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Abstract
Relatively few studies have investigated the community structure of zooplankton in the atolls
of the central South China Sea. Zooplankton were sampled at nine stations within the lagoon and four facing
the seaward reef-slope in the Huangyan Atoll during May 2015. Lagoonal samples contained 48 zooplankton
taxa (H'=2.25±0.95; J=0.70±0.23) with planktonic larvae, copepods, and euphausids contributing 95.63%
of total abundance. Seaward oceanic samples contained 114 zooplankton (H'=5.27±0.27; J=0.90±0.03) with
copepods, siphonophores, chaetognaths, appendicularians, and planktonic larvae accounting for 93.66% of
abundance. Lagoonal zooplankton abundance was lower than that on the seaward reef-slope. Zooplankton
community diﬀered signiﬁcantly between the lagoon and reef-slope groups (R=0.708, P=0.001). The former
was dominated by Macruran larvae, Brachyuran larvae, Stylocheiron carinatum, and Acartia spp., while
the latter was predominately represented by Oikopleura longicauda, Chelophyes contorta and Copilia
mirabilis. Chlorophyll a concentration was signiﬁcantly higher in the lagoon than the reef slope regions
(P<0.01), which may be due to the nutrient input from ﬁshing vessels near the lagoon mouth. Zooplankton
abundance was negatively correlated with chlorophyll a concentration (P<0.01). A clear diﬀerence was
observed statistically in the species composition and abundance of zooplankton between the lagoon and the
seaward slope at Huangyan Atoll, which suggests that it may be resulted from the inﬂuence by natural and
anthropogenic interactions.
Keyword: zooplankton; community composition; abundance; atoll; South China Sea

1 INTRODUCTION
Zooplankton are an important trophic link between
benthic and pelagic food webs in coral reef and atoll
lagoon environments (Alldredge and King, 2009);
they comprise a food source for many ﬁsh, corals, and
sessile invertebrates (Alldredge and King, 1977,
2009; Coma et al., 1999; Heidelberg et al., 2004).
Zooplankton can also function as biological indicators
of pollution, water quality, and eutrophication in
coastal or atoll lagoons (Webber et al., 2005; Pagano
et al., 2012). Quantitative research on zooplankton
community composition and abundance distribution

is crucial for understanding the trophic structure and
health of coral reef ecosystems. However, very few
studies have focused on zooplankton in atoll lagoons,
and only a few have concerned the Paciﬁc Ocean
(Gerber, 1981; Le Borgne et al., 1989; Carleton and
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Fig.1 Location of Huangyan Atoll and sampling stations
in the lagoon (L1–L9) and the seaward slope waters
(S1–S4)
Map was modiﬁed from Ke et al. (2016). Asterisk marked the
location of Huangyan Atoll in the South China Sea.

