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Abstract

Sediment samples were collected in the intertidal zone of the Dagu River Estuary, Jiaozhou Bay, China in April,
July and October 2010 and February 2011 for examining seasonal dynamics of meiofaunal distribution and their
relationship with environmental variables. A total of ten meiofaunal taxa were identified, including free-living
marine nematodes, benthic copepods, polychaetes, oligochaetes, bivalves, ostracods, cnidarians, turbellarians,
tardigrades and other animals. Free-living marine nematodes were the most dominant group in both abundance
and biomass. The abundances of marine nematodes were higher in winter and spring than those in summer and
autumn. Most of the meiofauna distributed in the 0–2 cm sediment layer. The abundance of meiofauna in high-
tidal zone was lower than those in low-tidal and mid-tidal zones. Results of correlation analysis showed that
Chlorophyll a was the most important factor to influence the seasonal dynamics of the abundance, biomass of
meiofauna and abundances of nematodes and copepods. CLUSTER analysis divided the meiofaunal assemblages
into three groups and BIOENV results indicated that salinity, concentration of organic matter, sediment sorting
coefficient and sediment median diameter were the main environmental factors influencing the meiofaunal
assemblages.
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1  Introduction
The term “meiofauna” is widely defined as a group of aquatic

benthic animals with microscopically small size, which could be
found in most marine and fresh water environment. In sorting
operation, meiofauna is the benthic animals that can pass
through 0.5 mm mesh but retained by 0.042 mm mesh (deep-sea
ecology researchers suggest 0.031 mm mesh to be lower limit;
Higgins and Thiel, 1988; Giere, 2009). Due to their small size,
high abundance and fast turnover rates, meiofauna are con-
sidered to be important component of ecological system, espe-
cially in estuarine ecological system. Meiofauna are thus con-
sidered to be important factor in both ecological food web and
recycling of nutrients (Heip et al., 1988; Coull, 1999). Previous re-
ports showed that the metabolic activities of meiofauna signific-
antly influence the substance metabolism and energy flow pro-
cesses in the benthic environment (Montagna et al., 1995). Estu-
ary as a transition area of marine and freshwater environment
has a unique ecological system in terms of its function of mixing
marine and brackish water and supporting the high level of biod-
iversity. In addition, meiofauna is widely regarded as the indicat-
or in assessing the marine pollution due to their high sensitivity
to environmental variation. However, there are some obstacles in
terms of methodology in examining the distribution and dynam-
ics of meiofauna community, including extracting fragile organ-
isms from sediments for quantitative analyses. The new method-

ologies have combined silica sol density gradient centrifugation
and the quantitative protargol stain (QPS) to realize quantitative
investigations of the benthic ciliate assemblages (Hamels et al.,
2004, 2005; Wickham et al., 2000; Xu et al., 2010).

The Jiaozhou Bay is a 32 km long and 27 km wide semi-en-
closed bay, located in Shandong Peninsula in eastern China.
However, the rapid urbanization and increasing population are
threatening the sustainability of the ecological situation in the
Jiaozhou Bay. According to the survey of China State Oceanic Ad-
ministration, the surface area of the Jiaozhou Bay has decreased
from 560 km2 in 1982 to 362 km2 by 2003 due to sustained land
reclamation activities in recent decades. Meanwhile, the marine
species also sharply decreased. The Dagu River is the largest river
flowing into the Jiaozhou Bay and the estuary of Dagu River be-
comes one of the most important ecosystems along the Jiaozhou
Bay. As a consequence, a nature reserve has been established in
this area (Ministry of Environmental Protection of the People’s
Republic of China, 2010) to protect the local environment.

Most of the previous studies conducted in the Dagu River Es-
tuary focused on plankton or macrofauna (Yuan et al., 2007;
Zhang et al., 2001), and there are limited reports discussing sea-
sonal dynamics of meiofaunal distribution in this area. The
present study aims to analyze the impacts of season-varied envir-
onmental parameters on meiofaunal distribution in order to un-
derstand the current situation of the Dagu River Estuary ecologic-  
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al  environment,  which not only to study the ecology of
meiofauna in the Dagu River Estuary but also to further provide
evidences for the implementation of coastal protection.

