............. ™ 73 n2 ... l 88, 6
et 11, 1917:
4 77 95 84,5 | Prior to this date the sexes could not
90 76 125 } 1 { 96.0 | defnitely. ot be separated
4 80 ‘sl 3 { 86.0
90 83 134 103.7
4 80 100 88.0
88 86 138 } 1o { 108, 3
4 81 101 89. 2
86 88 1% 1) i { 110.7
4 82 1100 90. 2
85 95 i S { &3
4 85 101 92.2
79 102 148 } o8 { 125.5
4 85 103 4.0
75 105 150 ‘} 55 { 1281
i

1 All the terrapins in a pen seldom are found at one time. The decrease in size probably is due to missing one of the smgllest
animals the preceding year.
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TasLE 26.—Rale of growth of the brood of 1914

—_— B o o )
Females A
When measured Number | Smallest | Largest 102‘:_5&% 1:3;%50 Remarks
in length
m. Mm. Mm
361 M 25 48 [ ... 32.9 | Fed fresh fish.
376 24 45 | .- 31,5 | Fed salt fish first winter.
284 27 87 [aeemcnnn 42.2 | Fed fresh fish,
303 28 69 |ooaoan 41,6 | Fed salt fish first winter.
100 49 {112 R 54.2 | Selected 100 best from preceding lots.
97 58 L7 30 I 70.3
88 63 15 |- 81.8
91 75 126 1 93.2 | Two males present in lot but they were not
kept separate in measurements and therefore
their size can not be shown.

91 76 133 2 96. 1
91 76 138 9 101.3
92 79 144 19 114.0
97 87 146 27 116.6
85 84 149 34 121.3

TaBLe 27.—Rate of growth of the brood of 1915

l};%malés' A | Females

mm. ver- . . . 126mm.| Aver-

When measured Nt‘)‘e':" Sgls”t'“‘ L:;f' ormore| &ge When measured Nb‘gf S';‘}“ L:r‘g ormore | age

in length ¢ in length
length i length

M Mm. | Mm, Mm. Mm. | Mm, | Mm.

Mar. 15, 1916.__..__ 1613 24 40 . 20,9 1 Oct. 15,1018 ______ 435 35 12 ... 60.3

A ar, 16, 1916. ., . 1662 25 13 U R, 33.8 | Oct.8,1910._______ 395 38 122 (... 65.6

Oug- 24, 1916 . 586 29 b T 44,8 || Oct.8,1920_______. 338 41 134 2 69. 4
ct. 13, 1917, " 475 32 94 | ... 50.8 |! June 23, 1621______. 303 47 127 ! 1 69.9

: This lot was fed on salted fish during the winter of 1915-16. After these measurements were taken it was discarded.
a This lot was fed on fresh fish during the winter of 1915-16. All subsequent measurements are based on this lot. It was
scarded after the last measurements listed in the table were taken.

TasLe 28.—Rate of growth of the brood of 1916

Offspring of wild brood stock Offspring of domestic stock

When measured Females Females
Number | Smallest | Largest L?n’ﬁ)':;‘ Al::;%ge Number | Smallest | Largest 221-5313,% “i;’:;:ge

in length in length

Mm Mm Mm. Mm Mm Mm.
1,040 23 80 | ooceone- 39.2 670 24 [ 32.5
1120 47 104 | 70.6 181 47 83 | 63.2
99 145 116 |l 74.4 2 145 85 | 5.3
99 142 123 [l 75.8 95 47 92 | 66.8
99 56 | 133 1 82.6 88 53 103 |- 73.7
103 69 136 4 91. 4 82 69 120 L. __._. 85.2
100 74 138 4 97.2 o1 71 135 93.0
100 77 139 6 101. 9 95 73 1130 95. 5
93 78 140 7 103.3 9% 74 132 5 98.0
18 81 102 80.3 22 78 101

82 92 141 } 8 { 1194 76 83 141 } 3 { ot

i ’I‘Résalot was liugect,ed at 1 year of age rroim (;.he lot llisted above. ; to th babil h

pparent decrease in size probably is due to closer measurements or to the probability that the same te
Tmeasured each year, for all the animals in & pen often are not found. repie oo met
The measurements of the sexes were not definitely kept separate prior to this date.
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TaBLE 29.—Rate of growth of the brood of 1917