Doherty, 1998; Pagano et al., 2012) and Indian Ocean
(Madhupratap et al., 1977; Goswami, 1983; Goswami
and Goswami, 1990).
Coral reef and atoll lagoons are productive
ecosystems compared with the surrounding ocean
(Hatcher, 1997). Some atoll lagoons are highly closed
and isolated from the surrounding ocean except for
during periods of extreme wave action (Goswami and
Goswami, 1990; Carleton and Doherty, 1998; Yin et
al., 2011), others are connected to the adjacent ocean
by deep passes and/or shallow channels through reef
ﬂats (Gerber, 1981; Le Borgne et al., 1989; Pagano et
al., 2012; Du et al., 2015). Reef zooplankton
assemblages are highly variable in space and time.
Studies have shown that zooplankton assemblages
vary in species composition and abundance due to the
diﬀerences in physical and biological parameters
between closed and open atolls (Gilmartin, 1958;
Carleton and Doherty, 1998; Yin et al., 2011; Pagano
et al., 2012; Du et al., 2015). It is generally accepted
that lagoonal waters possess unique biota and have a
large abundance of zooplankton compared with
adjacent oceanic waters in the larger and deeper atolls
of the Paciﬁc Ocean (Gerber, 1981; Le Borgne et al.,
1989; Carleton and Doherty, 1998). Zooplankton
communities vary widely in abundance and species
composition between lagoons and surrounding waters
in the relatively smaller and shallower atolls of the
Indian Ocean (Goswami, 1983; Goswami and
Goswami, 1990).
The South China Sea (SCS), in the central IndoPaciﬁc, contains a cluster of coral reefs and atolls
over an area of at least 8 000 km2 (Yu, 2012). Fringing
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and patch reefs in the northern part of SCS have
experienced a dramatic decline in coral cover over the
past 50 years due to intense anthropogenic activities
(Zhao et al., 2012). Conversely, most coral reefs and
atolls in the southern and central SCS have received
relatively few direct anthropogenic impacts due to
their distance from the mainland (Zhao et al., 2013).
Only a few studies on zooplankton diversity and
community in the atolls located in the central and
southern SCS have been sporadically reported. The
diﬀerences in zooplankton communities between
lagoons, reef ﬂats, and seaward slopes are likely due
to the relatively high levels of spatial heterogeneity in
coral reefs (Yin et al., 2003, 2011; Du et al., 2015). At
present, a massive landﬁlling eﬀort to transform some
of the atolls in the SCS into fully-ﬂedged islands has
been carried out and may potentially threaten these
coral reef ecosystems (Larson, 2015). For example, a
brackish species of phytoplankton has been found in
the Zhubi Atoll lagoon in the southern SCS as a result
of human activities and eutrophication (Shen et al.,
2010). How does zooplankton respond to
environmental ﬂuctuations in coral reef ecosystems
under the inﬂuence of natural factors and
anthropogenic activities? Until now, relatively few
studies have investigated the community structure of
zooplankton in the atolls of the central SCS.
In the present study, metazooplankton were
sampled from the lagoon and seaward reef slope
around Huangyan Atoll, a semi-closed atoll in the
central basin of the SCS, to understand the variation
of zooplankton community. We hypothesized that the
community structure of zooplankton diﬀers between
the lagoon and surrounding ocean. This study aims to
provide quantitative information on the distribution,
composition, and abundance of zooplankton within
the lagoon and surrounding waters. It intends to
facilitate the assessment of environmental impacts for
ecosystem-level management in the atolls of the SCS.