2  Materials and methods
In order to investigate the seasonal variation of meiofauna

community, sediment samples were collected for four times in
April, July, October 2010, and February 2011. Sediments were
collected in high tidal zone, mid tidal zone and low tidal zone.
For each zone, three sampling sites were randomly chosen.
These sites were located at 36°10.443′–36°10.841′N, 120°08.407′–
120°08.618′E (Fig. 1). At each sampling site, undisturbed sedi-
ments were collected and sectioned carefully using modified syr-
inge with an inner diameter of 29 mm for three times, all the sedi-
ments were divided into three parts vertically (0–2 cm, 2–5 cm
and 5–8 cm). Sediments, which would be used for meiofaunal
distribution examination, were fixed with 5% formaldehyde. Oth-
er sediment samples were stored in lightproof refrigerating box
without any additive and after returning to laboratory stored in
–20°C for later environmental analysis. Additionally, interstitial
water at each site was collected for salinity and pH analysis by re-
fractometer and pH meter (DELTA320). Surface sediments were
also sampled for analysis of grain size. At each site, the in situ
temperatures were measured using a thermometer immerged in-
to sediment to certain depth.

Meiofauna was stained with Rose Bengal and extracted from
the sediment by the Ludox centrifugation technique (Heip et a1.,
1988). Prior Ludox centrifugation process, elutriation and salt re-
duction were performed, during which a 500 μm mesh was used
for removal of macrofauna and other organisms. Meiofauna was
washed into a lined petri dish, then sorted and counted to taxon
levels under a stereoscopic microscope according to Higgins and
Thiel (1988) and Giere (2009). Meanwhile, the abundance and
biomass of meiofauna were analyzed for each sample. The
abundances of identified meiofaunal taxa were standardized as
ind./(10 cm2). The biomass of different meiofaunal group refers
to some similar literature, and individual dry weight values and
specific coefficient was used to calculate biomass of meiofauna
(Widbom, 1984; Liu et al., 2005).

The analysis of sediment organic matter content was based
on the methods stated in the Specification for oceanography sur-
vey-marine geology and geophysics survey (General Administra-
tion of Quality Supervision, Inspection and Quarantine of the

PRC, 2007) using K2Cr2O7-H2SO4 oxidization method (Gaudette
et al., 1974; Nelson and Sommers, 1982). The concentration of
sediment chlorophyll a (Chl a) was measured according to the
methods of extraction fluorescence (Liu et al., 2007).

The abundance of meiofauna was defined as individual per
10 cm2 and calculated by each layer and site. The environmental
parameters were sediment depth (cm), water temperature (°C),
salinity, pH, median diameter (mm), sediment sorting coeffi-
cient, concentration of Chl a (mg/kg) and content of organic ma-
ters (%). In order to assess relationships among the meiofaunal
abundance and environmental parameters, Pearson correlation
analyses were performed using SPSS 16.0 statistical software
package.

In order to further identify the similarity between meiofauna
and the importance of different environmental factors on the
seasonal distribution of biota, the Hierarchical clustering
(CLUSTER) analysis, similarity profile (SIMPROF) permutation
test and BIOENV analysis were introduced into the data analysis
process using PRIMER 6 (Plymouth Routines in Multivariate Eco-
logical Research) software package (Clarke and Gorley, 2006).
The Bray–Curtis coefficient (Bray and Curtis, 1957) was used in
calculating the similarity between meiofaunal assemblages di-
vided by sampling seasons and sites. Before coefficient calcula-
tion, in order to reduce bias caused by a unique high value for a
certain species, the data were fourth-root transformed (Clarke
and Warwick, 2011). The meiofaunal assemblages of the
sampling sites were delineated into different groups using Hier-
archical clustering (CLUSTER) analysis and similarity profile
(SIMPROF) permutation test.  The spatial  differences of
meiofaunal assemblages were further correlated with the envir-
onmental factors, using the analysis method matching of Biota
and Environmental factors (BIOENV), which calculated the
Spearman rank correlation coefficients between faunal and en-
vironmental factors.

3  Results
The trend of temperature showed a typical temperature vari-

ation of temperate zone in the northern hemisphere, which
reached bottom in April 2010 and constantly increased to 28°C in
July 2010, then reduced in autumn and winter with a minimum
of 7°C in February 2011. The pH of interstitial water ranged from
7.37 to 8.30 at the three different zones. The pH value increased
in turn from high tidal zone to low tidal zone, which conformed
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Fig. 1.   Map of the Jiaozhou Bay, China, showing the location of sampling site in the Dagu River Estuary.
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to the fact that low tidal zone is more influenced by seawater. Un-
like the pH value, such pattern had not been found for the salin-
ity variation of interstitial water, which ranged from 27 to 30 in
the three zones. Salinity values in spring and winter were a little
higher than those in summer and autumn, which may be caused
by the flood of the Dagu River.

