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Distribution of sample station and water depth in Zhejiang oftshore
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Fig. 2 Annual changes of average biomass for A. multihamata

In(D+1) ~ s(LAT) + s(LON) + s(SST) + s (SSS) +
s(DO) + s(DEPTH) + ¢

MK PN B FNLAT. LON. SST.
SSS. Chl.a. DOMIDEPTHH, AICH: /) N 1891.6,
#®1 SUERTERSVIFE

Tab. 1 VIF values of environmental factors in spring and autumn

85 A FEnvironmental factor  HFZ=Spring  FKZEAutumn
LAT 7.7 2.7
LON 7.0 32
SST 1.5 1.8
SSS 34 3.7
Chl.a 1.0 1.3
DO 1.1 2.1
DEPTH 4.0 4.8

R2 BEURESUHRESHSIFEREFCGAMRRIEFLER
Tab. 2 The selection result of GAM for A. multihamata in spring

and autumn
RIHiRRE
Wz
E=S1 G i Cumulative 2
Season Model AIC interpretation
deviation
(%)

HE In(D+1)~s(LAT) 1300.4 12.3 0.118
SPring 1,(p+1)~s(LAT)+s(LON) 1206.6 26.1 0.250
In(D+1)~s(LAT)+ 1148.7 342 0.324

s(LON)+s(SST)
In(D+1)~s(LAT)+  1128.1 36.3 0.346
s(LON)+s(SSS)
In(D+1)~s(LAT)+ 11057 39.2 0.373
s(LON)+s(SST)+s(SSS)

In(D+1)~s(LAT)+s(LON) 1107.4 393 0372
+s(SST)+s(SSS)+s(Chl.a)
In(D+1)~s(LAT)+s(LON) 1025.4 410 0390
+s(SST)+s(SSS)+s(DO)
In(D+1)~s(LAT)+ ~ 1027.2 41.1 0.389
S(LON)+s(SST)+s(SSS)+
s(Chl.a)+s(DO)
In(D+1)~s(LAT)+ 904.9 54 0.514
S(LON)+s(SST)+s(SSS)+
s(DO)+s(DEPTH)
= In(D+1)~s(LAT) 2601.4 2.24 0.019
Autumny, 11y §(LAT)+s(LON) 2376.8 273 0.269

In(D+1)~s(LAT)+  2332.9 31.8 0.312
s(LON)+s(SST)
In(D+1)~s(LAT)+  2352.5 31.3 0.301
s(LONY+s(SSS)
In(D+1)~s(LAT)+  2319.7 34.5 0.331
s(LON)+s(SST)+s(SSS)
In(D+1)~s(LAT)+  2076.3 390 0371
s(LON)+s(SST)+
s(SSS)+s(Chl.a)
In(D+1)~s(LAT)+  2163.1 386 0367
s(LON)+s(SST)+
s(SSS)+s(DO)
In(D+1)~s(LAT)+ 19148 433 0.412
s(LON)+s(SST)+
s(SSS)+s(Chl.a)+s(DO)
In(D+1)~s(LAT)+  1891.6 44.8 0.429
s(LON)+s(SST)+
s(SSS)+s(Chla)+
s(DO)+s(DEPTH)
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LA
In(D+1) ~ s(LAT) + s (LON) + s (SST) + s (SSS) +
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S A 2R 22 B R S I AR M R B R
LON. SSTHIDEPTH, 51k 25 2 24 £ i & TR A= )
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#*3 GAMEZEEFSHITER
Tab. 3 Analysis results of GAM for factors
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Fig. 3

Impacts of explaining variables on abundance of 4. multihamata in spring (the dashed line represents the 95% confidence interval)
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Fig. 4 Impacts of explaining variables on abundance of 4. multihamata in autumn (the dashed line represents the 95% confidence interval)
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Fig. 5 Annual distribution of biomass for A. multihamata off Zhejiang coast in spring
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Tab.4 Oceanic Nifio Index (ONI) from January to December of 2018—2023