Close confinement Wide range
Females Females
When measured
Number | Smallest | Largest 102:.5“%’;: ‘}g:;?ﬁe Number | Smallest | Largest 10{‘;511?:)’%' A]g:;ztmge
in length in length
Mm. Mm. Mm, Mm. Mm,

May 19, 1919_____ .. ... 100 50 60. 1 100 46 72 52.5
Qct. 23, 1919___ __ . 98 51 86.7 81 50 81 60.9
Oct, 5, 1920._____ . 150 58 74.8 163 57 v6 70.6
Sept. 24, 1921 _____ 50 68 89. 5 58 61 109 81.1
Sept. 13, 1922_____ R 55 77 97.8 51 81 121 96.3
Oct. 5, 1923_____ R 53 84 107.9 48 82 135 100. 4
Sept. 11, 1924 50 86 112.1 44 83 139 101.7
Oct. 20, 1925__ 53 182 117.0 41 85 £130 102.3
Sept. 80 1926_ 50 91 123.8 39 85 147 118.0
Oct. 15, 192 1 50 89 154 37 134.8 439 87 150 126. 4

1 Rats destmyed many of the animals in this lot. Others probably were not found when measurernents were taken.

2 The apparent decrease in size probably is brought about measuring different terrapins, as all the animals in any 1 pen
seldom are found.

3 This lot contained 10 males, but the measurements for them were not kept separate and can not be given.

+ This lot contained 7 males, but the measurements for them were not kept separate and can not be given.

TasLE 30.—Rate of growth of the offspring of the wild and domestic brood stock of the 1919 brood

Offspring of wild brood stock Offspring of domestic brood stock
Females Females
When measured
Number | Smallest | Largest 1021‘5"11'::;' ‘}Z:;%ge Number | Smallest | Largest 1021_51:1’:)':;' }i:r?é't‘}gle
in length in length
Mm, Mm., Mm, Mm. Mm.
Ma};)ll, 1920 ... ; ;-,5) 20 ;gi % [ 2 IR 35.7
[+ PR F— 8 0 54 - 34.2
May 13, 1920 e 3100 37 4100 33 48 . 40.2
Sept. 30, 1921 S 54 36 90 41 82 - 62,0
Sept. 19, 1922 47 49 87 46 110 . 77.4
Oct. 10, 1923 ) S PRI 81 53 17 - 87.6
Oct. 8, 1924 __ P 46 75 114 L 78 69 123 - 90.2
QOct. 27, 1925 . 44 78 123 - 3 78 75 132 95.3
Oct. 8,1926.._______.___. 41 83 135 . 78 75 139 1047
Sept. 28, 1927
Males.__. 22 74 08 } 2% 90. 4
Females |l 52 87 144 119.3

1 This lot, which originally eonsisted of 100 terrapins, was fed on oysters during the winter of 1919-20.

2 his lot, which originally consisted of 100 terrapins, was fed on fresh fish during the winter of 1919-20.

3 This lot was selected on May 13, 1920, from the 2 lots listed above, and it originally consisted of 100 terrapins, some of
which were destroyed by rats. All subsequenr, measurements were based upon the surviving ones of this lot.

4 This lot was selected from the 2 lots listed under the preceding date. All subsequent measurements were based upon the
surviving ones of this lot.

TABLE 31.—Rate of growth of hybsid terrapins of the brood of 1919

Texas males and Carolina [emales Carolina males and Texas females
Females Females
‘When measured
125 mm. | Average | \s 125 mm. | Average
Number | Smallest | Largest or more | length Number | Smallest | Largest or more | len gtg
in length . in length
Mm Mm. Mm. Mm.
May 11 19200 . ... 148 25 35.8 1 96 26 33.4
_______ 3 50 26 34.0 196 27 32.9
May 12, 1920_ 3180 28 35.7 3100 29 35.6
Sept. 24, 1921_ 4 54 33 63.0 430 43 58.3
Sept. 14, 1922. 53 42 78.0 31 541 62.3
Oct. 10, 1923__ 54 55 86. 1 31 65 83.1
Oct. 9, 1924___ 63 352 89,2 31 74 92,8
Oct, 22, 1925__ 49 61 95.5 30 872 4.2
Oct. 2, 1926___ 51 72 98.3 30 72 102. 6
Sept. 28, 1927
Males...... 33 86 08.3 18 81 91.8
Females.__.._....... 19 81 125.3 13 92 127.0

