CM 1998/M11. . - . <Notito be cz’ted'-wiahour prt'or-referenbe 19 ‘rﬁef'aum'o‘r} '

MIGRATORY ROUTES OF THE JAPANESE CDMMON SQUID (Toa‘arades pacrﬁcus)
INFERRED  FROM -ANALYSES OF STATOLITI—I TRACE ELEMENTS AND NITROGEN AND
CARBON STABLE ISOTOPES .

Yuzuru Ikeda,’- Sayaka Onalm,T Nonyukl Takaﬂ’ H1deak1 Kldokoro,° Nobuaki Ara1, and Wataru'
Sakamoto’ '

TDivision al Apphed Biosciences, Graduate School of Agncuhure Kyoto Umverszty, Kyoro 606-8503; Japan ftel: +81 75 753
G468, fax: w81 73753 6468, e-mail: ylkeda @kais.kyota-n.ac.jp} STSRR

O.Iapan Sea National Flisheries Institute, 1-3939:22, Nugam B51-2181, Japan [fe! +81 25 228 0548, fax +:5'J 25224 0950, e-
mail: kidokoro@jsnf.affrc.gojp! ; co _ _
* Division of Social !nformaacs; Graduate Sc}wol of Informancs, Kyom Umversaty K_yaro 606-8501, quan [rel: +<5’J 75 753

3130, fax +8J 75 753 6468 emar! araz@z@om uac;p] . _ O ST

Summar)‘ The Sea of Japan 1s dmded by ‘the Subarcnc Front 1nto two dlstlnct regmns the Subarc:l".1c and rhe 'Fsushnna;
currert, Japanese cofnmon sqmd (deamdes pczc:ﬁcus) -that mhablt these two regions. may .form distinct .groups, Squid-from
both regions are similar in age. but have dxfferent growth pattems Analyses of statolith Lrace elements, and nitrogen {5151\1)‘
and carbon (813C) ‘stable Isotopes in muscle tissue can gzve information on the environmental history of marine organisms.

We conducted these analyses on squid from both regmns 513C amounts 51gn1f1ca.nt1y differed between the Subarctic (-18.4%

0. 3%a) and the ’Jsushlma ( 18 8"“0 5%0) groups, although 615N amounts were smular suggestmg that in their northern,'
thi margin:of -the statohths {correspondmg with the phase at 220.250 days old) were smula: (ca 0. 017) in both groups A
large‘range in'St/Ca ratios’ (0,017:0.024)- occtirred-ar the phase from 70 to’ 140 days old SrfCa ratios were high (. 019 0. 021)”
al. hatchmg and’ decreased to ci 0 015 at. 18 da}rs old in 1both groups :

o

' Keywa rds: 'Jap'anese'-édmmon squidi 515N. 513C,'statoh'th, Sr';'Ci;f,aﬁbs,‘ Sea of IapAan

Purpase The J: apanese common sqmd (Todamdes pacy’icus) rmgrates amund the .T apan Islands to the extent between: - '
the East’ China'Sea and the Okhotsk Séa within’ one-year life span (Okutam 1983) The Sea of Japan a main habit of .
T pacificus, is divided by the Suha.rctlc Front into two distingt regxons the Subarctlc and the T'sushlma current T
pacificus that' inhabit these two regions may form’ distirict groups, le., sqmd from both regions are, similar in age, but
different growth patierns (Kidokoro & Hiyama, 1996) and they feed different kind of diets (Okiyarna, 1965). In orderto
obtain fundamental data for migratory route of T pacificus, we conducted the analyses of statolith trace elements, and
nitrogen (5'°N) and carbon (613C) stable isotopes in muscle tissue that can give information on the environmental
history of marine orgmusms (Srmth et al., 1979; Minami et af., 1995) on squid from both regmns

Mazterials and Methads Total number of seventy sub-adult . pacificus (DML, 185- 226mm 35 males and 35
fernales) were collected between. 24 June 1997 and 14 July 1997 from the Subarctic, the Tsushima current, and the
Subarctic Front (Table 1), Carbon andmtrogen 1sotope ratios of muscle tissue from these squid were ‘analyzed according
to the methods described in: Minami et al. (1995) using by Delta-S mass specirometers. Isotope ratios. were etpressed as
%u deviations from standards as defined by the following equation:

813C, BPN=(R -1} 1000(%o)

sample/ standarcl
where R=13C/12C or 15N/1 4N Peedee belemmte and atmospheric nitrogen were used as the carbDn and nitrogen isctope
standards, respectively. 313C and 815N of crustaceans extracted from the stomach contents of squid from the Subarctic,
and mesopelagic fish Maurolicus muelleri japonica collected from the Tsushima cirrent, which are assumed as main diet
of squid at the Subarctic and the Tsushima current (Okiyama, 1965), respectively, were also measured.
Statoliths of squid from those three regions were extracted for the trace elements analyses. Statoliths were
. mounted in polyester resin and ground and polished on the anterior side to the nucleus and margin of the statoliths.
Calcium (Ca) and strontium (Sr)rw_hl?ch_are the elemenis as thermoindicater in the marine organismm: hard tissue, e.g.,
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TABLE 1. Collection date, location of Todarodes pacificus (Stations® A-G), Maurolicus muelleri japonica ' (St. HYy ‘antl
crustaceans {(St. I) and 50m depth temperature at each location,

‘Station. .., .. Region - - Collectiondite - '|"Location " " 50m!/depth tempefatui‘éffcn)'
A U Toushima curent 24 Tune1997 - 38%2'N: 13828E . . . . 132. . .. .
B Tsushima current 11 July 1997 39°%40°N: 139°00E 135
- C . Tsushima currentp,__ . _‘_,_,‘13 July 1997 38°10°N: 138°00E . . i 160
D Subarctic Front ‘ 25 June 1997 40%00°N: 137°00°E - 8.9
E Subarctic 26 June 1997 40°40°N: 13500E 2.1
“F. .. Subarcfic . .. ;. 27 June1997 < . 40°40°'N:13400E. 0 .. 3.6
G Subarctic 30June 1997 CAZDON:135M0E 0 Fo1g
 H .. Thushimacument- - 26May1997 - 37P19N: 13755 0 o 290
I Subarctic 2 July 1997 42°40°'N: 136%50°E o 42 T

coral skeleton (Smith ef al., 1979) were'measured for the ground statolith surface using by a wavelength dispersive
spectrometer (EPMA-C1, SHIMADZU) Conditions for the measurement were as follows an acceleration voltage of 15
KV, beam current 10 nA and’a 5° pim: diameter focused beam. CaS1O and Sl‘TlO3 were used as Standards for Ca and Sr .
cahbranon respechvely Total of twenty pomts from nucleus to the margin of ach statohfh were measured for the .'
amotints ‘of Sr and Ca with equal mterval After the elements ‘measurement, number of dajly m1cromcrements c e
{Nakamura & Sakural 199 1) or the bomber marks were oounted for each stafolith. \ '
Results aid Drscusswns F1gure 2 shows 613C and 613‘N amounts of T pacy‘fcus, crustaceans (spemes not
1dent1f1ed) and Maurohcus mueﬂen ;apomca Although 615N. amounts ,of .crustaceans (7.5 £0.1%) and Maurolicus:
mue!lerz Japonica (820, 2%) differed, those amounts of squid from, the Subarctic (10.5+0.5%), the Tsushima
current (10.4%0.3%), and the Subarctic Front (10.6£0 3%o) were not, significantly different. On. the other hand, B3¢
amounts of squid from the Subarctic (-18.87£0.5%) and the Tsushima current (-18.47:0.3%) were significantly

different (Kruskal-Wallis test, p<0.005) {the Subarctic Front, 18.7+0.3%). Those.amounts of crustaceans (-20.6£0.1.,

%0) and Maurolicus niuelleri japonica (-19.2:£0.2%) also differed with ca 1.4%. These facts suggest that squid from the