2 MATERIAL AND METHOD
2.1 Field sampling
Huangyan Atoll (15°09′N; 117°45′E), also named
Democracy Reef or Scarborough Shoal, is located in
the eastern part of Zhongsha Islands, in the central
SCS. It is almost an isosceles triangular lagoon
approximately 15 km wide from the east to the west,
and 15 km long from the south to north (Fig.1). It
covers an area, including the inner lagoon, of 150 km2
with a maximum depth of 19.5 m in the central lagoon
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zone. The width of the reef ﬂat varies from 1 to 3 km
around the lagoon. There is a passage (370 m wide
and approximately 9–11 m deep) to the southeast
between the lagoon and the ocean. To the east of the
atoll is the 5 000–6 000 m deep Manila Trench
(Huang, 1980). The climate is dominated by the East
Asian monsoon system with a southwest monsoon
prevailing from May to September, and a northeast
monsoon from October to April of the subsequent
year. Huangyan Atoll has a micro-tidal regime
(approximately 1.2 m); many of the reefs of the atoll
are just below water at high tide. Corals are scattered
throughout the reef ﬂat and are abundant in the
seaward reef slope. The lagoon and the surrounding
waters are rich in ﬁsheries and other marine life,
which have been exploited by ﬁshing vessels from
both China and the Philippines for decades (Shen,
1982). Chen and Yin (1982) previously qualitatively
reported species diversity in the Huangyan Atoll.
Between May 25 to May 29 2015, zooplankton
samples were collected at nine sites in the semienclosed atoll lagoon and at four leeward sites in the
surrounding seaward reef-slope (Fig.1) with a
planktonic net (45 cm diameter, 160 μm mesh
opening) towed vertically 1 m above the bottom to the
surface. The net mouth was equipped with a ﬂowmeter
(Hydro-Bios 438115, Germany) to determine the
volume of ﬁltered water in each tow (unit: m3). The
trawl winch speed was approximately 0.5–1 m/s. The
samples were preserved in 5% formalin-seawater
solution for analysis at a later date. All sampling
series were completed during the periods of 07:00–
11:00 am.
Temperature and salinity were measured in situ
using an YSI 6600 multi-probe sensor (Yellow
Springs Instrument Co., OH, USA). Sub-samples for
chlorophyll a (Chl a) and dissolved nutrients were
also sampled at each station. Chl a concentration was
determined ﬂuorometrically after grinding in 90%
acetone (Parsons et al., 1984). Water samples for
analysis of dissolved nutrients were ﬁltered through
0.7 μm Whatman GF/F ﬁlters, and ﬁltrates were
immediately frozen at -20°C in the dark before further
processing in the laboratory. Detailed information on
the measurement of these samples has been previously
documented by Ke et al. (2016).
2.2 Laboratory procedures
In the laboratory, collections at each station were
counted and analyzed for the composition and
abundance of zooplankton under a stereoscopic
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microscope. All specimens were identiﬁed to species
level, wherever possible, based on the status of
taxonomic
information
currently
available
(Thompson, 1948; Chen and Zhang, 1965; Chen and
Zhang, 1974; Chen and Shen, 1974; Zheng et al.,
1984; Gao et al., 2002).
2.3 Data analysis
Species richness (S) was calculated as the number
of taxa observed in a given sample. The similarity (%)
in species composition between the lagoon and reef
slope was the percentage of the common species to
the total species occurring in the lagoon and the reef
slope. The Shannon-Wiener diversity index (H') was
used to calculate the species diversity (Shannon and
Weaver, 1963), and the Pielou evenness index (J) was
employed to measure the relative abundances of
species in the community (Ōmori and Ikeda, 1984).
A principal components analysis (PCA) was
employed to analyze a matrix of the environmental
variables including temperature, salinity, Chl a,
and dissolved nutrients (SiO23ˉ, NOˉ3, NOˉ2, NH+4,
dissolved inorganic nitrogen, and PO34ˉ) to identify
the differences and groupings in environmental
parameters between the sites. A hierarchical cluster
analysis was performed on species followed by
their abundance ranking from high to low, and
their contribution to total abundance above 90%,
with an average linkage and Bray-Curtis similarity
index. These clusters were superimposed onto
two-dimensional (2D) and three-dimensional (3D)
plots of the multi-dimensional scaled (nMDS)
datasets to explore community structures among
sampling stations. A one-way analysis of
similarities (ANOSIM) was performed to detect
the effect of sampling sites on the composition and
abundance distribution of zooplankton. Following
the cluster analysis, species with the greatest
contribution to the division of samples in a cluster
were determined using the similarity percentage
program. The similarity percentage (SIMPER)
routine was selected to show the percentage
contribution of each taxon to the average
dissimilarities between the lagoon and reef slope
regions. All multivariate analyses were performed
on log (x+1) transformed data using the software
Primer (v. 6.0, Primer-E, Plymouth, UK) (Clarke
and Gorley, 2006).
Diﬀerences in environmental parameters and
abundances of zooplankton groups between the
lagoon and seaward reef slope were determined using
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Table 1 Information on station depth, substrate, nutrient and chlorophyll a concentration, and zooplankton in detail
Location Station
Lagoon

Slope

L1

Depth Filtered
(m) volume (m3)

Substrate

SiO23ˉ
NOˉ2
NOˉ3
NH+4
DIN
PO34ˉ
Chl a
Richness H'
(μmol/L) (μmol/L) (μmol/L) (μmol/L) (μmol/L) (μmol/L) (mg/m3)

J

Abundance
(ind./m3)