1 This lot was fed on oysters during the winter of 1919-20.

3 This lot was fed on fish during the winter of 1919-20.

$ This lot was selected on May 12, 1920, from the 2 lots listed under the preceding date. All subsequent measurements were
based upon the surviving ones of this date

4 Many terrapins were destroyed by rats.

t The apparent decrease in size may be accounted for by closer measurements or by the fact that the same terrapins are not
measured each year, as all the terrapins in a pen often are not found.
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TaBLE 32.—Rate of growth of the Carolina terraping of the brood of 1920

Females Females

When measured | Number | Smallest | Largest | 120 Algggg" Number | Smallest | Largest | 125 /m. A]:g;:ge

in length in length

{

: Phis lot contalns all the winter-fed animals of the brood. 'The 2 lots listed under the next date were taken from this one.
N Offspring of domestic stock.
: Offspring of wild stock.

13 males, for which no measurements are available, were removed from this lot.

TanLe 33.—Rate of growth of hybrids of the 1920 brood produced by crossing Carolina males with Tezas

females
f;5males A ]F;esmales A
mm.| Aver- mm.| Aver-
When measured N];lel;l. Sr;x;ll- Largest | or more |  age When measured N&T' sr;‘s‘;"' Largest| or more | age
in length n length
length length
Mm. | Mm. Mm. Mm. | Mm. Mm,
87 28 850 |oeraanan 38.5 || Oct. 20,1025 __.__. 63 66 ) &1 N I, 96. 1
63 31 68 | oo 48.4 || Sopt.30,1926______. 60 82 135 9 105.1
67 41 86 (... 63.6 (| Oct. 1, 1927:
64 51 118 e 79.1 Males.._______. 40 85 109 } 10 { 04.4
64 55 116 |cvoceeane 86.6 Females........ 20 108 146 128, 2
TaBLE 34.—Rate of growth of the brood of 1921
W) Average Average
hen measured | Number | Smallest | Largest length When measured | Number | Smallest | Largest | j /0 5
Mm. Mm. Mm. Mm. Mm, Mm.
May 18 2,101 2 50 318 || Oct. 27, 1925 . 45 51 106 78.8
1100 29 42 34.4 || Oct. 6, 1926_ 41 79 120 86,0
72 - 29 48 38.5 || Oct. 21, 1927
56 40 69 55.3 Males. _ 2 86 92 80.5
50 46 ™ 64.4 Females._.. 31 a3 124 108.3
! This lot was selected from the one listed under the preceding date.
TABLE 35.—Rate of growth of the brood of 1922
Offspring of domestic stock Offspring of wild stock
‘When measured A N
verage Avy
Number | Smallest | Largest length Number | Smallest | Largest N :;:ﬁe
—
Mm. Mm. Mm, Mm. Mm,
}‘f‘,ﬁy B1023. 2,051 23 47 3.9 454 2% 51 M"Q:s 3
Oct. 57 1023 1 Ta20 38 477 3.0 200 36 51 37.2
oo 24, 1924 1130 36 70 43.1 1142 38 72 47.5
oo 77, 1995 TTTTITTI I 105 41 84 -53.4 99 41 92 58.0
Bept, 028 .. TITTIIIIIIIIIIIITTTTT 94 42 91 62.3 93 44 9% 652
S 27, 0927 T IIIITII T 93 46 106 78.7 93 51 130 80.6

1
This lot was selected from the one Jisted under the preceding date.



64 BULLETIN OF THE BUREAU OF FISHERIES
PERIOD OF ACTIVITY

The length of the period of activity of diamond-back terrapins, of course, varies
from year to year according to temperatures. At Beaufort some of the animals
begin to move about on warm days in March, but generally they do not become
active and take food until about the latter part of April or early in May, and the
period of activity may be said to end again sometime during October or, rarely, as
late as early in November. They feed regularly only from about the latter part of
May until early in October. On cool days they cease to feed and even mild days in
midsummer cut down their capacity for food.

FOOD, FEEDING, AND COST OF FOOD

The {food of terrapins in nature is reported to consist of small mollusks and crus-
taceans. In captivity, as already indicated, they readily take fish cut in pieces of
suitable size, crabs, shucked oysters, and clams. At Beaufort, however, fish and
some blue crabs chiefly are fed. Fiddler crabs enter the pens, and some small
mollusks, too, are available. The animals appear to thrive on these foods.

