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On the Growth of the Loggerhead Turtle, Caretia caretia,
under Rearing Conditions

Itaru UcHIDA

The present study was carried out to resolve the growi hases of the Loggerhead
Turtle, Caretia caretta (Linnd), which were raised from just h:rtfhpuut atage to the 4.5 years
old in the Aquarlum, since the knowledge on the Sea Turtle is very peoor today.

The carapace length, carapace width, head length, head width, shell depth and body
welght were measured every month after the hatching and the data were treated by the
blometrical method (Fig. 1.

The result may. be summarized as followa:

1. ‘The growth rate of the carapace length.and body weight from 1.5 to 4.5
found to follow the logistic curve of the Robertson formula (Fig. 2, 3). it el

2. The relationships of the age (¢ year) and the carapace length (L mm) and body
welght (W gr) of the Turtles are able to be expressed by the following formulas,

Li= 1041 Ly~ L
l+exp 1.1509-0.7038 ¢ ® = Taexp 1.0BT7—0.TI0T ¢
110000 1000
W, =
4 Y4exp3.543-1.331 ¢ W = Trexn 3.449-1.381

¢ waa calculated from 1.5 years after hatched out,

3. The growth of reared Turtles may attaln 1040 mm in maximum carapace length and
110kyg In body weight, and attains the egg laying size in about 6~7 years.

; dl, dLy dW dWp

4. The alternating point of growth rates ( TR U T e
23 3 years In the carapace length and 4 years in the body weight.

5. The relationshipa between those meristic characters were able to be expressed by the
formula of allometric growth equations,

) was calculated

(=) ) range in mm
Carapace length Carapace width y* = 0,1709 2t vim 953
Carapace length Carapace width yE* = 10608 gh H T0=T40
Carapace length Shell depth § = 04706 x1.00e i~ 245
Carapace length Head length § = 09643 go. 1T T4~ T40
Carapace length Head width ¥ = 1.1306 z0-s T4~T40
Carapace length Body welght y = 0.0004910 g2 wmr 0~ T40
Carapace width Body weight ¥ = 00004431 & Bie 43~ 740

# gxpreas before inflection point, ** express after inflection point
6. An Inflection point was found In the relationship between carapace length and carapace
width at 57.25 mm In carapace length. It suggests the eccological or physiclogical changes
occuring in Turtles. For example, morphological changea found in the upper jaw In the
pointed end at the early growth stage (Fig. 7, Plate 1.

7. At the critical point, the proportion of body forms which were derlved from the
allometric growth, was able to be divide Into two stages. The Inherent body shape was
constituted from this critical point onward,

B. The growth gradient was taken a postero onterlor gradient type by the body axls,
The gradient was with high values in the posterior part.



Translation follows:

From ancient times the sea turtles have been a favorite of the
Japanese people. They have served as a revered symbol of longevity, and
have always been a great attraction at aquariums. Before the War, the
Japanesae had an enterprise of releasing artificially hatched green sea
turtle, Chelonia mydas japonica, in such places as the Ogasawara Islands,
(1) for which plang had been developed to increase the population of the
animals by developing nesting areas and sites for artificial hatching,
and declaring closed seasons on turtle fishing. Im Palau, with the aim
of protecting the breeding animals, harvesting hawksbill turtle,
Eretmochelys imbricata squamata, eggs was prohibited and further
regulations on fishing seasons and minimum size were promulgated.(2)
Thus, the protection and maintenance of the sea turtle resources had been
an important consideration of the Japanese since prewar days.

At present there are four species of sea turtles known to occur in
coastal waters of Japan.(3) MHamely, these are the above-mentioned
Chelonia mydas japonica, and Eretmochelys imbricata squamata [hawksbill],
plus the loggerhead turtle, Caretta caretta (Linng)® and Dermocheylys
coriacea schlegelii [l1eatherback]. Of thesa four species, only the
loggerhead turtle is believed to come ashore to nest on the warmer beaches
of Japan's Pacific coast.

