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Abstract  In order to compare the macrozoobenthic community and sedimentary environment with and without the presence of 
horseshoe crabs, the benthic macrofauna, sediment grain size, chromium (Cr), cobalt (Co), nickel (Ni), polycyclic aromatic hydro-
carbon (PAHs), organic carbon and nitrogen were seasonally investigated at site A (with horseshoe crab presence), sites B and C 
(without horseshoe crab presence) in the Crocodile Island intertidal zone in Xiamen from June 2018 to July 2019. The results showed 
that most of the community parameters of benthic macrofauna, population parameters of common benthic macrofauna and environ-
mental parameters were significantly different at the sites with horseshoe crab versus non-horseshoe crab sites. A two-way ANOVA 
test showed that the densities of Ceratonereis erythraeensis and Sigambra hanaokai had significant site variation. Cluster and non- 
metric multi-dimensional scaling (NMDS) analysis showed the community composition of benthic macrofauna was significantly 
different among the three sampling sites over four seasons. The mean sand content at site A (64.32%) was higher than those at site B 
(36.01%) and site C (18.86%). Conversely, the mean contents of silt, clay, Cr, Co, Ni, organic carbon, organic nitrogen, phenanthrene, 
and pyrene at site A were lower than those at site B and site C. These observations are consistent with the expected preferences of 
horseshoe crabs to live in areas with 60% sand content, which is associated with abundant and edible clamworms in the Crocodile 
Island intertidal zone, Xiamen. 
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1 Introduction 
Horseshoe crabs are benthic macrofauna and are from 

an ancient arthropod lineage. From the late 1950s to the 
1990s, the Chinese horseshoe crab, Tachypleus tridenta- 
tus, was found in the benthic macrofaunal communities in 
the silt intertidal zone of Xiamen Island (Zeng et al., 1996). 
Horseshoe crabs play an important role in the marine food 
chain. They are both predators and prey in the benthic eco- 
system. They feed on plants, animals, and debris, but their 
eggs and juveniles are food sources for birds and other 
large marine animals (Chen et al., 2015). 

In the coastal areas of China, the habitat preferences of 
horseshoe crabs have been noted by researchers. Horse- 
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shoe crabs prefer to live in small sheltered coves without 
waves and hibernate on the seafloor (Weng et al., 2012; 
Chen et al., 2015). There are many mud and sand beaches 
in the west of Haitan Island. It is the largest horseshoe crab- 
producing area in the history of Pingtan, but human ac-
tivities have caused decline of the Chinese horseshoe crab 
population around Pingtan Island (Huang et al., 2003). Ta- 
chypleus tridentatus and Carcinoscorpius rotundicauda are 
known to occur in Hong Kong (Chiu and Morton, 2003). 
Elsewhere, in the intertidal zones of Xibeiling, Beihai, 
Guangxi region of China, the number of horseshoe crab 
larvae has increased in areas close to the mangrove com- 
munities (Li and Hu, 2011). Horseshoe crabs were also once 
widely distributed to the south of the Yangtze River Estu- 
ary and the vast Chinese sea area up to the Beibu Gulf. 
The sandy beach and the bay with calm wind and waves 
were the habitats of the horseshoe crab. These sheltered 
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bays and islands include Zhoushan Islands, Taizhou Bay, 
Sanmen Bay, Wenzhou Bay in Zhejiang Coast, and Haitan 
Island, Xinghua Bay, Meizhou Bay, Xiamen Bay, Futou Bay, 
Liu’ao Peninsula, Dongshan Island in Fujian Coast, and 
Nan’ao Island, Red Bay, Chuanshan Islands, Leizhou Bay 
at Guangdong Coast, and Beihai at Guangxi Coast (Weng 
et al., 2012). 