The fish used during the summer are purchased directly from commercial fisher-
men, and they generally consist of menhaden and other unsalable fish or of small
food fishes that would bring little on the market. Frequently quite a few blue crabs
are included with the “scrap’ fish. During the winter months, when only about
114 pounds of food a day is used, small and cheap grades of fish are purchased from .
local fish dealers; or when oysters were fed they either were collected by the terrapin
culturist or purchased in the shell and opened at the laboratory.

During 1927 the fish and crabs delivered by the fishermen were purchased at 2
cents per pound. During the winter, when the fish were bought from dealers, the
price ranged from 6 to 7Y cents per pound. The total cost of food for the calendar
year 1927 was $236.52. With this amount, about 2,936 recently hatched young
terrapins were fed during the winter and 3,707 animals of various ages (mostly adults)
were fed during the summer. The cost of food for the young winter-fed animals for
a seven-months period was 7% mills per head. The cost for all the animals held in
outdoor pens for the year 1927 averaged nearly 6 cents per head. It is evident,
therefore, that the cost of food at Beaufort is not great.

For the small terrapins, a year or less of age, the fish are scaled, the large bones
are removed, and then they are put through a food chopper. For larger terrapins,
the fish and crabs together, as received from the fishermen, are put through a feed
cutter of the type used by farmers, which cuts the food into pieces small enough to
be managed by the terrapins. The food is thrown on the ground in a clean, solid
place near the edge of the water. The animals emerge, take a piece of food, and
generally return to the water to eat it. Care is exercised to supply sufficient food
and not too much. Food placed on the ground at the edge of the water can be
removed readily if it is not all consumed, for it is highly essential to prevent putre-
faction, and less is wasted by the animals than if it were thrown into the water.
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COPULATION, LAYING SEASON, AND INCUBATION PERIOD

Copulation seldom has been observed. Males frequently persist in following
certain females, however, and it is supposed that this indicates a desire to copulate
and that copulation probably follows. If that be true, copulation may take place
at any time during the period of activity. This sex activity is greatest in the spring,
very soon after the animals emerge from hibernation, and it is probable that that is
the chief ““mating’’ season.

. The laying season begins in May, generally about the middle of the month, and
1t ends about the first of August. A female may lay only once during a season, or
she may lay as many as four and, rarely, five times.

The earliest date of hatching that has been noticed at Beaufort was July 28, but
generally hatching does not occur before the middle of August, and the last eggs
hatch during the first half of October. The length of the incubation period, of course,
Varies somewhat with the prevailing temperatures, being shortened by high tempera-
tures and lengthened by low ones. Using the earliest dates (generally around May
15) when laying was observed and the first dates (generally around August 15)
When young terrapins emerged from the nests as a basis, the incubation period would
4Ppear to extend over about 90 days. Since newly hatched terrapins generally do
Dot emerge from the nests immediately upon hatching, it may be assumed that the
Incubation period is somewhat short of 90 days.

SPACE REQUIREMENTS

It has been shown elsewhere (p. 53) that it seems practicable to confine as many
33 100 recently hatched terrapins for winter feeding in a brooder house in a tank
haVing a floor space of about 20 by 24 inches. To this statement there is little to add,
except the caution that a high degree of cleanliness must be maintained. The tanks
In which the animals were held at Beaufort under such crowded conditions were
Washed twice a day and scrubbed whenever it appeared necessary, and after each
Washing and scrubbing new and clean water was supplied. Care must be taken
Particularly to prevent the decay in the tanks of uneaten foods.
The extent of crowding that terrapins can stand in outdoor pens is not well
own. None of the experiments performed to date indicate that the different
degrees of crowding that have been tried were deleterious. Certainly, much depends
Upon cleanliness and the free exchange of water; that is, much greater crowding will
@ possible when the pens are {airly free of decaying organic matter and when the
tld_es and conditions are such that an almost complete exchange of water takes place
twice daily and clean water is brought by each flood tide. The greatest crowding
f)f growing and fairly large terrapins among the experiments under way at Beaufort
'8 198 in a pen 5 feet wide and 36 feet long. The length of the pen probably has
little significance as the animals stay in the water, or at least very close to it nearly
all of the time. Therefore, only about one to three fourths, depending upon the
Stage of the tide, of this particular pen generally is occupied by the animals. The
Tate of growth of the animals in this pen compares favorably with other less crowded

OtS,.and from the standpoint of survival this lot is ahead of all others grown in
Captivity.,