Hitherto there have been very few reports on the growth or age of
these sea turtles. There is, however, a general report on the loggerhead
turtle by Uchiumi.(4) In this paper I have reported on the various aspects
of the growth of loggerhead turtle using data obtained by rearing them in
the aquarium from time of hatching through a period of 4-1/2 years. Here,
I wish to express my appreciation to Professor Yoshiichi Shiraishi of the
Fresh Water Research Laboratory of the Fishery Agency for providing me
invaluable guidance in this study and for assisting me with revision of
my manuscript; to Technical Official Yoji Kurata of the Tokyo Fisheries
Experimental Station, Professor A. Carr of Florida University, Frofessor
Fukada of Kyoto Arts and Science University, and Professor Saburo
Wishimura of the Kyoto University's Seto Experimental Station, for their
assistance with the literature; to Tokyo University's distinguished
Professor Ikusaku Amemiva for his kind advice; and to the staff members
of the Enoshima and Himeji Aquariums for helping with the collection of
data.

znanently, Mishimura (in press) reported that the correct scientifie
name for the loggerhead turtle is Caretta caretta (Linng).
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MATERIALS AND EXPERIMENTAL METHODS

On September 29, 1957 and September 30, 1958, turtle hatchlings were
collected at the sandy beaches of Bokasaki and Kamakura in Kanagawa
Prefecture. Of these hatchlings, 14 individuals successiully began
feeding and survived past the year's end. These individuals were the
gource of data for this study.

For the calculation of the growth curves, the greatest reliance was
placed on data collected from the two individuals that survived for 4-1/2
years. As a rule, the yvoung turtles were fed once or twice a day. The
food given was mainly the fresh meat of various fishes such as the aji
{(bigeye scad) but also included squid, clam, topshell, and other molluscs,
various crustacea, and even beef liver. The turtles were fed nearly to
satiation.

During the rearing period, the water temperature in the aquarium
was 25.2" £ 1.024°C. Measurements taken were as shown in Figure 1, and

Figure l.--Diagram showing dimensions of parts of the turtle.
Head length (H.L.): From the tip of the upper jaw to the
posterior margin of the parietals. Head width (H.W.): Vertical
digtance through the post ocular scale at its widest point.
Carapace length (C.L.): Straight length from the tip of the
carapace to the posterior wmargin of it. Carapace width (C.W.):
Stralght vertical distance through the carapace at its widest
point in the shell. Shell depth (5.D.): The deepest point

in the Ehﬁ'—ll!
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Figure 3.--Calculated growth curves in body weight of two
loggerhead turtles under rearing conditions. Solid circles
and dots represent the observed value. Theoretical age (t)
starting from 1.5 years after hatched out. "a" shows the
initial data of measurement which was removed in these
caleulations.

of the curves. The estimate of Lpay [value of L, as t + =] was derived
from the intersection of the straight-line obtained through the least
squares method and the dlagonal line y = x [or, log Lyyy = log L]

(Table 1). The reasonableness of the Lgax S0 obtained was examined by
comparing it to the largest individuals recorded to date. Aleso, from
measurements of carapace lengths (Table 2), a graph relating the lengths
to age was constructed as illustrated in Figure 4. As 1s clear from this
graph, the B-curve is a straight line which parallels y = x, and does not
enable the determination of Lpg,. On the other hand, both the R-curve
and G-curve do not result in single straight lines if the initial
measurement data (a in Figure 4) are included, and the data fite are found
to be very poor. Moreover, the Lmax derived from the R-curve are 657 mm
and B16 mm, and these values are even smaller than the lengths of
loggerhead turtles that come ashore to lay eggs or those that are caught
in Japanese coastal waters (700-900 mm). These Lpg, values are therefore
clearly unrealistic.

As will be discussed later, there is considerable difference in the
measurements taken within 6 months of hatching (data point a in Figure 4)
and through 18 months from measurements collected later im the animals' 1life.
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Table 1l.--Calculated Lpax table derived from intersecting points
of ¥ = x and straight 1ines from the method of least squares in
the Walford's growth tranzsformation.
intersecting point of ¥y = x and straight lines.

