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E ARKYE 1997 —2000 4E7EZR (26°00'— 33°00'N,120°30'— 128°00'E ) #47 9 4 AZ= 15 HYJRIE M A A BORE, 2047 T %18 X K
R IR A TR R I 25 S AR ARAE , RIS 6 T SCHE AR RS (GAM) |, AL S i T 4% PR35 R 70 T HL A A B BE 98 B (PMIT)
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Spatial distribution of mature stock of Pacific squid, Todarodes pacificus and its

relation to environmental factors in the East China Sea
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1 Key Laboratory of Marine and Estuarine Fisheries Resources and Ecology, Ministry of Agriculture, East China Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Shanghai 200090, China
2 College of Marine Science and Technology, Shanghai Ocean University, Shanghai 201306, China

Abstract: Based on data collected from four bottom trawl surveys conducted in the East China Sea(26°00'—33°00'N,120°
30'—128°00'E) during autumn 1997, spring 1998, summer 1999 and winter 2000, the temporal-spatial distribution of
mature stock of T. pacificus was analyzed, and the relationships between the population maturity index ( PMI) and
environmental factors were examined by using a generalized additive model (GAM). The results indicated that the mature
stock of T. pacificus was found in all seasons, with the highest value of PMI in autumn and the lowest in spring. The mature
stock was mainly distributed in offshore of the East China Sea, where environmental conditions are influenced by both the
Kuroshio Current and the Taiwai Warm Current. The environmental adaptation of mature stock of T. pacificus showed
significant seasonal variations. The seasonal distribution patterns of temperature, salinity and water depth were 14. 70 —
18.30 °C in spring, 13.18 —20.91 C in summer, 13.96 —24.67 °C in autumn, and 14.33 —19.75 °C in winter;
29.52 —34.63 in spring, 31.57 —34.27 in summer, 32.26 —34.72 in autumn, and 34.25 —34.70 in winter; and 55 —
179 m in spring, 43 —176 m in summer, 40 —184 m in autumn, and 79 — 152 m in winter, respectively. In summary,
the temporal-spatial distribution of mature stock of 7. pacificus was characterized by a wide range of areas and multiple

seasons. These distribution patters can reduce the competition among individual juveniles of T. pacificus and enhance the
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mature stock for reproduction.

Key Words: spatial distribution; mature stock; Todarodes pacificus; generalized additive model ( GAM ) ; population
maturity index ( PMI) ; the East China Sea

K-VERE 22 £ ( Todarodes pacificus ) J& Sk JE 24X ( Cephalopoda) , #:7 H ( Teuthida ) , 7R . H ( Oegopside ) ,
47} (Ommastrephidae) , #3 % 4 W £} ( Todarodinae ) , ¥ 2 J& ( Todarodes) , {aFR 7R B8R LB . H A8t . K
TR R AN 1 4R RIR VI Sk 26 ZE VS AU B T 2 20 A1, EB A0 X O HAHE 5 A B i
B, R TR E N R R A A . LR, B E B AR IR G iR, Sk B R
ol PR R AR BT AEAR YA A Sk R YR IR L T A A B el Y IR B A W 3R 2 R B - KOF
FRE R TR E LB T B RICE 2 1 ( Sepiella maindroni ) J A 7RG 3k AR 2 — 70, HUR IR 9 Al
FABR B IT %% 11 H 2 2 BB

AT, X AR 0 KPR 2 A I BIF 5T R4 rh AE X A B S BN Rl R g & 7 A R IR | Sl BIFSE
Xof AR M V- VERE SR B O LA R 5 B T30~ P R 8 B s A LA B2 B R B PR AR S5 0 TR T %)
AN T S AR AT K8 R A B AR A 5 ST ik DA S 45 AR5 IR 7o LRI L ¥ R LA % ) A BF
FARIE . ST HEIR N A YRS A FE R A 25 8] 20 A0 AFFAE DA S AR 285 50 M AT vl BE IR AR AP SE BRIl 7T 7
Sk SR AR , BURAS SCIRAE 1997—2000 E7EAR AT I IGHE R TR 25 3R, TR0 RO P18 22 (AR FE AR Y B
25 AR R S L SRR R F B R R , A IZ IR BR324 SR & 28R R SR AL BB R o
1 HREH=E
1.1 BdERIE

A SCEARELH 1997—2000 4E7EZR Mg 64T 19 4 YR BEUR G HE M A 2 . TR 2 Ve Bl R B AR P 7E 26°00"—
33°00'N,120°30'—128°00'E , JAAM—fREFMIFRLEE 30" (4 30" B — M AAEu A AN R AHE
AL E K FEPRE LIS A 28 3], & R B AL BOR R AR (R 1) . EEME IR 2RH R, O F K
83.6 m, M 1 H% 836, MEER H 24 mm, M4 78.2 m, WIRFGA VRS R AN A Y B E 8/ A
B (kg/h) o BHALHIZK SO (FZRIREE ELE) 2 A SBE-19 B CTD ,SYC-2 ZUig /K 3 BE /AT {UBUAS o
12 RIEE SR F 1 19972000 £ 4%3H5 I H6 0V 2 6B 0 4