Sediment median diameter increased in the order of high
tide, mid tide and low tide. Especially in low tidal zone, the medi-
an diameter of sediment was significantly higher (Table 1).
Meanwhile, the main sediment compositions in the three zones
were clay, silt and sand. The proportion of clay and silt remained

relatively constant in the three zones. However, the proportion of
sand increased in turn from the high tidal zone to the low tidal
zone.

The data of chlorophyll concentrations in winter high tidal
zone were not listed due to missing of those samples. However,
Fig. 2b showed that the concentration of Chl a increased in
winter and spring. The variation tendency of Chl a showed sea-
sonality that in the 0–2 cm surface layer, spring (7.8 mg/kg)>sum-
mer (3.0 mg/kg) ≥ winter (2.9 mg/kg)>autumn (2.5 mg/kg); in
2–5 cm subsurface layer and 5–8 cm deep layer the variation of
Chl a concentration is not limited (Fig. 2).

The content of organic matter reached maximum of 1.43% at
high tidal zone and minimum of 0.4% at mid tidal zone both in
summer (Fig. 2). Vertically, in high tidal zone organic matter con-
tent decreased in order of surface layer, subsurface layer and
deep layer. On contrast, in the other zones, no such pattern has
been observed. In addition, the organic matter content in high
tidal zone was significantly higher than those in the other two
zones. No significant differences between mid tidal zone and low
tidal zone were found. Details about seasonal variation and ver-
tical distribution of organic matter (OM) content and Chl a in
sediment are shown as Table 2.

In the present study, ten kinds of meiofauna taxa were identi-
fied, including Nematoda, Copepoda, Polychaeta, Oligochaeta,
Bivalvia, Ostracoda, Cnidaria, Tubellaria, Tardigrada and others.

The biomass and abundances of each meiofauna taxa are listed
in Table 3 and Table 4. Figure 3a shows the change of biomass in
different seasons.

The composition of meiofaunal taxa in different seasons was
showed in Fig. 3e, which suggested that nematode was the dom-
inant group all over the year and followed by copepod. These two
taxa constituted the majority of biomass, especially in autumn
and summer, which accounted for around 95%. In winter and
spring, their dominance was still obvious although the percent-
age decreased.

Horizontally, meiofaunal abundance reduced gradually from
low tidal zone to high tidal zone, in terms of both quantity and
number of taxa. Some seasonality of abundance distribution has
been observed especially in the low tidal zone. The peak of the

Table 1.   Sediment characteristics of the intertidal sampling zones in the Dagu River Estuary

Sampling location
Grain size distribution/%

QDΦ SKΦ MD/mm Sediment type
Sand Silt Clay Silt+Clay

High tidal zone 4.98 65.64 29.39 95.03 1.87 0.07 0.001 clayey silt

Middle tidal zone 31.44 53.40 15.17 68.56 2.14 0.43 0.03 sandy silt

Low tidal zone 49.02 38.17 12.82 50.99 2.27 0.50 0.520 silty sand

          Note: QDΦ is the separation factor, SKΦ skewness, and MD median diameter.

Table 2.   Seasonal variation and vertical distribution of organic matter (OM) content and Chl a in sediment
Spring Summer

High tidal zone Middle tidal zone Low tidal zone High tidal zone Middle tidal zone Low tidal zone

Sediment depth/cm 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8

OM/% 1.4 1.2 1.2 0.5 0.6 0.7 0.5 0.5 0.6 1.4 1.4 1.4 0.4 0.3 0.4 0.4 0.5 0.5

Chl a/mg·kg–1 3.7 0.6 0.5 6.8 0.8 1.0 12.7 1.8 1.6 4.5 2.4 1.4 2.5 1.2 0.8 2.0 1.1 1.2

Autumn Winter

High tidal zone Middle tidal zone Low tidal zone High tidal zone Middle tidal zone Low tidal zone

Sediment depth/cm 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8

OM/% 1.0 1.1 1.0 0.5 0.4 0.3 0.4 0.3 0.4 1.1 1.0 0.9 0.4 0.3 0.4 0.4 0.3 0.4

Chl a/mg·kg–1 3.4 2.5 2.7 1.8 1.1 0.5 2.2 0.8 0.9 – – – 4.6 0.7 0.4 1.1 2.7 1.0
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Fig. 2.   Seasonal variation of organic matter content (a) and Chl a (b) in sediment of the Dagu River Estuary.
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abundance appeared in winter and spring and a reduce trend
was found in the following summer and autumn (Fig. 3c).

