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Fig.2 Zooplankton sampling stations during the two

surveys

1.2.3 RBEHEFERR A BIEEIR A Ocean
Watch B J7 W 1 ( https: //oceanwatch. pifsc. no-
aa. gov/ ), AR HJE A s [) P R R 0 A B
L35 1 R IR (sea surface temperature, SST) |
MR MERE  (sea surface salinity, SSS) FIH-SEE Ik
J& (Chlorophyll a, Chl-a)

1.2.4 Pearson #8 % M 5 M Fe T4 454 RH
SPSS 19. 0 A X0 s L34 oA 55 5 i [H
HEAT Pearson FHICHES M. AWFFEH, S A 541
TEAAE YN iR R R | SRR | AL
B, DABAEYIR T4 E a, XIS AL SR 1Y
FEEHAR MR HEAT 1o (X+1) FeHe, i
TIEE A, SR 5 X R B kA7 £ H o i
(detrended correspondence analysis, DCA) , Z55%E
B, WIS 4 AR s R ORE /N T 3, B
U, PEPRLIERE RDA A E . S RIEE
Hulse s, RHICAR T (RDA) itk — 2504,
WESE IR S o0 A 5 B DR 1~ 18] RO AH SC . R
CANOCO 4.5 K PFEAT RDA 43#T . S245RIKA T
(Monte Carlo test) I RDA HE/¥ K2l .
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2.1 FiEshms s

PIAAIR LSS E PR liesh ) 602 A, Hirr, &
FRURKEE ] 456 Fft, ZFFMHIREE L 386 Fft, It
Gk 11 B EE S LA, TR T 4 RS, K
e, BRI AR, HUCRBEEE, BREsii il
BOEFNTE (K1),

2.2 INEHIE

PEAL AP T MA TR E IR 1 (AR AL T L
2, WA ER I 28 K a B WK EETE A
FNEONEE, TR L R
W, 12 H (&%) BREEEST3IA (F
), X ATRER T A 2 O A T Sl R R Bl VA 3R T
TRBERA, BEMRN T HAFEIME, A TR |
PR A IR MR I B T P ZE IR TR 1 22 57

®1 AAFFBEHEZFHRIVABHEABE

Tab.1 Dominant species and dominance of zooplankton in the Northwest Pacific Ocean

s ok HZ spring A7 winter
code species PEHBE(Y) PHERE/ (ind. - m™) RHEY) AR/ (ind. - m™)
dominance average abundance dominance average abundance
S1 FRUFRS Doliolum nationalis 0. 04 0. 88 — —
S2 Y FL KT Pleuromamma gracilis 0. 06 2.15 0.07 0. 65
S3 A EHT K Mesocalanus tenuicornis 0. 04 0. 89 — —
S4 FERYT K% Calanus jashnovi 0.03 1.93 — —
S5 HEJHEST I Sagitta enflata 0.03 0.76 — —
S6 FNEERTIL S, hexsaptera 0.03 0.59 0.03 0.30
S7 VK FE Lucicutia flavicornis — — 0.04 0.39
S8 JEHTT K F Neocalanus gracilis 0.02 0.59 0.03 0.31
S9 /NPT IKFE Nannocalanus minor 0.02 0. 60 0.02 0.26
S10 WETER A 7K Eudoxoides spiralis 0.07 1. 60 — —
S11 I E MK & Euchirella rostrata 0.02 0.53 — —
E: —, ARIEERL,
Note; —, non-dominant species.

x2 AEHEEICKEFEHINE R FHHE

Tab.2 Characteristics of environmental factors in the Northwest Pacific Ocean during the survey period

WK+ WG MLE sea surface temperature/°C WFRELE sea surface salinity p(Chl-a)/(mg+ m™)
environmental factor Y[l range A average JEF range FHIE average JLFE range F-HH average
F 2% spring 15.0~22.8 18.7 31.1~37.8 34.8 0.18~0.80 0.25
47 winter 20.2~25.3 22.2 27.1~34.9 31.6 0.07~0.21 0.16

