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Fig. 1 Map of the sampling sites in the study
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1 BEAdcERE SRR 2 LA A
Tab.1 Species composition of zooplankton in northwest offshore of Hainan
HZ spring HZ summer k2 autumn A7 winter
K
- FIE g o ﬁ’;é@( o5 LLA91/% ﬁ’*ﬁ o5 L fl/% ﬁ’*ﬁ o5 LLf9/%
group species es ecies
number Perentage number percentage number percentage number percentage
FilpE i)l KEEKEESE hydroidomedusae 10 9.01 8 8.51 19 14.18 20 17.70
Cnidaria HKFEJE siphonophorae 5 4.50 4 4.26 4 2.99 3 2.65
MK ] Rik 82 ctenophora 1 0.90 1 1.06 2 1.49 2 1.77
Ctenophora
IS copepoda 57 51.35 47 50.00 74 55.22 47 41.59
i ffiZ& cladocera 2 1.80 0 0 0 0 0 0
A IEZE ostracoda 3 2.70 2 2.13 5 3.73 3 2.65
N i £ 2E amphipoda 2 1.80 2 2.13 2 1.49 7 6.19
RS 4k isopoda 1 0.90 1 1.06 1 0.75 2 1.77
Crustacean o
UFJS euphausiacea 0 0 0 0 4 2.99 1 0.88
BEIFJE mysidacea 0 0 0 0 3 2.24 5 4.42
+ 2% decapod 4 3.60 5 5.32 6 4.48 5 4.42
WS cumacea 0 0 0 0 0 0 1 0.88
TSI FEWZE chaetognatha 10 9.01 10 10.64 7 5.22 3 2.65
Chaetognatha
B Kﬁ% ] £ FE% polychaeta 5 4.50 3 3.19 4 2.99 5 4.42
Annelida
BRI 5 /22 heteropoda 0.90 0 0 1 0.75 0
Mollusca #EH pteropoda 6 5.41 6.38 1 0.75 5.31
2 2 Zh . . .
RREI ] B tunicata 4 3.60 5 5.32 3 224 3 2.65
Urochorda
T total 111 100 94 100 134 100 113 100
FUF 4R decapoda 8 7 11 11
N N .
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Fig. 2 Zooplankton abundance distribution in four seasons in Beibu Bay
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Fig. 3 Zooplankton biomass distribution in four seasons in Beibu Bay
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Fz2 EFHIPESRERFHEXMESH
Tab. 2 The relativity analysis of the zooplankton and the environmental factors
o /72 spring HZ summer #Z= autumn A&7 winter
F8t5 item
ZA ZB VA ZA ZB ZS ZA ZB ZS ZA ZB VA

ZB 0.839™ 0.947" 0.440"

ZS 0.553"  0.639"™ 0.727"  0.684™ —-0.564""

H 0.458" 0.757"  0.584" 0.571"  0.714™ —-0.560""

TT 0.435"

PA -0.508" -0.427" -0.393"

sT —-0.508™ —0.454"

sDO 0.433"  0.490" -0.419"

STN 0.519™ -0.508" -0.529"

;s H KE,;

TT RiEWIEE; PA SRIFIFAAY) F BE; sT ARIZTEE; sDO NRIZIFM A, sTN ARZE LA

Notes: *means significant correlation (P<0.05); ** means extremely significant correlation (P<0.01); ZA means zooplankton abundance; ZB
means zooplankton biomass; ZS means species of zooplankton; H means depth; TT means transparency; PA means phytoplankton abundance;
sT means surface temperature; sDO means surface dissolved oxygen; sTN means surface total nitrogen.
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B Rl 21 AR AR ARk . B ZETRIES AN S
2H 5 K BRI 3 TE A5G (P<0.01), 5 iFUiFEY)
R T 0 3 AR 06 (P<0.05); RS K
TR B 2 1EAH 56 (P<0.05), 532 15 2 35 ok
K(P<0.01) o K 2171 s P AP 2 20 B 5 7K TR A . 2
IEAHIE(P<0.01); KIK. REBMASFE . &Y
I IE A 5&(P<0.05), TRFHYI S E S £ A&
Yy i 2 1A DG (P<0.05)

