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AhsSracS
   The h3wksbigkurtge, Eretmochelys imbricata is Ksted the gUCN Red List as critically endangered. At the

COP }e cf the CITES meeting heid in i997, Cgba prepgsed tg downlist the pgpuiation of hawksbiggs frgm Appendix

g to Appendix Xkg 3ggew limited trade. gn this report Si5N and b"i3C measurements were used for scute-sourÅíing,

where 6i3C vaiues aggow differentiatign between eceanic planktcn ecosystem$ and corai reef eco$ystems, and

Si5N vagues indicate the censumer's trgphic ieveg iR a regignag food web. A tgtag of li8 $Åígte samptes were

amalysed from the Cambbean Sea region inclgding Cuba, H3gti 3nd Mexicc, frem the Pacific Ocean region and

frcm the gndian Ocean regton. Breeding individuags from Cuba had higher 6i5N vague$ than wild individuaas frgm

Cuba, indicating the isotope anagysis wigl be usefui for disÅíinguishing the scutes of breediRg pepulations, which wigg

be targeted for export apprcvag undef CgTES, from the wigd pop"lations specimens ebtaiited by traditiomag fashing.

The sampies from the CaribbeaR Sea regton are characterized by le$s negative 6X3C values than sarnpies frem the

Pacific ecean region, suggesting a higher dependance gn corag eco$ystem$. The mgst positive o"'5N vagues were

frcm the Seycheiles in the gndian Oceau, suggesting a higher dependance gn $penges er cther animag speÅíies.

fi. ingw"dieecsggme

    The hawksbiR tzirtle, Eretmochelys imbricata
(Linnaeus, g766) is taxoitomicaliy cg3$sifaed as Order

Testgidinata, Famiiy Cheloniidae. The h3wksbilkurde has

a glohaX distubKtioit in the tropiÅíag zones of the At3axtic,

PacifiÅí and gRdiait Oceans (Fig. D. The hawksbill turtge

is geiteraiiy ccitsidered the least migratory gf sea turdes

3nd appears to favor $hailgw waters in cor3i reefs, bays,

estg3ries 3nd keys (Witzeli, i983).

    SiRÅíe scates of the carapace for the hawksbill t"rde

are thicker than any for ether turtle, they are used for

omaments and musical instrumeitts. The Cog2veRtion oit

international Trade iR End3ngered Species of Flora aAd

Fauna (CITES) lists ail marine turdes in its AppeRdix I

(Pfohibited from intemational trade from or to sigmatory

couatries). The Worgd CoRservation Union (IVCN) has

listed Care#a caretta as vuinerabge, and aX other sea turtle

species (except Natslordopptessees) as eRdangered. IR l996,

the hawksbM turde was gisted in the iUCN/Red Lists as

"critically endaitgered" (Mrosovsky, 1997). At the COP

10 of the CIT]ES meeting held iR Juae i997 in Harare,

Zimb3bwe, Cuba proposed to downlist the popuiation gf

h3wksbilXs in its waters from AppeRdix I to Appendix K

to agXow Rimited trade <Repgblic of Cuba, i997).

    To identify the scGxrÅíe of scutes from hawksbill tur-

tles, we have utilized stable isotope measurements, trace

element aRalysis and DNA sequenciRg. MitochoRdnai
DNA, usiRg extracted DNA from the scute, provided
genetic informatien to identify the local populations of the

hawksbill twtYe (Okayama et al., l999; Diaz et ag., }999).

Trace element content, obtuRed by ICP-MS analysis of the

scgtes, provided enviroRmental informatioit on sea water

iR their habitat (Tanabe and Sakai, 1997). Carbon aRd

Ritrogen isotepe amalyses frem the scutes provided import

and ecogegical inform3tion on the diet of the animals

(KOike, l996).

