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Introduction

Sea turtles ure large sea reptiles living mainly in tropical
5248 and appearing cccasionally with warm currents in temperate
seas, They donot lay eggs in the temperate zone. In order to know
about the habits and geographical distributien of our sea turtles,
Wwe have made investigationa from Haiyang Island of the Bohai Sea in
the north through the Yellow Sea to the dnoushang Islanda of the
East China Sea, then souih along the coastal usa of Fujian {Pukien),
Guangxi fﬂwaqgsi}, and Hainan Island of Guangmiong (Kwanctung) to the
xiéha Islands (sZes Map). The ses turtles increuzsed in apecies and
number: as we sailed asguthward through the latitudes, Only & few
gcattered green turtles, losmerhead turtles and leather-back turtles
were . fouhd in the Bohai Sea and Yellow Sea. Hawkshill turtles
dppeared in the East China Jea, sea turtles incressed 1in number
ﬂraund.Hainun Island, whilﬂaﬁnly the islunds in the South China
Jea were the center of reproduction and habitat of the sen turtles
in China, K
Uver ihe jears, the [ishermen of Hainand Island have often gone
fishing to the Xisha and Hansha Islands aznd catching sea turtles

h#s been one of their fishing objects. Bui their catehes ecach ¥oar
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have been small as they have had only small sailing boata and every-

ithing has to be done by hand,

1. Individual Ecology and Distributisn of

the sea turtles

Accoriding to investigation, there ars sea turtles around Xisha
Islands and Hansha Islands the whole year, but there are marine
population that comes back to reproduce und local ropulation that
stays there, The main difference is : the former comes back to
Nansha mand Xisha Islands to reproduce every year beginning from
about April with the southweat warm currents, while the latter
3tay2 where it is,

[ There are 4 species of 2 families distributed in our country:

1 genus and & single speecies in Dermochelidaa, i,e., Leatherback

turtle. The other family is Cheleniidae, in which there ara 3 ape-

iea of 3 geners in China, i.e. Toggerhead turtle;'ﬁreen turtle and
“Hawkabill turile,

Leatherback Turtle - Uermochelya corjaces (Linnaeuns)

The main egg-laying season i3 from Hay to June, 90-150 egg3s are
laid in each:eluteh. The young turtles hateh after 65-T9 days and
SWim quickly ocut inte the sea, but there often are a dozen undeve-
Ilnpped egg3 in each clutch. Their egg nests are about 65 om deeper
than other sea turtles, They will continus to lay eggs when [dis-
turbed while laying eges. They cover up the eggs with sand after
luying 3o thut it i3 not easy to find any trace of their evg nests.
Leatherback turtles eat algne, shrimps, crab3, mollusks, fishes eteo,

Distribution: alony the coastal seas of Guangdong (Kwangtune) ,

Guangxl (Kwangsi), Fujian (Fukien), thejiang(Chekiang), Jiangxi
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(Kiangsi), Shandong (Shantung) and Ligoning in China., The Pacific

Ocean, Indian Ccean and Atlantic Ocean,

Loggerheud Turtle - Caretts caretts oglivecesn (Eschschdtz) 2

Lay exgs in April-tu August. Dig 2 nest of 33-65 cm deep in the
sund with the hind limbs to lay egzs, lay esguss, lay about a dozen
agg9 per minute, 60-150 eggs in u clutch. Generally hatch at about
two months, but vary according to the senson and 3ite of the nests.
Bat fish, shrimps, crabs and mollusks,

Distribution: along the coastal seas of Taiwan, Gungdongs {Kwang-
tung), Guansxi’ (Kwangsi), Fujian (Fulkien), ‘hejianz(Chekiazng),
Jiangsu(Kiangsu), Shandong (Shantung) and Hehei (Hopei). The Pacifin

Qeean, Indian QOcean, Atlantic Qcean.

