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Abstract The 81SN and 813c analysis of consumer and prey tissues is a valuable method 

for examining trophic relationships and transport of organic matters along the food chain in 

aquatic and tt)rrestrialt)cosys(ems. Significant increases in Q15N .of 3.4 ±l.1 %0 can occur after 

a single feedj.ngir)bothinYt)rtebrat(;1s, and yertebrates, while small increase of about 1%0 can 

occur for 813C. 815N and 81'C values can provide inforniation about the trophic levels of squid 

prey and about the primary producers at the base of the food chain, respectively. In this study, 

thy rn,agnitude ofisotopjc variations in 10 species of squids captured in 7 areas was examined. 

Phytoplankton 815N and 813C are known to be often .higher at low latitudes than at high 

latitu(ies. 81SN and 813C in the analyzed squid species showed similarpattems. Geographical 
- , ' I 

variations were. conspicuous in Sthenqteuthis oualaniel1sis for.815N (16.3 ± 0.6%0 off Peru to 

1O.0± 1.~%0 o(fJ:apan in Pacific. Ocean) and in OrrllnastrlJphesbartramii,for813C(-14.1 ± 

0.3%0 ,0(fNamibi\l in AtlantilfOcean to -17.5 ± 0,2%0 off Japan in Pacific Ocean).' 

Keywords: ~tableisotqpe,8~5N,81'<;:, sgui(i, biological variation, geographicafvariation 

Introduction 

Recent progress in stable isotope ecology has clarified that thecarbonand.nitrogen 

stable isotope analysis, of consumer and. prey. tissues ..Is a . valuable method to examine the 

trophic . .relationship,andtransport ,of organic matters .along a food chain in aquatic and 

tt)rrestrial t)cosystems, (DeNjro and Epstein, 1978; 1981; Wada et al., 1987; Hobson and 

Welch, 1992; ;CaQaElaand;Ras)nussen;·.1994). Significant increase in 815N·of.3.4·±1.1 %0 was 

reported during. single; feedingprocess>jrrespective of invertebratejand vertebrate (Minagawa 

andWada, :1,:)84), whi1.ea small enrichment of about 1%0 was found for 813C. (DeNiro and 

Epstein, 1978; Rau et aI., 1983; Fry, 1988). Consequently, animal 815N is a possible indicator 

of its trophic level and animal 813C canbe used to identify a primary producer at the base of a 
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(1,6,10,11) SthenoteutiJisolJll/llOiCJ1sis 
. : (2,12) . ODJ01~trephes oar'P!OJii . 

(3)"" 'EucJeoteuifiis /uinwOs.t 
(4) 
(5) 
(7) 
(8) 

Oonstopsis borealis 
Onychoteuthis borellljjaponica 
Todarodes pocJfkus 
£Oligo bleeker! 

(9) jlQSSia pacifica 
:;,1 (13). ' ' "-'MartiaJjaiI:JYade~' 

..... 

I .• 

. O~' .' 30°,' 60'" 90' 120° 150· 1800 150° 120° 90°' 60° 

Fig.LThesamplinglocatiOns (oj loftheianaIYzed squids. The above 9 specieswete 
captured at the numbered circles. , 
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food:ohain,The o:3C~,s1;Nmapin ah ecosystem can 'thus show anisotbpic food webs1liiCtur~ 

on,a corresponding fobdbase: 

'. 'However,thestableisotope ratios of wildlife often have wide intraspecificv:i'r:iati(Hi~ 

and/oririterspecificvariationsoll a. simila:F niche (Fry and'Sherr; 1984; Cabana and Ra§imissen; 

1996):, This characteristics make it difficult to interpret the analyzedisotbpic vairiesof !tHe 

animals ecologically~ Accordingly, ,it is necessary to examine the magnitude of geographical 

and biological variations of squid stable isotope ratios, in order to evaluate the position and 

the role-of 'squids in'the food web structure with'thilsl method:fn this 'stlldy.,s13Ciind,s151'!i oi9i 

species of squids captured in 7 areas of the world ocean were measured and the magnitude of 

the isotopic variations was examined. 