A Year 1 2 3 4 5 6 7 8 9 10 11 12
2018 0.9 0.9 —0.7 0.5 0.2 0 0.1 0.2 0.5 0.8 0.9 0.8
2019 0.7 0.7 0.7 0.7 0.5 0.5 0.3 0.1 0.2 0.3 0.5 0.5
2020 0.5 0.5 0.4 0.2 -0.1 03 0.4 -0.6 0.9 -12 -13 -12
2021 -1 0.9 0.8 0.7 0.5 —0.4 —0.4 0.5 0.7 0.8 -1 -1
2022 -1 -0.9 -1 -1.1 -1 0.9 0.8 0.9 -1 -1 0.9 0.8
2023 -0.7 0.4 -0.1 0.2 0.5 0.8 1.1 13 1.6 1.8 1.9 2

E: ONIRT0.589 7 4 %€ SN TE/R e o R R, /N T 0.5 7 e SN B R IR A R34

Note: Months with ONI greater than 0.5 are defined as El Nifio occurrence periods, while months with ONI less than —0.5 are defined as

La Nifia occurrence periods



KR R

2025, 49(7): 072503

i ) 5. 2 A 7 NLAT. SST. SSS. DOAIDEPTH,
SSTH:IE [X 7] y18—22°C, SSS# id [X 8] 927 %0—
35%o0, DOFRIE X (8] N 7—11 mg/L. AW 5T EH
FE I A2 IR (R 22 A B i 5 Tk P 2, T 2 T
FERFNES . ol A 7k BRI R ATy
TR 52, 6 Jo SE B 78 b /R I LA & .

(TE# P AR SRR A RS HE LK)

S 3k

(1]

(2]

(31

(4]

(5]

(6]

(7]

(8]

(9]

Jereb P, Roper C F E. Cephalopods of the World. An
Annotated and Illustrated Catalogue of Species Known to
Date. Volume 2. Myopsid and Oegopsid Squids [M].
FAO Species Catalogue for Fishery Purposes, No. 4, Vol.
2. Rome, FAO, 2010: 192.

Dong Z Z. On the geographical distribution of the
cephalopods in the Chinese waters [J]. Oceanologia et
Limnologia Sinica, 1978, 9(1): 108-118. [E1E 2. FHE T
Sk R R HU LI A (7], RS ITE, 1978, 9(1): 108-
118.]

Chen X J. The exploitation and resources of cephalopods
in the world [J]. Journal of Shanghai Ocean University,
1996, 5(3): 193-200. [FR3F 7. 5 3k & 2 518 & H T
KRR [3]. LK K2R, 1996, 5(3): 193-200.]
Morato T, Gonzalez-Irusta J M, Dominguez-Carri6 C, et
al. Climate-induced changes in the suitable habitat of
cold-water corals and commercially important deep-sea
fishes in the North Atlantic [J]. Global Change Biology,
2020, 26(4): 2181-2202.

Chen F, QuJ Y, Fang Z, et al. Variation of community
structure of Cephalopods in spring and autumn along the

coast of Zhejiang Province [J]. Journal of Fisheries of

China, 2020, 44(8): 1317-1328. [k, BAREX, 5, %,
WL W 7 B KT Sk R R a5 M AR 7 i (0], 7K™
224, 2020, 44(8): 1317-1328.]

Wu Q, Chen R S, Zuo T, et al. Community structure of
Cephalopods and its relationships with environmental
factors in Laizhou Bay, Bohai Sea [J]. Journal of Fishe-
ries of China, 2018, 42(5): 684-693. [ 58, MRFh %, A,
S SRS Sk R R BRI Sl b S 5 MR T 5% &
[7]. 7K72 24K, 2018, 42(5): 684-693.]

Llpinski M R. Cephalopod life cycles: patterns and excep-
tions [J]. South African Journal of Marine Science, 1998,
20(1): 439-447.