2.3 ABMFESZWMEFERNXR

2.3.1 Ay Pearson 48K M B HTIK
P S C 3 5 5 i PR ) AH 5C 0 BT 1 45 2R L
# 3, K4, Pearson S3HTRM, S PG IL - i
SR S PE R oA A B 5 BE 2R AR AT R
BZERAE TN, IR Doliolum nationalis F &
HYERMBENMHX (P<0.01), SifEREE
EWBEFEIEML (P<0.01), 0 EKE Meso-
calanus tenuicornis FIRTER i 7K+ Eudoxoides spira-
lis FESGERE B ENMIC (P<0.05), #EKR
K Calanus Jashnovt S E R LD FIEME
(P<0.05) ; #EFL 5 /KF Pleuromamma gracilis FE
5 MR a BB EFERRFEML (P<
0.01 B P<0.05) ; £ X7 1 sh i AL 345 Fh 43 A 11

RN, 5 & PR T B A e (P>
0.05), RARRRFIPERT (F£3).

A ZE PRI N , A G/KE Neocalanus gra-
cilis FEESHER P ENIEMKL (P<0.05), N
il Sagitta hexsaptera e I E N R R
EAHZE (P<0.05), W /K F Neocalanus gracilis |
/TR & Nannocalanus minor FIEFL S /K ZFE S
BT AR (P>0.05) (£4),
2.3.2 ®HFEFAE T RDA 47 MRS A
W: XF 5 g H T TSR RIS, B
PUEFh B B EE BN TN E (P<0.01) A
M2r3 a (P<0.05); F£T° RDA XFRHPh 4 535
SR HEAT TARSCHE AT, B — P il 0 A R L 151
1L 8%, A& PS5 ER A C R BN 0. 696,
5 ZHOF R RELL N 7. 1%, A5 YR 5 ER
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®3 EFFHEHMABMEZWEFH Pearson XS (HHXRE)

Tab.3 Pearson correlation analysis between dominant species of zooplankton and influential factors in spring ( correlation

coefficients )

E i MmEEKE EILAKE SEREKE REERT SR LT BRI R EOK S MEKSE R KR

fact Doliolum  Mesocalanus ~ Pleuromamma  Calanus Sagitta Sagitta Eudoxoides Euchirella  Nannocalanus Neocalanus
actor nationalis  tenuicornis gracilis Jashnovi  hexsaptera  enflata spiralis rostrata minor gracilis
2% Lon 0.003 -0.023 0.188 0.230 0.035 0.031 0.074 0.230 0.022 0. 091
i Lat -0.510""  -0.300" 0.052 0.318" -0.149 -0.276 -0.358" -0.015 -0.270 -0.277
4% % a Chl-a —0. 199 -0.047 0.305" 0.276 0.095  -0.098 -0.212 0.381" -0. 106 -0. 057
IR SST 0.506 " 0.226 -0. 136 -0.235 0.111 0.233 0.259 -0.173 0.336" 0. 179
B SSS  -0.019 0. 045 0.385"" 0. 108 0.289  -0.220 -0. 040 0. 406" 0.138 0.079

T o« FOREFMI (P<0.05), =+ FRWBEML (P<0.01), TR,

Note: * means significant correlations (P<0.05), ** means very significant correlations (P<0.01), et sequentia.

R4 ZFTEHEDPRBHSZNIMEFH Pearson HHXESD 0.4
O (HEXEREE)

Tab.4 Pearson correlation analysis between dominant zoo-

Lat

plankton species and influential factors in winter

( correlation coefficients) SST

W7 EORE KRS MEK S FLRUKSE MMADKE  REERTHR

factor  N. gracilis  N. minor  P. gracilis L. flavicornis S. hexsaptera Chl-a
Lon -0. 340 -0.313 -0.279 -0.309 -0.175
Lat 0212 0.240  0.204 0.233 0.475° 08 $88
-1.0 1.0
Chl-a 0.201 0. 153 0.171 0. 265 0. 346 (a) B2 spring
SST -0. 090 -0. 109 -0. 139 -0. 107 -0.290 0.8 Tat
) a
SSS 0.274 0.314 0.294 0.403" 0.431"
Lon
®5 &, £F RDA BTRHEHHF ST RSEFBREES S6
Tab.5 Results by RDA ordination with the first two axis Chl-a sss
and Monte Carlo test in spring and winter
K+ HZ spring 275 winter S8~ S7
factor RDA1 RDA2 RDA1 RDA2
SST -0. 540 -0.080 -0. 181 -0.266 o
SSS 0.216 -0.327 0.417" 0. 050 -0.8 T T
Chl- 0.484" -0.212 0.242 0. 055 e
! (b) &2 winter
Lon 0. 206 -0.235 -0. 347 0.186
Lat 0.562°*  0.169 0.329 0.293 3 &F. EFFHEHMAEM RDA HFE
TR L1 % Fig.3 RDA ordination graphs of the dominant species
proportion of 11.8 7.1 24.2 1.8 of zooplankton in spring and winter