The results of Pearson correlation analysis indicated that
there were significant correlations between meiofaunal abund-
ance and sediment depth, content of organic matter, percentage
of silt and clay, temperature and salinity. Meanwhile, significant
positive correlations between meiofaunal abundance and sites,
concentration of Chl a and pH were also observed (Table 5). The
results of BIOENV analysis indicated that salinity, concentration
of organic matter, sediment sorting coefficient and median dia-
meter were the main environmental factors that influenced the
distribution of the meiofaunal abundance (Spearman correla-
tion coefficient 0.430, p<0.05; Table 6).

According to the results of CLUSTER analysis, the sampling
sites in different seasons and tidal zones were classified into
three groups at 60% similarity level (Fig. 4), with significant dif-
ferences from the SIMPROF test (p<0.05). The first group in-
cluded the three sites sampled in spring (Sites H1, M1 and L1),
the second group included the two sites sampled in winter (Sites
M4 and L4) and one each in summer and autumn (Sites L2 and
L3), while the third group included the two each sites sampled in
summer and autumn (Sites H2, M2, H3 and M3) and one in
winter (Site H4) with low similarity. This result indicated the
meiofaunal assemblages in summer and autumn was much sim-
ilar with each other, especially in the low tidal zone (Sites L2 and
L3). The meiofaunal assemblages in winter were more similar

than those in spring.

4  Discussion
The concentration of OM in sediment is regarded as one of

the sentinels of environmental pollution. Some taxa of meiofauna
feed on sediment organic matter. As a consequence, the concen-
tration of OM is one of the essential environmental parameters
influencing the distribution of meiofauna. The results of the
present study indicated that the concentration of OM in high tid-
al zone was much higher than those in mid and low tidal zone
with a significant positive relationship to the content of silt and
clay in sediments. The seasonal variation of OM concentration
was slight, ranged from 0.5% to 0.8%, which indicate the pollu-
tion level of this region was not high. The Dagu River watershed
covers several villages and agricultural land before discharging
into the Jiaozhou Bay and the estuary area is important for re-
ceiving and absorbing the domestic sewage and fertilizer
residues, which may lead to the slight change of the concentra-
tion of OM in the Dagu River Estuary. Furthermore, the Dagu
River Estuary is widely used as aquaculture sites for clams
(Ruditapes philippinarum). The aquaculture activities were re-
ported as changing the concentration of OM in sediment and fur-
ther influence the dynamics and component of meiofaunal as-
semblages (Zhang et al., 1993; Dang et al., 1996).

The concentration of Chl a is commonly used in estimating
the benthic microalgal biomass, which is important food supply

Table 3.   Average meiofaunal biomass (μg/(10 cm2)) and the vertical distribution, percentage of each meiofaunal taxa
High tidal zone Middle tidal zone Low tidal zone

Percentage/%
Sediment depth/cm 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8

Nematode 133.3 63.2 34.1 414.3 88.6 78.8 807.4 206.6 225.6 71.97

Copepod 8.6 8.1 9.1 50.9 4.7 3.3 82.1 21.2 2.8 6.69

Polychaete 0.0 0.0 1.8 0.0 1.8 1.8 10.5 14.0 0.0 1.04

Oligochaete 0.0 1.8 0.0 1.8 1.8 0.0 3.5 0.0 1.8 0.37

Bivalve 0.5 0.0 0.0 1.6 2.6 5.8 11.0 18.9 7.9 1.69

Ostracod 0.0 0.0 0.0 3.3 13.0 0.0 182.0 35.8 3.3 8.32

Copepod larvae 11.0 2.1 1.6 4.2 0.5 0.0 8.4 2.6 0.5 1.09

Amphipod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00

Isopod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.02

Planarian 0.9 0.0 0.0 3.0 0.0 0.0 0.9 0.0 0.4 0.18

Tardigrade 0.0 0.0 0.0 1.3 0.0 0.0 0.9 0.0 0.0 0.08

Others 3.5 0.0 2.6 125.6 4.4 4.8 93.2 4.4 5.3 8.55

Total 157.8 75.2 49.1 605.9 117.2 94.3 1 199.8 303.9 247.5 100.00

Table 4.   Average meiofaunal abundance (ind./(10 cm2)) and the vertical distribution, percentage of each meiofaunal taxon
High tidal zone Middle tidal zone Low tidal zone

