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The effects of season and environmental factors on community structure of

planktonic copepods in Zhanjiang Bay, China
ZHANG Caixue, GONG Yuyan, WANG Xuefeng, SUN Xingli *

Monitoring Center of Ocean Resource and Environment, Guangdong Ocean University, Zhanjiang 524088 , China

Abstract: Copepods are the most abundant and diverse mesozooplankton in marine habitats and are considered to make a
major contribution to secondary production in the marine food web. Copepods represent important trophic linkages between
the primary producers, phytoplankton, and higher trophic levels such as fish. In coastal waters, copepod community
structure often fluctuates with seasonal changes in water temperature, salinity and phytoplankton abundance. Community
structure can also be greatly affected by human activities in or near ecosystems such as estuaries and bays, which are often
polluted by domestic and industrial wastewaters. Because of this, the community structure and diversity of copepods could
be used as a bioindicator of current condition or health of the coastal ecosystem.

Zhanjiang Bay is an economically and militarily important subtropical harbor located in the northeast of the Leizhou
Peninsula, Guangdong, China. It is near Naozhou Island, Donghai Island and Nansan Island, and covers 264.9 km®. The
rapid development of industry and increase in the human population in this region over recent years, has led to increasing
levels of pollution in the bay. To gain a basic understanding of the current state of the bay ecosystem, we investigated
temporal and spatial changes of the zooplankton community in Zhanjiang Bay.

Plankton samples were collected from 28 stations in February ( winter), May ( spring), August ( summer) and
November (fall) of 2009. These stations included sites closed to aquaculture areas (Stations 4, 12, 15, 22), near docks
(14, 17, 18, 26, 27) and in the waterways (e.g., 2, 9, 13, 16, 19, 21, 25). Zooplankion samples were collected
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using a vertical net tow and plankton net ( Shallow Water Type I, equipped with Digital Flow Meter) , and then fixed in 5%
formalin to be brought back to the laboratory for microscopic analysis. Phytoplankton abundances were estimated using a
concentrated cell count method. Measurements were also made of chlorophyll a, dissolved inorganic nitrogen, phosphate
and silicate concentrations.

Our primary focus was to investigate any seasonal changes of the planktonic copepod community. In total, 72 species
of copepods were identified, with 36, 33, 24, and 19 found in winter, spring, summer and fall, respectively. This
represented 29.5% , 39.9% , 29.6% and 40.4% of the total number of zooplankton species found in the samples in each
of these seasons, respectively. The copepods could be divided into four ecological groups: estuarine/brackish water, coastal
warm temperate water, coastal warm water and open sea warm water. The coastal warm water group was the dominant group
in terms of number of species and individuals, which is typical of a subtropical coastal copepod community. The dominant
species were Calanus sinicus, Paracalanus crassirostris, Oithona brevicornis, Eucalanus subcrassus, Acartia spinicauda and
some unidentified copepods. The genus with the most copepod species was Oithona (9 species) , followed by Ceniropages
(6), Labidocera (5) and Acartia (4), Microsetella (4), Paracalanus(4) and Pontellopsis (4). Copepod species that
were common to any two seasons ranged from 6—14 species, with a seasonal change rate of 0.57—0. 88. This rate was
highest when comparing the fall/winter species and lowest for the summer/fall species. Only four species and one
copepodite were found in all seasons, while eight were common to three seasons. This indicates that there were significant
changes in the copepod community between seasons. Total copepod abundance was highest in the summer (960. 0
individuals m™) , followed by spring (421.0) , winter (303.4) and fall (252.8). Copepod abundance was higher in the
inner bay, and lower in the outer bay, during the spring and winter; while this trend was reversed in the summer. In the
fall, the distribution of copepods was relatively uniform throughout the bay.