Lpay derived from

=
sAraight lines in Walford's graph of Robertson formula

' lines nchided “a- point | (ommy | ineormeia of stralght | Lemss
Y g~ 0. 1182 + 0, 2290z 657 ¥=0.0481 +0.4947¢ 040
Ya ¥=0.1156 40,2514z 648 ¥=0.0624 +0,4913x a7z

Stralght lines in Walford's graph of Gompertz formula
Y. | y=LI4r0.522 | e y=0.9627 + 0. 6885z 1232
Ya ¥=1.3227 +0.5457% 816 ¥=1.0437 +0.6520¢ 1016

Table 2.=-=Source data to d

erive the

growth curves of the two (A, B)
loggerhead turtles shown in Figure 2

for the growth of carapace

years after hatch out ,:,;:n] tmﬂm‘.l
0.5 i Eﬁ
7z 254 | 245
2.5 RO
1.5 583 | B&7
4.5 it W
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Figure 4.--Walford's growth transformation of
carapace length (mm)} by the formula of Robertsom (R},
von Bertalanffy (B), and Gompertz (G) at age

t + 1 against age t (year) for growth of two

(s0lid circles and dots, respectively) loggerhead
turtles under rearing conditions. "a" shows the
initial data of measurement which was removed

in these calculations.

For this reasom, the analysis was done by discarding data point a from
the calculations, and using only the three remaining measurement data.
When this was done, both R- and G-curves lined up wvirtually in single
straight lines, indicating that the growth process followed a set pattern.
Again, using the Walford graph, R- and G-curves were determined by the
same method as described above. The calculation of Ly, resulted in

972 mm, 1,041 mm for the R-curve, and 1,016 mm, 1,232 mm for the G-curve.
Compared to the maximum sizes of loggerhead turtles recorded thus far

(an individuval measuring 1,030 mm was measured by the author on

June 16, 1966 off Takasuna, Hyogo Prefecture, and according to personal
commmication from Mr., Hideaki Nishikawa, a 15-vear old individual reared
at the Hiyori Aquarium in Tokushima Prefecture has attained a carapace
length of 1,000 mm), it seems that the R-curve fits the data most closely.

The above tendency seems to apply as well to body welght, indicating
that the Robertson growth equation (R-curve) gives the best fit to
loggerhead turtle growth data.



j?pn of Growth Curve and Rate of Growth

As discussed above, the carapace length and body weight growth
trende of the loggerhead turtle, as determined from the use of the
Walford plot, indicated that the Robertson growth equation (R-curve)
provided the closest Fit te the data. Thus, the R-curve was constructed
for the two individuals that had been reared for 4-1/2 years (individuals
A end B) using the actual measurements of carapace length (L in millimeters)
and body weight (W in grams):

1041
1+ exp 1.1309 - 0.7038¢t

Ly =

971
1+ exp 1.0877 - 0.7107¢c

110000
1 + exp 3,543 - 1.331¢t

e 91000
B 1 + exp 1.4649 = 1,346t

These provide very good fits to the actual data, as can be seen in
Figures 2 and 3.

Hext, the inflection points in the growth rates

dhyy diy, @Hy, dig
dt dt dt dt

were found to he 1.6 for Ly s 1.5 for Lgy 2.6 for Wy, and 2.5 for Wy,
showing that for both individuals, the maximum growth rate of the carapace
preceded that of body weight by about a year. This phenomenon of growth
in length preceding that in weight is not unlike that in some other
animals.(6) Furthermore, since the measurement made 1.5 years after
hatching was taken as the theoretical age t, in the calculation, it is
estimated that the rate of growth of the carapace achieves a maximum

3 years after hatching, and the maximum for body welght follows a year
later. The carapace growth rate, at its maximum, is approximately 0.4 mm/
day, while the maximum growth in body weight is approximately 61-71 g/day.
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Furthermore, the carapace growth rate decreases greatly after the Fifth
year, and virtually comes to a stop in the seventh or eight year, as tha
animal approaches the-asymptotic size, Ly,y. Similarly, the growth in
body weight is very slow after the seventh year and approaches Wg,, in
the sight year.

