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Ecosystem structure and function in northern Beibu Gulf: zooplankton spatial

niche and its differentiation

ZHENG Ting, LIN Yuanshao®, CAO Wenqing, ZHANG Wenjing, ZHENG Lianming, WANG Yujie, YANG Weidi
College of Marine & Earth Science ,Xiamen University, Xiamen 361005, China

Abstract: The concept of ecological niche had remained as one of the core ideas in ecological research for almost a century,
which was closely linked with interspecific competition, resource utilization had played an important role in the study of
community composition and function,of the relationships among species, biodiversity , community succession and population
evolution. Based on four seasonal investigations ( Spring 2007, Summer 2006, Autumn 2007 and Winter 2006) in northern
Beibu Gulf from 2006 to 2007, the niche breadth, niche overlap, spatial differentiation and environment effects on the
abundance and spatial distribution of zooplankton were studied with qualitative and quantitative methods. The cumulative top
80% of zooplankton dominant populations were selected by the K-dominant curve method, then the niche breadths and their
overlaps of zooplankton were measured using the formulas proposed by Levins Niche Breadth index and the Pianka Niche
Overlap index, and the spatial niche differentiation was studied by using Detrended Canonical Correspondence Analysis
(DCCA) method. The results showed that the zooplankton dominant species in northern Beibu Gulf were classified in to
three groups, i e., wide niche breadth groups (B,=0.60—0.77) , middle niche breadth groups (B,=0.30—0.60) , narrow
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niche breadth groups ( B, =0.08—0.30) based on the niche breadth value. The niche breadths of zooplankton such as
Sagitta enflata, Subeucalanus subcrassus and Macrura larvae were wider, which was related with their own characteristics
and the capability of adapting environment, while the species whose niche breadths were narrower such as Doliolum
denticulatum and Dolioleita gegenbauri will be considered as an indicative significance for ocean currents and water masses.
Niche breadth could reflect the zooplankton abundance with the seasonal dynamic changes,and also could objectively reflect
the species in the habitat in which the distributions of degree but it could not reflect the Accurate zooplankton abundance.
The niche breadth values of dominance zooplankton species ranged between 0.08 and 0.77 in the whole year and The niche
breadth difference among the dominant populations was great; The niche overlap values of dominance zooplankton species
ranged between 0.02 and 0.89 in the whole year and the average niche overlap index was 0.45, there was strong

complementarity in terms of the utility of resource among zooplankton populations, which had certain relationship with

northern Beibu Gulf habitat diversification and the strong complementarity in terms of the utility of resource among

zooplankton populations. The Detrended Canonical Correspondence Analysis result showed that depth, temperature and

salinity had more important influence on the species spatial distribution than Chlorophyll a and dissolved oxygen.
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Table 7 Primary environmental factors of northern Beibu Gulf

R/ EINES VREE/m WRE/ (mg/L) 42 a /(mg/m®)

Temperature Salinity Depth Dissolved oxygen Chlorophyll a
# 28 Spring 21.28+0.92 33.27+0.35 29.50+12.55 7.47+0.32 1.67+0.76
H Z& Summer 30.25+0.32 33.15+0.91 29.48+12.09 6.15+0.13 1.89+1.58
k%= Autumn 26.24+0.63 32.14£0.75 29.30+12.20 6.62+0.41 2.13£1.12
278 Winter 20.30+1.33 32.66+0.44 29.70+12.70 7.69+0.26 1.98+1.28

®8 JLETILERFNERNHY DCCA HEF 45 R
Table 8 DCCA Result of zooplankton in northern Beibu Gulf
/2 Spring K Z Summer #Z Autumn A-Z% Winter
Axes 1 Axes 2 Axes 1 Axes 2 Axes 1 Axes 2 Axes 1 Axes 2
Ly RSB S A O EE Y
‘F’/ﬁf‘? ’ TR-HE"JTHBQ?@I. 0.885 0.819 0.790 0.518 0.876 0.706 0.827 0.626
Species-environment correlations
YR SISO R R f
Cumulative percentage variance 47.7 77.5 79.1 90.9 53.7 72.3 67.2 81.3
of species-environment relations
SEIE R
FHIELA A 0770 0.679 0410 0.704
Sum of all eigenvalues
A E (.04
JHBRHLELEAL 0307 0210 0136 0243
Sum of all canonical eigenvalues
$—HE EER I (P
o ﬁF?ﬂﬁ%&ﬁﬁ( ) . . 0.002 0.002 0.002 0.002
Test of significance of first canonical axis
: W EVER L (P

