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Fig. 1 Survey stations of Bailanzi marine area in Lyushun
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JC [T A Y () GE A 32243 B 3 3 e AR (B A T
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Folr 15 PR3 IR 1 A9 9 28 T U 3t R B[] — A1 o il
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F B TR R R LA U A B AR A A
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2.1 BEYEERBFAK

20224F 3 H (52 ) RAEFRIE Y 17, Horh
B R 8 T (47.1%) , HE W% FE M 10 200 ind./m’;
TR AL 6 F(35.3%) , A=) % )% 4 3 322 ind./m’;
TR 1M (59%) , =Y % FEh 80 ind./m’; B 5l
F1FP(5.9%) , W% B 20 ind./m’; HAB S 1
R (5.9%) , &= 1% & M 6 ind./m’. 2022 4F 12 H
(& Z) REFIEshY 16 Fh, Hoh kg 2 25 8 Fh
(50.0%) , 4= 4% % 4 2 707.03 ind./m’; ¥ 5 4
6 F1(37.5%) , =% R 1 929.96 ind./m’; ¥ &
F 1A (6.3%) , LW % FE A 57.33 ind./m*; B
17(6.3%) , 4= 4% 3 >4 70.07 ind./m*, 2023 4F 6
H(E %) RETZ T ah ) 19 Fh, Hop kg i 2 6 F
(31.6%) , A=W % B R 2 407 ind./m’; TR IE4) 5 10
Fh(52.7%) , W% % J 4 577 ind./m?*; 15 $ESS 1 Fp
(5.3%) , "= W) % FZ M 351 ind./m*; A% £ 2 2 Fif
(10.5%) , =95 8y 942 ind./m’

R i 17 Ui s 40 ) A BB A A B S BOT
gE (R DT, 2022453 H (FEZF)AHEHEF9
i, 43 50 KV 95K 3 (Acartia pacifica) (5
G g5 4k K & (A clausi) . B & B\ I K &%
(Centropages abdominalis) . H 42 %7 7K & (Calanus
sinicus ) /NPT IK & (Paracalanus parvus ) U NE
& /K % (Oithona similis) . T 2 K IR /K &%
(Corycaeus affinis) A% & 28 To 17 G111 (Copepodite
Nauplius larva) Fl & & 2& J& 7 4 & (Cirripedia
larva) ;2022 4F 12 J (& Z2) G RSB S Fh, 73500 )2
AN IR 2 TS KR K 28 UK E I & A
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2 %1 1K (Copepods larva) Fl J& 5 4l & (Nauplius
larva) ;2023 4 6 (B Z) A L3 H 6 Fft, 7351 J2
KW 8Kk & 2 B K B % E (Podon
polyphemoides) . Wi & = ffi & (Pseudevadne
nordmanni) \ SR 2 ML (Oikopleura dioica) J5% /2
KGRI 4k, 2022453 A 5 12 A 3L FEE
BT 3 FH, 53l AU SR NUPT K S AT
GERMRAK &, LRI AN 72.72 % 32022 4F 12
H 520234 6 AL RIJLEF 3 Ff, 3051 4 UK HE
GIK & BRI LR FTCTT G A, P SR B
}62.5%

2.2 AEBMUEE(B)MEEBE(Q,)

1.00. 2022 4F 3 J & 240 F 5 W2 e 5 ) B,
40.68~0.98(F%2),) A umﬁ: Jo AR
A AT o Horp v R Gl /K 28 AR A e B
m%ﬁ%mﬂm%Ukﬁﬂmxmw)k¥
¥ 95 K & A A 07 58 B (0.68) J /N o AL
Pianka /A 1A FE R HFAESAHS
2022 4F 3  BF R IF U AE S AL E S R ECh
0.54~1.00(F%2), XM B FEEZ(Q,=0.6)H
35%F, 5 97.2 %, Horp AR YK & AU IE 817K
H(LOO) A X AR m W AESMESRE . 4
ASOTE A E A LA, 2.8 %, /MU KE
FIIT 2% MR 7K 3% (0.54) Flr ot [] 2 AT 524 9 A4 285