    Standard approaches to fogd web analysis incgude gut

content aitalysis and direct observatioit, both in the field

and g3boratory. The hawksbiil turtle is a carnivorous spe-

cies and feeds up6n a wide variety of orgaRisms in tropical

reef habitats. Stomach centent analyses (Pritchard, i979;

:Laboratery ef
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               Fig.1. Distribwhon$ of ne$ting rookerie$

Ernst and Barbour, 1989; Anderes and Vchida, l994) have

reveaaed that sponges figasre pro-minently in the adglts

diet, but coegenterates, ectoprocts, echinoderms,
gastrepods and bivalve mggguscs, barmacies, crustaceans,

ascidians axd fish have aRso been reported. Adaglt
hawksbiM turdes have speciaiized en a diet ef sponges.

    Amalysis of gut contents requires few tools aRd

equipment. However, sgme organgsms digest their prey

quickly, makiRg identification difficuk. Agse, some prey

teRd to gose their mgrphelegical characteristics mere

quickgy than others. Stable isotope analysis has more

receRtgy beeR used as an akemative, and iR some cases,

better toog for food web anaiysis. With the deveaepment

ef automated systems, a broad sxgrvey gf grgaptsms in a

food web system can be performed with a reasomable

amount of data.

   Carbon isotopic ratios (Si3C'a) of animais refiect

those of the diet within about i %b (HaiRes, i976; DeNiro

and EpstegR, 1978; Fry et al., 1978a; Haines and Montague,

i979; Teeri and SÅíhoelier, l979; Rag, 198g; Rau and

dnderson, l981. This conservative transfer of carbon

isotepic compositigns te the animal from the diet can be

useful in tracing foodwebs in systems where there are

fogd sources with 1arge differences iR 6i3C values, such

as C3 versus C4 plaRts, or marine versus terrestrial

systems (Haines, 1976; Fry et al., 1977, l978b; DeNiro

aitd Epstein, i978; Rau, i981; Schoeninger and DeNiro,

l984).
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     ev 3if if :WD 60av scdi
the hawk$biii turtSe. <fgom witzeii, 19g3)

    As with carbon, nitrogen isotgpe ratigs (6i5N*2) iR

 the orgaRism refiect those of the diet, but in mgst cases

 the whoge 3Rimal is eftriched in 6i5N reiative to the diet

 (DeNiro and EpsteiR, g98i). Field st"dies show 3n
 average+3.2%b enrichment iR animag 6i"rN versus diet,

 which is refiected as a trophic gevei effect in food web

 stgdies (Michener and Schell, 1994). Minagawa & Wada

 (i984) fouitd a bN'5N efirichment of+3.4Å}i.ISOigb per

 trophic gevel, indepefideRt of h3bitat. A sgrvey of bone

 coliageR by Schoeninger & DeNiro (i984) for 66 species

of vertebrates resuked in an average+3%b enrichmeRt per

trophic ievei.

    in this report, 6'5N and O'i3C vaiues were gbtained

for scute sampies from the Caribbean Se3 region of Cuba,

Kaiti and Mexicg, frcm the Pacific Ocean region of the

Solomcn IseaRds, Flji, Indcnesia and the PhiiippiRes, and

from the Indian Ocean region of Seychelles, Mon'ib and

some "nkRcwn ceuRuies in Africa. b"i3C vagues aKew
differentiatioit betweeR oceanic paanktoit ecosystems aitd

coral reef ecosystems, beth ef which might provide
prim3ry foods for the turde. 6i5N vaiues indicate the

consumer's trophic gevel in a regional food web, wherein

bNi5N values for the secondary preducers are usuaMy 3round

+5 and those for higher prodgÅíers are around+iO%Ob.