3.5

0.31

Mud

3.53

0.16

0.18

0.18

0.51

0.05

1.64

5

2.25 0.97

19.2

L2

5

0.43

Mud

4.04

0.16

0.37

0.49

1.02

0.08

1.39

9

2.97 0.94

30.1

L3

10

0.48

Mud

3.29

0.14

0.32

0.51

0.97

0.23

1.37

6

2.13 0.82

25.0

L4

9

0.77

Sand+seagrass

3.47

0.14

0.22

0.41

0.77

0.05

0.57

20

3.20 0.74

76.8

L5

12

1.08

Sand+seagrass

3.64

0.13

0.09

0.28

0.50

0.04

0.41

25

3.65 0.79

63.9

L6

8

0.55

Sand+seagrass

3.53

0.15

0.17

1.15

1.47

0.07

0.60

10

2.61 0.79

56.2

L7

12

0.98

Sand+seagrass

3.71

0.15

0.20

0.54

0.89

0.07

0.65

10

1.36 0.41

86.4

L8

9.5

0.60

Sand+seagrass

3.55

0.17

0.22

0.23

0.62

0.05

0.60

6

0.84 0.32

126.7

L9

11

0.79

Sand+seagrass

4.18

0.14

0.21

0.82

1.17

0.10

0.63

6

1.26 0.49

93.4

S1

25

1.58

Reef

3.48

0.14

0.11

0.32

0.57

0.02

0.17

66

5.51 0.91

188.1

S2

25

1.25

Reef

3.57

0.15

0.16

0.37

0.68

0.06

0.11

74

5.49 0.88

338.9

S3

>15

1.30

Reef

3.10

0.14

0.08

0.23

0.45

0.05

0.10

52

4.95 0.87

155.9

S4

>15

0.98

Reef

3.57

0.12

0.08

0.26

0.47

0.07

0.13

44

5.13 0.94

106.7

DIN is the abbreviation of dissolve inorganic nitrogen.
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Fig.2 Distribution of temperature, salinity, chlorophyll a, pH and dissolved nutrients (SiO23ˉ, NOˉ,
3 NOˉ
2, NH4, DIN and PO 4ˉ)
and their diﬀerence in the lagoon and seaward reef slope of the Huangyan Atoll

n.s.: not signiﬁcant, *: P value at the level of 0.05 and **: at the level of 0.01.

the Student’s t-test. A diﬀerence of P<0.05 was
considered signiﬁcant. Pearson’s correlation analysis
was used to determine which environmental
parameters may have inﬂuenced the distribution of
zooplankton abundance (after log-transformation).

3 RESULT
3.1 Environmental variables
Sea surface temperature and salinity ﬂuctuated

between 29.21°C and 30.77°C, and 33.29 and 33.80
in the study area, respectively. No signiﬁcant
diﬀerences were observed in both temperature and
salinity in the lagoon and seaward reef slope (Fig.2).
Total Chl a concentration varied widely among
stations, ranging from 0.10 mg/m3 to 1.64 mg/m3
(Table 1). Chl a concentration was signiﬁcantly
higher in the lagoon than that in the surrounding
waters (P<0.01), with an average (mean±standard
deviation) of 0.87±0.45 mg/m3 and 0.13±0.03 mg/m3,

No.5

LI et al.: Zooplankton in Huangyan Atoll

0.6

0.4

Table 2 Species number of each zooplankton group in each
environment, and species common and similarity
between environments

Lagoon
Reef slope

H20
NH4+
DIN
H23

Group

PC2

0.2

0

H9
H10

-0.2

H22

Chl a

-0.4

H13

H21
PO3- SiO3
NO3- 4 H14
Tem
NO2 Sal pH

H6

-0.2

0
PC1

2

6

8

0

0

Siphonophorae

1

9

9

1

11.11

Polychaeta

0

4

4

0

0

Heteropoda

0

4

4

0

0

Pteropoda

1

0

1

0

0

H19

0.2

Hydromedusae

H16

-0.6
-0.4

Lagoon Reef slope Total Common Similarity (%)

H17

H8

-0.6
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Fig.3 Results from the PCA analysis, showing the principal
components 1 and 2 for environmental variables
vectors and stations in the lagoon and reef slope of
the Huangyan Atoll

