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1. OBJECTIVES

To provide for the conservation and propagation and to further understand
the_ecology of the gpreen turtles of the Opasawara Islands, studles were
carrled out on artifieial hatching, rearing, and the tagging and releasing
of green turtles.

2. RESEARCH METHODS
1) Eecological studies

Observations on capture conditions, biological measurements of
captured turtles, hauling out movements, and nesting behavior of gravid

females, as well as tapging were conducted between March and November
1975.

2) Culture studies

Eggs collected from green turtle nests between May and July were
transported to the Fishery Center's hatching facility where they were
reburled for incubation, and the resulting hatchlings were then reared.
In addition, age-I and age-I1 juveniles from earlier hatchings were
also reared and cbserved until March of the following year.

Translator's Note: Several of the place names may have been incor-
rectly translated.

Translated from the Japanese by Tamlo Otsu, Southwest Fisheries Center
Honolulu Laboratory, Mational Marine Fisheries Service, NOAA, Homolulu, HI
96812, August 1981.



3.

BESULTS AND COMSIDERATIONS

1) Ecological studies

(1) Condition of capture and measurements of turtles.

The catch of green turtles during the fishing season (March-
Augtgt) 1s shown in Table 1. A total of 58 turtles (total weight
6,115 kg) were captured. As compared with last year's results,
this year's catch was greater by three turtles but less by 407 kg
in total welight. The locations of capture, condition of capture,
and biological measurements are given in Table 2. The turtles
caught include 47 takem at Hahajima, 9 at Chichijima, and 2 at
Mukojima. As compared with the results last ¥ear, there was a
sharp decline in catches around Chichijima. Although there were
22 females and 22 males in the catch, females clearly outmumbered
males in the catches made after May.

The carapace-length and body-weight frequencies of 44 turtles,
by sex, are shown in Figuresl-1 and 1-2, respectively. The cara-
pace lengths of males ranged from 65.7 to 98.4 cm and averaged
90.0 cm. Their body weights ranged from 65.7 to 127.0 kg, and
averaged 99.9 kg. In the females, the carapace lengthe ranged from
72,5 to 101.2 cm, averaging 91.4 em, and the body weights from 46.5
to 160.0 kg, averaging 113.7 kg. The females were thus larger than
the males. The males were on the average smaller in carapace length
by 3.8 cm, and in weight by 9.3 kg, and the females were smaller by
3.6 cm in carapace length and 11.0 kg in weight than those taken
last year.

Table 1,--Monthly catches of green turtles in the
Ogasawara Islands during the 1975 s@agon.,

Araas
Month Mukojima Chichijima Hahajima
March 47,0 (1) 239.0 (D)
April '1,802.5 (1)
May 46.5 (1) 371.0 (4) 12,920.5 (28)
June
July’
August 688.0 (5)
Total 83.5 (2) 1,059.8 (9) 4,962.0 (47)

Unit: Kilograms (number),

'Estimnted values,

zFishing for green turtles ie prohibited in June and
July.
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Table 2.--Measurements of captured green turtles.