FKZR TV S W Fh S 40 8 5 37 PA B i 2 TE R OC
(P<0.05); 52 WA = B 43 A 1) 32 22 3R 5% R 7S 7K R
MR DA, S5KEWN 7 P<0.01), 5
F 2 ME M AR (P<0.01) . & ZE 1737 51 ) il
K5 RIZUR A D E TUAE I (P<0.05); R AW
5 R DA R U O (P<0.01),

24 FEZHIVMESHRERFZEMNXER
SN SR R BN 5 %, Rl L
S FIREXT AR 7 R S K 1 A s, PR L R BT
Tesh BT R KT 40% AR T o0, HZ ik
BUT 18 Mgz sh® (5 B 1Y 74.85%), H 5k
HUT 20 FlF B (h M A 1Y 72.44%), Rk
BUT 26 MliEsh P (5 S A EE 1Y 80.46%), A-ZREHL
T 25 PR IWESh Y (N R 93.66%), 51 TF# 3,
Wt 4 FIE 4 B RDA HEF 4SBTl 1, B
5 RDAT AHICH: R R B9 MR8 R R K B 2R 2
¥, 5 RDA2 MM SRR 7 AKEE . 7
WERL IR pH. BB R T ARk
(Calanus sinicus). T i Bz K F i) 4 B 58 /K 28
(Temora turbinata) fll5F F& 9& 7K % (T. discaudata) .

®3 FHMERMEKBRESEH

Tab.3 The mainly species code and ecological groups of zooplankton

2 species (N HEASIHBE eco-group %ﬂ; CEC &S 53?
code spring summer autumn winter
P H 2K+ Euphysora verrucosa YZN MR /KFN nearshore warm water species
2 AR KB Aglaura hemistoma BKZ  K¥J fifP cosmopolitan ocean species .
BT /KEE Solmundella bitentaculata LSK K fifl cosmopolitan ocean species . .
4HE = /KB Lensia subtiloides NXQ  iI/FWE/KF nearshore warm water species
¥ 7KEE Diphyes chamissonis SSS TR BE K FR nearshore warm water species

BREM /K £} Pleurobrachiaglobosa QXC i FMKE: A nearshore low salt species . .
¥k % Calanus sinicus ZHZ  BEIEAM warm temperature species . .
A K #F  Canthocalanus pauper WCZ iR #:Fh eurythermal and euryhaline species . . . .
/N 7K % Nannocal anus minor XZS  #HTBEIK A tropical warm water species . .

3@ K #  Undinula vulgaris PTB  #iFBR/KFH tropical warm water species .

WK BT KF Subeucalanuscrassus QCZ  IAHFBE/KFh tropical warm water species . .
WERIKEAT K F S subcrassus YQC  #ArHE /KA tropical warm water species . . .
/MU KT Paracalanus parvus XNZ  JEjEBR/KFR nearshore warm water species

SREI T K F P crassirostris QEN  JT/#HE/KFh nearshore warm water species .

Mg B /K ¥  Eucalanus subtenuis XEZ  #FHE/KFP tropical warm water species . .

fgeFEYT /K % Acrocalanus gracilis WTL  #IR/KFP tropical warm water species . . .
FEEEH/KFE  Euchaeta concinna Iz7 Wz 7K) 4l cosmopolitan warm water species . . . .
FiEHKF E plana PHZ  BR/KJ A cosmopolitan warm water species

2V JB58 /K& Scolecithrix nicobarica  YCH — JEFBE/KFl nearshore warm water species

HEJE 5i/Kk & Temora turbinata ZXK  ICVEBEKF offshore warm water species . . .
FREY/KFE T. discaudata YWK  iTi#EKFP offshore warm water species . .

