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Spatial heterogeneity of macro- and meso-zooplankton in Xiangshan Bay in spring

and summer
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Abstract; Spatial heterogeneity refers to non-uniformity and complexity of spatial distribution in ecological systems, and is
generally regarded as the sum of patchy and gradient distribution patterns. The concept of spatial heterogeneity has long been
applied to the field of ecology, but was introduced later in the marine environment because of the complexity caused by
water fluidity and the weak motility of plankton. However, spatial heterogeneity of the marine environment is crucial to the
diversity of structure and function of marine communities. Thus, spatial heterogeneity of plankton communities has been
frequently discussed by marine ecologists. To investigate the spatial distribution of macro- and meso-zooplankton in
Xiangshan Bay, the zooplankton community and associated environmental factors were investigated at neap and spring tide
in April and July 2010. Using a shallow water type I plankton net, seventeen tows from the inner bay to the outer bay were

conducted on each sampling occasion. Water quality parameters including: temperature, salinity, depth, pH, water clarity,
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dissolved oxygen, suspended solid concentrations and nutrient levels were also measured. A total of 64 adult zooplankton
species representing fourteen taxa, and fourteen planktonic larval species from ten taxa were identified from the four cruises.
Species composition changed 66.7% between spring and summer. While brachyuran zoea and larval fish were dominant in
both seasons, other dominant species changed between the two seasons resulting in a significant difference (P = 0.001) in
community structure. Species similarity between neap tide and spring tide was about 60% within the same season (P =
0.031). Biomass and abundance was higher in spring than in summer, while species diversity was lower. Temperature was
the main factor which influenced seasonal variation in zooplankton. Analysis of variance, community clustering and non-
metric multi-dimensional scaling analyses showed that the distribution framework of the zooplankton community was
influenced by tide. Community structure exhibited a stronger gradient during spring tide, and was patchily distributed during
neap tide. Community structure determined patterns of distribution, but this was influenced by differences in biomass,
abundance and diversity inside and outside the mouth of Xiangshan Bay. Canonical correspondence analysis and regional
analysis of environmental parameters showed that gradients in distribution were mainly determined by salinity and suspended
solids. The main environmental parameters associated with patchiness included depth, chlorophyll a concentration, nutrients
and the interaction of water masses in and out of Xiangshan Bay under different conditions. Gradient and patchiness patterns
of zooplankton distribution were both influenced by the tide. The spatial distribution of zooplankton in Xiangshan Bay was
strongly influenced by hydrological factors, and weakly influenced by chemical and biological factors. Zooplankton
abundance and chlorophyll @ concentration were correlated during spring. Water quality parameters including dissolved

oxygen, pH and nutrient levels had little direct influence on the spatial distribution of zooplankton in the bay.

Key Words: zooplankton; spatial heterogeneity; Xiangshan Bay; tide
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Fig.1 The map of sampling stations of Xiangshan Bay in spring and summer

1.3 KR

ISR T 2= AL 0.160 mm (Y23 508, Pk K44 5 RS 0.1 mg WL~ RSP FRIB 3, AR I8
T AR T S VR i S ) (TR A R 0 TRIFESH IR P 2K e s RO ML R TR R e (g
PRV R A A ) O T ARYE A SRR B SR s

PSR il R KR pH B I VAR RE Y E SRR R E e T M K o3
BEY PV HEAT AR ER a I F QR A I — I TR R A ) O AT
1.4 dlaortr

TFUiFsh %) Shannon-Wiener ZHEVEFEEL(H' ) WA AKX N .

H = - ﬁPi log, P,
i1

P POl o o R TR S ) AR it S NMAREOR B AR, S ARSI s i R B
PR (V) THHRARN

http ; //www.ecologica.cn



74 A RIS R B i s 2 ) S 2311

Y=(n,/N)Xf,

Ao N O DR IR T A RS R B s, N R R R A AL R LR AR, B Y =0.02
IF, B v e sh A et

FPHEER(R)ITHEAL N,

R=(a+b-2c)/(a+b-c)*x100%

K, a 5 b 5 AHRR T B RN ¢ S ARAR 2= S n R

SR STATISTICAG.0 656 215 [i1] K DX Ik [E] 37 e sl ) R PR 58 250008 e | o S X B8 ( sl e 46/ 8l ) ot
T IEAME (K-S test) A5 22 [ i ( Levene test) K56, i & K15 &0 0.05 25 4 47196 2 U 264 7 A IR -7
2Z293HT (one-way ANOVA) | R Z HATAESHAG R (M-W U test) . RH] PRIMERG.0 AT ¥ li7 2h My i v 1) 2R 26
M (cluster analysis ) F1HE B 8 Z2 4855 ( non-metric Multi-dimensional Scaling, MDS) HEF |, NS 56 77 i s ) B
P8 255 MR 22 5 ( 2-way crossed ANOSIM) , 2K CANOCO B 440 3547 77 Ui sh 4 e v 5 FR 8% DR 1 B9 B9 X6
5T (CCA)