Intertidal zones around Xiamen Island, and along the Ji- 
mei Coast and Tong’an Bay have sandy beaches, which are 
very suitable habitats for the breeding of horseshoe crabs 
(Weng and Hong, 2001). There used to be a large number 
of Chinese horseshoe crabs in the seas near Xiamen. How- 
ever, due to land reclamation, mariculture, and widespread 
hunting, as well as the deterioration of seawater quality and 
sediment environment, horseshoe crab populations in the 
seas near Xiamen have declined sharply (Chen, 2009). Due 
to the influence of other human activities such as oyster 
farming and pond fish farming, populations of Tachypleus 
tridentatus and its habitat in the intertidal zone of Eyu is- 
let (Crocodile Island) in Xiamen are small (Cai et al., 2021).  

Although many studies have focused on the population 
resources and ecological habits of horseshoe crabs in Chi- 
na, the relationship between horseshoe crabs and their ha- 
bitats, and the differences between the benthic macrofaunal 
communities in intertidal zones with and without horseshoe 
crab presence have not been studied systematically. There- 
fore, we undertook this study in order to explore the main  

 

environmental factors affecting horseshoe crab populations 
and to determine what benthic macrofauna, including prey, 
often co-exist with horseshoe crabs. This study includes the 
following components. 1) The differences of benthic ma- 
crofaunal communities with and without horseshoe crab pre- 
sence in the Crocodile Island intertidal zone, Xiamen. 2) 
Distribution characteristics of dominant species of benthic 
macrofauna in the Crocodile Island intertidal zone, Xiamen. 
3) The difference in sedimentary environmental factors as 
ociated with and without horseshoe crab presence in the 
Crocodile Island intertidal zone, Xiamen. 

2 Materials and Methods 
2.1 Study Sites 

Crocodile Island, also known as Eyuyu or White Island, 
is the only uninhabited island with fresh groundwater in 
Xiamen. The island is named for its shape that resembles 
a crocodile. Crocodile Island is 0.61 km long and 0.21 km 
wide, with an area of 0.13 km2. Water depths range from 
0.3 m to 3.1 m around the island. The waters around Cro- 
codile Island were once teeming with amphioxus but now 
are occupied by oyster farms. According to satellite tele- 
metry obtained in 2015, the areas of sandy beach, mudflat, 
mangroves, and culture ponds in the Crocodile Island in- 
tertidal zone are 1.8 × 10−2, 127.4 × 10−2, 0.5 × 10−2, and 
45.8 × 10−2

 km2, respectively (Fig.1). 

 

Fig.1 The map of the Xiamen and Crocodile Island region. The red arrow points to the location of Crocodile Island, Xia-
men. Site A, site B, and site C are located in the southwest of Crocodile Island. 

2.2 Sampling and Treatment of Benthic Macrofauna 

Benthic macrofauna were collected quantitatively at three 
sampling sites, sites A, B, and C, in the Crocodile Island 
intertidal zone in October 2018 (autumn), January 2019 
(winter), April 2019 (spring), and July 2019 (summer). 
Horseshoe crabs were found at sampling site A, but no 
horseshoe crabs were observed at sampling sites B and C 

(Cai et al., 2021). Consequently, we considered site A to 
be a horseshoe crab area and sites B and C to be non-horse- 
shoe crab areas. The height of tide at sites A, B, and C are 
270 cm, 225 cm, and 180 cm respectively. Site A has a high 
content of sand, site B has a high content of silt and co- 
vering many oyster stones, while site C also has a high con- 
tent of silt but more clay than site B.  

For benthic macrofaunal samples, five quadrats (25 cm 



CAI et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2022 21: 573-582 

 

575

× 25 cm × 30 cm depth) were collected at each sampling site. 
Sediments including benthic macrofauna at each quadrat 
were washed through a 0.5 mm mesh size sieve. Benthic 
macrofauna and debris were packed into plastic bottles and 
fixed in 7% formalin. Benthic macrofauna and debris were 
sorted and identified to the species level under a stereo- 
scopic microscope at the laboratory. Identified benthic ma- 
crofauna were numbered and weighed with an electronic 
balance (minimum sensitivity was 0.1 mg).  