20224F 3 F (2022 4F 12 A HI20234E 6 A (ESE ., ASMESERE/NT03MA0
T 1 B T B B A 0.12~0.98, Q4 0.54~ X ITFRAR LK 2.
F1 FHFHMABTRABEEH
Tab.1 Dominant species and dominance index of zooplankton
2022.03 2022.12 2023.06
2t GiiES R EFE | dhi 4 RAEE R | Sl GiiES PR TR EL
Code Species Y Code Species Y Code Species 1
A0l RV 8 0.031 BO1  /NMMFKE 0.087 Co1  HIKIE Sk & 0.259
A02 PTARNES G ) € 0.086 B02 T KHRIKE 0.028 CO2  ZHIG R 0.048
A03 JE B i ) K 2 0.024 B03 K HEGIK % 0.437 Co03 IR =AM 0.065
A04 FRAEFT K % 0.084 BO4  BEEALIA 0.342 Co4  SRfEgES 0.042
A05 MUK & 0.035 BO5 BIREECILUN 0.036 Co05  FRlEiik 0.449
A06 KN SR 5 0.383 €06 P REEAINUN 0.047
A07 2 KR IK % 0.097
A08  BEEATELA 0.178
A09  EREATV A 0.046
R2 202FE3RZFHIMESMEE(B)MESMKEEE(Q,) Gt
Tab. 2 Statistics of niche width and niche overlap index of zooplankton in March 2022
Gy 2 Qu
Code ' A01 A02 A03 A04 A05 A06 A07 A08 A09
A01 0.68 1
A02 0.98 0.79 1
A03 0.95 0.84 0.93 1
A04 0.95 0.90 0.93 0.99 1
A05 0.70 0.96 0.76 0.90 0.94 1
A06 0.97 0.89 0.96 0.99 1.00 0.91 1
A07 0.82 0.61 0.95 0.80 0.78 0.54 0.82 1
A08 0.86 0.95 0.88 0.96 0.99 0.98 0.97 0.70 1
A09 0.81 0.99 0.86 0.92 0.96 0.97 0.95 0.69 0.99 1
TE IR R i WL 1,
Notes: The species codes in the figure are shown in Table1.
20224F 12 H & FMAFIgEUR s 5, T R MAE LS, Hd gk
Pl AR AL FERE R 0.72~0.90(FK 3) ) AESNAT  (0.90) A= 28 A7 98 B fie K, HR R B R JE 4 ik
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(0.88) , T 2% K AR 7K # (0.72) A= 2507 58 B e /DN o
FIH] Pianka 28 201530 H 2 2L 34 A 250 1 5
&, 2022 4F 12 H 77 iF sh W) A= 500 T B 48 50k
0.60~0.98(K 3) . &N B EHHS(Q,=06) A
10 X%, 7 1009%, H: o1 T 45 4l 44 Fn /N 0097 0K &
(0.98) Fp x| AT m i AE S EEE, Z B,
YHARFNTCTT DA (0.60 ) Ffoit [A] ELAT AAR A A 2507
BT, ESNVESEAZEAON, ABAE
& FEEAREC/NT 0.3 14 0%,
R3 2022F 12 RiIFHNMESMEE (B)MESRMNE
BE(Q,)&Fit
Tab. 3 Statistics of niche width and niche overlap

index of zooplankton in December 2022

3, PRI e V7 i sh W A A Fh SR (AR . pH DO |
NH,-N.DIP . DIN £1 COD 3t 8 Fp #4315 K 7 #E 17 9C
A (RDA) .

&4 2023F6 RiFHNMESMERE(B)MESME
&8 (0,5t

Tab. 4 Statistics of niche width and niche overlap
index of zooplankton in June 2023

T Q.

Code ' Co1 C02 C03 C04 CO05 €06
Col  0.78 1

Cco2 0.84 095 1

Co3 0.12  0.62 0.80 1

co4 029 0.70 0.86 0.98 1
Ccos5 0.72 095 0.99 0.83 0.89 1
Co6 026  0.69 0.86 0.99 098 0.88 1

gﬁﬁ% B Oz/.—
Code ' BO1 B0O2 B0O3 B04 BO5
BO1 0.86 1
B02 072 097 1
B03 074 097 098 1
B04 088 097 089  0.89 1
BO5 090 098 096 094 095 1

TE - DR X L A Fof 4 L 1

Notes: The species codes in the figure are shown in Table 1.

2023 4F 6 H 5 21 S T 577 i s ) 10 3
(4 A A5 55 B Y ] 0.12~0.84(F5 4) , T A 8 4 3
B, oA S, A A S 3R, Hp 2R R
PR (0.84) A B0 B B K W TG =M% (0.12) 4=
BALTEREfe /N, I Pianka 23 2038 Y 4 22
P S T, 2023 4F 6 H IRl sh ik Sk
BB EI N 0.62~0.99(F4) . EEBA BEE
B (0,=0.6)4 15%F, 5 100% , Hirh Z2 #0453 R 33%
FIBE JE 2401 (0.99) Rl ] 515 = A 1 AN G
21k (0.99) HA A0 A K IE GIK
T I = 7% (0.62) Aot [a] HAT B A A= 5402
HEE, AN ESEAE O, ASME
BB/ NT 031945 0%t
2.3 ABMUSURNNEZImEF

SR R R4 T B JR 0 AH e (Pearson
correlation) 43 7 , T 3 Bl B 77 22 W% ik A
(Variance inflation factor, VIF) > 10 [/ 35 55 K 1,
HR BB 2022 4E 3 H 2022 4F 12 H F12023 4E 6
FMA IR 1 3850 i 8 0 e AR 2R AT By
(DCA) . Z55FW IR R pH. DO NH,-N,
DIP . DIN 1 COD 3 8 F 85 K 7 1) VIF ¥/ F46
T 1 ST BT e KB B K R 0.26, /N T

ERE T EIONAIBE LA E

Notes: The species codes in the figure are shown in Table 1.