Percentage/%
Sediment depth/cm 0–2 2–5 5–8 0–2 2–5 5–8 0–2 2–5 5–8

Nematode 133.3 63.2 34.1 414.3 88.6 78.8 807.4 206.6 225.6 86.76

Copepod 7.0 6.6 7.4 41.5 3.8 2.6 66.9 17.2 2.3 6.56

Polychaete 0.0 0.0 0.2 0.0 0.2 0.2 1.1 1.5 0.0 0.14

Oligochaete 0.0 0.2 2.0 0.2 0.2 0.0 0.4 0.0 0.2 0.13

Bivalve 0.2 0.0 0.0 0.6 1.0 2.1 4.0 6.8 2.8 0.74

Ostracod 0.0 0.0 0.0 0.2 0.8 0.0 10.6 2.1 0.2 0.58

Copepod larvae 4.0 0.8 0.6 1.5 0.2 0.0 3.0 1.0 0.2 0.47

Amphipod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00

Isopod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.01

Planarian 0.4 0.0 0.0 1.3 0.0 0.0 0.4 0.0 0.2 0.10

Tardigrade 0.0 0.0 0.0 0.6 0.0 0.0 0.4 0.0 0.0 0.04

Others 1.5 0.0 1.1 54.3 1.9 2.1 40.3 1.9 2.3 4.46

Total 146.3 70.8 45.4 514.5 96.5 85.7 934.4 237.3 233.8 100.00
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f o r  m e i o f a u n a  ( G r i n h a m  e t  a l . ,  2 0 0 7 ;  U n d e r w o o d  a n d
Kromkamp, 1999). The seasonal dynamics of Chl a in this re-
search showed that the high concentration was observed in
winter and spring while the concentration was relatively low in
summer and autumn. This observation highly agreed with the
results reported by Epstein (1997), which investigated the bloom

of diatoms at the end of winter and spring as well as decline of di-
atoms abundance at mid-summer as a consequence of grazing
by herbivores.

There are limited reports regarding the seasonal dynamic of
meiofaunal distribution, especially in the Dagu River Estuary,
Jiaozhou Bay. In the present study, the meiofaunal biomass peak

Table 5.   Results of correlation analysis between abundance of meiofauna and environmental factors
Factor TD SD OM Chl a Ab S&C pH Salinity T

OM –0.745** –0.043 – 0.096 –0.239* 0.813** –0.812** 0.844** 0.061

Chl a –0.008 –0.459** 0.096 – 0.514** 0.028 –0.014 0.280 –0.276**

Ab 0.410** –0.433** –0.239* 0.514** – –0.356** –0.394** –0.298** –0.159

          Note: * Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed). TD represents tidal zone,
SD sediment depth, OM organic matter, Ab meiofaunal abundance, S&C content of silt and clay, and T temperature.
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Fig. 3.   Meiofaunal biomass (μg/(10 cm2)) and abundance (ind./(10 cm2)) changes of different seasons (a), vertical distribution of
meiofaunal biomass (b),  vertical  distribution of meiofaunal abundance (c),  horizontal distribution of meiofaunal biomass (d),
horizontal distribution of meiofaunal biomass (e),  seasonal dynamics of composition percentage of meiofaunal abundance in
different tidal zones (f), and composition percentage of meiofaunal taxa in different seasons (g).
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was observed in spring, followed by winter. The biomass in both
of the seasons was significantly higher than those in summer and
autumn. This result was in agreement with the results reported
by Du et al. (2012) in the Dagu River Estuary, in which the high
meiofaunal biomass was observed in February and March. The
observations in the Beibu Gulf, China (Cai et al., 2012) also repor-
ted that the meiofaunal biomass researched the peak in spring,
followed by winter.