2. MatergaS$

   A tota1 of ll8 scute samples were analysed as follows:

*i Ratios cf i3C to i2C for samples are compared with that ratio for a standard, which is the internationally used PDB standard

  ('3C/i2Cstandard :O.Oll2372), a fossil belemnite from the PeeDee layer, South Carclina, and the results expressed as:

             (i3C/iL'C)sample - ('3C/i2C)standard

  b-i3C(%ig)= Å~1000                    (i3C/i2C)standard
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                                6i5N and 6i3C

from the Caribbean Sea region (T3bie 1) of CubR (58

s3mpges), Haiti (iO samples), and Mexico (i sampie);

from the Pacific Ocean region (Tabge 2) of the Soiemon

Islaitds Gl sampaes), Fiji (2 samples), IRdonesia (5

s3mpges) aRd the Phigippines (3 samples); and from the

Indian 0ce3n regien (Table 3) of Seychelles (i9 sampies),

Meq'ib (8 samples), and from unknown AfricaR counnies

(4 samples). The 55 scute sampies from Cub3 were
coggected by the Cuban Fishery Depanment, and grouped

into twg c3tegortes: "breeding" individuals from Pinos

Isiand (ii individuals) and "wild" ixdividuals (44 indi-

vidgals). Aig ether scute samples were previded by the

3apaR Bekko AssociatieR, which ceiggd oniy identify the

exporditg coxgRtry for sampges obtained before the CITES

agreement came into effect.

measurements

3. Me*ked$

    in eaÅíh Åíase about 26 mg gf sampae was takefi from

the ixitersurface of the scute ggsing a cgean knife, avoiding

the white-wax-like yesidges on the surface. To remove

lipids, the sampges were treated with Åíhgoroform-methanca

(2:1), aitd then freeze-dried

    oNi5N and 6'3C measurements were done "sing aR

ANCA-MS (Automatic Nitrogen and Carbon Analyzer
mass-spectrometry, Europa Scientific Ltd.) foggcwing the

method developed by Dr. C.M. Scrimgeour (Handaey et

ag., l997). Two analyses on 7gO mg ef each s3mpke were

done te obtain % N, %C and 6'3C data. Fgr O"i5N anagysis,

the cgmpositicn obt3ined from the first run w3s used tg

weigh ocit s3mpies containing 100#g/N.

4.%N and %gC Vatwe$

    C/N, that is, r3tio gf % C to % N, was obtained from

tgtal i2C aRd tctal i4N data by the ANCA-MS. C/N for

the scute sampges (Fig. 2) feN aiong the expected
regressign gine for this protein, suggesting that these

scute samples were well purified protein.

5. 6S$N aitd 6'3C results forthe $cute $ampges

Cargbbean $ea \egion <Fig. 3>

Breeding indMduags from Cuba: The oN'3C and 6'5N
disnibutions for the 11 samptes from the breeding center

at Pinos Island were concentrated betweeit -li.4 and

-12.8%Ob for the 6'3C vaSues, and between+6.7 aRd+8•3

   for scute scurcing

 %Ob for the 6'5N values. Cgear separation of the breeding

individuals bom wiEd populatioR was observed. The
breeding individuals gave an average and a standard
deviatieR of -i2.3Å}g.5SCbo for 6i3C valges, and+7.5Å}O.6

%h for 6'5N val"es. The breeding individuags had higher

 O"'5N values than wigd individuaXs. Standard deviations for

the breeding individuals were Å}C.5%Cb for 6'3C and Å}e.6

Sg)6b for Si5N which coincides with experimentai data for

monkeys (Kgike et ag. i988).

Wiid peputaelgn individuais frog's'g Cdea: The Si3C vaiues

for 44 individuags from the wild Cuban popugation had a

wide distribEktion" betweeR -9 to ---i6%b with oRe outgier
              ,
at -i9.5%6. The average 3nd standard deviation for the

Ctgban wild pgpglation was -i3.9Å}2.7%Ob suggesting 3

strong dependancy gn cgraa reef ecesystems.

    The 6i5N values for the Cuhan wigd popuiation were

between+3 and+7heC with one exceptioit at+i2.3%"is.

Their avefage and standard deviatioR was+5.7Å}i.89

which was characterized by regatgveXy Row nitrogen values,

suggesting that their diet must be from lewer trophgc

gevels.