Body Carapace Carapace Total tail
Date Condition welght  length width length
1975 Lochation of captire at capture Sex (kg {em) [cm) {cm)
3/14 Hahajima - off Nishiura Copulating F 137 96.3 76.1 0.7
/14 da, do. H 99 8B.4 70.1 47.3
4/16 Hahajima - of f Oniiwa do. H 115 91.7 71,9 47.0
4/16 da, do, M 100 - -- —
4/26 Hahajima - Okusurewan do. F 125 95.7 76.8 30.5
4/26 do. da. M 90 85.1 69.0 47.0
&/30 do. do. M 125 95.6 T4.1 54.5
4/30 do. da. M 97 89.9 70.4 §7.5
4730 Hahajisa - off Meiiima Aflpat M 90 a6.0 68.9 48.2
4/30 Mukojima- off Kitanoshima do. F 46,5 72.0 60.0 17.0
4/30 Haha}ima copulating M 102 90,8 72.% 31.0
&£ 30 dao. do. F 131 98.5 75.2 26.7
4/30 Hahajima - Okuzurewan - H 115.5 96.0 6.5 49.8
4/30 do. - M 82 85,7 72.2 &4.7
3f4  Chichijima - off Wihoniwa Copulating M 67 83.9 63.4 44,5
5/6 Hahajima - off Hukdiima - F CE 86.5 65.8 26.0
5/6  Hahajima - off Shihoniwa -- F 67 B2.7 62,5 26.7
5/6 Hahajima - M 125 98,4 78.5 49.5
5/8 Hahajima - Okuzurewan Copulating M 127 98.4 71.8 50.5
5/8 do. do. F O 117.5 23.0 73.4 22.5
5/8 do. Afleat H 114.5 94.0 77.5 36.4
5/12 Chichijima - Futamiiva do. M B85 89.0 72.4 57.5
5/12 Chichijima- off Minamijima  -- M 113 96.6 772 50.0
5/16 Hahajima -- ¥ 122 95.4 Th.4 29.4
5/16 Hahajima - Okuzurewsn Copulating F 145 100, 2 79.6 iz.o
5/16 do. dao. M 102 92.7 75.1 54.0
5/17 Hshajima - M &9 BE.0 69.0 42.0
5/117 do. - F 103 91.3 72.4 0.8
5/17 do. -— F 72 81.0 60.9 24.8
5/17 do. —_— F 13 95.4 75.6 27.2
5/17 do. - M B 83.0 67,3 50, 4
5/17 do. - M 113 97.8 76.6 55,0
- 5/18 dao. -— F' 1465  95.7 7.z 30.5
5/18 do. -- F 61 73.5 59,2 19.3
5/18 do. -— H 99 90 . 4 73.9 47.5
5/18 do. -— M BA 65.7 B63.0 29.3
5/18 do. -= F 93 B84.2 682 27.9
5/28 Hahajima - Okuzurewan = F 123 92.2 2.6 n.o
5/31 Chichijima- Yakibahama Hauling our F 106 96,4 73.0 29.0
8/5 Chichijima - Futamiwan do. F 160 lips.2 2955 36. 4
B/6 Chichijima - John Beach do. ¥ 132 101,2 75.9 3.2
8/11 Chichijima - Buta Kaigan da. F 125 98.8 78.4 30.9
B/12 Chichijima - Ohama do, Fooo13z. W05 21001 --
Bf14 Chichiiima- Buta Kalgan do. F 139 98.6 80.0 30.2

lgarapace length measured along curvatura,
’Carapace width measured along curvature.
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{(2) Observations on turtles hauling out.

The sandy beaches used by the female turtles te lay their eEgs
were generally the same as those in previous years (Figure 2). The
number of turtles hauling out was estimated by counting the tracks
on the sand (Table 3). The data indicate that turtles came ashore
in greatest numbers at Hirashima and Okuzure on Hahajima, at Matsu-
yama Faigan and Minami Hatsuneura on Chichijima, and at Ohama on
Mukoiima.

E’%w -, 1.

: s MUKOJIMA RETTO
i

F

:

A FISHERY CENTER

® BREEDING GROUND

e 0 STUDY SITE
£ CHICHIJIMA RETTO T » EGG COLLECTION SITE

| HAHAJIMA RETTO

Flgure 2.——Breeding grounds of green turtles and study sites.
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Table 3.--Data on green turtles hauling out at nesting beaches as determined
from tracks in sand.

Humber of
Date 1975 Location holes dug
5/24-8/11 Chichijima Rettd
5/24-8/11 Yakibahama 11
5/24-8/11 "Kopepe" Eaigan 6
5/24-8/11 Sakalura 4
6/4=-8/11 Matsuyama Eaigan 13
6/4-8/11 Dgigaura Eohama [}
Bf4-8/11 Yagiyvamahama 2
6/5-Tf4 Buta Kaigan 9
6/3-6//20 Mansaku Kaipan
6f3-6/20 Tamana Beach 2
B 3-6F20 Ototojima east coast 4
6/3=7/22 Kita Hatsuneura )
6/3-7/22 Minami Hatsuneura 11
637/ 22 Jaammie Beach 12
6/3-7/22 John Beach B
656,13 Minamijima 4
Hahajima Betto
617 Okuzurewan
77138 Hirashima 39
?JTE Huk?jima 1z
Mukfjima Betto
Ti11=7)24 Eitanoshima
T/11-7/24 Higashihama
TF11-7/24 Ohama a

gelected locations (Table 4).

turtle iz unknowvn.