The impacts of seasonal changing to the distribution of
meiofauna are complicated. The seasonal changing functioned
indirectly to the distribution of meiofauna by the variation of
temperature, salinity (as a result of seasonal variation of rainfall
and river input) (Lin et al., 2004; Chen et al., 2006), time span of
sunlight, etc. Previous studies suggested that the distribution of
meiofauna is either directly or indirectly in relation to temperat-
ure, as a consequence of temperature-influenced food abund-
ance, water depth level. Additionally, the distribution of
meiofauna is also influenced by salinity in the estuary area due to
the huge variation range of salinity (Coull, 1999; Hourston et al.,
2011; Kchaou et al., 2009). Results of the present study indicated
that the positive correlation between meiofaunal biomass and
concentration of Chl a as well as a negative correlation between
concentration of Chl a and temperature. As a result, the biomass
resulted in a relative high value in low-temperature seasons
(winter and spring). The seasonal changing also reflects as the
seasonal dynamic of river input changing the salinity and may
eventually impact on the distribution of meiofauna, especially in

estuary area. For the Dagu River, its flood seasons are summer
and autumn, which lead to relative low salinity in these two sea-
sons in the estuary area. Although the result of this research and
some previous research (Cai et al., 2012) indicated a negative
correlation between meiofaunal biomass and salinity, the high
value of meiofaunal biomass was not shown in summer and au-
tumn. Abovementioned observations suggest that food availabil-
ity (concentration of Chl a) is the main control factors of the dis-
tribution of meiofaunal assemblages, which agreed with some
previous studies (Danovaro and Gambi, 2002; Fonseca et al.,
2011). This may be the consequence of the dominance of epi-
strate-feedering nematodes.

Additionally, besides the sediment conditions, the trophic in-
teractions (e.g., species recruitment, competition and some po-
tential predation stressors) are possible to play an important role
in the dynamics of meiofaunal distribution in the study area.
Meiofauna is often controlled by the macroepifauna through
predator–prey relationships in food web (Bell, 1980; Brey, 1991;
Dunn et al., 2013). The research of Zhang et al. (2001) reported a
negative relationship between the biomass of meiofaunal and
macrofauna through a year-round observation in the Jiaozhou
Bay, which suggested the existence of the predator–prey relation-
ships between meiofaunal and macrofauna. Therefore, the re-
search conducted in the Dagu River Estuary by Du et al. (2012)
suggested the competition between herbivorous nematodes and
ciliates is also likely important in regulating the dynamics of
meiofauna in the Dagu Rivers Estuary. The interactions between

Table  6.     Results  of  BIOENV  analysis  (matching  of  biota  and  environmental  factors)  between  meiofanal  assemblages  and
environmental factors

Number of environmental factors Spearman correlation coefficient Environmental factors

4 0.430 OM, QD, salinity, Md

3 0.423 QD, salinity, Md

3 0.416 OM, salinity, Md

2 0.411 salinity, Md

3 0.410 OM, QD, salinity

           Note: OM represents concentration of organic maters, QD separation factor of sediment, and Md sediment median diameter.
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Fig. 4.   Grouping of meiofaunal assemblages in spring, summer, autumn and winter based on CLUSTER analysis. Samples under
different branches linked by black solid lines showed significant differences (SIMPROF, p<0.05) in assemblage structure, whereas
samples in same branches linked by red dotted lines had no statistical differences (SIMPROF, p>0.05) in community structure. H/M/L
stand for high/middle/low tidal zone and 1/2/3/4 stands for spring/ summer/autumn/winter seasons.
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different trophic levels require further exploration by using stable
isotope technique (Maria et al., 2011).

5  Conclusions
In the present study, we evaluated the relationship between

the abundance and biomass of meiofauna and various environ-
mental variables in different seasons and tidal zones in the Dagu
River Estuary, Jiaozhou Bay. We found that salinity, concentra-
tion of organic matter, sediment sorting coefficient and median
diameter were the main environmental factors influencing the
distribution of meiofaunal assemblages, and accounted for the
variation of seasonal distribution. However, further studies are
needed especially for the identification of marine nematodes to
reveal the controlling environmental factors affecting marine
nematode assemblages.

Acknowledgements
Great thanks are given to colleagues and faculty members in

the College of Marine Life Sciences, Ocean University of China
who have provided great assistants in the sampling and laborat-
ory processing.