$ampie$ frcm Haiti: 6'3C v3iues for the 10 scute sampies

from Haki clgstered arouad -ii to --l4%Ob wtth an average

of -B.5%b and a standard deviation ofÅ}e.9%b. The

Si5N values for these samples were between+6 and+iO

%Ois with an average of+8.6Å}l.2%b. The 6i5N for the

Haitian wiid populatign was higher than those of the

Caribbean samples, sxAgge$ting 3 relativegy streRger

dependaRce on sponges or higher-trgphic leveg aitimags.

Tke Pacifgc eceak region (geig. 4>

$ampies from the $elomon i$iand$: bNi3C values for the

il scute samptes from the Sglomons were distributed

between -i2 and -i7% with an average of -i4.9% and
a standard deviation of Å}i.6S"bo. Their more negative

6i3C vaiues showed a relativegy higher dependaRce gR

oceanic ecosystems. The Si5N vaiues for these sampges

were between +6 and +l19 with ait average of +9.4
Å} 2e 2%,e

$ampies from Fiji: The b"i3C vaiues for the 2 sampges

from Flji were --i4.9 and -l6.iSOigb aRd the bNi5N values

were relatively lgw, at +7.9 aRd +8.ISOigb.

Samples from lndonesia: 6`3C values for the 5 scute

samples from Indonesia clustered arouRd -l6 to -l8%b

"2 R3tios of i5N to '`N fer samples are similarly compared with the ratio for a standard

  atmospheric nitrogen, and the resuits expressed as:

              (i5N/i4N)samp}e - (i5N/i4N)standard

   b"i5N(%6) .= Å~1000                   (i5N/'`N)standard

(i5N/'`Nstandard =O. OO36765), which is
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Tabie 1. List

        H. gsHIBASHi,

of $ampies for the

R.DtAz--FERiNANi)Ez, IE.CA[RRiiLLo,

Caribbean $ea regioR.

and }l. KogiKE

fi}e3suremeRt Avera eÅ}STI)
Lab.Ne. Åíeuittry categery grigiitaiNo.