Rosa A L, Yamamoto J, Sakurai Y. Effects of environ-
mental variability on the spawning areas, catch, and
recruitment of the Japanese common squid, Todarodes
pacificus (Cephalopoda: Ommastrephidae), from the
1970s to the 2000s [J]. ICES Journal of Marine Science,
2011, 68(6): 1114-1121.

Puerta P, Hidalgo M, Gonzélez M, et al. Role of hydro-
climatic and demographic processes on the spatio-tempo-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ral distribution of cephalopods in the western Mediter-
ranean [J]. Marine Ecology Progress Series, 2014(514):
105-118.

Lauria V, Garofalo G, Gristina M, et al. Contrasting habi-
tat selection amongst cephalopods in the Mediterranean
Sea: When the environment makes the difference [J].
Marine Environmental Research, 2016(119): 252-266.
Maes J, Stevens M, Breine J. Modelling the migration
opportunities of diadromous fish species along a gradient
of dissolved oxygen concentration in a European tidal
watershed [J]. Estuarine, Coastal and Shelf Science,
2007, 75(1/2): 151-162.

Liu X, Wang J, Zhang Y, et al. Comparison between two
GAMs in quantifying the spatial distribution of Hexa-
grammos otakii in Haizhou Bay, China [J]. Fisheries
Research, 2019(218): 209-217.

Fang X N, Yu W, Chen X J. Spatial distribution of fish-
ing ground of jumbo flying squid Dosidicus gigas in the
equator in Eastern Pacific Ocean [J]. Fisheries Science,
2022, 41(3): 475-483. [J7 B A, &N, BRFT E. R
FRIE I 2R 2 0 0 I (I 25 73 AT [J]. K7 REY, 2022,
41(3): 475-483.]

Li M, Zhang C, Xu B, et al. A comparison of GAM and
GWR in modelling spatial distribution of Japanese Mantis
shrimp (Oratosquilla oratoria) in coastal waters [J]. Estua-
rine, Coastal and Shelf Science, 2020(244): 106928.
Carvalho F C, Murie D J, Hazin F H V, et al. Spatial
predictions of blue shark (Prionace glauca) catch rate and
catch probability of juveniles in the Southwest Atlantic
[J]. ICES Journal of Marine Science, 2011, 68(5): 890-
900.

Li J, Zhang P, Yan L, et al. Factors that influence the
catch per unit effort of Sthenoteuthis oualaniensis in the
central-southern South China Sea based on a generalized
additive model [J]. Journal of Fishery Sciences of China,
2020, 27(8): 906-915. [Z=7, Tk MY, 245, . M5BT
IR 5 R CPUESRY T [F 2 I GAM 3 A [J]. A K
FERLEE, 2020, 27(8): 906-915.]

Ministry of Agriculture of the People’s Republic of
China. Technical specification for marine fishery
resources survey: SC/T 9403-2012 [S]. Beijing: China
Agriculture Press, 2013. [ 4 A B SLFN[E R ML 8.
Y B Y5 B A TE : SC/T 9403-2012 [S]. db5T: HE 4
Mk H R AL, 2013.]

Can M, Mazlum Y, Demirci A, et al. The catch composi-
tion and catch per unit of swept area (CPUE) of penaeid
shrimps in the bottom trawls from Iskenderun Bay,
Turkey [J]. Turkish Journal of Fisheries and Aquatic
Sciences, 2004, 4(2): 87-91.

Pierce G J, Guerra A. Stock assessment methods used for
cephalopod fisheries [J]. Fisheries Research, 1994,
21(1/2): 255-285.

Howell E A, Kobayashi D R. El Nifio effects in the


https://doi.org/10.1111/gcb.14996
https://doi.org/10.2989/025776198784126205
https://doi.org/10.1093/icesjms/fsr037
https://doi.org/10.1093/icesjms/fsr047

7 34

ZRIRESE : WY I 2 B S T B 0 A R S A BE A 1 1R 5K 2R 9

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Palmyra atoll region: oceanographic changes and bigeye
tuna (Thunnus obesus) catch rate variability [J]. Fisheries
Oceanography, 2006, 15(6): 477-489.