A HE T R (P) 0.002 0.002 0.002 0.002

Test of significance of all canonical axes

TERZHET 28—y Bl g B T R s
M2E R 47.7% , YRS IR R R A OC R ECh
0. 885, 5 —HE PP hli itk — 20 i g T WA B 22 S 1)
29.8% , Y5 IR 7 A OC R B0 0.819, B —
HEF A ss —Hep AL R g R 1 77.5% 9 5 38
B TFZEIM AR R, ES EMETE 34T
TRHE 5 —HE RN B8 HE Y 43 ) 3 [ i
BT 90. 9% ,72.3% F1 81. 3% W) Fh 5 HEEH T2
HRCR, £DEWHIF P ar gD 7Y
Fh-RBE P T 2C 2 A5 8 I 46 8 43, A2 LA S L ifg 38 A
TR S T B LTI (28) 5 P40 00 &R 19 B Ay
ik, MRIEZFR P K (Monte Carlo test) 7w, 452
RS —HEF AL EAHE R R P B 0.002, BP
DCCA Z3 AT H 2% 255 58— HE 7 il R S A HE Py il
FHAEWBEZES, & L, LIk DCCA HEy 45
EAE
2.4.3 DCCA HEFFEHr

HE P i Sk BT A 52 BR 267 AN [R) PR R 7 5
J il 2 (A1 1F B AE G 8 Sk 5 HE R Rl g e A AR
B IRBE T 5 HE 3 il 04 AR DG KN 17 Sk E L K

JEFORBEIE AT S AR SR B KN E LR R
SR ;2 Ak Z e M R/ MR R 2 A2
AR SRR/, e fa iy A OGP R e

() HFZE

DCCA 73 Hr 45 SR R W, 5 — HEp i 5 30
(=0.8625) M CYER R, SR (-0.7198) | % il A
(0.6518) JRHE(-0.6409) M-4E2 a(0.4854) 3% LA
T B B A O, BV 2R — B 22 = A0, 2R
T FE FNAK BB W R AIG, 5 i S R 2 R a WU 25 3 W
Wi 558 ZHE R A SC MR B Y IR O R
(-0.5189) FIM-4% 2 a(0.3553) , WFef AT 5]
b REE B, AR R a BHTREAR,

RS HFR (28 ) FEAE T 4041 T AR A8 it 14 JiE A
JAREI(E 4(a)) , QAR pEgxs i Hp Rl AR KBS
PARFNE SR IR ELAT 7K 3 45, 2 B 3k S8 V7 Ui 3l 40 1 43 A
XIS TAT R W g, AR & AR BT 4 1R
T B AR I TE K P TR RE R R S PV AR AR Y 2R
B s STAFHE B 40 32 0ROK o T R i PR 1) 5%
WK, R U B A ) T 43 A AR 1R K AR AR
ERIRETE ; SRR AT R B KRR (28) 1 18 EAE G
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Fig.4 DCCA ordination graph of zooplankton species in in northern Beibu Gulf
(a) BEEYIF-PREE —EHEF | R BCERDK S, 2 N IR, 3 iR A K 4 e, 4 SRR AR, 5 i BUZRIF 6 XA KRR, 7 shAEF K
& ,8 KR, Wik T K&, 10 M1, 11 KEBERR 12 2R, 13 BANTRFKEE, 14 BBEIFSIK, 15 | T8, 16 £HRlE
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FEREIRLA 4 iR A B4, 5 DUREZIF, 6 AR = KB, 7 Rk A /K 2,8 M BIARIT 9 K BARANIK, 10 3B WK EE, 11 BRAEU i

IKEE, 12 HERK K

(b) HZ=WFp-FR8E “ L HE . 1 BEREARHET

2 R REHLLR 3

(o) BRI -PR05 “2EHERF . 1 ALAEARAT L, 2 SRR ELH K 8,3 DURZRIT 4 /ME A, 5 g4I 4l d 6 Ji

RN, T GEARLE, 8 KERLR,9 MK KT, 10 ZBIELM, 11 /NGRS, 12 KRERZRRGE; () LFYFh-ar5E—
HeHERE . 1 WA K HA K, 2 ARRRECET AL, 3 RS BOERIK 3,4 /ANRIERE 5 D5k, 6 IR L HL 7 FhAARIE 8 XU KR 9 F4
TGRS 10 WOfIPTK S, 11 KA IR, 12 DUREREF, 13 H RS, 14 M RIGRRIK, 15 ZELX41K 16 KEA2EHR