Cladocera

2

1

2

1

50.00

Ostracoda

0

2

2

0

0

Copepoda

24

61

67

18

26.87

Amphipoda

2

1

3

0

0

Euphausiacea

2

1

2

1

50.00

Decapoda

1

2

2

1

50.00

Chaetognatha

2

9

9

2

22.22

Appendicularia

2

4

4

2

50.00

Doliolida

0

1

1

0

0

Larvae

9

9

13

5

38.46

Total

48

114

131

31

24.00

15.24°
N

10–50
50–100

3.2 Zooplankton community

15.20°

100–200

3.2.1 Species diversity

>200
(ind./m3)

A total of 131 zooplankton taxa were collected
during the study. Copepods were the most common
with 67 species, followed by planktonic larvae,
siphonophores, and chaetognaths (Table 2). Species
richness was with 10 species per station in the
lagoonal waters than the seaward oceanic waters,
which ranged from the lowest value of 44 at station
S4 to the highest value of 74 at stations S2, with a
mean of 59 species across the whole reef-slope waters
(Table 1). Only 31 common species occurred both in
the lagoon and reef slope waters, suggesting that there
was a diﬀerence in the species composition in the two
regions to some degree.
Shannon-Wiener species diversity ranged from
4.95 to 5.51 with a mean of 5.27±0.27 in the reefslope waters, which was higher than that in the lagoon
that had a mean of 2.25±0.95 (P<0.05) (Table 1).
Correspondingly, a high evenness index was also
observed in the seaward oceanic waters with an
average of 0.90±0.03, and it varied from 0.32 to 0.97
at the lagoonal stations with a mean of 0.70±0.23
(P<0.05, Table 1).

15.16°

15.12°

15.08°
117.68°

117.72°

117.76°

117.80°

117.84° E 117.88°

Fig.4 Distribution of zooplankton abundance (ind./m3) in
the Huangyan Atoll

respectively. Chl a concentration exceeded 1.30 mg/m3
at stations H8, H9, and H10. Generally, the
concentrations of dissolved nutrients were greater in
the lagoon than the reef slope with the exception of
silicate (SiO23ˉ) and nitrite (NOˉ2) (Table1, Fig.2). In
particular, the NOˉ3 concentration was signiﬁcantly
higher in the lagoon than the outer reef slope (P<0.05).
The PCA showed that the ﬁrst two components
combined accounted for 95.7% of the total variance
with eigenvalues of 0.105 and 0.048. All sampling
stations showed a clear trend with high Chl a
concentration and dissolved nutrients in the lagoon
stations, and low Chl a concentrations and dissolved
nutrients in the seaward reef slope stations (Fig.3).

3.2.2 Abundance distribution
Zooplankton abundance ﬂuctuated between
19.2 ind./m3 and 338.9 ind./m3, and was unevenly
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Fig.5 Variation of abundance of zooplankton groups and their diﬀerence in the lagoon and seaward reef slope of the
Huangyan Atoll
n.s.: not signiﬁcant; *: P value at the level of 0.05; **: at the level of 0.01; ***: at the level of 0.001.

3.2.3 Cluster and nMDS ordination
Multivariate analysis of zooplankton abundance

Transform: Log(x+1)
Resemblance: S17 Bray Curtis similarity

20

Lagoon
Reef slope
40
Similarity (%)

60

80

H9

H8

H20

H10

H23

H21

H22

H14

H19

H16

H6

H17

100
H13

distributed in the study area (Table 1, Fig.4). Average
zooplankton abundance was signiﬁcantly lower in the
lagoonal waters than in the seaward oceanic waters
(t=-3.664, P<0.01), with 64.2±35.7 ind./m3 in the
former and 197.4±100.0 ind./m3 in the latter. The
lowest abundances were recorded at stations L1, L2
and L3 in the lagoon. The abundance of planktonic
larvae was higher in the lagoon than the reef slope,
although they were abundant in both sampled regions
(Fig.5). Copepods, euphausids, and planktonic larvae
accounted for 95.63% of zooplankton abundance in
the lagoon. In addition, 93.66% of zooplankton in the
reef slope was represented by copepods, chaetognaths,
siphonophores, appendicularians, and planktonic
larvae. The abundance of siphonophores, copepods,
chaetognaths,
and
appendicularians
diﬀered
signiﬁcantly between the lagoon and reef-slope
samples (Fig.5), with the highest abundance in
oceanic waters. Moreover, a signiﬁcant diﬀerence
was also observed in the abundance of polychaetes,
pteropods, cladocerans, and ostracods between the
two regions (Fig.5). Zooplankton abundance was
negatively correlated with Chl a concentration (R=
-0.708, P<0.01). No signiﬁcant correlation was found
between zooplankton abundance and other
environmental parameters (temperature, salinity and
nutrient parameters).