“(@J: ﬁﬁ ﬁ U & EE % % m“ % *ﬁ ﬁ << “(@ ?g'é ﬁﬁ ﬁ ijn" Table1 The survey periods and sampling_stations in the East China
WY —Mg A REHAT . WP IR T sen trom 1997 to 2000

R ANREATEDZNE, BRREL S0 B, A 54 i F VA2 (0
E 50 %E{Jé%ﬁﬂyﬁéo i;t%%?mu %@ﬁ:& 5“ \ﬁ:ﬁ ‘Aﬁ Season Survey date No. of surveyed stations
%&%E%o #Zl:'ﬁiiﬁﬁi 0.1 2o %%% Ehrhardtm] #Z5 Spring 1998-03-22—05-08 189

N e, . . X 75 Summer 1999-06-18—08-13 191
1983 F AR RSB ok s T R
TR T BB P B I E R R E T somwime 2000.01.040311 .

I I R R, R B BRI IV 3 9
SE A TR, VI B S B
AT FE I P B 5 8 ( population maturity index , PMI) 3 45 3l V7 A V-7 48 % 04 B RE 1R A A X %
TR o MR Collins 1) J Tafur 251 R 75 4k , PMIT $5 %335 X 0°F
Wi ome
W,E
R, W, RGP R A R IR T B 5 N,,,,, O RS o o R e A S B0 Wy S S R AR FY
BEE NN A RS
FIF ArcView GIS 3.2 21| %257 PMI 35517 (8] 534 [ o

PMI =
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FUFF GAM SURIXS PMT $5350 53R 50 T HOCBE T A7, Mk R
PMI = a+ 3 fi(x) +5

A0 0% AR, AIE KR JRIBMEEE S f(x) AREREERERREGe RAESREPH
;e WHRE, 5 TR, E(e) =0, e FFEITEN S HIESH,

B SeR B R — £ 6 BB ARG AR EUR B B AN ATl . 12 AL P IR 220 A o R T
fii o B R RS BB SRR SR Xk AT ARG IE R 22 O A/ M

H T IR 3 SRR , X 5R3E ) Pseduo REL(PC) HATH " :

RD
PCf=1-70

Ko, RD JyBREMwZE ,ND I TB W2

FIF S-PLUS 7.0 343347 GAM AL,
2 GZR55H
2.1 ROVVEERE M A TR AR A B 25 43 A REAIE

HWELEREIN, R 4 MFEVHRAEERPFERFAWERBE. & 2K LNFERARFFEHETA
PR A A 1 3 52 5053 51 R 36,4677 F1 29 4N, 43 Gl B TR 2 S AL 5 19. 05% (24, 08% ,45. 03% FiI
35.80% . HINEENL I PMI 55038 Bl 4> 514 0. 09—40. 00.,0. 04—560. 30, 1. 00—267. 07 F1 1. 00—81. 96,
PMI $85U I E S = HIEME BB RZ B ERIK(E2) .

=2 EFY PMIEBHTHSEE
Table 2 The statistical values of the PMI in different seasons

= B % HPLR/ % PMI

Season No. of stations Occurrence rate JEH Range SFHE Average P2 SD
# 25 Spring 36 19.05 0.09—40.00 9.82 9.15

K Z5 Summer 46 24.08 0.04—560. 30 21.21 27.51
#Z Autumn 71 45.03 1.00—267.07 22.46 24.98
&7 Winter 29 35.80 1.00—81.96 15.20 14.90

e tEFRG 4 NEER PMIAEEUE , 2% PMI 15500 = Bl AR E (B 1) o WA B EFTLUE 4 4
FPRVPEREF AR REER, FESMEREINGEE, ARZETHSMERE —ENE
S0 TRUGRV-BERE R R FERHA R AT B . (BEIAE -, AR S RHA £ B4 rh 7R W B 8, 20 B S B
B AR RS ANG & (s gy, B 32 24 T 7E 30°30'—33°00'N, 126°30'—128°00E Fi 27°30’—30°00’
N,123°30'—126°00'E

A TR AP ERE R ) PMI 38 EUERE , ZHOEALMMELE 10 LIF . #kZE PMI 38 B0RXT 36 (8
KTF 50 Wb i % A TR AR A B O EF M B ARG, & EEEAENAK PMI15E8UER T
¥, R BRI A . & B IR B A A ZE AT D, AR B, X RE S5 AN
VAR LB L T HAR TR A E K. LIRS ZETT PMI 35508 47 A B85 (50 DAL ) A i 38k (5 2235 R [R) T
ERABHER,