Akaike H. A new look at the statistical model identifica-
tion [J]. IEEE Transactions on Automatic Control, 1974,
19(6): 716-723.

Dai S W, Tang F H, Fan W, et al. Distribution of resource
and environment characteristics of fishing ground of
Scomber japonicas in the North Pacific high seas [J].
Marine Fisheries, 2017, 39(4): 372-382. [ B, J& I
e, B, A5 ALKTVE O il A B R >4 S LI Y
FRESHFAE [7]. Rl 2017, 39(4): 372-382.]
Akinwande M O, Dikko H G, Samson A. Variance infla-
tion factor: As a condition for the inclusion of suppressor
variable (s) in regression analysis [J]. Open Journal of
Statistics, 2015, 5(7): 754-767.

Fang R S. Preliminary study on the environment of squid
fishing grounds in the East China Sea and Yellow Sea [J].
Marine Fisheries, 1994, 16(6): 249-253s. [J7 Hii 4=, R 1%
i B 101 360 7 RSP WAL (3], I, 1994, 16(6):
249-253.]

Hsu P C, Macagga R AT, Lu C Y, et al. Investigation of
the Kuroshio-coastal current interaction and marine heat-
wave trends in the coral habitats of Northeastern Taiwan
[J1. Regional Studies in Marine Science, 2024(71):
103431.

Chang K'Y, Chen C S, Wang H Y, et al. The Antarctic
oscillation index as an environmental parameter for
predicting catches of the Argentine shortfin squid ({/l/lex
argentinus) (Cephalopoda: Ommastrephidae) in south-
west Atlantic waters [J]. Fishery Bulletin, 2015, 113(2):
202-212.

Cui Y H, Liu S D, Zhang Y L, ef al. Habitat characteris-
tics of Octopus ocellatus and their relationship with envi-
ronmental factors during spring in Haizhou Bay, China
[J]. Chinese Journal of Applied Ecology, 2022, 33(6):
1686-1692. [4E 2, XIIE, 5K =&, 5. INEHFHE
W RIS 20 A AR ALE S L SR R T R &R 0], LA AR
AR, 2022, 33(6): 1686-1692.]

Fang X N, He Y, Yu W, et al. Spatio-temporal distribu-
tion of the jumbo flying squid Dosidicus gigas off Peru
and differences in the effects of environmental conditions
[J]. Journal of Fishery Sciences of China, 2021, 28(5):
658-672. [J7 A, I, RN, 5. MEINEET AT
bR 23 3 A K o PR TR 7 fR i % 22 S (], o A A
22021, 28(5): 658-672.]

Shcherbina A. Variability and interleaving of upper-ocean
water masses surrounding the north Atlantic salinity
maximum [J]. Oceanography, 2015, 28(1): 106-113.
Cerezo Valverde J, Garcia Garcia B. Suitable dissolved
oxygen levels for common Octopus (Octopus vulgaris
cuvier, 1797) at different weights and temperatures: anal-
ysis of respiratory behaviour [J]. Aquaculture, 2005,

61

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

244(1-4): 303-314.

Chen F, Li N, Fang Z, et al. Habitat distribution change
pattern of Uroteuthis edulis during spring and summer in
the coastal waters of Zhejiang Province [J]. Journal of
Shanghai Ocean University, 2021, 30(5): 847-855. [M1&,
AR, J7 R, A T R IR B R B A S O R
Moo A AR (0] L RS2 224, 2021, 30(5):
847-855.]

Sagarminaga Y, Arrizabalaga H. Relationship of North-
east Atlantic albacore juveniles with surface thermal and
chlorophyll-a fronts [J]. Deep Sea Research Part II:
Topical Studies in Oceanography, 2014(107): 54-63.