Sample

Fig.6 Cluster analysis using the hierarchical agglomerative
method employing group average linking of BrayCurtis similarities
All species abundances were performed on log (x+1) transformed.
Black lines connect stations that are statistically distinct groups
(P<0.05). Red lines connect samples that are not statistically unique
(P>0.05).

revealed that all sampling stations could be clustered
into two groups characterized by the lagoon group
and the reef-slope group at a similarity level of ~40%
(Fig.6). A 2D ordination of the MDS space conﬁrmed
this pattern with a 2D stress value of 0.09 (Fig.7). The
3D stress value of 0.05 showed little improvement on
the 2D value. Results of the ANOSIM analysis on
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Table 3 Results of SIMPER analysis, showing species contributing most to dissimilarity between the lagoon and reef slope
regions at Huangyan Atoll
Species

Av. abund. lagoon

Av. abund. reef slope

Av. diss.

Diss./SD

Contrib.%

Cum.%

Oikopleura longicauda

0.07

2.43

9.11

3.85

12.74

12.74

Chelophyes contorta

0.00

2.26

8.46

7.30

11.83

24.57

Copilia mirabilis

0.17

2.08

6.98

2.87

9.77

34.33

Macruran larvae

2.73

1.68

6.34

1.37

8.86

43.19

Brachyuran larvae

1.84

0.51

5.82

1.56

8.14

51.34

Oncaea venusta

0.30

1.87

5.77

1.74

8.06

59.40

Centropages orsinii

0.34

1.50

5.28

1.54

7.38

66.78

Paracalanus gracilis

0.46

1.58

4.56

1.77

6.37

73.16

Flaccisagitta enflata

0.19

1.38

4.48

1.29

6.26

79.42

Stylocheiron carinatum

1.14

0.85

4.44

1.11

6.21

85.63

Acartia spp.

0.93

0.00

3.56

0.96

4.98

90.61

Av. abund.: the abundance (ind./m3) after log(x+1) transformation; Contrib.%: contribution to the lagoon and seaward slope dissimilarities; Av. diss.: average
Bray Curtis dissimilarity; Diss./SD: the ratio of the dissimilarity to the standard deviation, and Cum.%: the accumulation of each species to all.

species abundance also revealed a signiﬁcant
diﬀerence between the zooplankton assemblages of
the two sampling areas (R=0.708, P=0.001). A
diﬀerence in species composition between the lagoon
and reef slope groups was determined at approximately
a 90% cutoﬀ level for cumulative dissimilarity (Table
3). The lagoon group had the lowest species diversity
due to the dominance of Macruran larvae, Brachyuran
larvae, Stylocheiron carinatum, and Acartia spp.
Conversely, the oceanic group had the greatest
diversity, dominantly characterized by Oikopleura
longicauda, Chelophyes contorta, Copilia mirabilis,
Oncaea venusta, Macruran larvae, Paracalanus
gracilis, Centropages orsinii, and Flaccisagitta enflata.

4 DISCUSSION
4.1 Inﬂuence of hydrodynamic processes on
zooplankton community
The predominant feature of zooplankton
distribution in the Huangyan Atoll was the higher
diversity and abundance of zooplankton on the
seaward reef-slope compared with the lagoon. This
ﬁnding is in accordance with previous investigations
of Indo-Paciﬁc atolls that also showed a pronounced
diﬀerence in the zooplankton community between
lagoons and the surrounding sea (Madhupratap et al.,
1977; Goswami and Goswami, 1990; Carleton and
Doherty, 1998). The abundance and diversity of
zooplankton at Huangyan Atoll was greater than that
of Taiaro lagoon, French Polunesia (Carleton and
Doherty, 1998), but considerably less than in the

Transform: Log(x+1)
Resemblance: S17 Bray Curtis similarity
2D stress: 0.09

H10
H13
H9
H8

H6
H17

H19

H20

H14
H16
H23 H21
H22

Lagoon
Reef slope
Similarity
35

Fig.7 Non-multidimensional scaling ordination (nMDS)
showing the relative position of stations based on
the Bray-Curtis similarity index using log(x+1)
transformed species abundance data
Contours represent the 35% similarity level among stations.