deltal3Cdeltai5N dekal3Cdeha15N deltai3Cdehai5N
95TS-l87 Cuba Breediitg 2654(sakai-R) -l2.3Z7 -g2.3+7.5 -l2.3+7.595TS-188 Cuba BreediRg 2054(sakai-R) -H•47e6 Å}C.5Å}C.6 Å}O.5Å}O.6
95TS--i89 Cuba BreediRg 2054(sakai-R) -lg.67.895TS-a90 Cuha Breeding 2e54(sakai-R) -ll•97s795TS-i9i Cub3 BreediRg 2054(sakai-R) ""-- l2•36e795TS--192 Cuba Breeding 2C54(sakai-R) -- i2.2Z295TS-l93 Cuba Breeding 2e54(sakai-R) -}2.36.795TS-i94 Cuba Breeding 2g54(sakai-R) -l2.86.795TS-l95 Cuba Breeding 1013/5R(kobay3shi) -l2.5Z495TS-g96 Cuba Breeding 10}3/6R(kebayashi) -12.88.395TS--i97 Cuba Breedin lei3/7R(kobaashi) -l2.98.393TS09 Cuba Wiid Cuba-l -i9.57.2 ---- l3.9+5.7 -i3•7+6g293TSl0 Caba Wiid Cub3-2 -i4.65.4 Å}2.7Å}L8 Å}2.5Å}2.1
93TSil Cuba Wild Cuba-3 -i4.97.793TSI2 Cuba Wiid Cuba-4 -i4.95.893TSI3 C"b3 Wild Cuba-5 -l3.46.393TS2g Cuba Wild Cuba-6 -l6.e5.993TS2g Cgba Wild Cuba-7 -l6.l8.394TS09 Cuba Wigd Cuba-8 -9.82.794TSie Cuba Wild Cuba-9 -l3.05.g94TSii Åíub3 Wild Cuba-lO -M.e4.i94TSg2 Cuba Wild Cuba-ii -i5.46.494TSi8 Cuba Wigd Cuba-i2 -i3.44.294TSI9 Cuba Wiad Cuba-l3 -g5.16.694TS.9.C Caba WiXd Cuba-g4 -l4.85.594TS21 Cuba Wiid Åíljba-i5 •- l4.86.894TS22 C"ba wis(} Cgbk-16 -l4.55.894TS23 Cuba Wigd Cgba-l7 -- i4.95.194TS24 Cgba Wild Cuba-g8 -X.9Z294TS25 Cuba Wild Cmba-l9 -- 10.83.294TS26 Ctib3 Wild Cuba-2g -i5.55.794TS27 Åí"ba wiiei Cljba-21 -13.24.694TS28 Caba Wiid Cuba-22 -g4.o6.o94TS29 Cgba Wiid Cmba-23 -l5.59.294TS3e Cgba Wiid Cuba-24 -gg.c6.394TS3l Cub3 Wild Cllba-25 -i2.55.494TS32 Cuba Wild Cuba-26 -l5.85.394TS33 Cuba Wild Cuba-27 -- l4.25.694TS34 Citba Wild Cuba-28 -15.06.894TS35 Cuba Wild Cliba-29 -i6.6}2.395TS-i98 C.uba Wiid 951gi3/-4(sakai-R) -12.64.i95TS-i99 Cuba Wiid 951Og6/g(sakai--R) -12.85.095TS-2gg Cub3 Wild 95gOi6/2<sakai-R) -IL24.695TS-203 Cub3 Wigd 95iOg7/1(sakai-R) -l4.54.795TS-204 Åíaba' Wild 951e17/2(sakai-R) -15.37.295TS-205 Cuba Wild 951C24A/}(sakai-R) -8.85.l95TS-206 Cgba Wikd 95ig24A/2(sakai-R) -g2.34.695TS-2g7 Cub3 Wi}d 951g24A/3(sakai-R) -}4.34.795TS-208 Cuba Wigd 951C24A/4(sakai-R) -X4.95.995TS-209 Cgba Wild 95iC24A/5(s3kai-R) --- i4.85.095TS-2iO Cuba Wiid 951e24A/6(sakai-R) -g3.94.895TS-21l CKba Wild 95i024A/7(sak3i-R) -IO.95.695TS-2g2 Cuba Wild 951C24A/8(sak3i-R) -13e74•495TS-2i3 Cgba Wild 951924A/9(sakai-R) -l3.54.695TS-2g4 Cuba Wild 951024A/ie(sakai--R) -i2.43.397TS20 Haiti wild Haiti-i -i4.C8.0 -l3.5+8.697TS2i }{aiti wiid Haiti-2 -l4.39.1 Å}O.9Å}i.2

97TS22 H3iti wild Haiti-3 -g4.29.697TS23 Haiti wi}d ff3iti-4 -gi.6s.e97TS24 Haiti wgld Haiti--5 -l2.99.397TS25 H3iti wild Haiti-6 -l3.79.697TS26 Haiti wild }Iaiti-7 -x4.sgo.197TS27 Haiti wiid Haiti-8 -i3.26.e97TS28 Haiti wild Kagti-9 -12.4Z597TS29 ffaiti wiid HaSti-lO -l4.08.894TSl3 Mexico wild Mexico--l -i5.78.4 -}5.7+8.4

Tabie 2e l-i$t gf sampie$ for the Pacific Ocean regign.

measurement AveraeÅ}STDLab.NG. cogntry category eriginaRNo.
delta13Cdeltal5N delta13Cdeltai5N deltal3Cdeltal5N