The b-values for the R-curve are 0.7038, 0.7107 for carapace length,
and 1.331 and 1.346 for body weight.

On Relative Growth

After J. 5. Huxley, G. Telssier, and others worked on relative growth
as a nev field of study touching upon changes in morphology with growth,
many other regearchers have conducted similar studies.(?) Generally, if
the two parts in the growth system are designated x and ¥, their relation-
ship can be .expressed as y = bx". BRegarding the loggerhead turtles reared |
in the aquarium, the carapace length and width, carapace length and shell
depth, carapace length and head length, carapace length and head width,
carapace length and body welght, carapace width and body, were respectively
compared for relative growth (Table 3, Figures 5 and 6). Of these various
relationships examined for the coefficient of allometry k (Table 3), it
is seen that growth of carapece width (namely, before the point of
inflection) and body weight relative to carapace length, and body weight
relative to carapace width reveals k>1 (positive allometry). On the
other hand, head length and head width relative to carapace length show
k< 1 {(negative allometry), indicating that propertional growth of head
is slow as compared to the aforementioned three parts with positive
allometry. Alse, the relations of shell depth and carapace width
{after inflection point) to carapace length both showed coefficients of

Table 3.—-Characters in the allometric growth equation (y = bxk) of
the loggerhead turtle calculated by the method of least Squares.

ez . R .
x v b £ | polnt (mm)| (o
A DLIT0D 1. 4180 W 53

Carapace length Crrapace wicdth* e e b7.25 W
Carapoce length | Shell depth 0, 4760 1.0081 A 98~ 245
Carapace Jength | Head length 0.0643 | 0.7787 - T4~ T40
Carapace length Head width 1.1306 0. 6E21 = T4~T40
Carapace length Body weight . 0004010 Z.8317 - 30~ T40
Carapace width Bady weight 0. D004 431 2.9047 - 43~T40

* Growth Inflection point recognized in this relationship, A before Inflection and B after
inflection point.
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Figure 5.--Allometric growth of parts of body against carapace length
in loggerhead turtle. The inflection point found in relation between
carapace length and carapace width at 57.25 mm in carapace length.

allometry close to k = 1 (isometry). Thus, the coefficient of allometry
decreases progressively as follows: carapace width to body weight;
carapace length to body welght; carapace length to carapace width (before
inflection); carapace length to shell depthj carapace length to carapace
width (after inflection); carapace length to head length; and carapace
length to head width.

Also, as seen in Figure 5, there is an inflection point at around
carapace length of 57 mm in the relationship of carapace length to carapace
width.

If we examine the variation in growth relative to the body axis
(carapace length) as shown by the coefficient of allometry k in Table 3,
it shows that the anterior parts of the body (head length and width)
grow slowly relative to the carapace length (k = 0.68 - 0.78) whereas
ahell depth and carapace width show values close to k= 1. The growth is
significantly rapid im carapace width when the carapace length is under
60 mm, attaining k = 1.42. These results indicate that the anterior
portion of the loggerhead turtle shows relatively slower growth than the
posterior portion; there appears to be a gradient in growth antero-
posteriorly.
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Figure 6.--Relationships between carapace length-
body weight and carapace width-body weight in
loggerhead turtle.