MaterialS ·andMethads 

"~I ,Nine, species of s'qllids. ::SthenoteilthiS'oilalaniensis. Ommastrephes bartri:dfiii:' 

Eucleotell'this ' iuminosa" , Gonatopsisborealis," OnychoteuthisborealijapOnica. Todaf8de'ii 

pacijicl(s; i LOlig() bleekeri. Rossfa pacifica •. and Mdrtialiahyadesi. were' capturedinthe'7' '. 

areasofitliewGJild (ocean froID' 8 ,February 1990 to 23 May 1998, (Fig. 1). The' numhers 6f,thi,' 
analyzed! samples' and,theaveragedJ:)MLofeaelispeciesweresh~wn in'Table 1. A tdtitt'of' 
139 squid sam pIes (male 47; female 92)were'analyze'd. Thesqnidswerecaptur~diwithJ 

jiggingl""',,, "':iI, "i 

,The ' samples were kept' at-:.zoo c. The' D ML was m.eas utedand theli the m llSC:Jes wer~' 
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Table 1. The date and the locatKln of the captllre. Dw.... (mm).and stabl~ isotope ratios (%o)ofthe squids. 
. " samplin"g" sa:mpling' - h Dl\!ll: 311C (mean±S.D.) , alSN (lriean±S.D.) 

d.ate, ", lo.catiQn ,_ (M.: I:') "1 (mean±S.I).)" (max~min); ,(max~min) 
PAUFlcOCEAN (OFF JAPAN) 

OMMASTREl'HIDAE 
Sthenoteuthi; 'o''ualaniemis 

26 Nov. 1997 N26'30·. EI44'OO' 
Ommastrephes bartramii 

10 May 1998 N39'30·. EI55'OO' 
Eucleoteuthis luminosa 

23 May 1998 N35'00·. E175'30' 
GONATIDAE 

Go natopsis borealis 
. 10 May 1998 N41'00·. EI55'00' 

ONYCHOTEUfHIDAE . . 

Onycholeut/#s,bqreaJijaponi-ca' 
10 May 1998 N41 '00'. EI55'OO' 

PAQFIC OCEAN (OFF PERU) 
OMMAS'fREPHIDAE . 

;Sthenoteuthis olftllanlensi.s; ,', . .' . 
. 31 Aug.i995 SI4'1l0·. W85'OO' 

TIffi SEA OF JAPAN 
.OMMASTREJ'H,IDAE 

5 
(0: 5) 

5 
(0 : 5) 

3 
(1 : 2) 

5 
(3.: 2) 

5· 
(0: 5) 

5 
(0: 5) 

Todarpdes pacijicus 
" '24'· Jun'.;"";' 
141ul.1997 

LOLIGINIDAE 

70 
N38'10·-'.N42'00· (35:35) 
E134°00'--E139'00' 

Loligo bleeken" 
13 Feb.1996 N34'54·. E132°04' 

SEPIOLIDAE 

5 
(0: 5) 

Rossia pacifica 5, 
21 Mar.1997 N35'34·. Ef35'28' (1: 4) 

INDIAN OCEAN (OFF AUSTRALIi) 
OMMASTREl'HIDAE 

Sthenoteuthis oualaniensis 
3 lan.1991 SI7°59·. Ell 5°0 I' 

ARABIAN SEA (CENTRAL) 
o MMA STREl'HIDAE 

Sthenoteuthis oualaniensis 
10 lun.1996 Nl2'00·.E64°00· 

\ " 

A1LANT]C OCEAN (OFF NAMiBIA) 
OrViMAS1REPHlPAE . 

5 
(5: 0) 

14 
(I : 13) 

Otnmastrephes bartramU 5 
8 .Feb.1990S27°48·. E14 °30' (0 : .5) 

A1LANT]C OCEAN (OFF ARGENTINE) 
OMMAS1REPHIDAE 

Martialia hyadesi 
21 Mar.1993 S47°15·. W54°25' 

*1 M; male. F; female. 

7 
(j : 6) 

-16.2±O.3 
217±6!· .' H 5;8 ~'I6.6) 

-17.5±O.2 
360±19 (-17.3--17.7) 

-17.8±O.3 
201±20 (-17.5--18.0) 

-17.8±O.2 
224±15 . (-17.5 _,18.1) 

,18.0±O.4 
335±23. (-17.6--18.6) 

220±24 

207±7 

65±9 

136±5 

171£9 

227±14 

233+10 

-J5.6±O.3 
('15.1--15.9) 

-18.6±O.j 
• ('!7.8~-19.9) 

-16.6±OS 
(-16.3--17.1) 

-16.0±O.2 
(-15.8 -'16.2) 

-16.I±O:2 
(-15.9 ~-16.3) 

-1504±O.2 
. (-15.2,--15.8) 

-14.I±O.3 
(-14.5 --13.8) 

-16.5±O.2 
(-16.3 --'-16.8) 

10.0±!.5 
(10.5 - 8.3) 
12.1±O3 
(125 -11.8) 
11.1±1.0 
(12.0 -11.4) 

13.I±O.2 
(13.4 -12.9) 

12.2±Oo4 
(12.7 -I 1.9) 

16.3±O.6 
(16.8 -15.3) 

10.5±Oo4 
(11.5 - 9.6) 

11.7±O.6 
(12.5 -11.0) 

12.0±O.5 
(12.7·-11.4) 

11.8±O.3 
(12.1-11.4) 

13.8±O.7 
(14.6 -11.8) 

13.4±O,1 
(13.5 -1304) 

11.8±O.2 
02.0-11.4) 

· excised from the mantle. The muscle tissues were dried, ground toa fine powder, and'lipids 

· were removed with a chlorofonn: methanol (2 : 1) solution. Carbon and nitrogen' stable 

· isotope ratios were measured with Finnigan Mat Delta-S mass spectrometry after the manual. 