References
Bell S S. 1980. Meiofauna-macrofauna interactions in a high salt

marsh habitat. Ecological Monographs, 50(4): 487–505
Brey T. 1991. The relative significance of biological and physical dis-

turbance: an example from intertidal and subtidal sandy bot-
tom communities. Estuarine, Coastal and Shelf Science, 33(4):
339–360

Bray J R, Curtis J T. 1957. An ordination of the upland forest com-
munities of Southern Wisconsin. Ecological Monographs,
27(4): 325–349

Cai Lizhe, Fu Sujing, Yang Jie, et al. 2012. Distribution of meiofaunal
abundance in relation to environmental factors in Beibu Gulf,
South China Sea. Acta Oceanologica Sinica, 31(6): 92–103

Chen Zuozhi, Qiu Yongsong, Jia Xiaoping. 2006. Quantitative model
of trophic interactions in Beibu Gulf ecosystem in the northern
South China Sea. Acta Oceanologica Sinica, 25(3): 116–124

Clarke K R, Gorley R N. 2006. PRIMER version 6: User Manual/Tutori-
al. Plymouth, UK: PRIMER-E

Clarke K R, Warwick R M. 2011. Changes in Marine Communities: An
Approach to Statistical Analysis and Interpretation. 2nd ed. Ply-
mouth, UK: PRIMER-E, 144

Coull B C. 1999. Role of meiofauna in estuarine soft-bottom habitats.
Australian Journal of Ecology, 24(4): 327–343

Dang Hongyue, Huang Bo, Zhang Zhinan. 1996. Study on marine
benthos in an organically polluted intertidal beach of Qingdao
bay: II. The pollution ecology of Meiobenthos. Studia Marina
Sinica (in Chinese), 37: 91–101

Danovaro R, Gambi C. 2002. Biodiversity and trophic structure of
nematode assemblages in seagrass systems: evidence for a
coupling with changes in food availability. Marine Biology,
141(4): 667–677

Du Yongfen, Xu Kuidong, Warren A, et al. 2012. Benthic ciliate and
meiofaunal communities in two contrasting habitats of an in-
tertidal estuarine wetland. Journal of Sea Research, 70: 50–63

Dunn R J K, Lemckert C J, Teasdale P R, et al. 2013. Macroinfauna dy-
namics and sediment parameters of a subtropical estuarine
lake-Coombabah lake (Southern Moreton Bay, Australia).
Journal of Coastal Research, 29(6a): 156–167

Epstein S S. 1997. Microbial food webs in marine sediments: II. Sea-
sonal changes in trophic interactions in a sandy tidal flat com-
munity. Microbial Ecology, 34(3): 199–209

Fonseca G, Hutchings P, Gallucci F. 2011. Meiobenthic communities
of seagrass beds (Zostera capricorni) and unvegetated sedi-
ments along the coast of New South Wales, Australia. Estuarine,
Coastal and Shelf Science, 91(1): 69–77

General Administration of Quality Supervision, Inspection and Quar-

antine of the PRC. 2007. Specifications for Oceanography Sur-
vey: Part 8. Marine Geology and Geophysics Survey. Beijing:
China Standard Press, 79

Gaudette H E, Flight W R, Toner L, et al. 1974. An inexpensive titra-
tion method for the determination of organic carbon in recent
sediments. Journal of Sedimentary Petrology, 44(1): 249–253

Giere O. 2009. Meiobenthology: the Microscopic Motile Fauna of
Aquatic Sediments. Berlin Heidelberg: Springer-Verlag, 527

Grinham A R, Carruthers T J B, Fisher P L, et al. 2007. Accurately
measuring the abundance of benthic microalgae in spatially
variable habitats. Limnology and Oceanography, 5(5): 119–125

Hamels I, Muylaert K, Sabbe K, et al. 2005. Contrasting dynamics of
ciliate communities in sandy and silty sediments of an estuar-
ine intertidal flat. European Journal of Protistology, 41(4):
241–250

Hamels I, Sabbe K, Muylaert K, et al. 2004. Quantitative importance,
composition, and seasonal dynamics of protozoan communit-
ies in polyhaline versus freshwater intertidal sediments. Micro-
bial Ecology, 47(1): 18–29

Heip C, Warwick R M, Carr M R, et al. 1988. Analysis of community
attributes of the benthic meiofauna of Frierfjord/Langesundf-
jord. Marine Ecology Progress Series, 46: 171–180

Higgins R P, Thiel H. 1988. Introduction to the Study of Meiofauna.
Washington, DC, USA: Smithsonian Institute Press, 488

Hourston M, Potter I C, Warwick R M, et al. 2011. The characteristics
of the nematode faunas in subtidal sediments of a large mi-
crotidal estuary and nearshore coastal waters differ markedly.
Estuarine, Coastal and Shelf Science, 94(1): 68–76