X M3l /k 2 Centropages furcatus CXC  #AFBR/KFh tropical warm water species .

YJE /K% Lucicutia ovalis LXG PAFBR KR tropical warm water species

{AGF3k /K& Candacia bradyi BSP PAFBR KR tropical warm water species . .

(f¥%% to be continued)
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(%% 3 Tab. 3 continued)

FRR species f(c)ggi AR eco-groups sfr?fg su%nfer al?t(uﬂin \fi‘nﬁr
3%k F C. catula YPT  #HFHE/KAD tropical warm water species . .
K- 44k /k % Acartia pacifica TPY  iIEBE/KFP nearshore warm water species .
/NEIESI/K % Oithona nana XCF  L/#BE/KFF nearshore warm water species .
T E Gk % O. fallax WCF T/ R/KF nearshore warm water species .
RITKARSI/KFE Corycaeus catus LQD AR /KFh tropical warm water species .
ZI/NEAf/KF Microsetella rosea HXM  #H7BE/K Al tropical warm water species .
T NP4 Lestrigonus bengalensis MJL  JTHREJSTE:AD eurythermal and euryhaline species .
Te W ET Pseudeuphausia latifrons  KEJ  J i) #kFP eurythermal and euryhaline species . .
FPAIEEHR Lucifer intermedius ZHX  #AFBEKF tropical warm water species . . .
AR ZUF L. penicillifer SZY  PAFIEKFF tropical warm water species . .
IEREIZER L. typus ZXY HPAFBR KR tropical warm water species .
VU5 BT Siriella quadrispinosa SCJ TR ARERFR neareshore low salt species .
R Cypridina acuminata JWH  JEEFF nearshore species .
£ | B %% Euconchoecia aculeata ZCZ  iZFF nearshore species . .
JIEJ % B Sagitta enflata FPJ BE /K] #iFl cosmopolitan warm water species . . . .
NEEFT I S hexaptera LQJ K] AiFh cosmopolitan ocean species .
HFE B S bedoti BTJ TR BE /K FR nearshore warm water species . . . .
W S nagae HLJ Wz A warm temperature species . .
/NI LS. neglecta XXJ  #AHFBE/KFR tropical warm water species . .
VU, o
icFefE4m, Oikopleuralongicauda cwz grﬁ;;gj a\ndﬁejy*liline species, nearshore species ) )
B ER e
LR O. dioica Y1z g;tf;]ilj;r?lzp a\ndlzlfjliline species, nearshore species ) )
BAUHERE Dolioletta gegenbauri RNH KEET 4iFh cosmopolitan ocean species .
o BRSPS R 1A 4, 7R .
Note: The code of zooplankton are the same with Fig. 4, « denotes appearance.
#* 4 RDA SHHIFHERERFHXAH
Tab.4 Axes-environment correlation coefficients of RDA
s T #7Z= spring HZ summer #Z autumn A2 winter
environmental factor  RpA] RDA2 RDAI RDA2 RDAI RDA2 RDAI RDA2
H -0.6252 -0.6155 —0.7032 —-0.5092 -0.7419 0.0638 0.4251 0.0460
TT -0.1600 0.1571 0.0192 -0.7961 0.2522 0.1339 0.5739 0.1981
PA 0.2135 0.7387 0.4320 0.3201 0.1266 —0.2057 —0.0094 -0.2092
sT 0.4865 0.2925 0.3416 -0.5707 —0.4683 0.0786 -0.2939 —0.3545
spH 0.1580 —-0.4899 0.1048 -0.2241 -0.0192 0.5642 0.0641 —0.2557
sDO —0.1446 0.2076 —0.4806 —-0.2992 0.2770 0.1805 0.2560 -0.4332
sS -0.1136 0.1066 -0.1653 0.7343 -0.0631 -0.1612 —0.5673 -0.3384
sTN -0.2335 -0.2552 -0.2010 0.2686 0.5070 -0.4301 0.1174 -0.8174
sTP -0.3092 —0.1583 —-0.0016 —0.1033 0.1256 0.1169 —0.0936 0.1103
sSS 0.1612 —-0.0753 0.0083 0.7190 0.1615 0.3716 0.2612 —0.3400