Eumber of holes
in which eggs
were deposited

—

Number of nests
from which eggs
were collected

3 2
4 1
1

2

1 1
1 1
1 1
2

1 1
1 1
1 Y
5 2
1

c—w—

The nesting behavlior of green turtles was observed at arbitrarily
S8ince the exact time at which the turtles
cameé ashore could not be determined, the total time of haul out for each

However, based on the nesting behavior, it cam be

surmised that there is a relationship between hauling out time and the

tide phase.

With the exception of the turtle that hauled out on June 15,

the others all seemed to have come ashore within 2 hours of high tide.
The turtles required from 16 te 1B minutes (average, 17.5 min) for lay-

ing thelr eggs.

cover the nests.

They took from 25 to 66 minutes (average, 49.5 min) to

(3) BRelationship between carapace length and carapace width.

Based on measurements made since 1973 on 71 female and 46 male adult
green turtles, the following relationships were obtained between carapace
length and carapace width (also see Figures 3-1 and 3-2):
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Females: CL = 1,1B03 CW + 6.21
Males: CL = 1,2277 CW + 2.72

where CL = carapace length and CW = carapace width.
(4) Feeding habit,

Green turtles are herbivorous. There are no records on the
feeding habits of green turtles in the Ogasawara Islands except for
data on the stomach contents of thres adults and one juvenile that
had been butchered (Tahle 3). There were 34 speciles of marine algae
in the stomachs. The brown algae were most numerous (19 species),
next was the red algae (9 species), followed by the green algae (6
species). 1In addition to the algae, few emall animal species (e.g.,
Hydrozoa) and a piece of vinyl plastic that probably had been
ingested along with the algas, were Found in the atomacha,

In terms of weight, the greatest proportion was composed of
brown algae, and in the stomachs of the twe turtles that had just
hauled out on the nesting beach, browm algae comprised 72 and 99
percent of the total Food contents, respectively. In the juvenile
turtle, the green algae Codium adhaerens, was most plentiful, indi-
cating that green turtles may be feeding very selectively on certain
Elsﬂ'&i

=B e

LLOLTLI T AT ]
s ai

" ) M it 1) o ] (] an
Figure 3-1.—The relationship between Figure 3-2.--The relationship between
carapace length and carapace width in carapace length and carapace width in
male green turtles. female green turtles,
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Table 5.-=The étﬂmﬂ.t‘.l‘l contents of green turtles.

Date of capture 9/19/74 B/5/75 8f10/75 5115/75
Loeattol-oF ‘canbiie Chichijima Chichijima Chichiiima

off Yakiba John Beach PButa Kaigan Hatiajina
Offahore
Turtle Juvenile Hauled out Hauled ouk

turtle
Carapace length (cm) 458, 4 102.1 98.8 95.4
Body welght (kg) 17.3 132.0 125.0 122.0
Stomach contenta
CHLOROFPHYTA
Ulva pertusa kjellman t == = —
H!-"!'E.' Eﬂafiﬂ-l._&l Delile r - —_ & -
Dictyosphaeria cavernosa Boergesen T - - -
Metyosphaeria veraluysii W, v. Bosse r -- - -
Avrainvillea riukivensis Yamada - - -- rr
Codiunm adhaerens C. Agardh c ek - -
Codium tomentosum Stackhouse -— r 0.8% el S
PHAEOFHYTA "
Dictyopteris undulata Okamura - T + 5
Ehlanidﬂpllg;.;a_ repens Okamura. r r - o
Lomarda stipitata T. et K.N. -— ty7.2% + -
Homoeostrichus flabellatus Okamura = - + t
Padina minor Yamada f — 5 == -
Sargassum duplicatum J. Apardh T == - -
Halothrix ambigua Yamada — e == TE
Endarachne binghamiae J, Agardh - - = | 5oy rr
Petalenls fascia kuntze - - - rT
Cystoseira prolifera J. Agardh + = - 5
Turbinaris ornata J. Agardh r o ~ Lo -
Sargassum tosaense Yendo Sargasaum - - g r
ap. It —_— - -
Sargassum micracanthum Yendao — -— -- +
Trichogloca reguienii Kiitzing T T — -
Fadina commersonii Bory == - + -
RHODOFHYTA ;
Lisgora setchelifi Yamada — E - —
Bhodochotton howel Yamade - r —-— -
Galaxaurs = — =
Bhodopeltis borealis Yamada —_ r - -
Jania Hiponica Yendo r — — s
Corallina mediterranea Areschaug r —_ - -
Bhodymenia intricata Okasura - = r =
Flenosporium pusillum Yamada oo rr = ==
Centroceras clavulatum Montagne r = e -
OTHER
Kaya species (7) rr. -— i A
iydrozea sp. rr - - -
mll shella G] rr - —_ -