Indian Ocean (Madhupratap et al., 1977; Goswami
and Goswami, 1990), western Paciﬁc (Renon, 1977),
and southern SCS (Yin et al., 2011; Du et al., 2015).
The Huangyan lagoon community comprised
primarily of copepods and meroplankton, and had a
low diversity index due to low species richness and
dominance by Macruran larvae, Brachyuran larvae,
Stylocheiron carinatum and Acartia spp. Oceanic
forms such as siphonophores, chaetognaths, and
appendicularians, which are usually found in atoll
lagoons, were entirely absent (Renon, 1977; Goswami
and Goswami, 1990). This may be consistent with the
almost complete isolation of Huangyan lagoon from
the surrounding ocean. The lack of numerous deep
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passes between the ocean and lagoon in Huangyan
Atoll may explain this indicated restriction in species
exchange.
Merozooplankton such as Macruran larvae and
Brachyuran larvae constituted an important
component of zooplankton in the Huangyan Atoll
lagoon, consistent with other atolls (Madhupratap et
al., 1977; Goswami and Goswami, 1990; Heidelberg
et al., 2004). They contributed 70.63% of the total
zooplankton in the lagoon, but only accounted for
9.76% in the seaward reef-slope. These periodic
planktonic larvae are possibly transported from
oceanic waters outside the atoll into the lagoon or are
associated with the reef substrate itself (Alldredge
and King, 1977; Heidelberg et al., 2004, 2010; Yin et
al., 2011). The zooplankton community in the lagoon
was dominated by planktonic larvae similar to most
atolls in the Paciﬁc or Indian Oceans (Madhupratap et
al., 1977; Goswami and Goswami, 1990; Carleton
and Doherty, 1998; Yin et al., 2011; Pagano et al.,
2012). The predominance of merozooplankton in
atoll lagoons has been attributed to the diverse habitats
of coral reef ecosystems, where they are capable of
maintaining their position on the reef through active
swimming, and by utilizing crevices, caves, and coral
heads for protection from predators and currents
(Emery, 1968; Alldredge and King, 1977, 2009). The
substrate at Huangyan Atoll was characterized by
sand, mud, reef and seagrass (Table 1), which resulted
in the spatial heterogeneity inside the lagoon. Whether
the diﬀerences in zooplankton species composition
between the lagoon and reef slope are likely relatede
to the relatively high levels of spatial heterogeneity at
Huangyan Atoll needs to study further.
There was a higher diversity and abundance of
zooplankton in the seaward oceanic waters in
comparison with lagoonal waters, which can mainly
be attributed to the abundance of siphonophores,
copepods, chaetognaths, and larvaceans in oceanic
waters around Huangyan Atoll. Less pronounced
diﬀerences also existed in the abundance of
polychaetes, pteropods, cladocerans, and ostracods
between the lagoon and reef-slope despite low values
(Fig.5). Siphonophores and chaetognaths were
generally present in the samples from the oceanic
stations but were absent in those from the lagoon
(Goswami and Goswami, 1990; Carleton and Doherty,
1998; Heidelberg et al., 2004). At Huangyan Atoll,
the abundance of siphonophores, chaetognaths, and
appendicularians in the surrounding oceanic waters
was approximately 160, 60, and 70 times higher than
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in the lagoon samples, respectively. It also appears
that the occurrence and abundance of diﬀerent taxa
depended on the collection time. For example,
harpacticoid copepods and planktonic larvae were
more abundant during the night while calanoid
copepods,
siphonophores,
euphausids,
and
appendicularians were more common in the daytime
samples (Yin et al., 2011). They found that zooplankton
abundance was 46.2 times in the nighttime than that
of the daytime. Nocturnal zooplankton abundance is
more pronounced in Indo-Paciﬁc Ocean lagoons due
to the clarity of water and high light ﬂuctuations
(Alldredge and King, 1977; Goswami and Goswami,
1990; Heidelberg et al., 2004). In the present study,