FEEA KR AR AR S RS 4 R a
SR TR 5 AR AN (25) BEZ
(] (1) I B AT

(2) 2%

DCCA st g RE W, 545 —HE P il C R & %
VIR SR TR EE (-0.7885) ERJE (-0.6414) FIiG &
(-0.6355) , Hofh A 55 PR 7 5 58 — il ) A O R 0
AN, WSS SN ZE AT, KR L R R L 3% T
ik, 555 —HE 7 fh A G B9 2 IR B (- 0.2679) .
2R3 a(-0.2237) FIE 5 (- 0.2002) 45 F 45 A
T AXRIIEAEY), W5 N 2] b
Vo A SRR B 2R T RAAI

MIE 4(b) ] LIE ), B 207 sh 0 0 A
2 KR Fh AL A5 K T ik SR 4 R
a MSEIRAR & o B 2 OF BRp (28) BEAEHE T B 1

AR 2 i, AR —HEF 3, HE T 1B 22 Y
SRR EE PRI S 4l AR (35 BE R T
ARAETROK e T L v RV 3, DURR A2 ME R 78] fs 7K
BRI (AR 7K 28 S0 T HE P A M (2% #E,
T P T AR K AR IR B v

(3) Bk Z=

DCCA 73 Hr 45 S R W, 5 —HEp i 5 K
(0.8287) KAREY], FBT, 5 —4h 5 £ B (0.7300)
WAB A, W5 —MN A B4 R E R h
FEG W, B HEP A R T R R a
(=0.6070) F 284k, , 5 FH A RS PR B AH DG AR /N T
0.3000, YHEE RN T2 L H4RER a BHFEL,

Kl 4(c) B TR E YA (25) BEFIALE
1 R, HEFP I 48l (2 BRI o3 A B o0 i,
FHEAZ K EREE RIS ZE a (520, 13 R 41
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XIRI (S8 ) B 0 A B0 5% el AE G A/, e 2R TR 4N
I ZBELMR DURZIR R e 40K i 4 Ha 47 T HE
FP A 2 DXL A 7K v AV e o, Horp g R
PR A3 A I 52 B4R 3 a W52, HEF
A0 KRR RRR 5K IR R BRI 48 3R a B2 1F
X,

(4) %%

DCCA 73t 45 S R W, 55 — HE 7 b 5 % i 41
(0.5103) 2 EAH X, 5 B (-0.7092) , F i
(-0.4690) .MH4¢ = a(-0.4677) FIERJEF (-0.4021) &
TASC, WA — AN 22 47, VA i B i 14 s, L
BE B AR o ML RWREAL, 55 T HER S
ERHE(-0.3647) FINF 42 a(-0.3037) ML, 5
oA PR PR (R A DGR /N T 0.3000, 75 5l
TEE BRI ER o BHTET,

HH T 4(d) AT 0L, KB IR EE BRI il 80 FN
LR a WAZEIFIF NN () BE A A —E 15
M, BRABULRN oA THEF B A A7 A1, K 4 Fh
() BEAE T o A A8 BR800 e 1) it s BRE 3, /NI Vg
H B AR S 1ok R AL v AT R A 3 R K IR
fIRER MRS R o IR R AR IR, IR IR 5K
TR R EEMI R E  RHOHX, SERARIE
A , HSE PR 25040 TS A0 U 5 R, 122 DX A o
RAEEZ M,

3 it

3.1 JLEE AL i s A oA S I I R A

B A&

ARSI (2R BEXS 2R B I 1 AR 250 N 1Y
—NERGEER, BN — A XA PR Y 23 18] 53 A 4
LTI TR RS R B ESR S5 T
35 22 T3] A8 R L A T i T 22 T ) S i) R 5 i) RO
b AR T R AR A A R R s A i
SHREJIEE , BAT BE 2 A R, NI, BRI R
xR LS AR £ SRR AL LR
MUK SRR | Ay MR ) 2 B PRV T R 2t A,
WUEIREE KSURER 2% A2 TG AR LT B 72 11 20
Yri oA R4, ) ARSI PL R () BN
T PR IR R A K 8 R R 2R A R AR X B
S IR o = S g T DR SRS Tl A S S T e
AL 76 U 2= 5 A VR 2 (38)