93TS05 Selomon wiid Solomon-1 -16.9IO.5 -i4.9+9.4 -}5.6+8.993TS06 Solgmon wild Solomon-2 -l6-25v7 Å}lo6Å}2•2 Å}l.5Å}l.9
93TSe7 Solomen wild SelemoR-3 -14•38e793TS08 Selomon wild Soiemoit--4 -l4.35.093TSl8 So}omeri wild Solomen-5 -13.4iO.793TSl9 SGIomofi wild Soiomon-6 •- li.6IO.O94TS03 Solemon wild Solcmon-7 -l4.39.994TS04 Sclgmcfi wigd Selomon-8 -l6.lil.t94TS05 Seiomofi wiid Solomen-9 -l6.0ll.394TS06 Solomcn wild Soiemoit-XC -l4.2iO.295TS-l64 Solomon wild SelomeR--li -l6.1IC.894TS07 Fiji wild Fiji-l -l4.9Z9 -l5.5+8.094TS08 Fi'i wild Fi'i-2 -l6.l8.1 Å}O.8Å}O.1
93TSOi indenesia wild Indenesia-1 -l5.79.5 -l6.9+8.l93TS02 indoResia wild Indonesia-2 -16.89.l Å}o.gÅ}e.3
93TS03 IitdeResia wild IRdonesia-3 -17.69.093TS04 Indonesia wild indenesi3-4 -18.04.695TS-l62 indonesia wild lndonesia-5 -16.68.294TSO1 Phllippines wild Phiiippines-1 -16.28.5 -16.3+9.094TS02 PhilippiRes wiid Philippines-2 'nv l6•39u8 Å}•C.lÅ}.O.7
95TS-i63 Phlliines wild Phiiiines-3 -l6.28.6



                       6i5N and 6g3C

Tabie 3. List of $ampie$ for the indian

measurements

Ocean regioua

for scgte $gtircmg

measurement Avera eÅ}STDLab.Ne. COURtry Åíategory origiRalNo.
deltai3Cdeltai5N deltal3Cdelt3}5N deltai3Cdeltai5N

97TSei Seycheiges wild Seychelles-l -l4.0li.5 -l3.0+i2.9 -i3.6+ll.897TSe2 Seychelies wiid Seychelles-2 -8•l10e7 Å}2.iÅ}2.4 Å}2.1Å}2.7
97TS03 Seycheiles wild Seyche}les-3 -l4.4i5.297TS04 Seycheiles wtld Seychel}es-4 -- l4.8i3.697TSC5 Seychelles wild Seychelles-5 -iLgi3.597TS06 Seycheiies wild SeycheNes-6 -lg.O13.497TSe7 Seychelies wild Seychelies-7 -IO.8l4.597TS08 Seychegges wiid Seycheiies-8 -l2.0l3.097TS09 Seychelles wild Seychelles-9 -8.813.597TSlO SeycheSges wild Seyeheiles-10 -I4-5l3s397TSgl Seycheiges wiId Seychelies--l1 -l3.58.697TSg2 Seycheg}es wild SeyÅíheiles-}2 -- l5.09.297TS13 SeycheNes wiXd Seychelles-13 -i4.Xi5.697TSl4 SeyÅíheges wild Seyche31es--g4 -i3.9i5.397TSl5 Seyckeaie$ wiid Seychelles-15 -14.2l5.g97TS16 Seyckelles wild Seycheiles-16 -- 13.79.097TSg7 Seychegles wigd Seychelies-X7 -l4•2i4s497TSg8 Seycheiies wigd Seychelles-18 -g4.49.997TS19 Se.chelies wild Sechelles-l9 -15.015.793TS22 Morj"ib wiid Morj"ib-i -l6.2ig.8 -14.9+9.293TS23 Morj'ib wiid Mgrj"ib-2 -ls.gig.e Å}l.5Å}L593TS24 Morj'ib wild Merjib-3 -16.7iO.194TS}4 Mcrjib wi}d Mgrjib--4 mi6n27•894TSl5 Merjib wild Mgrjib-5 -i4.e9.894TSi6 Morjib wiid Morj'ib-6 -g3.7iO.394TSi7 Merjib wi}d Mcrj'ib-7 -' i3.36-595TS-165 Mgr'ib wild Mcr'ib-8 -12.9Z893TSi4 Africaft wild Africaft-i -g6.68.7 -l6.4+12.9
93TS15 Africait wild African-2 -l6.3lg.} Å}e.4Å}2.4
93TSg6 AfrSÅían wil(l African-3 -16.810.993TS17 AfricaR wiid Afric3n-4 -l5.95.5
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  Fig.2. CfN di$tributlon$ for $cute $as'g'eple$ anaiysed

with aR average of -l6.9Å}O..9%Ob. They had the xnost

uegative 6i3C vaiues ef samples from the Pacific 0cean

region, indicating a reiativegy strong dependance oit

oceanic ecosystems. The Si5N values for the$e samples

were aroggnd +9%Ob except for one s3mpie at +4.6%Ob

giviRg an average of +8.iÅ}O.3%Ob.