Ichii T, Mahapatra K, Sakai M, et al. Life history of the
Neon flying squid: effect of the oceanographic regime in
the North Pacific Ocean [J]. Marine Ecology Progress
Series, 2009(378): 1-11.

Yu W, Chen X J, Yi Q, ef al. Review on the early life
history of Neon flying squid Ommastrephes bartramii in
the North Pacific [J]. Journal of Shanghai Ocean Univer-
sity, 2013, 22(5): 755-762. [#A, BRI E, S, 25, LK
St L AN SR SRR [J]. IR R R,
2013, 22(5): 755-762.]

Guerreiro M F, Borges F O, Santos C P, et al. Future
distribution patterns of nine cuttlefish species under
climate change [J]. Marine Biology, 2023(170): 159.

Liu B L, Cao J, Truesdell S B, ef al. Reconstructing
cephalopod migration with statolith elemental signatures:
a case study using Dosidicus gigas [J]. Fisheries Science,
2016, 82(3): 425-433.

Xu M, Liu S, Zhang H, et al. Seasonal analysis of spatial
distribution patterns and characteristics of Sepiella main-
droni and Sepia kobiensis in the East China Sea region
[J]. Animals, 2024, 14(18): 2716.

Sluis M Z, Judkins H, Dance M A, et al. Taxonomic
composition, abundance and habitat associations of squid
paralarvae in the northern Gulf of Mexico [J]. Deep Sea
Research Part I. Oceanographic Research Papers,
2021(174): 103572.

Roura A, Antén Alvarez-Salgado X, Gonzélez A F, ef al.
Life strategies of cephalopod paralarvae in a coastal
upwelling system (NW Iberian Peninsula): insights from
zooplankton community and spatio-temporal analyses [J].
Fisheries Oceanography, 2016, 25(3): 241-258.

Chen X J, Zhao X H, Chen Y. Influence of El Nifio/La
Nifla on the western winter-spring cohort of Neon flying
squid (Ommastrephes bartramii) in the northwestern
Pacific Ocean [J]. ICES Journal of Marine Science, 2007,
64(6): 1152-1160.

Wang C L, Chen F, Jiang R J, et al. Effects of typical
climate events on spatio-temporal distribution of bottom
fish in the coastal waters of Zhejiang [J]. Acta Ecologica
Sinica, 2024, 44(10): 4231-4243. [ E4F 1, WU, 3% H it
S5 JURY S S A X T T AT 1 U ) £ SN 2 O3 A 1 5


https://doi.org/10.1111/j.1365-2419.2005.00397.x
https://doi.org/10.1111/j.1365-2419.2005.00397.x
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.3969/j.issn.1004-2490.2017.04.002
https://doi.org/10.3969/j.issn.1004-2490.2017.04.002
https://doi.org/10.4236/ojs.2015.57075
https://doi.org/10.4236/ojs.2015.57075
https://doi.org/10.7755/FB.113.2.8
https://doi.org/10.12264/JFSC2020-0297
https://doi.org/10.12264/JFSC2020-0297
https://doi.org/10.12264/JFSC2020-0297
https://doi.org/10.5670/oceanog.2015.12
https://doi.org/10.12024/jsou.20201203245
https://doi.org/10.12024/jsou.20201203245
https://doi.org/10.12024/jsou.20201203245
https://doi.org/10.1007/s12562-016-0978-8
https://doi.org/10.3390/ani14182716
https://doi.org/10.1111/fog.12151
https://doi.org/10.1093/icesjms/fsm103