RDA HE 7 B2 B 0 3 A A oA 58 Y+ s e 7e
— R SRR TT DL UL LR S R R &
ZIAE R BT kL n K B R B R 8
PH - 5 000 S i 2 A ] AH DGR B2 1) KIS, 8 4k
o M OCHEBE R, ez BN o A Sk i 2 R HE I il
1 I F AT G T IR R I 5 HE il %) A G
KN, Je RN A M | R ZBRAR

TR A R FE W], 2022 4F 3 H HEEHFH
— b 1 R AE B K 80.98%, 45 — il 1) 4 1EAE
19.02%., H1 18 2 ] 401, 2022 4F 3 J )6 61 i ) 7k &%
()53 A7 3232 pH A%, FL53 10 5 NH,-N .pH Fll
R RIEA G, 5 DO . DIP DIN #1 COD &
TG s AP K 3 PR IE SR 3 N K%
FIRE FE 2R TC T B AR 0 43 A 232 pH 52, K
V-V 9y R K SF R R R TC T A AR B A A 2
R RS2 - HLK 6 FR IS Y0 S pH FhE 2
IEAE X, SR E DO . DIP . NH,-N  DIN #l COD
TAH I ; 3 RS RR K 8 L3 S R MR 7K 38 14 43 A &2
L2 COD W52 , PR i sh ) # 5 1R BE DO
DIP .NH,-N .DIN 1 COD 22 1EAH, 5 pH #h &
TAESE . 20224F 12 H & B H P56 — Ml RRAEE
4 89.36% , 5 i KR AE(E R 6.81%. Hi[#] 3 A]
H1,20224F 12 A & ZE T Wk G2 KIRK &1
G340 EEERZ NH-N W52, S E S 7K 3 1 40 0
FBLAZ B R 3K 3 R VR IE Sh o A A0S R
& .pH . DIP NH,-N,DIN ,COD Fl£E & 5 I AH &,
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(RIFZ IR, B8 AR 1 53 A T2 232 2h 1Y
X A IR B ) 3 A B S5 I EE . pH \NH;-N . DIN |
COD FIERJE S EAISC, 5 DO DIP £ 171 A 5C 52023

St —

6 A B B 75— R ARk 88.10%, 25 —
WHRRFIE(E A 8.15% . HHIE14 A1, 202346 H &
Z5 5 AL F A 4K 5 IR BE LR B2 RN COD & IE A
%, 5 pH . DO NH,-N . DIN F1 DIP & A% .

0.8

A02

A03

PR RS LR 1

The species codes in the figure are shown in Table 1.

1.0

B2 202253 RFHEHMABFHMENEERF RSN

Fig. 2 Redundancy analysis of dominant species of zooplankton and environmental factors in March 2022

1.0F

DIP

COD

BO1

B04

DO

-1.0 &
-0.1
P R 2 I 1

The species codes in the figure are shown in Table 1.

1.0

B3 2022F 12 BZFHYEEMERBERF RS

Fig.3 Redundancy analysis of dominant species of zooplankton and environmental factors in December 2022
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The species codes in the figure are shown in Table 1.

1.0

El4 2023%F 6 RiFHEHMABFHMENEERF RSN

Fig. 4 Redundancy analysis of dominant species of zooplankton and environmental factors in June 2023
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20224 3 A (F 2 ) He 5 A 345 9 B, 71 1 3
BEZI 0.11;20224F 12 A (473 ) g H L #
5Fh, A28 0.19;2023 4E 6 H (B 2 ) 4t
Y E o PN IR 015,

MR O AT HRIF R 25 5, 77 Ui s P O ik 2
AR /)N R I S A e e .t k]
HIL,2022 43 A (B2 IR sh Y REE 45 H H 12
A (& Z2) TR s W BE T 25 1 AR , 2023 4F 6
H(HZ) 2022412 H (47 77l sh e v
ZEFERE HJR 20224F 3 H (52) 20234 6
R Z8) -l sh R Ve a5 i TR o, X 5 = A
SE U T R PR U S RV I Y A SR NAE
{2 55 PN ER A5 20 0 BT 4% 2 0V VT i s W) U
P BRI FE 25 B AR — B, X 0] g SR AR 2K RS
BRI R A 2 5 B E T 5 0 T Ui )
Py (B anAR 2 20 Bl B R A b, ZE iU v o AR
Fpb A7, 2 2T rh R e s, L R —
J7 T 0] BE S B 2 I S e 2 S HA IR i sh