DISCUSSION

On Grewth Type and the Growth Curve

Up to now there has been no study conducted on grewth type or growth
curve as applied to the loggerhead turtle. Regarding the growth of the
loggerhead turtle, Uchiumi(4) touched only briefly on the subject. Also,
Fukada(8) reported on the growth curves of the Japanese Hatrix tigrina
tigrina, Elaphe guadrl wvirgata,and other insects but his growth curves
fit the von Bertalanffy equation (B-type) in the early growth stage, and
the Robertson equation (R-curve) in the later stages. Fukada also
discussed the work of many previous workers and using their data for four
specles of Colubridae, six species of Crotalidae (snakes), and seven
specles of turtles beginning with Malaclemys terrapin, as well as one




12

species of alligator, Alligator mississipiensis, concluded that all of
thE.EEI could be fit with the B-curve.(8) Matswi(9) examined the growth of
the terrapin, Amyda jsponica, and reported that the growth in body length

and body weight both could be fitted well uwsing the R=curve.

For the loggerhead turtle, I have found that if the initial measure-
ments taken within & months of hatching (dats a in Figure &) are
excluded from the calculations, then the Robertson equation (R—curve) fits
the growth data best of all. The curve reveals that these turtles may
attain a carapace length of about 1,000 mm and body weight of about 110 kg.
However, the early growth (from hatching to around 1.5 vears) appears to
follow a growth pattern different from that described by the R-curve, but
detalled examination of this point must awalt further studies. Alao, the
b-values, thought to represent a value peculiar to the species, show very
little individual wariation, whether for the growth in carapace length,
body weight, or other parts. This seems to confirm the “correctness" of
the R-curve in the case of the loggerhead turtle growth.

Although it has been thought that animals that live long would tend
to grow very slowly, I found, as Uchiumi(4) had reported earlier, that
loggerhead turtles reared in captivity nearly attain their maximum size
in only 8 or 9 years. The most rapid peried in the growth of the carapace
length occurred in the third year, and in the fourth year for body weight.
Contrary to popular beliefs, the loggerhead turtle completes the bulk of
ite growth in a relatively few years. The loggerhead turtles that come
ashore in Japan are around 800 sm in carapace length and thus are between
6" and 7 years of age according to the growth curve. Thus, the loggerhead
turtle achieves egg-laying capability in 6 or 7 vears.

On Relative Growth

Studies on the relative growth of sea turtles were taken up in hopes
that they would contribute to such studies as the racial problems of
the Atlantie green turtle, Chelonia mydas mydas, and Atlantic ridley,
Lepidochelys kempi, as conducted by A. Carr and D. K. Cardwell.(10) Also,
at the prewar South Pacific Government Office's Palau Branch Office,
Takahashi(ll) took measurements of 141 hawksbill turtles held captive by
the Palauans, and reported on the shape of the carapace as a part of a
program in resource protection.

Carr and Cardwell(10) collected Atlantic green turtle of 2-25 inches,
from fishing grounds close to Costa Rica and presented the following
relative growth formula:

log W= -2.195 + 2.87 log L
where W = body weight and L = carapace length. Also, for the Atlantic
ridley turtles collected near Florida, ranging in size from 10-1/4 to
25-1/2 inches, the equation was as follows:

log W= =1.69 + 2.49 log L
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If we compare these egtimates of the coefficient of allometry with
the value of 2.8317 for the loggerhead turtle, it seems that the loggerhead
turtle shows a value quite close to the Atlantic green turtle of the genus
Chelonia. Furthermore, in the relationship between growth of carapace
Tength and carapace width, there is an inflection point at carapace length
57.25 mm (Figure Z). Researchers in the past have discussed the inflection
point in various animals, beginning with fishes, in terms of physiological
and ecolegical factors.(12)(13)(14) It seems that the inflection point
is a manifestation of some physiological or ecological changes that
originate in the individuals, whether from internal or external causes,
and the inflection point is a result of these changes. In the case of the
loggerhead turtle, it is clear from the growth coefficient that after the
inflection point, corresponding growth takes place in the length (carapace

length), width (carapace width), and height (shell depth) of the body.
Also, the morphological changes that occur in the upper jaw of the young
loggerhead turtle (before inflection) (Figure 7 and Plate I) are quite
marked. After the inflection point, the hook-shaped upper jaw gradually
changes until it attains the adult shape.

