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2021 F120224F 6—8 7 IR A ML
Uil BEIR A A AR DY L RPAE AT (357 N~45°N,
148°E~165"E) S HIEREE T 79 7743l s (- 50
YI(EI D) o FRIESIPIRE S R AR AL BELIA R Qe
AHLTEER 6 T - R AR ) £ ) (GB/T12763.3—
2007) S it , 2R FH 5 il XSGR, 4 2.8 m, FoHoR AR
TR T 1 9% 37 em, T 28 FLAR T RUE A
20 wm; RETFIFIIRIR 1 2 N2 57 em, TiiZ8FLA%
PEAE A 200 pm , BOURERS H 7K 200 m T EL i 1, 2
K2 MM IRAFT 5% PR D RS2 N fd ]
PR R TR S e S ML

FIA REA SR AL SEH T A 5 5 R 2 A
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TR R A B 51 231 i ML o B PR A T
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W EE (Chl.a) S5 58 B iR ER R AX (Conductivity-
temperature-depth, CTD ) Bl 37,00 %€ 5 Uit 18 K 4 ph s
o 2 Z2 3 W i ) T X (Acoustic doppler
current profiler, ADCP)BUZ I E (£ 1),
1.3 HiE4hiE

R A A o 4 DI A BB (Y B o T D sh P 1Y)
(N L = R = RN )

Y=(n,/N)Xf, (1)

e n, RS i RPN S B N R R B
W) SAAEL £, Ry 55 1 R PR iR S W) AE A Al 67 1Y)
IR . Y=0.02 (R SEAE AT

K Hl Shanno-Wiener Z L5 %54 (H') | Pielou
WS EEFEEC(J7) Al Margalerf =E & BEFEE(D’ ) K Hh
WS B R AR R AR

H'==>"_ (n,/N)In(n,/N) (2)
J'=H'/InS (3)
D'=(S-1)/\nN (4)

A en, R TR S ) MR K N O D
Yy BAREL S R SR EL

K FH Past 4.09 T8 Z FEPEFE 2, FIHH Spss 25
HEAT BRI 3R 7 22 03 BT AR ] ) Z AR PE R B S+
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Tso Ti00 Tiso Tooo~ P I 7K UG FR B2 FIT - 32 4Ry fi
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AR BT 3 R0, 2B It 2 BURZEA 2 Fh
FIPEUFAIR 17 52022 42 RAE BT Sh 4 139 Fh,
HP B 7480 KB 1350 A TE 9 Mk
8T B ATh AR R 3M, 2B AL
PR 2R, o IR L RDRNFWESN R 20 %0, 2021 4%
20224577 S RPREAE S AR B A HH BLAY
AT 107 P M2 AZ SIBA K, B8 R ISR RIS
o IR, 43K 57.75% F153.24% ; HUCH PRIEL)
R, 30115 11.96% Fil 14.38%

HR A DL 4 B 6 85, 2021 AF L 385 Ry 145 77 7K
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AR AH L, 2022 AF DL BB 3E T N K &
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decipiens) , W3R 3. 2022 4E AL HFI G N T 40% , G
PN R R B A P 8 K 38
2.2 FEMTESHEFE

A U 2021 48 19 T IR Sh ) 5 B Dy 29.26~
2 602.64 ind./m’,~F-#4 4 732.89 ind./m’; 2022 5[}
TR B F R 95.74~6 829.96 ind./m’, P3N
1418.88 ind./m’. WIAFEXF L 7R, 2021 4F 77 i 5l
W 4249 3 B AIGT 2022 45, AR O 2022 4F 1 —
e s W AF B P i B W A BE (B AR o0 A 52 B R
IR AL ., 25 0 s AT AR )

GAM AR /R , 202 L AR B WA P75 s )
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The figure is based on the standard map GS (2020)4392 in the Standard Map Service website of Ministry of Natural Resources of the People’s

Republic of China, with no modifications of the boundaries in the standard map.