Grien Turtle - Chelonis mydas (Linnasus)

In the Xisha Islands, the main breeding seasen i3 from May to
July. Eggs can” be found from April %o December, 7
< Ureen turtles large individuals weirh about 450 kﬁ. Often held
-head 1%-20 minutes above water when swimming. Mating nften ochaervad jok
from January to April, male &nd female chaes each other in a round-

about way before mating zand they mate at the baszae of the reaf, During

the breeding season the female crawls up the beach beyond the hish
tide 1line,it dig=s u big hollow pit with 4it3 fore limbs and then &
nest pit of 33-65 om deep with its hind 1imbs, It will so back

into the seu if disturhed immediately after landin- but genarally
#ill not 3top laying once it begins to lay, The female lays 3 times
4 yedr with an interval of about 2 weeka, it lays a total of 300-
500 =gg3 & year. The spherical soft-shellad white 2ges are 40-44 mm
in diameter. It covers up the egss with sand after laying. Young

turtles hatch after 40-%50 days und ure 1 om at birth. They erawl
3.



quickly into the sea after hatuhing. Tﬁey eat algae, shrimps, craba,
mollusks, fish etec. Though the Chinese green turile is quite far '
from the Mexican green turtle geographically, theay are similar in
gcological habit=z,

Distribution: along the coastal seas of Taiwan, Fujian (Fukien),
Guangdons (Ewangtung), duangxi (Kwangsi), Zhejiang (Chekiang),
Jiangau (Kiangsu) and Shandong (Shantung) in China. The South Pacifis
Qeeun, Indian Qcean,

Hawkabill Turtile - Eretmochelwys imbricata (Linnueus)

Inhabits coral reef, fierce, few in number., Lays 3 clutches of
emgs a year?iﬁ the daytimﬁjcn the beach in March and April, each
elutch cunsiéta of lEGuESD aggs. Toung hatches after 2 months or 3o.
Peeds mainly on fish, shrimps, crabs, mollusks and algae.

Dist=ibution: along the coastal seas of Taiwan, Guangdong
(Ewangtung), Guangxi (Kwangsi), Pujisn (Pukien), Zhejiang (Cheking),
Jiangsu (Kiangsu) and Shandong (Shantung) in China,

II. Population Dynamics of the zea turtles

The stasisticy of Gu:‘.:'f.cang ding purchesing S't-ﬂ.t.il:lﬁl:!_ Were our main .
data in meking population dynamics. Due to this limi=ation, we only
studied the population around f{isha Islands. Only the sgreen turtle
and the loggerhead turtle were the -ohjects of fishing, while the
ereen turtle was the main object. A3 these two apecies of turtles 5
have similar habita and the purchasing staticn had no classifTied
statistics, we have treated the populations of these two species as
one, The amount pmrchased in 1959-1970 represented basically the

eateh of this area, The statistics were recorded 23 on table 1.
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Yoar Cateches (ton)

19%49 144,45

1860 44.75
1961 | 58.55
1962 42,70
1063 113.55
1964 ' 67.35
1965 199.90°
1966 05,75
1967 165,25
1968 46,80
1964 115.50
1970 135.10

Tahle I: Catches of sea turtlea in {isha region (1959-1970)

We have dene the following iiems in popnlatisn anulysis:
1. Initial population estimate

Lagking age compo2ition and other nharacEria{ic value of popu-
lation, we applied Gulland's approximate moder in estimating maxi-
mum catches to evaluate the initial population of sea tﬁrtlea in
this area. His formula was applied to certain poprulatisns thounh in
lack of age composition data, The formula iz as follows:

cmaI=Bﬂ a5 (1)
whare Cmax" maximum 3usiained yield
. {= constant, assuming to be 0.4 = 0.5 (for reason see below)

M = natural mortelity

changing it into initial population estimate, the formula becomes:
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. Green Turtle, Therefore the parsmeter in the formula for calcula-