66 BULLETIN OF THE BUREAU OF FISHERIES

In 1919, 100 animals of the 1917 brood were placed in a small pen measuring
about 5 feet wide by 36 feet deep and 100 in a much larger pen, similarly situated,
having a width of about 24 feet and a depth of about 36 feet. Owing to depreda-
tions by rats the numbers were greatly reduced. In 1927 only 50 animals were left
in the small pen, and these (including 10 males) had an average length of about 534
inches (134.8 millimeters), whereas only 39 were found (more animals probably were
present, but they were difficult to find due to the large size of the pen) in the larger
pen, which (including 7 males) had an average length of slightly over 5 inches (126.4
millimeters). If this experiment could be used as a criterion, “ close range’’ would
seem to be better than a wider one. The animals are sluggish, and it is not believed
that a large pen is necessary for the purpose of providing space for exercise. The
main consideration is the provision of sufficient room to furnish the necessary
sanitation,

It seems reasonable to conclude from the experiments described and from the
results obtained with several other lots that under the conditions existing at Beaufort
certainly as many as 100 animals may be held and grown to maturity in pens having
an area of 5 by 32 feet. Space requirements, as already suggested, undoubtedly
would vary in different localities according to the cleanness of the water brought by
flood tides and other local conditions.

SEX RATIO

The sexes of terrapins can not be distinguished from external characters until a
length of 3 to 4 inches is attained. When this size is reached the males may be
recognized by the much larger and heavier tail. There are other differences, such
as the smaller head and the more wedge-shaped posterior outline of the carapace in
the male, but the most evident character is the tail. Because it is impossible to
distinguish the sexes in young animals from external characters, and because dissec-
tions of such animals have not been attempted, information concerning sex ratio is
still quite incomplete. It may be stated, however, that the males are greatly in the
minority among the total number of terrapins grown to maturity in captivity. This
becomes evident from tho fact that in 1927 among a total of 1,300 such animals in
which the sexes could be distinguished positively there were only 242 males, thus
giving a ratio of 1 male to 4.4 females. Omitting certain hybrid lots, in which the
males are numerous, and using only pure stock of Carolina terrapins, the ratio
becomes 1 male to 6.4 females.

Most of the lots from which the foregoing data were derived consist of animals
selected (usually at about 1 year of age) from a year's brood (which usually con-
sisted of a few hundred to a thousand or more individuals) because of the rapid growth
they had made, while the rest were liberated. One lot was selected for the opposite
reason, however; that is, the “runts” were retained; and still other lots were unse-
lected. It is not evident from the results that the selections affected the sex ratio
constantly in any one direction. The large variation in sex ratio among the small
lots on hand suggests, however, that the element of chance selection as well as chance
survival may have been important.

The extremes in sex ratio are represented in two lots of the brood of 1911 of
Carolina terrapins, and in a lot of hybrid terrapins (Carolina males crossed with
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Texas females) hatched in 1920. The two lots of the 1911 brood originally consisted
of two groups of 100 each of unselected animals. When last counted (1927), 163 of
these terrapins were found, all of them being females; nor has a male ever been
hoticed among these animals.

The lot of hybrid terrapins to which reference was made in the preceding para-
graph originally consisted of 100 animals selected at 8 months of age. This lot, when
last counted (1927), consisted of 60 terrapins, of which 40 were males. It appears
to be of interest to note further that a somewhat similar abundance of males prevails
&mong the only other two lots of hybrid terrapins (both hatched in 1919) on hand.
One of these is the product of Texas males crossed with Carolina females, and it
originally consisted of 80 unselected animals. When last counted (1927), 52 of these
terrapins were found, and 33 of them were males. The other lot at first contained
100 selected animals, the offspring of Carolina males crossed with Texas females.
This lot, due largely to depredations by rats when the terrapins were small, has been
reduced to 31, and of these 18 are males. The greatest abundance of males in pure
8tock occurs in a selected lot originally consisting of 100 young, now (1927) reduced
to 74, of Carolina terrapins hatched in 1919, in which there are 22 males. In all
other lots of pure stock the males are in an even smaller minority.

These data would appear to indicate that cross-breeding Carolina and Texas
terrapins tended to increase the proportionate number of males. However, the lots
are too small to justify that conclusion, and until more information is obtained it may
be assumed that the present results are a mere coincidence.

