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Effect of temperature on swimming behavior of paralarvae
of the Japanese common squid Todarodes pacificus

Jun Yamamoto!®, Sachi Miyanaca?*, Shin'ichi Fukut! and Yasunori SAKURAI®

The present study is to describe the effect of water temperature on the swimming behavior of Todarodes pacificus
paralarvae between 16 and 22.5°C, the range known to be suitable for normal embryonic development, and at
23.5°C, known to be warmer than the optimal range. Paralarvae obtained through artificial fertilization were reared
at different temperatures, and those capable of swimming were observed in a 29 cm-deep tank. The swimming rate
of paralarvae reared at temperatures between 19.5 and 23.5°C increased at Stage 31, suggesting that this tempera-
ture range was optimal for normal swimming, and that swimming ability was developed at this stage. The swim-
ming rates of paralarvae reared at below 18.5°C were low at all temperatures after hatching, implying that egg
masses must be maintained above this temperature for successful swimming. However, the swimming rate of
paralarvae at Stage 32 dropped at 23.5°C. Paralarvae placed in a 150 cm-deep cylindrical aquarium always swam
upward and remained near the surface. This behavior supports previous results of field studies showing hatchlings
of T pacificus were active near the surface. Mantle length of paralarvae at developmental stages 28 and 31 was sig-
nificantly different from those reared in water of 16-22°C, suggesting that low temperature negatively affects the
growth of the paralarvae in regards to swimming ability. These findings may help us improve the predictability of
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stock fluctuation of 7. pacificus affected by environmental changes such as global warming.
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Waluda et al., 2001).
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KN M)A > TPk 3 % (Bower and Sakurai, 1996), (3)
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TIWEHI L Twi v (Yamamoto et al., 2007). 2D Z &
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ki (15-23°C; Sakurai et al., 1996) OHIZdH > T,
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Figure 1. Todarodes pacificus paralarvae at developmental
stages 28 (a) and 31 (b). Classification of stages is after
Watanabe et al. (1996). Scale bars=0.5 mm.

T, A VF2X=FHNTI2L: 12DDO ANLIIC X 208
TTHbE 72 ST ToOREIE IEWHHMERIEHV
15-23°C (Sakurai et al., 1996) @9 H D 7ODOKIRE, 16, 18,
18.5,19.5, 20, 22 B L U'22.5°C &, B =Dz n{bFE L
FOBOEFREIMET T 523°C L 0 HEV23.5°CICRE
L7z, fERIE, wHEC I, ¥ Y — LNOHEKDR
For% AR CEAL, E LK EZER 20 (%
SR B BRv 7o, HROKREIZIE U 72 4P 2 6 B K
(=R #EAR #2) 1%, 16.2+0.28, 17.9%0.27, 18.4+0.22, 19.5+
0.35, 19.9+0.16, 21.8+0.32, 22.5£0.13 5 & 1UF23.4£0.15°C T
botz. FEBERZ ALEBTHEONIZAV XA A%
WZBE9 % Edik (Watanabe et al., 1996) 1ZHt-> THIBIL 72
(Table 1).
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Table 1. Summary of developmental stages of 7. pacificus,
from Stage 28 to Stage 32 paralarva. Classification of stag-
es is after Watanabe et al. (1996).

Stage "\ Characteristic of morphology

Fin primordia appear on the apex of the mantle.
28 Primordia of arms IV are first visible.
Head chromatophores are first visible.

A stalk on the base of the tentacles begins to elongate
forming the proboscis.

Digestive gland and salivary gland are visible.

Ink begins to be concentrated in the ink sac.

29

Inner yolk sac has contracted and separated from the
30 posterior end of the mantle.
Stomach is visible.

Inner yolk sac becomes smaller.

Ink sac is filled with ink.

The suckers of the proboscis have primordia of chitin-
ous rings.