total explained

‘ THRELL B K 24. 2% , 4047 (9 4 55 3R 85 P - 14 A
SERAR A Ey 0.463, HIFHEIEAM BIPRERE T s ey 0,61, 45— HEr M B LY 1. 8%,
18. 9%5@%@5%%?'@5@%/\, %*ﬁffr?iﬂﬂﬂé @ E’J*’Jﬁ:’%ﬂ .%Eﬁ*ﬁ%?@jﬂo 416 FJUW‘j
TSR o (0.484)  HHIL (0.562) RAEMIR, g wip g BT 26, 0% 0 FR 5 FREEH T 1
/E;EP—%%TEE@*H%'@%jQD ME 3 (a) ﬁ’ﬂl 2 6 % (%:Z 5), ME 3 (b) ﬂ%ﬂ ARGk %
HERFUKEE (S10) AT B ZMREMIENL o) gocsrmm (s6) 4065 b 5 IE A,

W, HAM SR TR R ARG, FOERE (S1)

FERER L (S5) it ZmEmEmErm, m o 3 1ie

JEFLEKE (S2) MFERE KT (S4) W54t

2 a MR IEHE, 3.1 AELERSHEHEWLLER
BRI S L F A B ) AR HAT, XFPGICASE 7T 3 B4 Hh e SR Fl

HERIE (P<0.05), RDA SR, S—HERERRY . Doy aed DY FR1 P, ok 2B ) S o Vg S 1
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TR, SR BE SR A A, A R A
B AWAEN IR KT Sun YR
Long %5 AU gT 4 e, 13X T E5 0 A s 2 v BT
FMMEARA XK, LiRWA 44 5k FH0. 200 mm
FLARTHLR IR WS, HALAR /N T ARG R Y
0.505 mm,, £ -2 X R b ) AR £ T SR B A R
Ui 3l ) B V% R AR EAT WF ST B B, oK T 28U Y
(0. 160 mm) RETEHESNYI A T2 F B Aok 1 5
K (0.505 mm) 156 %, ok I B A THE24E LA
WK, RNREA BCRAE/INALIE I sh W) 1 % 22 5 1
TR, F eSS e 04 2 5 B I i sh ) i
TR RIIEATIR I K B, A VRIE A= 0 0 1) = 3 4
AR 0~ 10 ind. /m?, H Y PF i A 4 I 3= B Fe A1
N 0~200 ind. /m’, AR5, HEEMEEE L

K MR 55.8% . 61.1% (£ 6), B
FRIF WY b R E AR, A Tk
KUGEL, YRR s, sy b
HAL, 45RO FEE 55% ~
95% ", Rk, ¥R Sh P B S A RRAE 22
BRAEYE , AR, HBRIFIESY MRS
Sun %5 R IR AE R AN AL, (HAFIRIEShY
(AN EEE T Long %5 OB FT 25 L, X AT RESE
TR BTSRRI 2E 5 . SR
AU 3 P DX IR W A IR BT M HE, 58
TG AT 7 W BT Vg T U0 30 0 11 5 ek A X A
Ao L, WEEZ ARSI T izibIX
TR S Y I RETR S50 .

F6 PILKFFZFHaMBAELRESHEBIERHT

Tab. 6 Comparison of zoonplankton data in the Northwest Pacific Ocean between the present survey and the historical data

4y W7 X 350 S PR b BFEE/ % FE/ (ind. -m)  BEIEK
year research area number of species  percent of copepod in the total abundance abundance reference
2014 160°E, 4°S~46°N 481 80. 1 45.11~439. 84 Sun %5 (15)
2017 146°E, 24°N~36°N 310 71.1 118.33~452.22 Long 4:116]
2019 147°E~154°E, 28°N~35°N 456 55.8 2.14~67.76 EN A
2020 146°E~156°E, 29°N~35°N 386 61.1 0.87~47.29 BN