Furthermore, the hook-shaped upper jaw that occurs for a while in the
early stages of the loggerhead turtle iz a condition that persists even in
the adult stages of the Dermochelidae or Macrochelys temminckii and some
others, that are considered relatively primitive among the turtles., If
the morphological changes that occur in the early stages of the ontogeny
of the loggerhead turtle is considered to have phylogenetic significance,
it iz an interesting phenomenon indeed.

Also, in relation to growth capability, the fact that the change in
slope is rather abrupt at the point of inflection indicates that after
this point, the various body parts begin to approach the adult form.
Just as Miyao(15) showed for the Onychoda ctylus japonicus, the growth
ghowed & posterc-anterior gradiemt.




Figure 7.--Morphological changes of the upper
jaw in early growth stage of the loggerhead
turtle. Inflection point recognized between
C and D carapace length-width relationship.
Ar 24 mm (before hatched out), B: 38 mm

C: 45 mm, D: 65 mm, E: 110 mm in carapace
length.
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SUMMARY

1. The various aspects of the growth of the loggerhead turtle,
Caretta caretta, reared for 4-1/2 years following hatching, were examined.

2. The growth in carapace length and body width subsequent to
1-1/2 years after hatching closely fitted the Robertson growth equation.

3. The growth in carapace length (L mm) and hody weight (W g), when
a point 1-1/2 years after hatching was selected as the origin, showed the
following relationships for two individuals, A and B:

@ 1041
A~ 1 ¥ exp 1.1309 - 0.7038¢

pa 110000
A~ TF exp 3.583 - 1,331t

972
1 + exp 1.0877 - 0.7107¢t

LE-

o 91000
B" 1+ exp 3.649 - 1.346t

4. Judging by the growth curves, the maximum carapace length is
around 1,040 mm, and the maximum body weight about 110 kg for the logger-
head turtle. Egg laying is possible at a carapace length of around B00 mm,
attainable in 6 or 7 years.

3. The most rapid growth in carapace length oceurs in the third
year, while for the body weight, it is in the fourth year. Thus, the
maximum growth in length precedes that in weight by about a year. At the
maximum, the growth in carapace length is about 0.4 mm/day; the growth in
welght around 61-71 g/day.
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6. Relative growth was expressed as follows:

5 Heasurement
Relative growth ran o
Carapace length (x) - carapace width (y)
(Before inflection) y = 0.1709 x7-4189 39-53
(After inflection) 1y = 1.0608 x0-9678 70=-740
Carapace length (x) - shell depth (y)
y = 0.4706 x1.0081 39-245
Elrnpaéu lemgth (x) - head length (y)
y = 0.9643 07787 74-740
Carapace length (x) - head width (y)
y = 1.1306 x0-6821 76=740

Carapace length (x) - body weight (y)
y = 0.0004910 x 2-8317  3g9_749p

Carapace width (x)

body weight {y)

y = 0.00046431 x 2-9187  43.740

7. In the relationship between carapace length and carapace width,
there is an inflection point at carapace length 57.25 mm. This appears to
be a point at which physiological or ecological changes take place in the
animal. Accordingly, at this point, it appears that morphological changes
take place to gradually change the juvenile shape into the adult form.

For example, at the inflection point the shape of the upper jaw changed
over from juvenile to the adult shape. Furthermore, since the juvenile
shape of the upper jaw persists in adults of the more primitive turtle

species, there may be some phylogenetic significance in this phenomenon .

B. Relative to the carapace lemgth, the growth of the various body
parts revealed a postero-anterior gradient. The growth capacity tended
to ba greater toward the posterior parts of the animal.
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Plate I

Exzplanation of Plate I.

Morphological changes of the upper jaw in the early stage of the Log-
gerhead Turtle. The prominence of tip of the upper jaw which Eo down to
the lower most. The upper most figure is 20 days after hatched out and 45
mm in carapace length. The middle figure is 5 months after hatched out and
G6mm In carapace length, The lower moat figure showe the absorption or
bending down of prominence in the lower most part of the tip In the upper
jaw B months after hatched out and 110mm in carapace length,
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