31

Posterior part of the inner yolk sac lies behind the sys-
temic heart in ventral view.
32 Digestive gland becomes larger.
The proboscis stretches and contacts with the suckers
moving.
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R DKM BT 2 B0 E BT Lz, KIRMIE O IR 50 Stage 28 o
Tl LB D WL ED RO MEAR T B 15-23°C age 132
(Sakurai et al., 1996) @9 H18.5°CU L TREEN TS 251
(Yamamoto et al., 2007). % ZC, EIIY; TR S 66 >
WTW WAL (16, 18°C) THLH X OFIH L 7% olNo N 92 ND
ZESIRM Q0°CBLE) THEKEE, 294 ELKMAT 5.
DGR Z ARSI, 72, D728 20°C TAAL Stage 29
L7ZHEIDWTH & 6 IMim (23, 24°C) fﬁio}\é»& 5] 6o
Z Dk %pﬂf\t »Mlzﬂmmomw PR3 AL 0 313 36
WHRD LA, KRS &I EONER (mm), 0 N gxg ND
miz(my,WEiiﬁm)%Rﬁb,%@%%%%& ‘ ‘ ‘
7o PREEEIL, JIEZEORE S LIED S Vidal et al. (2002) 507
o TR KIS, KT R A BB DR % 1k Stage 30
ARAE D X 150 om FEFE 30 cm 0 IR AR e B 75 L, 25| 18 291 o 5o
B & KT B3 2 F CIH LI £ 5 L Cilkik 150 124
JEERD . —MOEBETIZ2-5MEE AW TITY, 3 0-
HEOMEL, AR QK- - $FiE Mo H g% WIR Tt -

ARGV LMERLZ. 51 ‘/&wtriﬁX7(&w
Handycam TRV-300K) % JH\WTEROBEF 2L L, %I
Z ORI R ATE) 2 BlEE L 7.

205 78
Stage 31

Swimming rate (%)

w R

BRI, 18.5°CLA T DIRERIZE W TIHEEREIZED S
T 25% KA T, Wk TE WAL, KO ELRAET
lemlI & D LA &% WiHnic# R L Tw/ (Fig
2). 19.5CTIE, REEPHC L > THIKED A & 1007
M., Stage 31 DK (38.0%) (&, ZNLHTOFER T — Stage 32
TOWKE (14-88%) L0 HEZHZNEL, Stage 32T 757
BRI AT53.2% & e ), Stage 31IZHART KD

L 72 (Ptest, p<0.05, Ryan's Method). ¥ 72, 19.5°CIZ 507

BT 5 Stage 31, 20 # K FIX, ThENOEEFERET

185°CUL T Ok L 0 b B h o 72 (test, p<0.05, 251

Ryan’s Method). 20°C DL b @ i Jk %1%, Stage 31 T51.1- ND ND

64.1% £ 72 ), FREKICHVT, THIHORFERED 0 6 13 185 195 20 22 225 235
BERE (12.6-37.7%) £ DD EFNZFNEL B o7z (P-test, ' ' ' '
p<0.05, Ryan's Method). Stage 32 T | 20-22.5°C @ i jk 2 Temperatu re (OC)
H378.0-86.7% & 72 B A%, 23.5°C D i ik F 1T 35.0% 2 KA

L, 20-225°COIREIX L ) H K& T L7z (ytest, Figure 2. Swimming rate of T pacificus paralarvae reared in
£<0.05, Ryan’s Method). Pk IZRIINATEED & 177 19.5°C various temperatures between 16 and 23.5°C, which is de-

fined as the number of paralarvae reached the surface/the
total number of paralarvae used for each experiment.
Numeral above each bar indicates the number of paralarvae

PLET, HDOStage 31 ET 5 F TIXE L 72 FIKEH
(+fEMEMR %) 1, FFIEAT19.5°CT4.9(x0.9) H, [

20°C T4.4(x0.6) H, [22°CT4.1(x0.7) H, [22.5°CT used at each temperature and paralarval development. ND:
3.1(x0.3) H, [23.5°CT3.0(x0.0) HTH 7. no data, x: 0%. Classification of stages is after Watanabe et
Wik L HAHD 5 N7z Stage 31 OLEE VT, 5 al. (1996).
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16°CTH AL L7251, ¥ FIVEB DR wDs, bk HEA23CICBLILGED, EHRRIIKE RELILRED S
M D HEV20°C, 22°CIZB L Td, ARIEOKME CTiET T (f-test, p>0.05), WHRFBIZMNFFEFThH-72. Th
LARIERD LN o 7z FERIZ, 18°CTHIL L 724 WZxF LT, B DT50% % 2 5 20°C ThHIL S & 72404
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Table 2. Average (£SD) of mantle length (mm), wet weight
(mg) and yolk weight (mg) of T. pacificus paralarvae at
Stage 28 and Stage 31 reared at 16°C and 22°C, respective-
ly. Yolk weights were calculated using a method by Vidal
et al. (2002). Classification of stages is after Watanabe et
al. (1996).