Legend: ¢ = Plentiful. + = Average. r = Few, rr = Rare,
X = The percent composition of brown algae in total weight of
stomach contents.
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(5) Tagging and recaptures.

To determine the growth rate, migratory habits, and the age when
they return to shore, green turtle tagging was conducted between
June 15 and Wowvember 25, 1975. In 16 experiments, 752 turtles were
tagged and released. These included 39 turtlea that escaped from a
damaged rearing enclosure and thus were considered "patural releases."
Two tagging methods were used (Figure 4). One method involved the
attachment of a plastic tag to the Inside edge of the left front
Flipper and the other, notching the posterior edge of the carapace.
The tagging data are presented in Table 6.

The tagged turtles included 5 that had just hauled out, 4 juve-
niles (estimated age-1IT and age-IV turtles), 2 that had been reared
at the Ueno Aquarium, 27 age-11 turtles, 464 age-1 turtles and 250
age-0 turtles reared at our Fishery Center. The carapace=length and
body-weight frequencies, by age, of the tagged turtles are shown in
Figure 6. Figure 5 shows the release localities of the tagged tur—
tles.

TOP

0.F,C
Orokyo JAPAN
BOTTOM

:hﬂﬁm-hyg._
2R

£ L5R —Fp

NO, | NOTCH = AGE -1 TURTLES
NO, 2 NOTCH = AGE -0 TURTLES

Flgure 4.--Tagging methods used on green turtles,
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Figure 5.--Locations of release of tagged green turtles.

Culture experiments
(1) Egg collecting and hatching experiments.

Az in previous Years, eggs were collected from the regular
nesting areas (Figure 2). A total of 1,069 eggs from 11 clutches
were collected and of these, 1,054 were transperted to the Fisghery
Center for hatching. At the time of nest excavation, the tip of
each epg was marked and the egg placed in a sand-filled plastic
container for transport., Also, 796 eggs were obtained from captured
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Figure 6.—Carapace-length and body-weight frequencies, by age, of green

turtles tagged and released in the Ogasawara Islands,
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gravid female turtles that were butchered, and of these, 788 were
transferred to the Center and reburied for incubation and hatching.
Of eggs excavated from nests, 708 hatchlings resulted while from
oviducal eggs, 217 hatchlings were obtained.

a. Incubation period and hatching rate.

The data on the incubation period and the hatching rate
for each clutch of eggs are shown in Table B, The hatching
rate ranged from 0 to 97.3 percent (average of 67.2 percent)
for eggs excavated from nests. As compared with last year's
average hatching rate of 58.8 percent, the results were con-
siderably better this year. The hatching rate of oviducal
eges ranged from 0 to 67.2 percent (average, 26.1 percent).

The hatching rates of the epg clutches obtained from the
nesting beaches on the east coast of Ototojima and from:
Ogigaura Kohama were extremely poor possibly because the
nests were located in depressions in the beach where large
amounts of molsture had accumulated in the sand.