2 HRE5HS

2.1 PRI REE SR I A oA

AR A ENE 25, AFEEYEREZER TER(P=0.02), HRWM¥EES F/NA(P=
0.02), BHBZER /NS HIH(113.06+£110.70) mg/m*  (46.20+13.05) mg/m’; B Z=HK /NEEIE 51K
(53.67+25.37) mg/m’ (35.25+17.24) mg/m’, K V4040 2/ MBI A W) B A0 A e 50 e {10 B0 AE Hh o
SO7 3 BT, AR W i S NI A i R 34 5 B2 2 /N AR O e e A AR 5 T AR R i VD 5 B AR
AR5 I B 2 A B db, 2 B s b 00 2 ) FR A | G 0 s VS A P I S A BV Ak R I (B (1] 2)

/(mg/m?) /(mg/m3)
29.7°N — 29.7°N
F3/M ]
— 70
29.6° [ < — 60 29.6°
I 50
<\<\ &
29.5°F \ \@ 0 =1 40 29.5°
\ 3 L
&~ — 30
N L
29.4° L . . L1 20 29.4° L L :
121.5° 121.6° 121.7° 121.8°  121.9°E 121.5° 121.6° 121.7° 121.8°
/(mg/m3)
29.7°N 29.7°N
52/ 60 LESN 115
105
50 95
29.6° 29.6° -
40 85
¢ 75
30 @ 65
29.5° 20 29.5° \-J v 55
45
10
35
29 4° I L s 0 29.4° I I L 25
121.5° 121.6° 121.7° 121.8°  121.9°E 121.5° 121.6°  121.7° 121.8°  121.9°E

E2 ZFiEsmEmEZESHE

Fig.2 Spatial distribution of zooplankton biomass
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Fig.3 Spatial distribution of zooplankton abundance
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Table 1 The number of zooplankton species
YFPEL Species number /N B .
O T R A bt MR
A3 ik B it L. L. The rate of same species
Adult Larva Total Sum species in neap and spring tide
#Z /Nl Neap tide 27 6 33
42 23 54.76
Spring Kl Spring tide 24 7 31
HZ /N Neap tide 27 11 38
58 35 60.34
Summer K Spring tide 41 14 55
F2 KUIEBZENUNABHEREE(Y)
Table 2 Dominant species and dominance of zooplankton in Xiangshan Bay
% Dominance
Z575 Season {3 F Dominant species -
/N Neap tide Kl Spring tide
F=s NEET B 7K % Centropages abdominalis Sato 0.64 0.61
Spring H4EF K Calanus sinicus Brodsky 0.14
FERIE/KE Tortanus derjugini Smirnov 0.02
S5 BSR4 HL Brachyura zoea 0.19 0.09
145 Fish egg 0.05 0.03
{¥44 Fish larvae 0.02
eSS BRI 7K+ Pleurobrachia globosa Moser 0.04
Summer EHIE /K& Labidocera euchaeta Giesbrecht 0.12 0.10
KIF-F 25k K 2 Acartia pacifica Steuer 0.04 0.15
R LK Calanopia thompsoni Scott 0.04 0.08
P i R Sagitta bedoti Berabeck 0.03 0.06
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ZE7Y Season L Ff Dominant species - - -
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45 B2tk 4l L Brachyura zoea 0.41 0.17
KRB AEAMR LN Macrura zoea 0.10 0.13
FEZEFT IS LA Squillidae alima larvae 0.03 0.03
¥4 Fish larvae 0.04 0.05
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Fig.6 Spatial heterogeneity distribution of zooplankton community
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Table 3 Dominant species and dominance in groups
o . #E Dominance
Season $E4FH Dominant species /Nl Neap tide i Spring tide
1 I I I | I

B 4 Ml /K % Centropages abdominalis Sato 0.30 0.13 0.68 0.73 0.04

Spring HAE¥T K Calanus sinicus Brodsky 0.05 0.87
MIGHEFT K F Sinocalanus tenellus Kikuchi 0.02 0.07
FECTE K Tortanus derjugini Smimoy 0.03 0.03
AR K R Harpacticus uniremis Kroyer 0.10
BEWEYR Limacina inflate d'Orbigny 0.02
5 2R 4 . Brachyura zoea 0.28 0.07 0.19 0.11
#1501 Fish ege 0.53 0.03

eSS BRIV MK EE Pleurobrachia globosa Moser 0.06 0.04

Summer HFAEYT K% Calanus sinicus Brodsky 0.03
FFRIIAT /K %% Paracalanus aculeatus Giesbrecht 0.06
KB EHK % Euchaeta concinna Dana 0.02 0.03
BHIE /K F Labidocera euchaeta Giesbrecht 0.06 0.08 0.41 0.09 0.06 0.13
5t i Ak &
(i:j;g/;(j:;k(;:rsispirzatlw Thompson & Scott 0.08 0.03
KF-PEY5i kK T Acartia pacifica Steuer 0.09 0.04 0.19 0.13 0.08
WK EKFE Calanopia thompsoni Scott 0.09 0.04 0.06 0.07 0.09 0.10
HFHE I Sagitta bedoti Berabeck 0.04 0.05 0.04 0.07 0.11
SAEHEYR Neomysis awatschensis Brandt 0.05
58 BRI S B Brachyura zoea 0.34 0.50 0.12 0.22 0.18 0.09
KBRS B Macrura zoea 0.16 0.11 0.04 0.18 0.16 0.04
1 2B #4014 Squillidae alima larvae 0.03 0.05 0.03 0.07
AR Mg 2l & Calyptopis larva 0.03
¥4 Fish larvae 0.06 0.05 0.04 0.05 0.06 0.03
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