Table No. 36 shows in detail the sex ratio existing among the several lots of
terrapins grown in captivity. The lots appear to be sufficiently large and numerous
to justify the conclusion that a considerably larger number of females than males
may be expected to reach maturity in terrapin farming. This is important from a
Practical viewpoint, as the females reach a relatively much larger size than males
and have a correspondingly greater value on the market. As stated elsewhere, no
definite information relative to the natural sex ratio in terrapins has been gained.
A few lots of young animals are on hand, however, which may help to cast some
light on this problem when they reach a sufficiently large size to admit of the recog-
hition of the sexes.

If it were assumed that the usual 1 to 1 ratio prevails among young terrapins,
then it would follow that the males simply fail to reach maturity. The selection of
the larger and stronger animals at about 1 year of age, as was often done, does not
appear to have resulted in constantly choosing females in preference to males. If
It had, then it might be reasonable to expect the males to be in the majority among
those terrapins that were chosen because they were small and undersized. This
does not appear to be the case, however, for a lot of 100 terrapins of the 1912 brood
Was selected at 1 year of age as the very poorest and smallest among several hundred
4nimals, When last counted (1927), 64 animals were found and among them were
only 10 males, In unselected groups of Carolina terrapins the males, too, are greatly
10 the minority. : . .

The supposition that the males failed to mature is complicated by the fact that
the number of males present at maturity in some of the unselected lots as well as
Selected ones, added to the total number of animals that died (assuming that the loss
Consisted wholly of males), still would not make & sex ratio of 1 to 1.
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TaABLE 36.—S8ex ratio in several lots of diamond-back terrapins hatched and grown to maturity in
confinement!

Nolgn}fe | Number on hana,| Batio of
Year of hatching | O0& 027 s *| males to Remarks
e females

Males | Females
13

171 All fed first winter, some the second winter; unselected.

119 5 Hibernated each winter; unselected.

100 0 Fed first three winters; unselected.

100 0 Hibernated each winter; unselected.

100 10 Some fed first winter, all fed the second winter. Selected at the :ﬁe of
1 year, the smallest of the entire brood, consisting of 1,221 animals.

100 17 Majority fed first winter, all fed the second winter. Selected at the
age otll year, the largest from the entire brood, consisting of 1,221
animals.

100 4 75 | 1:18.8 | Fed first winter; selected at 1 year of age, the largest from lot consisting
of 504 animals.

100 2 83 | 1:41.5 | Fed first winter; selected at age of 1 year, the largest from a lot consisting
of 587 animals.

200 40 158 1:4.0 | Fed first winter; selected at age of 1 year, the largest from a lot consisting
of 1,710 animals.

200 17 73 1:4.3 | Fed first winter; selected at 9 months of age, the largest from a brood
consisting of 961 animals.

100 22 52 1:2.4 | Fed first winter, selected at 8 months of age, the largest from a lot comn-
posed of 169 animals.

1919 ... 80 33 18 1:0.5 | Hybrids (Texas males and Carolina females). Fed first winter; un-

selected. Number reduced through depredations by rats when the
terrapins were small.

1919 100 13 18 1:1.4 | Hybrids (Carolina males and Texas females). Fed first winter; selected
at 8 months of age, the largest from a lot consisting of 192 terrapins.
Original number much reduced through depredations by rats when
the terrapins were small.

1920, . ... 200 23 89 1:3.9 | Fed first winter; selected at 8 months of age, the largest from several
hundred animals.
1920 ... 87 40 20 1:0.5 | Hybrids (Carolina males and Texas females). Fed first winter; un-
selected.
Total...__.__ 1,857 239 1,068 {.ccmnoo Ratio for all Jots combined, 1 male to 4.4 females.

! The animals are Carolina terrapins unless otherwise stated under remarks. . oo
? The difference between the number originally in a lot and the number on hand in 1927 does not indicate the natural death
rate that has occurred in each group. In a few instances several animals were taken away and used for other purposes; in a few cases
some terrapins were lost in a storm; and in several lots rats killed some of the animals while small. Furthermore, the census varies
from year to year; for it is extremely difficult to capture all of the animals at one time, because of their highly developed hiding
ropensities; and therefore the census for any one lot may vary from one to several from one year to the next, even though no deaths

ave occurred and no animals have been removed.
SUMMARY

The present series of experiments in diamond-back terrapin culture was started
in 1909. Two subspecies (Chesapeake and Carolina) of terrapins are used in the
experiments. Texas terrapins, too, were used at one time but have been discarded,
except as represented in certain hybrid lots. Some of the experiments that have
been undertaken have not been carried on long enough to yield results, and upon
those no report is given. The discussion is confined to the experiments from which
noteworthy results have been secured. '

Egg production has fluctuated greatly from year to year within lots and within
broods. The number of eggs produced by individual females of the same age is
known to vary from 5 to 29 during a single season. Within a single lot, egg production
has varied from 7.6 to 23.9 eggs per female. It is concluded that in general terrapin
culture an average annual production of 12 eggs per female may be expected.