2.3 Sedimentary Factor Determination 

Three replicate samples for each site were assayed for 
sediment grain size using a Mastersizer 2000 particle size 
analyser with a relative error of < 3%. The four particle size 
ranges were gravel (> 2000 μm), sand (50 – 2000 μm), silt 
(2 – 50 μm), and clay (< 2 μm). The metal concentrations of 
Cr (chromium), Co (cobalt), and Ni (nickel) were determin- 
ed by inductively coupled plasma mass spectrometry (Agi- 
lent 7700x, Agilent Technologies, USA). Quality assurance 
was determined with the procedure of Wang et al. (2019). 
Organic carbon and organic nitrogen quantification was de- 
tected using a Vario EL III Elemental Analyzer. The sam- 
ples were treated with dilute hydrochloric acid and burn- 
ed in a pure oxygen environment (960 – 970 ) under sta℃ - 
tic conditions. The organic carbon and organic nitrogen in 
the samples were oxidized to CO2 and NOX. CO2 and NOX 
were measured by a thermal conductivity detector with 
helium as a carrier gas, and the measured signal was used 
to calculate the content of organic carbon and organic ni- 
trogen. Polycyclic aromatic hydrocarbons (PAHs) such as 
Phenanthrene, Fluoranthene, and Pyrene in sediments were 
detected with Gas Chromatography-Mass Spectrometry 
(Agilent 7890B – 7000C). Injection temperature was 280 ,℃  
no shunt, with 1 mL min−1 constant flow. The initial column 
temperature was kept at 80  for 2℃  min, rose to 180  for℃  5 

min at 20℃ min−1, and rose to 290  for 5℃  min at 10℃ 

min−1. All the above metals and PAHs were determined for 
three replicate samples at each site. 

2.4 Statistical Analysis 

We calculated the species number, density, and biomass 
of benthic macrofauna, Shannon-Wiener diversity index 
(H  using logˊ 2), Pielou’s evenness index (J ), Maˊ rgalef’s 
richness index (d), AZTI’s Marine Biotic Index (AMBI), 
Multivariate AZTI’s Marine Biological Index (M-AMBI), 
and Macrozoobenthos Pollution Index (MPI) (Cai, 2003). 
Variance analysis (ANOVA) and correlation analysis were 
performed using SPSS v22 software. ANOVA was used to 
determine whether there were significant differences in 
the community parameters of benthic macrofauna in dif- 
ferent seasons and sites. Correlation analysis was used to 
determine whether the community parameters of benthic 
macrofauna and densities of common benthic macrofauna 
were significantly correlated with sedimentary environmen- 
tal factors. Cluster, Non-metric multidimensional scaling 
(NMDS), and BIOENV analyses were run in PRIMER v7 
(Anderson et al. 2008). Similarities of benthic macrofau- 
na between each pair of sites were determined using the 

Bray-Curtis similarity measure based on the fourth root 
transformed abundance data. NMDS ordination based on 
the Bray-Curtis similarity was performed to explore the sea- 
son and site variation of the macrofaunal community. BIO- 
ENV analyses examined the major environmental factors 
affecting the benthic macrofaunal community.  

3 Results 
3.1 Species Number, Density, and Biomass of Benthic 

Macrofauna at Three Sites in the Crocodile 
Island Intertidal Zone over Four Seasons 

A total of 136 species of benthic macrofauna were ob- 
tained in the three sampling sites over four seasons in the 
Crocodile Island intertidal zone. The species number of 
benthic macrofauna was the highest in summer (68), fol- 
lowed by those in spring (62), winter (58), and autumn (52). 
The species number of benthic macrofauna in sampling site 
C was the largest (92), followed by those in sampling site 
B (81) and sampling site A (79). The number of benthic 
macrofauna species tends to increase with decreasing tide 
levels (Fig.2a). The average number of benthic macrofau- 
na species among all sites was the highest in winter (18), 
followed by those in summer (17), autumn (15), and spring 
(14). The average species number of benthic macrofauna 
by sampling site was the highest at A (16), followed by 
those at sampling site B (16) and sampling site C (15). The 
number of benthic macrofauna species tends to decrease 
with decreasing tide levels (Fig.2b). 