e H K TT BV PA NTRIGHIY I, sT N RIZEIE; spH I RZERISE; sDO N ERIZEMA; sS IRZIREE; sTN HEZ H
A sTP A 3R)Z BWk; sSS HRZE IR IR ).

Note: H means depth; TT means transparency; PA means phytoplankton abundance; sT means surface temperature; spH means surface poten-
tial hydrogen; sDO means surface dissolved oxygen; sS means surface salinity; sTN means surface total nitrogen; sTP means surface total
phosphorus; sSS means surface suspended particulate matter.



242 [ K 77 R A 027 %
% sring L [ s
0.6 PA XNZ sS SSES
WTL 0.5 -
041 voc QEN
PA
02 $ " A
B FPIAZS DO
ZH PHZ HLJ WEE
< sz \ <0 17Z SH voc 0
@ 0 BTJXXJ 0 @ ZXY I\
sSS wcd EZ
02 mz T sD
PH. F
YPT JZZ H )
0.5 CXET
041 o l
H T
—0.6 -
| | | 1 1 -1
—0.5 0 0.5 -1.0 —0.5 0 0.5
RDAL1 RDAI1
1.0F \ 1 I e
FkZ autumn | 1.0 &2 winter 7HZ .
KEJ
XNZ 0.5+
cwz o
i < YQC
0 a K 0
YTZ
=05+ P] WCZ 05
-1 sTN
| ! I | | ! 1l 1
-0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
RDAL1 RDA1

& 4

ANTR) 2 R Ui B -5 B I T Z [ RDA 234 HE e 4]

BOEREM); B OGTEFRKM), SOGLRBKR, TRERSRM ., TR,
LU AT BOK R, B @K iR, SO R L R A ).

Fig. 4 RDA ordination diagrams of zooplankton abundance and environmental variables in the four seasons
Black means warm temperature species; orange means offshore warm water species; green means nearshore warm water
species, nearshore low salt species, nearshore species; red means tropical warm water species; blue means cosmopolitan

warm water species; purple means eurythermal and euryhaline species, cosmopolitan ocean species.

1% 7K ™ A Ff B4 K5 35 2L Il 7K 2% (Euchaeta concinna)
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EREEAASE, Ha] LA R — A R R S 1
RN, PR 24T A bR A by
IR, 52K R RN R 2 TR BE B 52 i JE AN 3
HF&5 RDAL M PR & 1858 7R K
. RIZEREFTRITEY) %, 5 RDA2 #¢
PR RS OB W B . RIZEE . RIZE
FERNRZBEIFEORLY) . H AT BT, s
Gy AR o, B AR SR VR 1Y S AR AE AT A
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FISE AT /K 2 (P crassirostris) 5 # 2 55 B &

JZREIFYIRE IEAR G, 5RZBEE A, T
Herp it Ze b 05 MK ) A A i 1 0 B K 2 FoRS
FOE K L IR KR ) S R i K < R IE B
K EHKEE, RIZUHMAIEME, 6 THEF A
;A I AR ORI 2 B /K Bl 2 B0 T4 —HE 7
RO R RS, BEEZKIR . RIZEME .
7 B RN 2R RE e . R IR K A LA PR 2k
Xof P35 5 S 22 i HC PR B8 5 W) PR 1 SO T 22 5
I v U 2% 0F (Lucifer intermedius) . iR 22 0F (L.
penicillifer) FiliE B A2 R (L. typus)Zs: 5K K2 E
ffR S AE AR E, Ol /K & (Canthocalanus pauper) |
/N7 7K 2 (Nannocalanus minor) . 758 R B3 7K %(S
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subcrassus) . B4 E 7 /K 2 (Eucalanus subtenuis) |
/NI B (Sagitta neglecta) . il fi] 7K # (Centropages
furcatus) Fl {3 B¢ £ 47 7K % (Acrocalanus gracilis)&:
H5iEWE . RIZREIEMC,