Stage "\ Rearing temperature (°C) 16 22
Number 354 122
Mantle length (mm) 1.21+0.07 1.18+0.06*

28 Wet weight (mg) 0.64+0.27  0.60%0.06
Yolk weight (mg) 0.14£0.03  0.15+0.02
Number 300 192
Mantle length (mm) 1.32+0.09  1.39%0.09*

31 Wet weight (mg) 0.55+0.25  0.54%0.09
Yolk weight (mg) 0.012+0.005 0.013%0.005

*p<0.05

1, 23°C TIEBEHFEDD T NI T A5 25, 24°C & 1T
CiEik#ETH > 72 () -test, p>0.05).

B K X o THERFIZENBDONZZ L2,
16°C & 721322°C T, Z M 2N Stage 28, Stage 31 T THE
L7zAosER, wEE, I HER % Table 218 L7z
WEE LI ERIIE, KKEOEA T — VM TEVDTE
O O N Ao 7278, Stage 28 DAVE R, #EKFE DMK
16°CTHL L 729D H AR E { (rtest, p<0.05), i
Stage 31 Tl, BWIKFEDE\22°C THL - fHE L72Y4D
NEREDOH DR E D572 (ttest, p<0.05).

FIAE AR NS BT 5 TR ASE 0 20°C £ 721322°C T
Stage 31 £ THIE L 7-%E 0 IKTENIX, MWEBEOHIBHIC
o TIGHERIC B L, JRERERICIRRES 2 & v ) iR & 4
DEL Tz, K ETORT, BREMIC/NS M2
ek Z2 T 52 &b H DA, KEFMEKRT S DO
D NG o7z Tz, KIENZELE L2940, &l
T353R, MBIZHEYELTKEICELEE >
7. FEEKAE O JE A 5 150 cm B EB O K F T 0 i ok
BE1E, 20°C T0.48+0.14 cm-s™ ' (3 = £ ¥ fF 25, n=10),
22°CC0.38%0.14 cm-s™' ([, n=11) TH-o7z. KL TE
FED5NT (+test, p>0.05), 2RO TIX0.43+0.15
cm s ' THh o 72,

Z =

KB & OB BB DSHE O W iiiG T G- 2. B 3B & X
TokE R, WEoEGRIETE L, 19.5°C DL CTAH D Stage 31 LA
LTRL BB 2 EAVRENT . KRR TERE Sz 51L
BHEDWEEZ SNHHEZ, WOIERZIE L DHED
HEFR AT 2 IR PH  (15-23°C; Sakurai et al., 1996) @
BRI TH 5 18.5°C UL EOKIMTREZINTE Y (Yama-

moto et al., 2007), AWFFEICB VT b LHE ORI,
HEFRAZ I E 22 KR O S TR ko Tz, b
DT ENG, FEIIIBWTLEE, SMEONHE 2 K
PH (15-23°C) OAGIRAN TII ik 2SR e & 22 0, BRI
HWRKIROEENE S SIRETELEEZ LS. —T,
WA DA I8 72 KPR (15-23°C) & 9 & &v23.5°C
B HWEKEE AL &, Stage 31 T T A0 S ie
o 7273, Stage 32 127 5 & AWK T L Tw7z (Fig. 2).
L7228 T, $hAEIZE 5 T23°C & 1) b vk, —
720 KIETE BA, HiT& ¥, ARICIFEZBRE T
BWIREVEDSDH 5.

Wk, SHIEEHE (Stage 28) TIIfK <, Stage 31005
W kol b (Fig 2), WEDEKREMEL, Stage
NI E kb EEZLOND. KREFTIL, Stage 2855
31 FT19.5°CTHH4.9(+09) HEELTEDY, Mkl
WA E TORBEMBEIEVIELTWS, ZOENK
ELT, HOZdAE2PIATHAEL2b D TidR <, A
TIETHONT LD TH o2 eNEZLNS. flFHE
BRizka &, AL 0MMEE, ATEBICI25LED
LH1HE Y (Sakurai et al., 1996). ARFEEFH L7 H A A
FHZIE L, Va3 AR & B L 724245 50 % 5D Lllex
illecebrosus (O'Dor and Dawe, 1998) T, AFffE & (ZI1Z[A]
UsH KR (Stage 27-28 %) 205 5fb2sih % %25, #H
ORI 51, IR IT IR LG il & 5
T D58 3EAFED NS FHHBRE (Stage 30) THLT 5 &
WESNTWD (ODor et al., 1982). ATIZAEDIIAIIBY
NOIRE D SR SMETHER L LTS E TORBEDE
WEZ SRS, IIBINOINE AL E TIIRE 2 E - <
WIS E Y —, B X OISR o BP0 A Ik Bk
) — IS A7 (Bower and Sakurai, 1996), A LI
ROsA, WUV ) — O H RIS 0 AT
HY, SMEEICIZEBEKOADBEETICBINE. &5
2, ANLIABHECIIHK R S BB o O EOIRE)IC &
b 7 ) W ARI AT A & RS U BB (Choe, 1966; Wata-
nabe et al., 1996) NEZ N5, T/, REOIIIEL S D
SMEEFBROBIZZIZ L 5 L, JIBIZSMEAGF 5 L1534 12H
NG, #19°C DK TIZ S b 2-3 H TR HET
LI N Twb (Bower and Sakurai, 1996). Z Dt
T, MO EORFERIILE I N TRV, 5
AEIANEIE IV KT 2R L CTn b 2 eh b, Dkl
L3 Stage 30U RICHBLCWRLHEEEINSL. ThbHD
TEND, AL, HEORWESLIIY S, HEikE
PtG§ 5 5 H R (Stage 30-31Fi#) THILLTWwAW
REVEDSS W EZ R BN A,

