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Abstract | The 8" N and §"°C analysis of consumer and prey tissues is a valuable method
for examining trophlc relationships and transport of organic matters along the: food chain in
aquatic and terrestnal ecosystems Slgmﬁcant mcreases in "N ,0f 3.4% 1.1%o0 « can occur after
a single feedmg in both invertebrates. and vertebrates, :while: small increase of about 1% can
occur for §°C. 815N and 8°C values can provide information about the trophic levels of squid
prey and about the primary producers at the base of the food chain, respecﬁvely. In this study,
the magnitude of isotopic variations in: 10 species of squids captu;redi'n 7 areas was-examined.
Phytoplankton 8N and 8"C are known to be often higher at low. latitudes than at high
1-gtit-udes; SN aqd;_ﬁl?c inthe analyzed squid species showed similar patterns. Geographical
variations were. gonspicuous in Sthenoteuthis oualaniensis forﬁl?N- {16.3 £ 0.6%o¢ off Peru'to
10.0% 1.5%o off, Japan in-Pacific Ocean) and in Ommastrephes bartramii. for 8C (- 141 +
0.3%q off. Namibia in Atantic Ocean to -17.5 % 0.2%o off Japan in Pacific Ocean).
~Keywords: stable isotope, 8'°N, §°C, squid, biological variation, geographical variation - = -

" Introduction ,
7 Recent progress in stable isotope ecology has clarified that the.carbon:and nitregén’
stable isotope analysis.of consumer and prey tissues-is’a.valuable method to examine the
trophic. relationship. and transport of-organic matters along a:food chain in’ .aquatic. and-
terrestrial ecosystems: (DeNiro. and-'»Epstein,_;1978_,-_!1987_1‘; Wada et al., -1987; Hobson and-
Welch, 1992; Cabana and:Rasmussen;.1994). Significant increase in 31N of 3.4 +:1.1%0 was
reported during single; feeding processsirrespective of invertebrate and vertebrate (Minagawa:
| and Wada, ,1984), while a small enrichment of about 1%e was found for 8°C.(DeNiro and:
Epstein, 1978; Rau et al., 1983; Fry, 1988). Consequently, animal 8°N is a possible indicator
of.its trophic level and animal 8"C can.be used to-identify a primary produeer at the base of a
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, food;oham The 813(3 3N map in an ecosystem can'thus show an’ 1sot0p1c food web structure
.onacorrespondmgfoodbasc AL e b
:However, the stable isotope ratiosof wildlife often have wide 1ntraspeczflc vériatiois
and/or '1nterspe01ﬁc.vana1_:zons~ona a similar niche:(Fry and'Sherr; 1984; ‘Cabans and Rasinussen;
- 1996): This characteristics' make: it difficult to interpret the a{naljfzéd' Li’sotbp‘ic_' valnes of ‘the
animals écologicaﬂy“AccOrdiﬂgly; it is necessary to examine the magnitide of gedgfapﬁiféal_
and biological variations of squid stable 1sot0pe ratios, in order to evaluate the position and
the role of 'sqmds in‘the food web structire w1th this rethod. Tn this stidy, $°Cand 6”N‘ of 9
" species of squids captured in 7 areas of the world ocean were measured and the magnitude of

the isotopic variations was examined,

Matenals and Methods 0 L.l ‘

o Nine: species :of 'squids, :Sthenoteuthis: oualaniensis,  Ommastrephes’ bartramii)’
Eucl ea-feu'rhzs HJuminosa -F'-Gona'to-psz's borealis, Onychotetithis -borealijaponica; ‘Todﬂ@"de&-i
pacificus, | Lohgo bleekeri, Rossia pacifica, and Murtialia hyadesi; were captured in’ ‘thet 7
areas-of the-world ocean from: 8 February 1990 to-23 May 1998 (F1g 1). The' nambeérs of the
analyzed samples and- the.averaged DML of each: species-were. shawn in Table I. A total 6f
139: squld samples (malc 47; female 92) were ! analyzed' The squlds were captured With*

'Jlgglngw ol g PO R e . i‘:..u.«.;':f
~.The:samples:were képtiat -20°C The: DML was teastred and théfi the muscles were™