ED = / X=iN : ' (2)
X is assumed to be 0.4-0.5 according to the basic prineiple of
growth- of this population when the meximum value of sustained
yield is half of thelmaximum value of the initial population.
Table I shows that the maximum catches in these 12 years were

cmax = 199.9 ton,while for the natural mortality we used the esti-

ffmata value 0.0458 which T. Dni_{lﬁ?ﬁj applied with the Mexican

ting the initial population is:
C ... =190.9 (ton)
X =0,5
M= 0.0458
substituting these 3 walues into formula 2, the result is:
By = 199.9 / (0.5 x 0.0458) = B729.26 ton
In the fellowing calculations, we put the initial population
e3timate at B730 ton. This is the unexploited initial population
estimate,i.e, the original pepulation after the sea turtles resched
gexual maturity.
2, heproduction relationship
Sea turtles (inecluding green turtles and loggerhand turtles)
mature and lay ezgs at’é years of age, i.e. breed in the 7th year
after_hatehiné, A3 we have been catching only breeding turtles,
our fishing ubj;cta were parent turtles over 6 years old. Toung
turtles under 6 years were not our usable stook (or utilized
stock). Thi= was most impertant in analyzine the population stutus
of marine turtles,
The relation between the index amount of parent turtles A and

the index of recruits R i3:

RJA=K e !
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where K is the reproduction rate. ® can be caleoulated from A:
R =K & , {4)
The reproduction rete K can be calculated as follows:
e E% E*EM’ (5)
where h = number of eggs laid, assuming to be 300
b
o

while the sex ratio is 1:1

|

reproduction cycle, which should be 2 (years)

hatching rate of the eggs, assuming to be 0.8 i.s. 80%

M' i3 the mortality parameter of the young turtles and is
asjumed %o be 1.030-1.200, let us further assume that i+ changes
in a linear relation with the amount of parent turtles. When M'

is 1.200, then

300 x 0.8
2 T

The following table iz the walue of K from different index

=T

K= 2 _ 0.0448

of parent turtles,

natural mortality reproduction index
index of parameier rate of rebruits

parent turtles

A M K R{=iA)

0 1.030 6.124 0
015 1.060 0.104 0.0157
0.035 1.085 0,089 0.0312
0.50 1.110 0.077 0.0383
.65 Lo LT 0.074 0.0480
0.85 1.0 0,054 1.0456
1.00 1.200 0.045 0.0448
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Table II Heproduction relationahip of the population of

egg=-laying sea turtlea

The figures in Table II will be needed later in estimating
the maximum sustained yield, we can say that these estimates con-
stitute the initial caleculations of the maximum sustained yield.
7. Estimate of the available populatlon %ize in past years

The following formula can be used in caleculating the availa-

ble population s3ize of the sesa turtles in past years:

Mo, = (B, - ct}e'ﬂ + Ry+l (6)
wherea Ht = Jtock 8ize of the sea turtles in tth year
Ht+l = 8tock sisze of the sea turtles in £t+1}th year
Gt = ¢atceh in tth rear
M = coefficient of natural mortallty
o o Ynatantaneouk mortality rate {vear)
R,,i = recruits in {t+l]th year

We start from the initial population of 8730 tons, 1959 i3 the

fifst year Wwith the pepulation size N, the population size in 1960
L

ia ﬂt+1‘ then in the next year 1961, ihe populetion size of 1960

is N, vhile the population of 1961 become Et+1, and so on, We know
from the reproduction relationship mentioned above that there will
he recrulis only in the ?th year, Assume that the recrult rates
ench year are all 0.045. Multiply the stock size of 1959 with the
recruit rote 1065: 8730 % 0.045 = 304, which is Ry, » therefore the

gtock 8ize of 1964 — 0324 tons is H, and the catch of 1964 —67.35

.t

(tons) is ¢, Assuming M = 0.045, then e = 0.956,

£.