· crYo-purification of combustion products in a vacuum system (Minagawa and Wada, '1984), 

or with continuous-flow is()tope ratiqJllass.spectrometry (CF-IR¥S) coupled with element 

analyzer (Carlo Erba, Italy). Isotope ratios. /i13C and /i15N, are expressed'as per mil deviations 

from the,standardas defined by the following equation: 
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, _--",,', _'" _,j _,' , ,': __ -''_,_;- _ ' ",:' I , ' _','-" __ ,' i_" ... ;, __ __ 
J3elemnite (PDB) ,and armospheric nitrogen were used as the carbon. and nitrogen 

isotope standards, respectively. The analytical precisibns for the isotopic analys<is""'MreOjO%o 

for both isotopes on the method according to Minagawa and Wada (1984); and 021%;' in ol3C 

and 0.25%0 ino1SN- on the method with CF-IRMS. .'. " 

- '.,; 

Results and Discussion 

[PC and [/'N of the world squids , ' 

The iodN of the squids 'ranged {rom 8.3%0 of S. oualaniensis offJapan i1)" northern 

Pacific Ocean to 16.8%0 of S. oualaniensis off Peru in southern Pacific Ocean, while the ol3C 

ranged [forn -19.9%0 oft pacijicus in the Sea of Japan to -13.8%0 of O. bartrami off 

Namibia in Atlantic Ocean (Table 1). Phytoplankton ol3C and olsN are reported tb. be~ften 
higher at low latitudes than at high latitudes (Rau etal., 1982; W a.4a.1997).ol'Candl)lsN in 

our analyzed squid species showed similar patterns, in which the negative correlations between 
. i, ,', 'I Ii 

stable isotope ratios and the latitude of the sampling location was found (Fig.2). Spe3mJian's 

correlationc6~ff~c~ent was ~O:71in ODC :),TId -0.22m olsN.Howe~er, the correlation of olsN 

was not significant, while that of 

01'C was signifieant (p<0.05). 
,-, ", ,:j' : 

Wada et a1. (1987) 
~ : -. - '- -- ~ ! 

reported that the Isotope 'ratiosoL 

Kondakovia longimama captured 

in the Arctic are,-26.1 to -24.5%0 

in ODC and 6;5 t6 7.2%oirr olsN. 

These values are extremely low 

compared with ,our analyzed 

squids villoes(Fig.2}. Our 

samples were captured in the 

lower latitudinal' area from' " '- -.',1 

N41 °00' to S47°15', while K. 

longimama was captured at 

S59°34' to S59~57'. It sugg~~ts,. 
that the latitude - stable isotope 

l'a\iQ,s! GCJrre1atiQns mjghtbecOme., 

hig!mr qearth()Po~e. 

Th;e .. ;iJfltfaspecifir:geoglfqphic .,' 

vCl1iiat;ion (11 (513 C Cln.d ,015 N , " , 

'i 1 ,S .. ,; ,oualqXliensis ,was" 

captured in the 4 areas; off Japan 

in northern Pacific Ocean, 

Arabian Sea, off Peru in southern 

Pacific Ocean, and off Australia 
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F,ig.2,.Tberelatiqn~hip /letween; the latitude qf,the sampling' 
location~ in the northern (0) and the southern (0) Hemispheres and 
the stable isotope ratios of squids. Tbe solid circles show the 
values of KOlldakovia iongimama in the Antarctic (Wadaet'al..-' 
1987). 
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, 18--r---,-, ~-~.,.., "~.-." .,. "", -c----r-~,__"'-"'""''''"'''__,~-~__, 
'(1, 6;'10, 11) SthenoteurhisoUlilaniensis 

. (2,12) . Ommastrephes banramii 
(3) , ." . Eucleoteuthis,iu!1Iinosa 

16 (4) , Gondiopsis borealis 
~OFFPERU 

(5) Onychoteull,is borealijaponica 
(7) Todarodes pacificus 

14 (8) Loligo bleekeri 
(9) 'Rossiapacijica 
(13) Martialia hyadesi. 
0' 'PACIFIC (leEAN 
o , , THE SEA OF JAPAN 
f:::. INDIAN OCEAN 
o ARABIAN SEA 

10 \l ATLANTIC OCEAN AUSTRALIA 

FFJAPAN in 

8 
, " PACIFIC OCEAN 

• , • THE ANTARCTIC 
. • (Wada et ai., 1'987) 