3.2 FEHMABHHTILEL

ABIFEAF AL, PHALKRP-AE R 72 5 sh P
Hhhor A BA W R Z 18k, —J7 mR B e
PSRRI, F3— TR BN L R A 2528
TUR RS, 7 i sh Ay it SR 32 [m] i S0 2 T AL 1
FhRA AL, FRE . AYRFRRGZm Y, FF
DAL 55 9 PR K Fh S 1 AR Rl (FEIRHT K
&), MAZE S FAL S ) 2350 iy £ 1 7K Fh 2
I8, SEFLEOKE . NEERTHL NIRRT K
FOAPIA T SR, LK A e I
WKARAAER, TEFRT s UM, 7L
EIUE o SR B LR A ST W= R SR (OO
PRTRR SR R R R ARV EAT I SE I A B, A 1
GRS AE FL AR E W B F R, Kbk
WA T AN LA K B ATAE o ANERET B R
TR /R MAE P Z N B AR B, b T 2R
HATBR WAL , R PR R B B 7K 1) 15 245 i X
I8, AR I Sl W) 1 K A P b RSP R Y
B, R RA TR AT R I KR, RIIE
ST R IARAERY ) ARBEE, F MR
BEZTAS, XSRS A —E/
KA, NEBFEET P RAAF A G N, fE

TR SR ARG N A T R A, AH R
Ml A K2 B i RN o A — i kA AR
35°~36°N, W FIHA At A TR A K8k 2
PG AT U 3ol 114 2L A S A A BT 5 Wi 8] A 96
AR, BE N, IRE KIS0 & TRf
SRR S5 R LAY

3.3 MBS HHZmET

3.3.1 FABHBET PRI FEFIAT LU e
ST, EER MR S Y R S R
SE AR AR T DGR . RS IL SRR
O3 AR ST I O BRI TR T Ul Sl ) v 45 R Y R
fih o TRIESH B 0 A AR AR R T DDA G
SR PRI S W 0 S A K1 3 A 1 3R 85 IR T TS
R TR, &P BP0 R RS kA
AR | R AN ] A ARSI TR A L & A
AR AR, PSR ORI R S A ARG
PEXEAR . ARWFFEH, Pearson FH 44047 1 RDA
MR B RS R TR S Y A oA Y
FEAREY AT, HABHE RN MifE4 2
R L AR A ) EEA T, T gEn g
WESERB,  SE0a PR Sh ) o0 A 1) 32 2 R - 24 n] e 4
JER A BRI, F 22 s R, R
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W RETE I 2 B B R Ao R Y i KA
A AN Z BRG], VT2 HEE YRR I LE b X Y £
520 T IR v . L S B A S BT S
PERYT KB i) T 4 B, miBilAs | w2 EsR
JKEE AR S S RER R, XA e T
[F) A I i ) A AR AR R aE e, IR R 2 4
JE B AS AT AN ek A%, 20 ey O B A, AR
51, Pearson AHOCPE BT RN, IS AR AR
ST SRR —E A (£ 3), SR
TSR I S TE ARG, 33X R R S VA T 5 0k e Uk Y
TFEREE, WUE] T B /K 3R Z K BA A2
TEMF ST PR B 23 (8] 43 A 5 1 B2 ) 1 DG R R 3,
PR AEAER I 0 56 221100, 33K 10 A 30 88 S 5% i
T IR R 2 — . B TR, 7%
Wrsh P A Kt 58 F= Y s DI OE T . AR
R, R ILIUKE SRR, e
AR AR O K 8 R L K 3 5 Eh BE A G PR R
(#3) . Pomerleau 55" £ X6} V-1 1 307 U 5 4
HATHRSE R A, LA EHE R ER R R TS
ERRERIEMCKLR,