multiply it hy{ﬁt - ct}. then add Rt+1 we get Ny

6 years, we only calculate Ny =8, -C, notcounting the rscrults
¥

Far the firat



and Ht+l' Table III shows the result of these caleulations, We can

3ge thui with an infitial population of 8730 tons in 19%9, the po-

rulation of the sea turtles became 7761 tons in 1970, i.e. un average
decrease of less than 100 tons a year, This shows that the status. ‘
ef the atock had not yét been seriously damaged. We ses from the

sustained yield in the following item that we still should protect

this resource, {,’( & A«‘?’ :
une et G,

Mﬁfgﬂpb II-:-I)/ 7 20-

Recruit  Hecruitment FPopulation over.f W old

Year Catch (ton) . & (ton) Initial populatio? n

E R N
Lasq 144,45 0.045 - B730
1960 44,75 0.045 - 8586
1961 59.55 0,045 - 8541
1762 42.70 0,045 - 8481
1963 113.55 0.045 - 8438
1964 87.35 0.045 - 2324
1965 199,90 0.045 394 8287
1966 95.7% 0.045 386 8117 i
1967 165,25 0.045 384 8052
1068 46,80 0.045 381 722
1960 115,50 0.045 380 7508
1970 13%.10 0.045 375 7825

Table III Usable stock of the seu turtles in past years

4, Eatimate of maximum sustained yield

The linal object for analyzing the amount of sea turtles in the



Xisha region i3 to evaluate the maximum sustained yisld {cm} in
order to provide scientific basis for the protection of the popu— .
lation. We donot have sufficient bioclogical data to make this eva-
luation, but we can get an approximate figure through appropriate
stepa, which will be of value in judging the 3tatus of the popula-
tion.

Qur calculation procedure starts with the relation between the

amount of parent turtles and recruits, We have already mentioned

anhove formulae (4) and {607:

R=K .4
£ = _ B3 -6M'

adding another related formula

iy R
A B é-TF4ﬂ} (T7)

F = coefficlent of fishing mortality
e get: LogT ) g (8}
Without age composition data, we can caleulate the velue of ¥ in
differeat amount of parent turtles through this formula, then
according to: 1 K = g~ \Etil) (9) ]
we get directily: e_tF+MJ' then we get the value of FP+M from the
gxponentiial function table, as M is assumed at 0.045, we can obtain
the wvalue of P,

After we obtain the value of P and M, we can obtoln the fishing
rate or exploitation rate E according to the following formula-

B = e (1 = o™ (¥4

This is the formula often used in research work in aquatic resources,

(10)

‘thg sustained yield Gs can be caleulated from 2,
Cq = By (11)
where U represents stock size. But we use A to represent N nere,

because only parent turtles are objects of fishing, In order to



3implify the calculations, we choose 7 EXponents from the amount
of parent turtles, with 1 representing the maximum amount of par= i
ent turtles, i.e; the unexploited case, Furthermore, we choose an
SXponent which is hulf of the maximum dmount of parent turtles
0.5, while A = 0.65%, A = 8.85, 4 = 0.35, A = 0, Table IV is the
the result of the above calculations.

¥e can see from Table IV that there are diffarences in the
Sustained yield in different amounts of parent turtiles. When
A = 0, thd sustained ¥ileld is 0; when A = 1, the sustained yielg
i1 alse O, The index SXpressing maximum sustained ¥ield is 0,020,
which appears when tha dmount of parent turtles {index) is .85,

i.2. about ?ﬁ of the maximum amount of parent turtles,

Amount of Fishing Fishing Sustained yield Eﬂ .
rarent turtles mortality rate
eXponent absolute
(exponent) : valua
A F E (ton)
0 0.095 0.084 .0 0
0.15 0.nG4 0.060 0.4029 18
0.35 0.048 0.046 0.016 140
0.50 0.035 0.034 0.0L7 148 '
0.6% 0.03%2 0,031 0,020 175
0.85 0.0140 f.0098 D008 7o
1.00 0 0 a 0

* Table IV Estimate of miaximum sustained ¥leld

What we actually want to know i3 not only ithe relative value

g [ S
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of the maximum sustfined yield represented by index but also ita
abaplute value sxpreased in tons., In calculating the abmolute value,
we can use the abhsolute value of 8730 tons (when A =1 ) to multiply
the various index, With Em representing the maximum sustained yield,
the absolute value is:

C, = 8730 x 0.020 = 175 (tons)

In order not %o impair the population s¢ that the sea turtles

can continue to reproduce, the yield & year should not exceed 175

tang.
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