The hatching rates of eggs from the oviducts of gravid
females ranged from 5.6 to 9.4 percent last year. This year
the hatching rates of oviducal eggs from three butchered
turtles on August 5, 12, and 18 ranged from 42.0 to 67.7 per—
cent. The reason for these higher hatching rates is probably
because the eggs were more developed and had been taken From
turtles that had just hauled out on the beaches for oviposi-
tion. Also, the period between capture of and extraction of
the eggs was very short. It required from 48 to 57 days (aver-
age, 52 days) for excavated eggs to hatch wheress the oviducal
eges required from 50 to 54 days (average, 52 days). The sub-
Btrate temperature arcund the nest (0.5 m deep) was 23.7°-29,2°%
(average 26.7°C) in June, 29.3°-31.1°C (average, 30,1°C) 4n
July, 30.9°-31.6°C (average, 31.3°C) 4n Aogust, and 29,2°-30.8°C
(average, 29.9°C) in geptember. The cumulative substrate tem-
perature required for incubation of the excavated eggs ranged
from 1,423° to 1,499°C (average, 1,462°C) and of the oviducal
eggs from 1,478° to 1,580°C (average, 1,535°C). The relation-
ship between the substrate incubation temperature at the Fish-
ery Center and the incubation period is shown in Figure 8.

b. Anomalies in carapace scutes,

This year's hatchlings, like last year's, also included
those with anomalous numbers of carapace scutes. Table 9
shows the incidence of atypical numbers of scutes among the
hatchlings from excavated eggs (3,8-7.8 percent; average, 5.8
percent} and oviducal eggs (B.0-28.8 percent; average, 17.2
percent). Also, as shown in Figure 9, the total number of
carapace scutes found normally fs 13 (vertebral scutes 5, left
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Figure 7.--Locatlions of green turtle tag recoveries and schematic repre-
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Figure B.--Substrate temperature and number of days required for hatching
(incubation period).
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Figure 9.--The occurrence of scute anomalies,
arranged by various groupings.
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Humber of wvertebral scutes.
Humber of left lateral scutes.
Bumber of right lateral scutes.

Total number of zeutes.
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lateral scutes 4, and right lateral scutes &). Howeyer, there
were hatchlings with 14 to 18 scutes. As compared with that
obtained last year, the range in the numbers of Supernumerary
gcutes was narrower this year.

Rearing experiments,
8. Rearing facilities.

The newly hatched turtles were placed in three rearing
tanks, each measuring 1.2x1.0%x0.2 m. Between 150 and 200
hatchlings were put into each of the three tanks. After 10-15
days, they were transferred to three larger tanks (1.5= 3.0
®* 1,0 m) and the water level was increased as the hatchlings
prew. Age-1 and age-11 turtles were reared in three concrete
tanks (1.5x3.0=1.0 m) and an outdoor tank (7.8=3.7x0.5 m) .

b. Feeding.

Similar to last year, the hatchlings were fed beginning
3-3 days following hatching., They were given small pieces of
scad mackerel, Decapterus sp., wahoo, Acanthocybium sp, ,
saury, Cololsbis saira, sardine, Sardinops melanosticta, and
various inshore species of fish. The size of the food offer—
ing was increased as the turtles grew larger. Also, in addi-
tion to these natural foods, prepared food (pellets) was also
fed. Leafy vegetables, such as cabbage and lettuce, were also
given,

c. Rearing of age-0 hatchlings.

The results of rearing age-0 hatehlings are shown in
Table 10. Between July 20 and August 14, 1976, 1,069 hatch-
lings were obtained. Of these, 585 died within 2 monthe.
The mortality rate (54.8 percent) was about the same as last
year but after November, the mortalities decreased consider—
ably.

d. Rearing of age-I turtles,

In Tables 11-1 through 11-5 are shown the results of rear—
ing varlous groups of age-1 turtles that had hatched during
1974. Mortality rates were low and the groups developed satis=-
factorily until these young turtles were utilized in feeding
experiments using pelletized food and also in tagging experi-
ments. Twelve age-1 turtles were kept for rearing to the adult
stage, and the results of their development are shown in Tahle
1%

The carapace length and body welght of these juveniles
increased rapidly between August and November, but their growth
slowed dewn significantly between December and March., This
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Table 11-1.--Regults of rearing age-I green turtles (hatched July 16-30, 1974).