B Z=5 RDAL M5 e 0355 7 Rk
. REBEMEFZEE, 5 RDA2 MR
IR BER TR 2 DA MEZ pH. W] — SR8
BERFFERC W, bR kR KR
¥ 4% 1 (Oikopleura longicauda) . {41} 4 Hi (O.
dioica) /MUK & F 24 THE P e A 0, 5
IR N2 BE AR G, oK) A A il ) £
FRAORIPT 7K 2 . S8 A B I (Pseudeuphausia lati-
frons) . V-1 £ il K 2 FIRG BCE K 8 55 F 2 53R
2 RRIEA G, #AGHT B K FP AT 5 A I 5 B2 7K
Fifv L3 R AN A B A £ 2 T RDA2 A5 10,
5K R FR)Z I ARG

47 5 RDA1 M OCPER i Y A5G R - 385 W]
FEMEZELEE, 5 RDA2 MRS BN T

HRIZDE . HRERANBIEW, 4 SKBE N
Fu . BRI AEPOREN THF MG T, 5
XER AL Z N, P A1 A OK B
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subtiloides) . W.SRIK HAT/KE . SRIKHIETKE(S
crassus) . A B i B (S enflata) . K 4L i A
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(Aglaura hemistoma) . ORI /K & . /MUK % .
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Fig. 5 Nonmetric multidimensional scaling ordination of zooplankton communities

Community a locates depth below 25 meters, community b locates depth between 25
and 40 meters, community ¢ locates depth higher than 40 meters.
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Z SRR FE(P>0.05), i ANOSIM FUMER I H R
G ST LME AR R Ra.o>Ran™>Reols R
T 1R, PRI E TR R 25 RO

RS ORHENMEEMEEELERE

Tab.5 Results of one-way analysis of similarities
(ANOSIM) for zooplankton communities

Z=17 season BEYA community ANOSIM(R) ANOSIM(P)
K a,b 0.181 0.022%
spring b, c 0.027 0.337
a, c 0.287 0.004**
CES a, b 0.127 0.076
summer b, c 0.190 0.067
a,c 0.761 0.001**
2 a, b 0.216 0.032%
autumn b, c 0.037 0.264
a, c 0.216 0.019*
&S a, b 0.044 0.276
winter b, ¢ 0.086 0.798
a,c 0.188 0.049*
T % 3ROR WRE 7K TB] 22 53¢ W 3 (P<0.05), ** KK 22 1R W 3

(P<0.01).
Note: * and ** denotes significant difference (P<0.05) and extremely
significant difference (P<0.01) between two communities.

KRR a il c M IE B e, I miS
75 2 8] 2 S bl i35 (P<0.01); b A 5 R 43
W, /v T aflczbl, #7% b Ml a, c ZRZERAN
i3 (P>0.05).

T 25 45 TR 6 b IO 3 7 0 AT AR X 35 R i,
7 b 1 ¢ XN A s HES, TR IR A 45 4 TG i
E955(P>0.05), (ARt a Fl b Z ] (P<0.05)
a Fll ¢ Z [A](P<0.05)F V% A BR 55 A 35 b

B Z5 % TRV IV 3 57 22 18] 43 A 8 /3 B, b
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Tab. 6 The average abundance of zooplankton ecological group and its percentage
corresponding to depth (H) on different sampling sites