3.3.2 AMRAT RSB YRy ]
gy, Hoamdzesed  mEmsm™ ) agEa
ST KR IR A Y B R,
FEPE T BEAE S V7 i 2 ) R A W B KO R
Uit 3 B 55 7R i sh W A AR K R DA O
Long %5 R CCA 7k Wi R 5E S 505 1 #4Fh [8]
MRFR, WZX RIS YRR o ARl —
Tl S TR AAR DG, —M S EFRY ., HERE a
FHR Pershing %[mﬁﬁﬁfﬂ, JNEURE JE 2 AN v AR
BRI H AL 5 I e ) £ AR AR 2 A OG, Sun
IR, IO R ARG M X SRR a
S AR HE M 0. 16 mg/m®, A B 5% I8 4 Vi 4 A&
% (0.16 mg/m*) MFEZ (0.25 mg/m*) M4
2 a JT RS SHARMDL, MRERER a WREERAL, M4k
R a WAV S B (R OC R 5 PR S Y
PR B AT 73, REB IR & 0T
Y EEEMN R  ERIEX N LR, Hib
AR, ZHEAAE R AXTROCR, Wtk
JRALEE S W IT R, TRV R A0 TR s VRS 1Y
FEGYPRIR, B FE SR o WE 27
Ko X ATRER KN PR B ) 1) R i A 2 PR AR )
Wk TERMFEES, w7 AL EM LK
K. W Longhurst FE5YHFST, $HEFIE il X
WE O E RS X, RS — X E
EMRABRE, @FFH RREERIRZ, ¥

DA VAR, FEATT PEAE T A X A R 2 U IR
YRR S AT ST A B, $h R R T
VRIS PFlirsh ) 0 A B BRI, TR s 4
R a WRER, XH5ADTEL AL,

4 it

1) FEVGIE IR v B 4 2 i sh 1 602
i, HrpFRZE 456 Fh, 4ZE 386 M, L F TR 2=
f 10 FRERR LA TR 5 b, EAOEKRREA T
B OESR, LUK . NEENT | BOTTK
HAVNTKEAEAZ= 08 TR R, R
KRR W S A R s, R
AR, AR AT AT 4 J5 T sh W) 2Rk
AR, RIS YRS ] BRI A

2) Pearson FHIEMESHT A1 RDA 43 B F 5% 45 S
—B, AMUEEEYR TR SRR IR
oA, AR TSR a WIS )
e AT 5 BRI A6 5 4 2 A
K, MAFPHAR AT ST WA, R
T sh W) SRR T Z R E A, AT E4R
AL THMEMER, AR AT IR R RE T
T sh W2 1 LAl
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Distribution and relationship with influential factors of dominant
zooplankton species in the Northwest Pacific Ocean
in spring and winter

FU Feiyu', HAN Peiwu', FANG Zhou'**%* | LIU Bilin' %+
(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. The Key Laboratory of Sustainable Exploitation of Oceanic
Fisheries Resources, Ministry of Education, Shanghai 201306, China; 3. National Engineering Research Center for Oceanic Fisheries, Shanghai
201306, China; 4. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 5. Scientific
Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract: In order to explore horizontal distribution characteristics of dominant zooplankton species in the North-
west Pacific Ocean, the dominant zooplankton was surveyed in zooplankton samples collected at 58 stations in the
Northwest Pacific Ocean (146°-156°E, 28°~35°N) in spring ( March) 2019 and winter ( December)2020. The
relationship between dominant species and influencing factors of zooplankton were evaluated by Pearson correlation
analysis and redundancy analysis. The results showed that 602 species (including unknown species) were identified
during the two voyages, with more number of species in spring (456) than that in winter (386). Eleven dominant
species were observed, including Pleuromamma gracilis, Nannocalanus minor, Neocalanus gracilis and Sagitia hex-
saptera in the two seasons. Pearson correlation analysis revealed that latitude had a great influence on spring when
there was significant or very significant negative correlation between latitude and Doliolum nationalis ( P<0.05 or
P<0.01). Mesocalanus tenuicornis and Eudoxoides spiralis were negatively correlated with latitude (P<0.05), and
Calanus jashnovi was positively correlated with latitude (P<0.05). Lucicutia flavicornis and S.hexsaptera were posi-
tively correlated with salinity in the winter survey area. Redundancy analysis (RDA) was consistent results with
Pearson correlation analysis, with the latitude as main factor affecting the abundance of dominant species in spring
(P<0.01), and salinity in winter ( P<0.05). The results showed that the horizontal distribution of dominant species
in winter and spring in the Northwest Pacific Ocean was controlled by different factors, which was the result of the
comprehensive influence of many factors. The finding indicated that distribution of dominant species in spring was
deeply affected by latitude, while salinity was the key factor in winter.

Key words: Northwest Pacific Ocean; zooplankton; dominant species; influential factor; Pearson correlation anal-

ysis; redundancy analysis