- —

Date of phservation

Observation /17175 5/18/75 6/23-27475
Number being reared! 138 138 3140
Number died (D 0 0
Survival rate (%) 40.4 40. 4 40.9
Average body welght (g) 1,445,9 1,481.6 1,869.0
Average carapace length (cm) 20.61 20.90 23.91
Average carapace width (cm) 17.25 17.30 19.56
Total weight increase (kg) 6.0 57.2
Total weight of food given (kg) 59.0 166.8
Daily feeding rate (%) 0.94 1.79
Food conversiom ratio 9.83 2.92

ITotal hatched = 342,
“Number in parentheses include accidental deaths and "migsing" individuals.

With the exception of seven individuals kept for continuous reardng, the
rest were released.

Table 11-2.--Results of rearing age-I green turtles (hatched September 2-4, 1974).

-2 = ——ar——

Date of chservation

Observation 4f2/75 5/5/75 6f2/75
Number being reared! a5 85 85
Humber died ) 2 0 0
Survival rate (%) §9.1 49,1 49.1
Average body weight (g) 162.4 785.5 850.4
Average carapace length (cm) 1a.43 16.75 17.15
Average carapace width (cm) 14.12 14.13 14.35
Total weight increase (kg) 0.6 2.0 5.5
Total weight of food given (kg) 29.2 35.4 32.9
Daily feeding rate (%) 1.45 1.68 1.69
Food conversiom ratio 47.99 17.70 5.98

Yotal hatched = 173.
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Table 11-3.—Results of rearing age~l preen turtles
(hatched September 27-21, 1974%.

=

.

Dater measured

—

Observation 4117175 5f16/75 6/28/75
Number belng reared! 16% *hA 6l
Humber died 1 [
Survival rate (Z) 66 . & 100 94,1
Average body welght (g) 533.1 &56 .8 BOAE. 9
Average carapace length (cm) 14.79 14,45 15.76
Average carapace width (cm) 12.55 12,28 13.20
Total weight increase (kg) 1.2 10.0
Total weight of food given (kg) 34.5 0.0
Daily feeding rate (Z) 1.30 2.86
Food conversion ratio 10.78 & .00

"Total hatched = 364,

2100 of the turtles deleted because of the feeding experiment.

Table 11-4.—Results of rearing age-I green turtles
(hatched September 25-30, 1974).
Dates measured

Dbservation L2674 5/26/74
Number being reared! 46 4
Number died 1 0
Survival rate (Z) 9.1 29.3
Average body weight (g) 518.8 591.,3
Average carapace length (cm) 14,48 14.93
Average carapace widcth (em) 12,47 12.79
Total weight increase (kg) 3.1 3.3
Total weight of food given (kg) 14.0 17.1
Daily feeding rate (%) 1.94 2.23
Food conversion ratio 4,52 5.18

-

lfotal hatched = 157.



Table 11-5.--Results of rearing age-I green turtles
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{hatched October 11=17, 1974).

Dates measured

Obgervation &4/17175 5/19/75 6/16/75
Numbetr being reared! &0 73 71
Humber died 3 7 2
Survival rate (X} 47.9 53.7 42.5
Average body weight (g) la2.8 416.9 526.8
Average carapace length (cm) 12,79 13,45 14.73
Average carapace width (em) 11.09 11.61 12,75
Total weight increase (kg) 3.9 4.1 7.9
Total weight of food given (kg) 15.1 26.9 32.9
Daily feeding rate (%) 1.27 2.83 .47
Food conversion ratio 3,87 6 .56 P

ITotal hatched = 167,
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reduced growth corresponded to the period of falling water
temperatures and alse to a significant reduction in feeding
rate. Thus, the average growth in carapace length during the
S-month period (August-March) was from 26.7 to 37.4 em, and
average growth In body weight was from 2.9 to 3.1 kg .

€. Rearing of age-IT turtles.

Table 13 shows the results of rearing seven age-II turtles
that had hatched during 1973. The results were similar to that
of age-I turtles in that ape-IT turtles grew well in the summer
and poorly in the winter. During the same 8-month period, the
average carapace length increased from 34.3 ro 40.8 em, and
the average body weight from 7.0 to 12.4 kg.
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