$ample$ from the Phliippines: The 6i3C vaiues for the

3 sampies from Philippines were around -i6%Ch and the

6i5N values were between +8 and +10%Ch which pgaced

them betweeR the values of the samples fyom the
Solomons, with higher 6i5N values, ay}d those from Flji.

    IR general, sampies from the P3cific Ocean region

gave 6}3C values less than -l4%o, suggesting a regatively

high depend3nce on oceanic ecosystems, and 6i5N values

higher than +le%b.

Tke gndljan Oceax regiewa <Fig. 5>

$ag"wapie$ from ehe Seychelies: b"'3C vaiues for the l9

scute sampies from the SeyÅíheXges had a wide distributicR

which formed three cgeristers: (l) a causter characterized

by iess negative 6i3C valges distribggted betweeR -8 and

-i2%Cb and 6i5N vaiues betweeit +gO and +i4Seigb (2) a
                                            y
cgasster characterized by higher 6i5N values distributed

arosind -14%b and 6i5N vaiqxes between +i3 and +l5
9 , and.(3) a cguster characterized by almost the same

distubution of 6i3C vaiues arognd -l49e6ig but with lower

6i5N v3iues from +8 to +li9 . The first ciuster, with

the aess rkegative 6i3C vaiues did not overlap with any

other samples analyzed, and the thifd cguster, with the

gower bN}5N vagxkes and around --14%b in O"i3C vaiges was

overlapped with thcse from }Iaiti shown in Fig.3.
Averages and staRdard deviations for 6i3C values gf the

SeycheNes samples were ----i3.eÅ}2.1%b, and for 6'5N

values were +l2.9Å}2.4906b.

Sample$ from Morjib: b5'3C val"es for the 8 scute safi}ples

frgm Mop"ib had a relatively wide distribution of 6'3C

valeAes from -12 to -17%b and of bNi5N values from +6

to +li9Cfe. These disnibutions seem to separate into two

clusters based on 6i3C values: those with less negative

6i3C values of around -139 aRd those with more ne-
ative 6i3C v3igies around -16%}. The former cluster had

a similar distribution as the third cluster from the

Seychelies, and the latter cluster overlapped with the

samples from Africa. Averages aRd standard deviations

for the Mony'ib were ---14.9Å}l.5SObo for 6i3C values, aRd
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6isN　and　6　i3C　measurements　for　scute　sourcing