H<25m 25 m<H<40 m H>40 m
=il A= AR ZEHE SRR SR Py
season ecological group (ind/m?*) i L% average % average L%
average percentage abundance  percentage abundance  percentage
abundance (ind/m?) (ind/m?)
HZE it 2 Fh nearshore species 38.84 39.25 32.64 20.70 35.11 22.39
SPTiNg St offshore species 0.09 0.09 38.61 24.48 44.83 28.58
K4 Fl cosmopolitan ocean species 60.02 60.66 86.45 54.82 76.90 49.03
it total 98.95 100 157.70 100 156.84 100
k2= if 52 Ff nearshore species 939.61 75.11 104.73 45.05 78.31 36.30
autumn Sy fh offshore species 12.24 0.98 10.57 4.55 9.05 4.19
K] Hi Fl cosmopolitan ocean species 299.06 23.91 117.16 50.40 128.39 59.51
BT total 1250.91 100 232.46 100 215.75 100
BZ i 2 Fl nearshore species 101.52 29.86 55.00 21.25 53.52 2522
SUMMEr 33 offshore species 115.06 33.84 87.50 33.80 79.91 37.66
KA Fl cosmopolitan ocean species 123.41 36.30 116.37 44.95 78.78 37.12
BT total 339.99 100 258.87 100 212.21 100
&S it & Pl nearshore species 397.57 39.61 175.43 23.92 186.91 43.20
Winter i3l offshore species 276.29 27.52 210.03 28.64 89.62 20.71
K¥ET A Fh cosmopolitan ocean species 329.94 32.87 348.00 47.45 156.17 36.09
B3t total 1003.80 100 733.46 100 432.70 100
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Relationship between the zooplankton community structure and en-
vironmental factors offshore of northwest Hainan Island, China

YANG Jieqing, OUYANG Longling, TANG Fenghua, SHI Yunrong, CHAO Min, WANG Yunlong

Key Laboratory of East China Sea Fishery Resources Exploitation, Ministry of Agriculture and Rural Affairs; East
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China

Abstract: To understand the community structure of zooplankton offshore of northwest Hainan Island and explore
the relevant environmental factors affecting their distribution, we conducted seasonal investigations in sites off-
shore of northwest Hainan Island in November 2016 and February, May, and August 2017. A redundancy analysis
model was used to analyze the relationship between the community structure and environmental factors. Nonmet-
ric multidimensional scaling ordination analysis was applied to test the differences between the communities.
Furthermore, ANOSIM similarity testing was used to analyze the differences among the communities. A total of
215 species, belonging to 113 genus and 7 phyla, were identified, among which 134 species were present in au-
tumn and 94 in summer. The number of identified species was relatively close between winter (113 species) and
spring (111 species). The seasonal differences in the average abundance of zooplankton was significant, being
highest in winter (152.43 ind/m’) and lowest in spring (64.76 ind/m®). The seasonal differences in the average
biomass of zooplankton was also significant, being highest in winter (263.68 mg/m®) and lowest in spring
(59.13 mg/m*). The RDA showed that the water depth, phytoplankton abundance, transparency, surface tempera-
ture, surface dissolved oxygen, and surface total nitrogen have significant correlations with the community struc-
ture of zooplankton. Among these environmental factors, the water depth was the key factor, which affected the
variation in the zooplankton community structure according to the seasons. Tropical warm water species were the
dominant groups in spring and summer, while offshore warm water species were dominant in autumn and winter,
suggesting an ecological differentiation among ecological groups. This was mainly caused by the flow direction of
the current in Beibu Bay. Compared with the same latitude (waters of Cheng Mai and Dongzhai Harbor) and a
lower latitude (Sanya Bay and waters of Wanning), higher amounts of zooplankton species were found offshore of
northwest Hainan Island. When compared with Beibu Bay and the coastal waters of the northern South China Sea,
the number of zooplankton species in this study was lower. However, the changing tendencies of dominant groups,
ecological communities, and seasonal variation characteristics were consistent among these areas.
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