1 2021.2022 FZFHEIRIERD T

Fig.1 Sampling sites for zooplankton in 2021 and 2022
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Tab.1 Environmental factors at sampling sites in 2021 and 2022
2021 2022
LR T _ . — - - —
s RAME ROKME Ve ROME R FElfehE
Minimum Maximun Mean+SD Minimum Maximun Mean+SD
i
DO/(mg/L.) 6.98 12.12 9.20+1.08 7.69 12.11 9.37+1.01
i
301.60 2931.51 744.53+490.96 152.25 2 889.96 479.77+576.79
Flow/(mm/s )
=1 1 9H
20 T,);ﬁ( it 1.88 23.56 14.99+5.11 5.40 22.90 14.79+3.94
T,/ C
= ye
100 zn‘)?:ﬂ(ﬁm 1.23 20.77 12.54+4.41 2.88 19.92 12.32+4.01
T,/ C
= D=
150 ron‘)?:ﬂ(ﬁm 2.28 18.45 11.24+4.20 3.12 18.24 11.02+3.85
T/ C
= D=
200 m);ﬂ((m 2.70 17.74 10.20+4.10 3.07 17.56 9.97+3.89
T,/ C
A7 L N=|
FRKE . 2.20 20.45 13.14+4.41 3.97 20.47 12.61+3.78
Average temperature/ C
Az
. 33.23 34.77 34.21+0.38 33.31 34.72 34.25+0.31
Salinity
2R3 a BT i e JEE
.17 1. .51+0.2 .22 1.1 .60+0.22
Chl.a/(mg/m?) 0 38 0.51+0.20 0 9 0.60+0
K2 20215702022 FiFHEEh T K H A
Tab.2 Zooplankton species composition in 2021 and 2022
o 2021 2022
Group T2 FEEL L T B FPHS L
Species number Percentage of species/% Species number Percentage of species/%
be X 82 57.75 74 53.24
Copepoda
7kﬂ:4€ 14 9.86 13 9.35
Seyphozoa
Chaetognatha 4 2.82 4 2.8
WRIFK . 3 2.11 3 2.16
Euphausiacea
AN &
P 9 6.34 9 6.47
Ostracoda
LK
=z
Polychaeta 2 1.41 2 1.44
ﬁi%jﬁ 7 4.93 8 5.76
Tunicata
Ui fE
Amphipoda 2 141 ! 0.72
’ﬁ’%jﬁ - - 3 2.16
Gastropoda
K
&ﬁ’* 2 1.41 2 1.44
Cladocera
{%Oﬁﬁjﬁi 17 11.96 20 14.38
Planktonic larvae
A
it 142 100.00 139 100.00
Total
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R3 2021 702022 SR BT
Tab.3 Dominant species of zooplankton in 2021 and 2022

2021 2022
ARt P A S o i
. ST = S IE T P T e e
roup pecies v F 1% Average abundance/ v F 1% Average abundance/
requency 0 ( ind./m3 ) requency 0 ( 1nd/m3 )
52w €9 - - - 0.027 85.71 44.95
G K EIR 0.172 98.77 127.79 0.204 98.70 293.95
B B I Sk & - - - 0.024 73.32 45.42
Copepoda P AE IR T 0.303 100.00 221.95 0.351 98.70 504.11
K %R 0.042 95.06 32.34 0.047 92.20 73.06
P K FJE 0.114 98.77 84.28 0.090 97.40 130.51
Rl KK ERAR  0.030 81.48 27.05 0.034 89.61 53.84

Planktonic larvae

R4 20215012022 FiFHEEMEE GAMERSITER
Tab.4 Results of generalized additive models (GAM ) analysis of abundance in 2021 and 2022

FHE AT 2021 2022
Factor F P F P

oy (e
DO/(mgL.) 2.672 0.108 0.514 0.476
pisis
Flow/(mm/s) 0.987 0.325 0.913 0.484

= N=|
>0 TE* it 0.506 0.480 0.175 0.804
T,/ C

=| N=|
100 ?{E7 Kith 0.846 0.487 1412 0.347
T,/ C

==
150 m K 2262 0.138 0.046 0.832
T 5/ C

= N=|
200 ?E* i 4.832 0.032 0.173 0.680
Ty C
N3 b N=|
AR . 0.012 0.915 0.035 0.893
Average temperature / C
*hEE
“’J?;. 5.462 <0.01 4.621 <0.01
Salinity
425 a 5T

971 32 1 )

Chlal(mg/m?) 0.9 0329 0.186 0.669

2.3 SHMEIEHNSHEFE

2021 4= Shannon-Wiener 35 5 . 155 & 458 50!
FH R K B A 1.57~3.16,0.54~0.91, 0.84~
3.36, ¥ {5 > 9 4 2.27.0.75. 1.88. Shannon-
Wiener ¥ 80 32 & BEFE BT B2 B A e m) AL
BT EAR A R B, i (A X3 = 2 BUTE PR R 3 5 34
A FE T (8 DX 32 B A R R e b (A
XA T AdLER (E 4) . 2022 4 Shannon-Wiener
B IS FE AR BOM & AR 00 1 R 0.66~2.92
0.26~0.94.0.77~3.11, {53724 2.09..0.70. 1.7 1,
Shannon-Wiener 35 20 A1 34 5 5 38 50 2 P0G 3R 1=
JCEBAR A Rr A, 5 B TR A0 = (X BLAE Ve e
(I 4) . 2021 Fi12022 4F Shannon £ 18 KRN

Margalerf - & B 48 0 ¥ W % 22 7 (P<0.05) ,
Piclou 2] BEHE R B 0. 35 22 5+ (P<0.01) . BMA
e ,2021 4F Shannon-Wiener 8550 . 251 B850/
FE AR R T 20224F,