Subarctic and the Tsushima current geographcaﬂy distinct but feed at same trophic.level, probably feed crustaceans since:
BN’ amounts “of ‘squid are higher than Grustaceans with caB%o ( 615N enriches for 3% with one trophic level). Th1s
. sxtuanon 1s comparatwe Wlth the prewous report, based on squ1d stomach contents, for the dlet of I pacificus from:

these regions that ‘the Subatctic and the Tsushuna groups mamly feec[ cmstaceans aud Maurolzcus mueller: japomca

respecnvely(Oklyama 1965) T B N T
11r . 7
. . + + ?P %@*’ﬁ ? o
S— a X mtay Po
=3 r. PR + e e .
“w of . -
L . . ® Tsushima currert group
¢ 9 A Subarctic Front grotp
8F ®e |+ Subarctic group Lo
e e TV B e T DT I '--‘.Maurolzcusmue!len_]apomca .
SR ‘i"-'-t' ++ e T o+ crustageans : R
R ' ? I W — ' 1 i

-- 205 20 . A195 <19 185 . -18 . <175
. .‘ ) o . i T B T AL P I T B PUR TR L
s e e e P T T PR B ; BIEE HESS . o B Teilovi

FIGURE 2. §13C arid 8 19N amounts 'of Todarbdés pabificus, tristaceans ind Manrolicus musllert ja pomca from the Sea of J apén. -
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Figure 3 shows age versus the variaiion of Sr/Ca ratios in statoliths of 7 pactficus from the Subarctic, the
Tsushima cwrrent, and the Subarctic Front. Si/Ca ratios at the margm of the statoliths (corresponding with the phase at
220-25( days old),, weré similar (ca 0.017) in three groups. A large range in St/Ca ratios (0.017-0.024) occurred at the
phase from 70. to, 140 days old. St/Ca ratios were high (0.619-0.021) -at -hatching and decreased o ca 0.015 at 10 days
old in both groups. “The variation did not have any. particular relatwns}nps with three groups.

Although the main factor affectmg the deposmon of trace elements in the stateliths is not clear so far (Ikeda et
al., 1998; Yatsu ef al., 1998), a hypothems on m1gratory routes of T. pacificus can be miade based on the present
observations (Flg 4). On their northierm’ migration, squid forms geographically distinct groups around the Subarctic
Front, namely the “Subarctic and the Tsushuna groups Before reaching these regions, squids experienced similar
migratory routes since ‘the: profile of Sr/Ca ratms ate almost s:mﬂar in.both groups from hatching to sub-adult (220 250
days old) except for 70 o 140 days old phase. Based’ on the idea that St/Ca ratios in hard tissue of marine organisms
have negative relatlenshxp with temperature (Smith ef al., 1979), the high amounts of St/Ca ratios at hatch.mg followed
by radical decrease at-10 days old suggest that squid hatch at middle layer and hatchlings move to surface layer afterward.
1 pacificus at ‘young: age:{118.t0154 days old) inhabit at Wakasa Bay (Kidokoro & Wada, 1997) and also the offshore
water in the Sea of Japan (Murata, 1983). Thus, a large variation of Se/Ca ratios during 70 to 140 days old tentatively
suggests that young sqtnds inhabit at various reglons with deferent water tmnperatune aséa result of transportatlon by the -
’Ibushmla currert. - :
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FIGURE 3. Transects of statolith St/Ca ratios of Tédarodés'paczﬁcu& 3 sciilid of the Bushima ‘éﬂnén't'gfodp, 2 sq.a"ilid of the
Subarctic From group,_ 3 squi_d pf the Subarctic group} related ;0 age a.fter hatching.

Diet would be an another factor to affect a large variation of Sr,-'Ca ratios in young sqtuds since 61 3C and 815N
of young T pacificus from Wakasa Bay significantly differ according to collection sites {Onaka, unpublished dom),
which indicates that this age of squids form geograp}ucaily different groups and feed on- d.lfferent trophic levef,

Conclusion: Carbon and nitrogen stable isotopes reveal that on their northemn migration. Todarodes pacificus form
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FIGURE 4.:"14Ilypdti1ééiis on mlgratory route of 7: ‘bac:ﬁ'clus, w'h.ichj‘i.n.ferred by ‘513C, 815N, and statolith Sr/Ca ratios, | oten
s geographically distinct groups around the Subarctic Front in the Sea of Japan on summer, but they feed ar same trophic
level, Statolith Se/Ca ratios suggest that T pacificus in different groups have moved similar migratory route but at young age
they have i_nhaibited various locations with different temperature as a result to of transpertation by the Thushima current.
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