The degree of fertility of the eggs, too, has fluctuated greatly, for which often
no good reasons can be given. In general, the highest percentage of fertility has
resulted in the lots having the largest proportionate number of males, although
exceptions to this rule are noted. Data are presented that would indicate that with
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the proper sex ratio present, which appears to be about one male to five females, at
least 90 per cent of the eggs laid should be fertile.

Great fluctuations in the death rate have taken place among the young animals,
both among the ones that were kept warm and fed during the winter as well as among
the hibernating lots. The cause of the deaths in the hibernating lots is not known,
but in the winter-fed lots the mortality has been due principally to two causes,
Damely, a disease causing sores and to ‘‘soft shell.” The disease causing sores,
Which may be of bacterial origin, was not equally severe from year to year, and it,
More than anything else, has caused fluctuations in the death rate of winter-fed
animals. Soft shell is associated with a failure to eat, causing general emaciation
and gradually the softening ofthe shell, frequently, although not always, followed
by death. Soft shell also causes many deaths among terrapins after they emerge
from hibernation, and it results in more deaths than all other losses combined in
both groups of animals.

The percentage of terrapins that were grown to maturity has been reduced
Materially in some of the lots on hand through depredations by rats while the animals
Were small, losses during storms, and apparently by escapes made by the terrapins

ecause of their well-developed climbing propensities.

Evidence is produced that would tend to show that about 60.7 per cent of the
8nimals hatched may be grown to maturity and that winter feeding increases the
Tate of survival.

Terrapins have an average length of about 27 millimeters at hatching. Young
animals, when kept warm—that is, if placed in a brooder house—remain active
during the winter, and the majority of them will begin to take food within a month
Or two after hatching. If the young are left out doors, they do not feed until they
re 7 to 8 months old; that is, they go into hibernation soon after hatching or they
T®main in the nests in which they are hatched to hibernate, and they do not feed
until the weather gets warm the following spring.

Generally about 1 year’s growth was gained during their first winter by the
Tecently hatched young when placed in the brooder house, in which the temperature
Was kept as far as possible at 80° F. or higher; that is, an average gain of growth (for
fﬂl lots that had been fed the first winter) of 4.7 millimeters was made. The advantage
In growth attained through winter feeding usually was retained and, furthermore,
the winter-fed animals produced eggs a year earlier than the hibernating lots.

Winter feeding, aside from its advantages with respect to earlier maturity when
animals are grown in captivity, has the advantage of carrying the animals through
the critical stages of life at an earlier age. When terrapin culture is engaged in for
the purpose of rebuilding or augmenting the supply in nature, the winter-fed animals
8Pparently are able to take care of themselves and stand just as good a chance of
Survival at an age of about 8 months as the hibernating ones do a year later. The
earlier liberation reduces the amount of care necessary and presumably hastens
Teturns, )

Some females reach a length of about 5}% inches and sexual maturity in 5 years;
Others require a much longer time to reach this size and stage in life. Evidence is
Produced that tends to show that some females never reach a length as great as 6
Inches, Males rarely exceed a length of 4% inches. Data are presented that show
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that in general terrapins grow rather rapidly during the first 5 or 6 years, followed
by a much slower growth, and after an age of 8 to 10 years is attained growth is so
slow that it is almost negligible.

The males in all broods of Carolina terrapins grown to maturity have been
greatly in the minority. This disproportionate sex ratio has existed in unselected
lots as well as in selected ones. A ratio of 1 male to 6.4 females exists among the
Carolina terrapins grown in captivity. In certain hybrid lots (crosses between
Carolina and Texas terrapins) the males are much more numerous. Since the lots
are small ones, this greater proportion of males may have no significance. If the
usual 1-to-1 sex ratio exists in young terrapins (which has not been determined),
then it apparently would have to be assumed that the males are less resistant to
life in captivity than the females, and they simply fail to reach maturity. This
supposition does not appear to be tenable, however, because the number of deaths
in some of the lots was too few, even if males only had died, to make a ratio of 1 to 1.
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