2.2 RVPHREFAEHBEMFRERETHXR

KV ARE | SEA RSP ™ EREEEESMHRDY . B RN ERA AR, LS
KRR RIS MR WA TR . AR LA PMI 3850 53 A 385 , 43 A5 B4 22 0 B0V PR 35 da M LB 4
SELE) PMI 3850 IR R F , A KR R BEFIK IR S PMI $85UMR R . ABFFE H /K IR AL BE B LA
B RERAE et

GAM /I PCf 85 R WK 3, MR 3 WUEH, E KENLMMEEK R, X 52 KEEAER T
PR MBI KRB R (FR4) B KEMREMEE FFER S, X 5 5L bR 1 H 5B R FONE ) 22 R EBR
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Fig.1 Seasonal variations in spatial disturbution of the PMI of T. pacificus in the East China Sea

ARo R E R T B KRR A SRR
2.2.1 JRIE‘S PMI 385X R

HLE KRR 2 K3 4 7 LA KPR R AR SRR A0 B IR TS L O - 5% 14.70—18.30 C K
7 13.18—20.91 °C BkZ 13.96—24.67 C &% 14.33—19.75 C, Ho HEHKREEER, BE K%
$124.67 C. ALK 13. 18 CHHMIAERZFE, FFWHMEIREBFEE —EER (K%, P < 0.05), &
FHRHOKIR -5 FFEONEE , RFEN R THhE,
2.2.2 JRIES PMIHEERIKRR

HERKRE 3 KK 4 ATLUE AR R A AR SRR A B IR TRV B O - B 2 29. 52—34. 63 B &
31.57—34.27 Bk % 32.26—34.72 &2 34.25—34.70, Hrp  BHEHNRIEWEE R, hEEKTS. 11, &%

http ://www. ecologica. cn



TH Btk S RGP R AR S R RS HEEFHXR 1829
RIS E BN, F 2R 0.45, R F AR #3 GAM #E PCf &R
PR B BURG, BAL B (8RB 5 Table 3_PC value of GAM
Eﬁﬁ:ﬁ%ﬁ%ﬁgiﬁﬁt%ﬁfg%ﬁ@ﬁﬁ%ﬁo Sijjn It*‘if:: Resia(‘flf{ifance Nl?lﬁl%ﬁfce Pt
2.2.3 KIEES PMIEEHELR %% Spring  RJF 45.96 66.22 0.31
BEAXRE 4 RAE 4 LR TR AR wE o s» w2 on
IK . . .
AFARE AR R KRS . HBFES5—1T9 m BFE g summer 77.00 83.09 0.07
43—176 m .k ZE 40—184 m & ZE 79—152 m, £ = B 72.11 84.53 0.15
S o 3B T e L g & K 92.92 96. 46 0.04
WHRER KR AR AR KR R el 0
KRB H 40 m, %K 184 m, {HARFEKIRIILE 90 i 102.38 116.09 0.12
m DA b, AT A G A B B AR K, R A e 192.64 0.07
. . K7 Winter R 36.68 48.11 0.24
RS KRR EAEHABNETHER (BE, EhpE 34.03 47.79 0.29
P > 0.05), KT 37.48 56.15 0.33
x4 EFTARIEFBRELEEHESGHRERE AERKR
Table 4 Bottom temperature, salinity and depth in distributional regions of 7. pacificus
‘ DK C DL LK m
W AW/ C Dominant temperature b BT Dominant salinity KA FEl/m Dominant depth
Season Temperature Salinity Water depth
J& [ Range % JEH Range % 75 Range %
#7Zs Spring 14.70—18.30 14.70—16.93 93.46 29.52—34.63 32.97—34.54 83.62 55—179 102—160 63.35
HZ Summer 13.18—20.91 16.05—19.75 82.68 31.57—34.27 32.45—33.63 91.00 43—176 94—145 78.60
FZ Autumn 13.96—24.67 15.10—20.75 87.32 32.26—34.72 32.71—33.98 84.80 40—184 95—165 83.56
K Z= Winter 14.33—19.75 15.16—16.78 86.56 34.25—34.70 34.48—34.61 81.96 79—152 90—116 85.50
HFZ 0%