Kchaou N, Elloumi J, Drira Z, et al. 2009. Distribution of ciliates in re-
lation to environmental factors along the coastline of the Gulf
of Gabes, Tunisia. Estuarine, Coastal and Shelf Science, 83(4):
414–424

Lin Ailan, Liang Jianyin, Gu Dejun, et al. 2004. On the relationship
between convection intensity of South China Sea summer
monsoon and air-sea temperature difference in the tropical
oceans. Acta Oceanologica Sinica, 23(2): 267–278

Liu Xiaoshou, Zhang Zhinan, Huang Yong. 2005. Abundance and
biomass of meiobenthos in the spawning ground of anchovy
(Engraulis japanicus) in the southern Huanghai Sea. Acta
Oceanologica Sinica, 24(3): 94–104

Liu Xiaoshou, Zhang Zhinan, Huang Yong. 2007. Sublittoral
meiofauna with particular reference to nematodes in the south-
ern Yellow Sea, China. Estuarine, Coastal and Shelf Science,
71(3–4): 616–628

Maria T F, De Troch M, Vanaverbeke J, et al. 2011. Use of benthic vs
planktonic organic matter by sandy-beach organisms: a food
tracing experiment with 13C labelled diatoms. Journal of Experi-
mental Marine Biology and Ecology, 407(2): 309–314

Ministry of Environmental Protection of the People’s Republic of
China. 2010. http://www.zhb.gov.cn/gkml/hbb/bwj/201009/
t20100921_194841.htm [2010-09-17/2014-10-31]

Montagna P A, Blanchard G F, Dinet A. 1995. Effect of production and
biomass of intertidal microphytobenthos on meiofaunal graz-
ing rates. Journal of Experimental Marine Biology and Ecology,
185(2): 149–165

Nelson D W, Sommers L E. 1982. Total carbon, organic carbon and
organic matter. In: Page A L, Miller R H, Keeney D R, eds. Meth-
ods of Soil Analysis: Part 2. Chemical and Microbiological Prop-
erties. Madison, Wisconsin: American Society of Agronomy,
539–597

Underwood G J C, Kromkamp J. 1999. Primary production by phyto-
plankton and microphytobenthos in estuaries. Advances in
Ecological Research, 29: 93–153

Wickham S, Gieseke A, Berninger U G. 2000. Benthic ciliate identific-
ation and enumeration: an improved methodology and its ap-
plication. Aquatic Microbial Ecology, 22(1): 79–91

Widbom B. 1984. Determination of average individual dry weights
and ash-free dry weights in different sieve fractions of marine
meiofauna. Marine Biology, 84(1): 101–108

Xu Kuidong, Du Yongfen, Lei Yanli, et al. 2010. A practical method of
Ludox density gradient centrifugation combined with protar-

  YIN Shengle et al. Acta Oceanol. Sin., 2017, Vol. 36, No. 12, P. 79–86 85

http://www.zhb.gov.cn/gkml/hbb/bwj/201009/t20100921_194841.htm
http://www.zhb.gov.cn/gkml/hbb/bwj/201009/t20100921_194841.htm
http://www.zhb.gov.cn/gkml/hbb/bwj/201009/t20100921_194841.htm
http://www.zhb.gov.cn/gkml/hbb/bwj/201009/t20100921_194841.htm


gol staining for extracting and estimating ciliates in marine sed-
iments. European Journal of Protistology, 46(4): 263–270

Yuan Wei, Zhang Zhinan, Yu Zishan. 2007. Secondary productivity of
macrobenthos in Jiaozhou Bay. Chinese Journal of Applied
Ecology (in Chinese), 18(1): 145–150

Zhang Zhinan, Dang Hongyue, Yu Zishan. 1993. A study on the
meiobenthic community in an organically polluted beach of

Qingdao Bay. Journal of Ocean University of Qingdao (in

Chinese), 23(1): 83–91

Zhang Zhinan, Zhou Hong, Yu Zishan, et al. 2001. Abundance and

biomass of the benthic meiofauna in the northern soft-bottom

of the Jiaozhou Bay. Oceanologia et Limnologia Sinica (in

Chinese), 32(3): 139–147

86 YIN Shengle et al. Acta Oceanol. Sin., 2017, Vol. 36, No. 12, P. 79–86  