Tablc 1 The date and the location of the cagture, DML ;mm .and stable 1sotcuge ratips {%e) of the £q mds

i
i

sampling - sampling” e DML’ “5C (meantS$D.) "7 §°N (mieantS.D.)
date location - ... (M B (meaptS.D.). - (max-min); {max-min)
' PAClFIC TCEAN (Ul"f' JAPAN) -
' Sthenaremhzs oualaniensis 5 -1624.3 10,0£1.5 .
26 Nov.1997 N26%30', E144°00°  (0: 5) 217461 1. G (-15.8==:16.6) . (10.5-= 8.3
Omunastrephes bartramil 5 -175102 12,1403
10 May 1998 N3930', E135°00' (D:5) 360119 (-17.3 —-17.7) (12.5—11.8)
Fucleotenthis luminosa 3 -17.840.3 e 113300
23 May 1998 N35%0', E175°30" (1:2) 201+20 (-17.5—-18.0) ~ (120—114
GONATIDAE o S T
Go natopsis borealis ‘ 5 -17.840.2 13.140.2
. - - 10:May 1968 N4190%, E155%000 (3:2) 224415 . (<175 =+181) - (134 —129).
ONYCHOTEU’IHIDAE ' : )
|+ Onychotewhis borealijaponica’ {1 1 e 5 S G180 e 122404
: 10 May 1998 N4I °DD' EISS"UO' {0:5) 335423 (-17.6 —-18.6)  (12.7—1L9)
‘ PACIFIC OCEAN (OFF PERU}
¢ OMMASTREFHIDAE : o o
: rSrhenoteutkzs oyalaniensis: ., ., A Co e 15603 21633406 . :
' V31 Aug 1995 314000r wss 00 (©:5 22084 '( 15 1 —~-15 9) (16.8 —15.3) |
THE SEA OF JAPAN
Todamdespaczﬁcus I |t B T _,-18 610 5 . 10.5+04 o
L24-amee U N3ETIO—N42°00'.  (35:35)- - 2047 :( 178——199) (11.5—96) " -
14 Jul1997  E134°00—E139°00° : Cn e o
" LOLIGINIDAE :
Loligo bleckeri : 5 . -16640.5-, -, LL7HLE -
' 13 Feb.1996 N34°54', E132°04' (0 : 5) 250417 (-163 — -17 1 (12.5 1. 0
SEPIOLIDAE o o
Rossia pacifica 5 : 16 {):!:D 2 12.0£0.5 ‘
21 Mar.1997 N35°34’ E135°28" (1:4) 6549 (-15.8 —162) - (127 — 11.4)
INDIAN OCEAN (OFF AUSTRALIA) i
OMMASTREPHID AE : R Cot
Sthenoteuthis onalaniensis 5 e (18,1402 11.8403
3 Jan.1991  S17°59',E115°01' {5:0) 13625 (159 —-163) ° (121 —114)
ARABIAN SEA (CENTRAL)
OMMA STREPHIDAE .
Sthenoteuthis pualaniensis 14 ST 15402 3807
10 Jun 1996 N1290, Es4°00'  (1:13) 171235 (-152—-158) | -(146—118) ~
A'ILAN TIC OCEAN (OFF NAMIBIA)
OMMASTREPH]DAE o
' Ommas!rephes bartramii 3 -14,140.3. 134401 R,
. 8.Feb,1990. . 527°48, E14%30' . . (0.1.5)... - ..227#14 (-14.5 —-13.8) (13 5-— 13 4) o
. ATLANTIC OQCEAN (OFF AR GENTINE)
OMMASTREPHID AE . : v
Martialia hyadesi ‘ 7 -16.540.2 11.8x0.2 .
21 Mar.1993 S47°15', W34°25'"  (1:86) 233410 (-16,3 —-16:8} (12.0-—11.4)

*1 M; male. F; female.

‘were removed with a chloroform : methanol (2 :

from the standard as defmcd by the- followmg equatlon

'R

(sample]

3°C, 5”N {R

(standard) ™ 1}"‘:1'@00";(%5) "

. excised from the mantle. The:muscle tiééues were dried, ground to afine powder, and lipids

1} solution. Carbon and nitrogen’ stable
.isotope ratios were measured with Finnigan Mat Delta-S mass spectromeiry after the manual

‘ ?_cryo -purificat;ion of combustion products ina vaciuim systent '(Min-agaWa a:nd W-ada ’ 9198‘4‘) "

analyzer (Carlo Erba Italy) Isotope ratios, 5‘3C and SISN are expresscd as permil deviations



where R = °C/*C or "N/"N.

Belcmmte (PDB) and atmospherlc rutrogen ‘were used as the carbon and n1trogen
1sotope standards respectively: The analytical prec1s1ons for the isotopic analyses were 0.10%o
for both isotopes on the method accordmg to Minagawa and Wada (1984) and 0. 21%0 in 8"C
and 0.25%e in 815N on the method w1th CF-IRMS. o S
Results and Dlscussmn Lo
§°C and 5N of the world squzds |