10 K E Y K 2025, 49(7): 072503

my [J]. ZEZS 24K, 2024, 44(10): 4231-4243 ] [45] Zhang B Q, Lu H J, Zhao M L, et al. Standardization of
[42] Chen C T A, Jan S, Chen M H, et al. Far-field influences catch per unit effort (CPUE) in northwest Indian ocean
shadow the effects of a nuclear power plant’s discharges Sthenoteuthis oualaniensis based on generalized additive
in a semi-enclosed bay [J]. Sustainability, 2023, 15(11): model [J]. Oceanologia et Limnologia Sinica, 2023,
9092. 54(1): 259-265. [Gk W58, FifbAs, B AK, & LT
[43] Thompson A R, Swalethorp R, Alksne M, et al. State of GAMAR R PG AL Bl B v 55 5 I CPUEAR EAL [0]. HEVES
the California Current Ecosystem report in 2022: a tale of WHVH, 2023, 54(1): 259-265.]
two La Nifias [J]. Frontiers in Marine Science, 2024(11): [46] Xu X X, Xie Y, Liu S H, ef al. Spatial-temporal distribu-
1294011. tion of Sepiella maindroni in Zhejiang coastal waters
[44] Guo Y L, Zhao Z F, Qiao H J, et al. Challenges and based on GAM model [J]. Journal of Zhejiang Ocean
development trend of species distribution model [J]. University (Natural Science), 2022, 41(5): 400-407. [#&12
Advances in Earth Science, 2020, 35(12): 1292-1305. [%F B, W, Xk, % BT GAMBI R VL i 2 [0
ET, BPETT, T, A5 WA oA R A T i ) P S BE WA 2 S AR A [J]. B ELIG R A (B R B
KERaTs (7). HERBLEERE, 2020, 35(12): 1292-1305.] Fi), 2022, 41(5): 400-407.]

RELATIONSHIP BETWEEN HABITAT DISTRIBUTION CHARACTERISTICS
AND ENVIRONMENTAL FACTORS OF ABRALIA MULTIHAMATA IN
ZHEJIANG OFFSHORE

2 3

LI Jian-Xiong"’, CHEN Feng"”>’, DAI Qian"*’, JJANG Ri-Jin"*”, XU Kai-Da">’, ZHOU Yong-Dong" >,
1,2

LIANG Jun"*" and ZHU Kai"**
(1. Marine and Fisheries Institute, Zhejiang Ocean University, Zhoushan 316021, China; 2. Zhejiang Marine Fisheries Research
Institute, Zhoushan 316021, China; 3. Scientific Observing and Experimental Station of Fishery Resources for Key

Fishing Grounds, Ministry of Agriculture and Rural Affairs, Key Laboratory of Sustainable Utilization of
Technology Research for Fishery Resources of Zhejiang Province, Zhoushan 316021, China)

Abstract: Abralia multihamata is an important cephalopod species in Zhejiang offshore with a high biomass in the
continental shelf waters of the East China Sea. It serves as an important bait organism for marine fish. In this study, the
biomass of Abralia multihamata was estimated by using the swept area method based on trawl survey data and marine
environmental data collected in spring and autumn of 2018 to 2023 in Zhejiang offshore. The relationship between
habitat distribution characteristics of Abralia multihamata and environmental factors in spring and autumn was
analyzed using generalized additive model (GAM). The results showed that the average biomass of Abralia multi-
hamata in the Zhejiang offshore exhibited notable seasonal variation. It was mainly distributed within the sea area
27°—29°N, 122°—124°E with a depth of 40—70 m. The factors influencing the cephalopod biomass included longi-
tude, latitude, depth, sea surface temperature (SST), sea surface salinity (SSS), and dissolved oxygen concentration
(DO). The optimum SST was 14—18°C in spring and 18—22°C in autumn. The effect of SSS and DO on the biomass
of Abralia multihamata were not significant during the spring season. The optimum SSS was 27%0—35%o and the opti-
mum DO was found in the range of 7—11 mL/L in autumn. Furthermore, the findings of this study provide a scientific
foundation for the conservation of cephalopod resources in Zhejiang offshore, especially in light of the challenges
posed by climate change.

Key words: Generalised additive model; Habitat distribution; Environmental factors; Zhejiang offshore; Abralia multi-
hamata
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