There was a significant positive correlation between copepod abundance and water temperature, phytoplankton
abundance and chlorophyll o concentration. There was a negative correlation between copepod abundance and the
concentrations of dissolved inorganic nitrogen and phosphate. There was no evidence of effects of salinity, pH or silicate
concentration on copepod abundance. Compared to other regions of inside and outside of China that have been studied, the
copepod community in Zhanjiang Bay has higher biodiversity and a more uniform distribution, which could indicate that the

bay ecosystem is currently in a relatively stable and healthy condition.
Key Words:; community structure; copepod; environmental factor; seasonal variation; Zhanjiang Bay
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Table 1 Seasonal alternate rate of planktonic copepods in Zhanjiang Bay

% Spring/ % Spring/ % Spring/

A Index B Summer FK Autumn 4 Winter H/pk Rz Pz
2T FEL Species amount 33/24 33/19 33/36 24/19 24/36 19/36
A FE Same species amount 14 8 11 13 9 6

ZHEEER 0.67 0.82 0.81 0.57 0.82 0.88
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marinus . B J& 1 7K %% Labidocera euchaeta Y5 & 18] A /K % Pontellopsis tenuicauda . 8 B i o K % Centropages
tenuiemis 25 5

(2) 3T Wz il P A A 2 R
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P IR R K A A

(3) TR W K PR A2 R
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Pk K 2% Acartia erythraea . W5k BT K | Eucalanus subcrassus 5RERANET 7K & Paracalanus crassirostris &1 RIFAEE
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Fig.2 Horizontal distribution and seasonal variations of abundance of zooplankton in Zhanjiang Bay
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A/m’ B AR IAE 16 3507, 601.9 A~/m’, Bl 7K I B2 M 01 T, AR P oK S i B AR I T
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Table 2 Seasonal successions of dominant species of planktonic copepods in Zhanjiang Bay

4 Season %ﬁ H B TR FEBEIT UEfME
Species Frequency ~ Average abundance  Percentage Dominancy
27 Winter FPAEPT K Calanus sinicus 1.00 174.9 0.56 0.56
HEJE 27K 3 Temora turbinata 0.36 17.2 0.06 0.02
42 Spring FAEPT K Calanus sinicus 0.79 77.3 0.18 0.14
W3 KT Undinula vulgaris 0.36 57.8 0.15 0.05
/N IK % Paracalanus parvus 0.39 38.3 0.09 0.04
B 7 Summer KL LHA Copepodite 1.00 310.7 0.31 0.31
SRAIUFT K & Paracalanus crassirostris 0.86 177.9 0.18 0.15
HIEZifk/K 3% Acartia spinicauda 0.64 107.1 0.11 0.07
W3R B K% Eucalanus subcrassus 0.50 102.6 0.10 0.05
B AKIESIKE Oithona brevicornis 0.39 64.0 0.06 0.02
2 Autumn J AR NESIK % Oithona brevicornis 0.75 68.6 0.26 0.20
W3k HAT K % Eucalanus subcrassus 0.68 35.9 0.15 0.10
B E 2 41A Copepodite 0.54 34.4 0.18 0.10
SREIUFT K & Paracalanus crassirostris 0.50 33.7 0.13 0.07
PR IESIK % Oithona fallax 0.29 19.9 0.08 0.02
W2 RN S1IK % Oithona rigida 0.36 13.8 0.06 0.02
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Table 3 The main dominant species of phytoplankton and zooplankton every season
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Table 4 Comparison of community structure of Copepods between Zhanjiang Bay and other bays
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. Investigated . /(A/m?) Species Diversity Evenness Literature
Sea area . Mesh diameter . .

time Abundance amount index index source
=% Sanya bay 1998—1999 505 39.1 55 — — [18]
KIS Daya bay 2003—2004 505 52.5 54 — — [19]
FAARI Zhelin bay 2001—2002 169 9.9x10° 60 2.35 0.688 [20]
RIS Shenzhen bay 2008 505 406.7 22 2.57 0.526 [21]
Gulf of Agaba 1985—1986 55 4.0x10° 31 3.10 0.438 [22]
Bombay Harbor 1994—1995 300 2.1x10° 46 2.80 0.762 [23]
WEVT e Zhanjiang bay 2009 505 403.4 72 3.39 0.716 AP
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