zooplankton samples were always collected during
the daytime, which may be one of the reasons to
explain the relatively low abundance of
merozooplankton and high holoplankton.
Zooplankton distributions are also inﬂuenced by
wind and water circulation in atoll lagoons (Carleton
and Doherty, 1998; Alldredge and King, 2009; Pagano
et al., 2012). The period of our sampling was just
under the control of the southwestern monsoon.
Phytoplankton might have piled up into the lagoon
near the lagoon mouth due to the transporting action
of the southwestern wind, and thus improve the
phytoplankton biomass (Ke et al., 2016). Moreover,
there is no information on water circulation available
for Huangyan Atoll. Thus, the response of the
zooplankton community to these seasonal and spatial
variations requires further study.
4.2 Inﬂuence of anthropogenic activities on
zooplankton community
There were signiﬁcant diﬀerences in Chl a and
nitrate concentrations between the lagoon and oceanic
reef-slope. Moreover, zooplankton diversity and
abundance signiﬁcantly diﬀered between the lagoon
and oceanic reef-slope. Their distributions were not
homogenous in the lagoon. This pattern may have
been inﬂuenced, not only by the natural characteristics
and species-speciﬁc behavior, but potentially also by
the anthropogenic activities on Huangyan Atoll.
Huangyan Atoll is a productive ﬁshing ground and
its lagoon acts as a suitable harbor for ﬁshing vessels
from neighboring countries (Shen, 1982). Vessels
enter into the lagoon through the southeastern passage
of the atoll and usually stay moored nearby. Therefore,
waste waters from these moored vessels maybe have
contributed to elevated nutrient levels, enhancing
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phytoplankton biomass. Analysis of variance
indicated that NOˉ3 and Chl a concentrations were
considerably higher in the lagoon than in the
surrounding oceanic waters. Furthermore, microphytoplankton seems to be more sensitive to nutrient
input than pico-phytoplankton, and they have been
shown to be signiﬁcantly higher in lagoons than in
outer reef slope waters (Ke et al., 2016).
Metazooplankton appear to be controlled mainly by
food resources, as shown in Ahe Atoll lagoon (Pagano
et al., 2012). However, a signiﬁcantly negative
correlation between Chl a and zooplankton abundance
was observed at Huangyan Atoll in the present study.
These results suggest that a bottom-up control of
zooplankton does not occur in this atoll lagoon. Coral
reefs are often characterized by oligotrophic
environments due to a low input of new nutrients and
active nutrient recycling, and this also applies for
adjacent oceanic waters (Hatcher, 1997). Bottom-up
control is relatively common in oligotrophic atoll
lagoons, where phytoplankton biomass availability is
a limiting factor for the production of upper trophic
levels (Calbet et al., 1996). At Huangyan Atoll lagoon,
the majority of phytoplankton comprised microphytoplankton (Ke et al., 2016), which may be not
directly consumed by most zooplankton taxa,
especially for planktonic larvae. The uncoupled
primary and secondary productions in this atoll
lagoon, and the inﬂuence on the energy ﬂow and
health of coral reef ecosystems warrant further
investigation.

5 CONCLUSION
There were signiﬁcant diﬀerences in Chl a and
NOˉ3 concentrations, and zooplankton species
composition and abundance between the lagoon and
seaward reef-slope of Huangyan Atoll. Meroplankton,
mainly comprising Macrura and Brachyura larvae,
were dominant in the atoll lagoon. Holoplankton,
dominated by copepods, siphonophores, chaetognaths,
and appendicularians, represented the zooplankton
community at the oceanic reef-slope. These results
indicate clear diﬀerences between the atoll lagoon
and reef slope which are reﬂective of natural and
anthropogenic inﬂuences on the structure and
distribution of zooplankton communities at Huangyan
Atoll.
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