AH P BEHE 1 A, A e ab TS5 S, T
TR S WA BT B 5 O — O T, iU 340 A 45
el 5t , A8 A2 20 KA 28 5 f AR G 1)
TEBHEE P27 B A R i B %) Bk, — 35 43 T Ui B0
Yy 1R 28 0 S R EDRL TR S AR 2R T B A
WA DI S RE 5 45 A AR E . 2022 4F 3
J 12 752023 4F 6 A B[RRI E 61
KR, LB RN TR, S i I Sl AR 1 9T R
B R . 20224F 3 H 5 12 A i1 2022 4F
12 H 52023 4% 6 H LA L FhE A 3 5, I3
Tl B R AP 1 h 72.72 % R 62.5% , R4 T
B K, Vi 1 VAR Sl 3 i 30 0 B A0 A 2
AR BT 2R, R EER
Bl ge SR E MR A OC ., HFARMAF T
R e SE A G, FEARHESY KR, 2022
3 H (FZF)FHIEMRT 20224 12 H (47F),
R H AR T K AR 2 A LR, AR A& ik
AP AF X 5 TR R X R T KR
Ui o8 JE 28 A1 B A 90 vh B P AR T K S 1Y A3 AT
2R BERZ R T B S (I 9 4 R AR s A AR
PR R RS ERER L, ALTHRE
SO R T A A 2 B 9T R R B, MR R A R
FAEA B AR — 2R s, T H Y
K 1 T3 20.0 “CHF, A% A 288 0% i s
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SHAL HKE N 109 CHI12.1 “Ch, K & BLAL
25 X S ARNG S R
3.2 ABMNEESW

A2 AL B8 FE 2 — WA OGS [ 5% 5 R AR
B T FE b, FL/ NI T ot PR BE IR Y
I FIEE R B 150 TR s AR SR AR A A6 T
R TEAE 5 = < SN - R =S R i K /K e i
W, 202243 H (R ZE)9 R k) AR FR 2
20224F 12 H (& Z) 5 Fh &30 Ry Ttk A Fh 2
20234F 6 H (B Z=)6 Fivd | A 8 A A 28 4%
3Tl , R B b T 15 388 V7 Ui 30 ) A 5 P b A 2 22
M A SRR M R, 2022 4F 3 A AR A T8
A 5 K 2 e R Gl /K 2% (0.98) L 12 H A 2 58
JEEAE fe R R TE T 41K (0.90) , 2023 47 6 H A4E 4
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Ecological niche and niche differentiation of dominant species of
zooplankton in the Bailanzi sea area

LI Guoxing, YIN Zengqgiang, WANG Di, ZHOU Yingyou, ZHANG Dawang, YANG Jun, WANG Yan,

YAN Jiamin, CHEN Lei
(College of Marine Science and Environment , Dalian Ocean University , Dalian 116023, Liaoning , China )

Abstract: Zooplankton are important food organism in the marine ecosystem, and its community structure and
population distribution reflect the productivity of the waters. In order to understand the interspecific
relationship of the zooplankton community and the impact of changes in environmental factors on the niche
differentiation of dominant species in the Bailanzi waters, basing on the zooplankton survey data in March and
December of 2022 and June of 2023, we obtained the dominance index of zooplankton in this sea area through
calculating the Levins niche width value and Pianka niche overlap value of the dominant species, and divided
the niche types of the dominant species into broad niche species, medium niche species and narrow niche
species. The redundancy analysis method was used to explore the main environmental factors affecting the
niche differentiation of dominant species of zooplankton in Bailanzi waters. The results showed that there were
9 dominant species and all of them were wide ecological niche species in March 2022, 5 dominant species and
all of them were wide ecological niche species in December 2022, and 6 dominant species, including 3 wide
ecological niche species and 3 narrow ecological niche species, in June 2023. The niche overlap indexes of the
dominant zooplankton species in March 2022 ranged from 0. 54 to 1. 00, and those in December 2022 ranged
from 0. 60—-0. 98 in March 2022, 0. 62-0. 99 in December 2022, and 0. 62-0. 99 in June 2023. Redundancy
analysis showed that the main environmental factors affecting zooplankton distribution are temperature and
salinity, followed by pH, dissolved oxygen (DO) , ammonia nitrogen (NH,-N) , dissolved inorganic
phosphorus (DIP) , dissolved inorganic nitrogen (DIN) , chemical oxygen demand (COD). The research
results are expected to provide basic information for an in-depth understanding of the interspecific relationships
of zooplankton communities in Bailanzi waters and the adaptation mechanism of zooplankton to environmental
changes, and provide a theoretical reference for high-quality marine ranch construction in this waters.

Key words: niche width; ecological niche overlap; redundancy analysis; niche differentiation ; zooplankton
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