~f28-,--;---;--~r6~~-_T24--~~,~~r2--~~_2~0~--~_'1-8----~_lrt-"-----'14~--~-12 

IJ"c (%0)' 

, ' .' Fig.3. tbe 6'lC-B"N map ofthe'wdrld squids. The symbolsandn'ilrnlJers show the ' 
sampling location and the speci"s,respectively. The baruepr"sent tljestandard 
deviation. The solid circles are the values of Kond'akovia longirrwma in the Antarctic 
(Wada et al., 1987). 

in Indian Ocean (Fig. 1). The geographic variation of S. oualaniensis was conspiCuous in 

31;N;llie averages' ofisotope, ratios rallgedO.8%0 [rorri' -16.2 ±O.3%0 (dffJapar1) to -15.4 ± 

0.2%0 (Arabian Sea) in 313C, and 6.3%0 from IO.Of 1'.5%0 (offJapan)' to 163fO.6%0(off 

Petu) in 31sN(Fig:3). Thedi:fference oillie averaged Sl5Nbetwe~n the area groups was over 

1.8%0 in every combination of the area groups. Signifidlntdiffer6rtce was showhiIi b6'i:h 313C 

and 31SN among the 4areagrollps(Kruskal~Wallis test,t i3c; p=O.0005,31SN; 'p<O.OOOl).' ' 

O. bartramii was captured off Japan in northern pacific arid off Namibia in Ati~tic 
Oceaif (Fig'. 1): The range of ~veraged isotope ratios o{O.bartra~ii was larger iri.313C 'than 
in 31SN, contrary to S. oualaniensis. The difference between the'2 areas was 3.4%0'm 313C'!Il1d 
l.3%J ili 31SN. Tliedifference was si!piliicant in boi:h'313c and8rlN(Mann-Whitti~y's U test, 

313C; p<O.OI, 31sN; p<O.OI). 

The interspecific variation of {PC and 5J5N in the same~rel1 . ,i' 

0ff Japan'in PacificOceall, '5 species inc1udingS. oualaniensls, O. bartrafnii, E. 
luminosa, G. borealis; and d. borealijapontca were analyzed (Fig.I). The average of $13C 

ranged 1.8%0 from'"18:0± 0.4%0 of O. bore'alijt:lponica 16 -16.2 ± 0.3%0 ofS. oualaniensis. 

The average of 315N ranged 3,1%0 from mo± 1.5%~ ofS. Dualahiensis to13.l±O.2%0 of G. 

borealis. There was signifidant diffeteri!!e among the 5 speciesiri both 313C and 31'N (K!uskal­

Wallis test, 313C; p<0.005, S,sN;·p<0.005}.Onthe 313C_315N map of Fig.3, the position ofS. 

oualaniensis was diStributed away frdrri thepClsitions Of the other 4 species. . 

'In the Seao.fJapan, 3 species including Tpacificus, L. bleekeri,and.R. pacifica were 

analyzed (Fig.I). The average of 313C ranged 2.6%0 from -18.6 ± 0.5%0 of T paci/icusto 
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-16.0 *0.2%0 of R. pacifica. The average of,815rranged 1.5%0 fr?m 1O.5:±: 0.4%0 of T. 

pacific£ts to 12.0 ± 0.5%0 of R. pacifica. There was significant difference among:the 3 species 

in bothi813C andal5N' (Kruskal-Wallis test, 8"C;p<O:OOOl, 815N; p<O.OOOl). . 

Conclusion 

l8"C and 815Nof our analyzed squids showed a slight ,negative correlation with the 

latitudJ of the sampling location as well as the well-known pattei:n of phytoplanktons. The 
" - ,,- '; " 

relation~hip might become Near\ if we measure :more squid siMJ1ples captured in the high 

latitudiilal area .. 

Wl:)ile a clear pattern was'llOtfound in the intraspecific and/or interspecific variations 

of squi~ 813C and 815N, the magnitude of the isotopic variations \¥~S often conspicuous; 

especially th(815N of S. 'ouala~ien~is reached to 6.3%0 between the two areas off Japan and 
',- -, I '-: _ ' 

off Peru in Pacific Ocean. Considering 815N enrichment of 3.4 ± 1.1%0 per trophic level 

(Minag~wa and Wada, 1984), it is crucial to exa~ine the 'intraspecific geographical variations 

in ordeHo'estimate the position and the role of squid in the marine.ecosystem with this 

method. On the o'ther hand, the squids inhabiting off Japan in Pacific Ocean and in the Sea of 

J apan showed~ignjJicant interspe~ific variations. It indicates that the the isotopic variations 

among species in a sarne habitatareacahnot be negligible. 
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