B A RN JA B A E =y A A R ALK 7 I = o
() BEXT R )3 o7 M A 25, L0 A Y PRl A AR R
JE 132 BB PR 22 A BRI, A v A v s B
RV R R A AU T R 1 1 = B DX R 436 T A 7K
WK AL XY T 2 A A0 R X b 5 g
TS A b S 2l B K oy A ORI 9E R B, 2 3 FRK R Y
SO WA E R A0 A S B A F T I sl F
3K BEZ R Y 2515 s 25 I O AR 1A S AR A B 48
N, BN, — S IS A T B A /N P SR
() BERT REXT PRS2 5K 3 Al kB b ifi 2R 30 A v
(A 27 B S AR R, 0 S Rtk &) A R I AR =
AR EEE AT 0.81, BMIEE S EME T
() B A3 )ik 3] 0.88 ,0.57 F1 0.79, FEE I Fl/K
AT DI, 7 U0 3 0 4 2 N Fh S 550 A8 | 52 22 1Y
IR S BRI S S RE R IR KO AR R i AR 2
PR, N DCCA P H R 170N 145 5 A 5 5k 2R 3k
TEROUT P 9 35 O A 4 0, (ER P 32 2 K
VA RS A8 fR R 5 i 220 ol i) i B B o B B R
0.82, MAEAZMFH HAT 0.34, 8 1 WAL i L i
BRI SR () BE AP AR ST (S
FREE (B 3,38 6) M4 HT, AR U, JL 3 v At v 35k,
TFIESI Rl (28) BERY AR B8 8 22 KR, 2k
BRIl (2 B 22 BRI 5 5 P 05 1) B AR AR X
N 5532 DX A BE R AL I HL A5 P 35Rh X PR B3
[EVALE=2 2 P

WFFE id R IR () BEAE S T8 5 =1 A48k
HEBVINEER , Ge KB IF W sh ¥ 32 B BE 2= 15 i
AR, ADLER AR R, 7 N 0 TURR =2 1R LT
SAEYIA B, o B EaE H B DU LA S
H ARG, 2 32 AR A B AT 341K, Bk
R = I L AT R TR B A AR IR R, A R 2 X
B> I RRE A A A A T B AR AR A T A
HPUF A, A2 T UL ) R A
A= B B oy A RE B (B AN BE s VR Ui sh ) ELAR 1)
FREERN WA ZERPRE B RK 28 FSUAE KRR AR
SOLTERE /A 0.33.0.31, AR W& 09 Ak 25 A0 5 JiE
T BT, R BOE K G 3 A A K T A
KB,
3.2 JbE LA ER IR I S ) AR A 1

Tl sh I BEE e E AT 2 EERL DRI (Z)
FETAL AL, I FLREVR h A (28) BEZ B B Yok UK K
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() BEZ AR FA A S TR AL, DCCA
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S MER R T IR sh e A 55 vh i A=
BTG, % A A 98 BE DL S T 5 R B T TN A5 )
—SENRE G AR 1 25 SRR D FE U AN R )
KRB AR e R 2 R E N 0, PR 7RI
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AR R 3 AR 2040 A T 43 A
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BF 25 4045 1) 25 S5 DA T 2 o R 2 (i) o 5 B ARAIG, 2840
NG DL H A 5 2 K 78 A s 7K BF RN S B 4 K
B BRI ISR A R e SR g A 4 2
ARG BRI K 28 R 5 W 0 Sk 136 45 5 LA,/ W i
FEAZE DCCA K L5 H AR e sh W AR S8 (35) #F A
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() BEM oA e A 53 B, 22 800 17 Ui 3l W 1L 35 b
() BEAETRIE R BE MRS 3 BRI LAk,
TTAE 2 ZR T Tl P 7K I e 380 e 10, DAHE Py 1 1 L0
0 2 IR — R PRI s P DL AP (2) HEBH S AR 1) F 43
MAEA TR A X B, FI, B DCCA 25541
BrAS 31, VR TR R R B X PR s i 25 A 25504k
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