HEK T E W T AL - fF L2, kT aEK
MANICE L CHlEREIMER VD, b LIk s 5 2 &8
T&hdo7z (Fig. 3). L7227, SfbEoKiLe 2o
BORBOKIRIE, DEOHEKEINIKRELSHETLLEEZ
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Figure 3. Swimming rate (%) of T pacificus paralarvae at
Stage 31 at water warmer than the rearing temperature.
Paralarvae were reared at 16°C (top), 18°C (middle) and
20°C (bottom), respectively. Numeral above each bar indi-
cates the number of paralarvae used at each temperature.
ND: no data, x: 0%.

bNb. REFFETIE, RSN EOREIZED XIS
FTHEDPEHLNPIIT A LI TELRN o728, WD
Th B (16°C) & HEKATRE & % 5 &l (22°C) Th
1t, fE L7l THERZIELA-L 5, Stage 28
TIXHE DO HHBE VA, Wil Stage 31 TEHEEDOHARE
Molz (Table2). TOZ &, HimTHib - fH LK)
DTN, NEROIEENREL, FUREFEETH-TD
WERBE DR E W L ZRIZEL TS, A WFONAEITS
\F % VKRR O 1) FAIEARER O FEE R AN B X O
B2 MO ENEE L TwBEEZSNTEY (Gily
et al., 1991; Preuss et al., 1997), KA PWEDEFIZE 2
L BE 5%, SRR LEDH 5.
MAEDRIE % VT AT 272 & 2 A, i
BRERINS KM Z R MEHERE 3262 & b H DD, W
W RTINSO AR L, BTN IEERR L e\ 2 & AYBigE
SNz, ZOZENnD, PAEITSEBRITHEIMICD > Tl
KT DHEEZOND., ANVAL HORRIBFIE W F 2215
REINTWRWDS, KEANOBIE TIEMWILEEZ RS Z
En, RKEOEKPTREINS NI R4 1I2LKFET 5
boo, HE Ok BRI FRICHEETSEE 2

LN T3 (Sakurai et al., 2000). RO EII;O—DO T
HBHEEZ LN T D FRENGE R T11 IR L 726
ATIE, BEEEIZ7OmMEICH S EPHREE LT
% (Yamamoto et al., 2007). 1R 1Z70 mft 3 THNBL A3 5 1L
L, AW TR S N7z O ik EE (043 cm-s™!)
TEATBHE, EFH4SKHTRHEmMISET S, $72,
ARTED EIN X H AR Ta R & B g2 5 B 1
I 4/ LT 4 (Murata, 1990; Sakurai et al, 2000).
NoOZ ehs, BWEBEDT200mEICH 728 LTH,
ZZTHE L7244, 129 CilERmICET S 2 &
7%, FEBHICIE, JIBEA S AT ABNIC, AKER, ShE
MR OREEZTLI ENEZONLY, SHMEEND
LW DKF5A0L, TSRO K504 % & B FEEE L L
TWbEEZZILNS.

RIFFEDORERD S, AN X A4 HEHAEDBERIE, 19.5°C D
1T hyD Stage 31 LR TIHEIT R 545, 23°CRL LR %
L, BERIZTE PRSI SN TLE D 225
Wl ole Tz, WEIKEEIIIE, FEERRFOKIZT TR
CHMEEB LU REBETORKBLEETLIEEZON
72, Gk, WAEOBEKEIICKIZTRIEOEED AL S
T, AR OAFRBREO SR EW S ITL, SAMEEML
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A A A T DRFAZE KT % V7272w 72 TR O
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