- The; 5 N: of the squids‘ranged from 8. 3%0 of 8. oualaniensis off Japan in, northem
Pacific Ocean to 16.8%o of §. aualaniensis off Peru in southern Pacific Ocean whlle the §°C
ranged from -19.9%0 of T. pacxﬁcus in the Sea of Iapan to -13. S%o of 0. bartrami off"
Namibia in Atlantic Ocean (Table 1). Phytoplankton 5°C and 3N are reported to be: often
 higher at low latitudes than at'high latitudes (Rau et al., 1982; Wada 1997). 513C and 8N in
our analyzed squ1d spec1es showed similar patterns, in which the negative correlanons between
stable isotope ratios and the laumde of the samphng location was found (F1g 2) Spearman s
correlation coéfficient was 0 71 in sC. and -0. 22 in 515N However, the correlatlon of 615N

igso et

was not significant, while that of . =~ -12
. -134
3PC was 51gn1flca.nt (p<0 05) -i add . e e
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Arabian Sea, off Peru in southern . values of Kondakovia iong:mama in the Antarctic (Wada' etél.,.
1987).
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“Cuore . Fig3. The®C-8"N map of the world squids. The symbols and itnbers showthe
' sampling location and the species, respectively. The bdrs, represent the standard-

deviation. The solid circles are the values of Kondakovia longimama in the Antarctic
(Wada et al., 1987).

- in Indian Ocean (Flg 1). The geographlc variation of S. oualaniensis was conspmueus in
SN+ the averagé§' of isotope.ratios ranged 0.8%o from -16.2 £ 0:3%o (off Iapan) to -15. 4+
0.2%o (Arabian Sea) in §°°C, and 6.3%. from 10.0°+ 125%, (off Japan) t0'16:3 = 0.6%c" (off
Pert) in 8N (Fig: 3Y. The' dlfference of the averaged 85N between the a:ea groups was over _
1.8% in every combination of the area groups. Slgmﬁcant dlfference Wwas shown in both 5”(3 |
and 5N among the 4 area groups (Kruskal-Wallis tes, 5”(3 p-—O OOOS §N; p<0. 0001) e

Q. bartramii was captured off Japan in northern Pacnflc and off Nam1b1a 111 Atla.nnc |
Oceiai "{Fig 1)’ The ‘tangeé of dveraged 1sot0pe rauos of O bartramzz was larger in 613C than :
in 8°N, contrary to S. oualaniensis. The difference between the 2 areas was 3. 4%o in 51 C and

113%e it 819N THe difference was sighificant in both’ $1°C and 815N (Mann Wh1tney s U test

| 8”C p<0 01, 515N p<0 01)

ol L

The mterspecy’ic variation of §°C and 5’5N in the same ared

- Off Japan'ih Pacific’Ocean; s spemes 1nclud1ng S. ouafamenszs 0. bartramii, E
luminosa, G. borealis; and 0. boreah;apomca were analyzed (F1g 1). The average of §°C
ranged 1. 8% from'=18.0+ 0.4%o of O. borealzjapomca to -16. 2+ 0.3%0 of S. oualaniensis.
The average of SISN ranged 3,1%o from 10.0 £ 1.5%s of S Oualamensw to 13.1 %0, 2%0 of G_
borealis. There was s1gn1f1cant dlfferenﬂ'e among the § species ifi both s C a.nd 3N (Kruska.l-
Wallis test, 8°°C; p<0.005, 8UN; p<0.005). On the 3PC— 5N 'map ef F1g 3 the posmon of S .
oualamensxs was distributed away from the pes1t10ns of the other 4 § spec1es o o

“'In the Sea of Japan 3 specu:s mcludmg T. paczf cus L. bleeken and'R. paczﬁca were:
analyzed (Fig:1). The average of 8°C ranged 2.6% from -18.6 + 0.5%o of T. paczﬁcus to



-16.0 $-0.2%o of R pacifica. The average of 815N ranged 1.5%0.from 10.5 - 0.4%0 of T,
paczﬁcus to 12.0 0. 5%o of R. pacifica. There was- 51gn1f1cant dlfference among the 3 species
in both‘B”C and 8"°N (Kruskal Wallis test 6"°C; p<0 0001, §SN; p<0 0001).

Conclusron | e e L
- 8°C and 3‘5N of our analyzed squids showed a- shght negatlve correiatlon with the
- lantude of the sarnplmg locanon as well as the well known pattern of phytoplanktons The
elanonshrp mrght become clear, 1f we measure more squrd samples captured in the high
' '_Iantudmal area.. " » ﬁ 1 o ‘
' Whlle a clear pattern was not found n the mtraspecrﬁc audfor mterspec1f1c variations
of squid §”°C and 815N the magnltude of the isotopic variations was often conspicuous;
- especially the BmN of S oualamenszs reached to 6.3%o between the two areas off Japan and
off Peru in Pacrfrc Ocean. Considering §"N entichment of 3.4 + 1.1%o per: trophre level
(Mmagawa and Wada, 1984), it is ¢rucial to examrne the 1ntraspee1ﬁc geograph1cal variations
in order to- esnmate the p051t10n and the role’ of squid in the marine. ecosystem with this
“method. On the other hand, the squ1ds inhabiting off Japan in Pacrfrc Ocean and in the Sea of
I apan showed 51g1uf1cant interspecific. variations. It 1nd1cates that the the 1sotop1c variations
7 among spe(nes 1n a sarne habltat area ean not be neghgrble o
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