3 i

3.1 FE P RAR R A E

MIF S A R BOR A L 2021 F1 2022 4F 4
A0 T UE sh ) 40 ) R 142 RN 139 A BAE T
b 22 55 TR sl W 1 B 2 L Bk &, 2021 F
2022 4F A i BT S AP R B BN
H e R S A x R, 3 5 DIAEWFFE e AR .
PO AE AT U A 7 7 23 ) SR T 7 R O, R
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Fig. 2 Relationships between abundance and different environmental factors in 2021

PEVST R A b B R R R R K &
6000
‘é 2000 [_3
= A
7 O =
= %
2000 <
ﬁﬁ/ =)
7 S
A
-6 000
moia ul | (L LrImamm ||
33.5 34.0 34.5
ERFF Salinity
(a)
I\<I> HhEE
45 o Salinity
.
420 * ;&, . 34.6
o .o . 342
E 39° ﬁ' p H J 33.8
=] ) 0 - 334
DJ o . N
36 & F
i Density/(ind./m?)
T 330 ® 500
® 1000
® 1500
30° @® 2000
e ® 2500
141° 144° 147° 150° 153° 156° 159° 162° 165° 168° E
2:7% Longitude
(©)
10000 | 3,
=
= 5000 3
= I=
@ ks
171 0 —
f«ﬁ Tl \
F -5000
—-10000 F
Lo v 1o v o miww mwe wo

33.4 33.6 33.8 34.0 34.2 34.4 34.6
P Salinity

@

i

Salinity
34.6

34.2

33.8
. 334
i
Density/(ind./m?)
e 1000
® 2000
® 3000
® 4000
1 1 1 1 1 1 1 1 1 . 5 000
141° 144° 147° 150° 153° 156° 159° 162° 165° 168° E
2% Longitude

(b)

B3 2022 FZHEMEESHERTFHXER

Fig. 3 Relationships between abundance and different environmental factors in 2022
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Fig. 4 Spatial distribution of zooplankton biodiversity in 2021 and 2022
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o PR S, A0 T B LK 2 (Centropages
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25 TR B 0 K O LA AE , S ECE AT R
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M A7 e P P i R A A TR AR Sk S A
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Zooplankton species composition and distributional characteristics in the
high seas of the Northwest Pacific Ocean in 2021-2022

SHEN Wei', LIU Bilin"***, LIU Tingyu'

(1. College of Marine Living Resource Sciences and Management , Shanghai Ocean University , Shanghai 201306, China ;
2. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China; 3. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 4. Key Laboratory of Sustainable
Utilization of Oceanic Fisheries, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract: Zooplankton is an important link between primary producers and lower trophic level organisms in
the marine food web, and is an important biological basis for the formation of fishing grounds. Based on the
zooplankton samples collected by the fishery resources survey vessel “Songhang” of Shanghai Ocean
University during the comprehensive scientific survey of fishery resources in the high seas of the Northwest
Pacific Ocean from June to August in 2021 and 2022, the zooplankton samples were analyzed in terms of their
species composition, distributional characteristics, and their relationship with the environment. The results
showed that a total of 174 zooplankton species were collected in the surveyed area over the two years,
belonging to 10 groups. Copepoda and planktonic larvae were the most abundant zooplankton, with 95 and 22
species identified respectively, accounting for 54. 6% and 12. 6% of the total number of species, followed by
Scyphozoa, with 18 species identified, and Ostracoda, Tunicata, Chaetognatha, FEuphausiacea, and
Gastropoda with 11, 9, 6, 4 and 3 species respectively. Additionally, two species each of Polychaeta,
Amphipoda, and Cladocera were identified. The dominant genes (species) included seven categories:
Clausocalanus sp. , Oncaea sp. , Paracalanus sp. , Calocalanus sp. , Oithona plumifera, Oithona decipiens
and Metridinidae larvae. The species diversity and dominant genes (species) composition were similar in
both years. The mean zooplankton abundance in 2021 was 732.89 ind./m’, lower than that in 2022
(1 418. 88 ind./m*). The Shannon-Wiener index in 2021 was 1.57-3. 16, the Evenness index was 0. 54—
0.91, and the abundance index was 0. 84-3.36. All three indices were higher than those in 2022, which
ranged from 0.66 to 2.92, 0.26 to 0.94, and 0.77 to 3.11, respectively. GAM analyses showed that zooplankton
abundance was significantly and negatively correlated with the sea-surface salinity and the water temperature
in the 200 m layer, and the analyses suggested that the Kuroshio current and the Oyashio also had a certain
effect on the temporal and spatial distributions of the abundance. The results of this study will provide basic
information for the study of zooplankton in the high seas of the Northwest Pacific Ocean.

Key words: zooplankton; species composition; diversity index; GAM; Northwest Pacific Ocean
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