＋9．2±1．5％b　for　6’5N　values．

Samples　from　unknown　African　countries：　6’3C　values

for　the　4　scute　samples　from　Africa　were　distributed

around　一16％b　（一16．4±O．4％）　and　from　＋6　to　＋11％

（一12．2±2．896b）　for　6’5N　values．　These　distributions　had

the　most　negative　6　i3C　values　of　samples　from　the　lndian

Ocean　region，　indicating　a　strong　dependance　on　the

oceanlc　ecosystems．

6．　Discussion

　　　　6’3C　and　6’5N　distribution　for　the　118　scute　samples

from　the　Caribbean　Sea　region，　Pacific　Ocean　region，　and

the　Indian　Ocean　region．　are　shown　in　Fig．　6．

　　　Breeding　individuals　from　Cuba　had　higher　6’5　N

values　than　wild　individuals　from　Cuba，　since　sardines　or

other　small　fish　were　fed　to　the　breeding　individuals．　A

clear　separation　in　the　results　indicates　that　isotope

analysis　will　be　usefu1　for　distinguishing　the　scutes　of

breeding　populations，　which　will　b　e　targeted　for　export

approval　under　CITES，　from　the　wild　populations

specimens　obtained　by　traditional　fishing　（Moncada　et　al．，

1997）．

　　　The　samples　from　the　Caribbean　Sea　region　are

characterized　by　less　negative　6’3C　values　（less　negative

than　一16％）　than　samples　from　the　Pacific　Ocean　region．

This　suggests　that　the　hawksbill　turtles　in　the　Caribbean

Sea　region　must　have　a　higher　dependance　on　coral

ecosystems　than　do　those　from　the　Pacific　Ocean　region．

　　　　Values　more　positive　than　一8％b　generally　indicate　an

dietary　intake　of　sponges　or　higher－trophic－level　animals．

The　most　positive　values　obtained　from　our　samples　were

from　the　Seychelles　in　the　lndian　Ocean，　suggesting　a

higher　dependance　on　sponges　or　other　animal　species．

　　　　Risk　et　al．　（1994）　examined　cross－continental　shelf

trends　in　6　i3C　for　coral　from　the　Great　Barrier　Re　ef，

Australia．　The　correlation　between　values　for　tissue　and

zooxanthellae　in　both　species　was　highly　significant　and

strongly　linear．　Although　their　previous　data　derived　from

POC　（particulate　organic　carbon）　in　sediments　have

implied　that　the　limit　of　the　terrigenous　influence　was　10

to　20　km，　both　tissue　and　zooxanthellae　of　Pontes　lobata

and　AcroPora　formosa　gave　6　i　3　C　values　which　increas　e

linearly　with　distance丘om　the　shore，　increasing　from－16

to　一11％，　indicating　that　inshore　corals　derive　much　of

their　nutrients　from　terrigenous　sources，　and　that　a

terrigenous　influence　on　diet　is　measurable　out　to　the

edge　of　the　continental　shelf，　ca　110　km　offshore．

　　　According　to　Yamamuro　et　al．　（1992），　tissues　of　coral

reef　specimens　had　6’3C　values　between　一15　and　一11

％　which　are　clearly　different　from　oceanic　plankton

values　of　一20　to　一16％b．

　　　Biological　nitrogen　fixation，　whereby　nitrogen　is

61　5N
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enzymaticaggy converted to NH3 by xiiicroerganisms,
resuats in plant tissues that are i5N-depgeted rel3tive to

tissges from noR-nitfogexk-fixing pXaRts. In ecosystems

where nitregen fu<ers are importaRt primpa.ry. producers,

consumefs may be i5N-depaeted rea3tive te aRimags that

eat materiags derived frgm piants that do nct fix nitrogen.

An exampie of this gsotopiÅí pattern wns docggmented by

Keegan and DeNiro (l988) in modefR crganisms in-

habiting"3 corag-reef system in the Bahamas. They
detected i5N-depaetioit irk the tissues ef Åíertain reef

invertebrates and fish, reiative to the typtcaE values for

matite fish. This i5N-depletion presumabRy ressilted frgm

the fixatioit of maogecggar pttrggen by marine miÅíro

organisms fouitd in assgciation wgth coraas and mangreves

 (MaÅíko et sg., 1984). •
    Samptes from tke cerag reef in indonesia (Haiifit,

persgnal commuaication) showed tkat tissges cf the
corals Geniopoxa sp. and LabephyMa sp. had b"i3C values

between --i2.i and -15.6%b and 6i5N v3gues betweek
+3.7 and 4.5Sgigb (Hagim, perscmag commgxxic3tigit). Their

secondary prod"cers (the bivaive Malgeus maeg"esand
pearg oy$ters) had bN}3C vagues betweeit --8.5 3nd --i5e7

%h and 6g5N vagues between +4.8 and +6•49 e
Camivgre sxiaiis (Stvambees sp.) h3d 6i3C vaiues between

-- 7.2 and -9.0%b and b"i5N vaaecies betweee +9.i axad

IO.OSgigb. These vaiges seem to be norm3a S5N values

rather than gndicating the i5N-depgetion by corag fixatgoR

sgggested by Keegan and DeNiro (i988).
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