XFPMIMI LW Effect on PMI

14 16 18 20 22 24 15 16 17 18 19
7Kt Temperature /°C

B2 {BFEWHKES PMIIEBHIXR
Fig. 2 The relationship between bottom temperature and PMI during different seasons
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Fig. 3 The relationship between bottom salinity and PMI during different seasons
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Fig. 4 The relationship between water depth and PMI during different seasons
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A SRR AAFAE , 20 A BT B B AR P 7EAR I SN I JEERAE ¥ 1 3k (30°00°N AL, 125°00E DAY) pU-i~Z
WEILFR LA EFBHANAAE . BSR4 (30°00'N AR, 125°00'E RAZR ) I3 ¥ 48R (30°00'N DA,
125°00'E DAY ) fE M 1L G AR G M 4 N IIFEE — R WA A, KPHRE R A AR
EAHMET LR E . FF, 06K L7E 30°00'N LIRS AL SFoh A L g B3, 246 TS S5
HEARM, EHM BRI AR ECBOF3 , 2R BF M B B R it B 22, 70 A B () i T i
BHEEBZ, oA VS B 2 — P SRt UG, o A 0 B R 18 TN By R s & 3, 3 A B i Rl A2
78, AR FE A ARTE BT M 5 R R ) 20 A BRI , 23 A R B LR RS R AR A M

TEPUANZFETT P K PMISEBUEN B, RERZ , FE . XRWAKTRARE XK HEREE AR
FEEHFEN ., X GREKIIIT 1994 4 H AL R G o KOVIERE Tt A RE BAERFRIA A
B3 AMRERAM T B BB (BCER R AR FEAERGKBERIME =00, A RRRY RS
B PR R AULAER N ED . RREESR TR, L BEREGIX 0 EFRAR D, PMT 18 BOMX AR .
BrSTRE MBI A KA, A AT AR R AR I R . i T IR AF R A N e i &, 7R R 2
SR BT S AT — B ZH, X T RSN FE W ER M OFSE R & —EREREN, F
B, A F A TR A 70 A RIS RHIE R 7 25 S 5 MR A TR A 7. WA, B WA 1E—RE B 1 AL FR R
&, R PMIAEBUENBAR (B VB BB o YR ILHERT, (e AR 1 ] BEAF 7B /DU B LB . BRIV
TE5 T R — 25 Wi R I 18] 922 AR B (5 R AT BRI AR RE o
3.2 ABHRRIRS A IR IFARAE B A 250

A SCHI T GAM RTINS K148 SR 1 AR SRR AR PMI 15505 WA LR IRSE I 7 I R R AT 04T, IZ R R B
FAARLMRFE . SEGEEIRT B, FERIT PMI 85U S A5 R T R T, GAM R R —ME R BN F
BT R™  BRRAR RO, SRR M= 00 IR A, Ho A R R O R 5058 Bt A BT 2 5o UATE . 163 430
HRIERE R RIRZ B RS, oAt 3 M FT R EZ R/ . EENKEHEE KRG THEEML
Fo FZEFHR NS N R R TR 22 B, 32 I HLAE £ P W B T LA 3 T AR SRR IR . AR
SEAF AT S M RS B & EVE RN AR, X B U 4 DT AT AR IR i R BRI 20 A, (2
HAE T TFURZ KB, X ENE T AR TR AR E MR I T 1 o AR B KR IR &, R &
A — IR R, AR IR . A SRR FORE , B3 T4 R M RIS B
PEBOAFEL, N5 ERZAR L

RS PR RV, & TR R R (5 BUAMS ) B4 L T8 AR 2K, DRIE %
B K BN o APITER I, SRR R AR He, AR SR AR B 2 M9 3R 308
REPE o AR AP A TR AR Y SRR, X0 25 BRIE IR O L R BE SE B /N (3R 4) o A ZETT AR BEAFIAH) 31 K%
WE IR R R RORE , Hoas ] 40 i E B2 ARG B R R . X 5K B 0 P R R s
B SR PERFAE OB IE 45 2R — B RIS EBZ GBI M, JNE FEZBHBEREN . £ FF, K
R Y B BRI IS , KRB, B IR 2 BOR, Kb AR SR A D, B A A U5 BE i 55 4 RO
3 AR g SN, B T RRE S BR , ASRHATESNE ISR A B b ZEA K. NRZFEIME, G BREE S
W58, I ALY (B B U , AR W AT 8 S A A B A AT 20 A 7E 7K IR s A R IR s T e SN, b
FT TR, AL E R A EFEVE (B 1) . REFFE R KT HRE R AR R H 76 RS2 B
SRR . S RBREERHIE 5 AR IR S KPR SR BN Bl AT, R HE R R A S R
RN A FERE 2R 0 B R A A S TE N

£k ERTIR , ARV PERE SR R A S AR R I 25 0 A 1B B I IR AR A R me , R B A YE L
YR AR IR R o X — 20 A R AT BB SR AT 3R £ o (R IRl (A s 250 3 v S FE U R T R B 9
— AR SRS o VTR T LR A AR S R SRR I RV RO RS R A R RE AT
Bl 220 B0 05 3K, AT A A o] O P 3 4, o HL AR SR (L R 66 i A A R AR A 25 (8], PRAE A A 3R , i T
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