The average density of benthic macrofauna in three sam- 
pling sites over four seasons in the intertidal zone is (884 

± 95) ind m−2. The average density of benthic macrofauna 
is the highest in autumn at (996 ± 248) ind m−2, followed by 
those in spring at (870 ± 219) ind m−2, in summer at (825 ± 

184) ind m−2, and the lowest in winter at (805 ± 228) ind m−2. 
The average density of benthic macrofauna is the highest 
at sampling site A with (1012 ± 126) ind m−2, at site B it is 
the second with (927 ± 291) ind m−2, and at site C it is the 
lowest with (683 ± 146) ind m−2, which shows a tendency to 
decrease as the tide level decreases (Fig.2c). 

The average biomass of benthic macrofauna in three sam- 
pling sites over four seasons in the intertidal zone of Cro- 
codile Island is (54.43 ± 10.72) g m−2. The average biomass 
of benthic macrofauna is the highest in winter with (84.31 

± 43.92) g m−2, followed by that in summer with (83.98 ± 

45.09) g m−2, in spring with (29.96 ± 11.32) g m−2, and in au- 
tumn it is the lowest with (15.89 ± 8.03) g m−2. The aver- 
age density of benthic macrofauna is the highest at site A 
with (65.16 ± 24.54) g m−2, at site B it is the second with 
(50.42 ± 21.11) g m−2, and at site C it is the lowest with 
(45.02 ± 34.57) g m−2, which shows a tendency to decrease 
as the tide level decreases (Fig.2d). 

Two-way ANOVA tests on the species number, density, 
and biomass of benthic macrofauna, the species number and 
biomass of benthic macrofauna show significant seasonal 
variation. The density of benthic macrofauna is significant- 
ly different by the site, but it is only marginally significant 
(P = 0.049). Species number and biomass of benthic macro- 
fauna are not significantly different by the site (Table 1).  
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Fig.2 Species number, density, and biomass of benthic macrofauna at three sites at the Crocodile Island intertidal zone 
over four seasons. The relevant data are presented as mean ± SD. (a), the number of benthic macrofauna species at each site 
over four seasons, and the total number of benthic macrofauna species in each season; (b), the average number of benthic 
macrofauna species by sampling site; (c), the average density of benthic macrofauna in three sampling sites over four sea- 
sons; (d), the average biomass of benthic macrofauna in three sampling sites over four seasons. m, the average value. 

Table 1 F and P values between seasons and sites for community parameters and biotic indices of 
benthic macrofauna in the intertidal zone of Crocodile Island 

Season Site Season × Site 
Variables 

F P F P F P 

Species number 3.833 0.015a 0.931 0.401 0.733 0.625 
Density of benthic macrofauna 0.611 0.611 3.216 0.049a 2.439 0.039a 
Biomass of benthic macrofauna 3.138 0.034a 0.354 0.703 0.548 0.769 
Diversity index (Hˊ) 6.981 0.001b 0.821 0.446 1.446 0.217 
Evenness index (Jˊ) 6.030 0.001b 3.194 0.050a 2.499 0.035a 
Richness index (d) 3.747 0.017a 0.048 0.953 0.695 0.655 
MPI 10.342 <0.001c 0.733 0.496 0.744 0.617 
AMBI 22.904 <0.001c 0.778 0.465 6.957 <0.001c 
M-AMBI 4.971 0.004b 0.247 0.782 2.051 0.077 

Notes: a significant at the 0.05 level; b significant at the 0.01 level; c significant at the 0.001 level. 
 

3.2 Six Biotic Indices at Three Sites in Crocodile 
Island Intertidal Zone over Four Seasons 

The average value of the Shannon-Wiener diversity in- 
dex (H )ˊ  of the macrozoobenthic community in Crocodile 
Island intertidal zone is 3.182, the average value of Pie- 
lou’s evenness index (J )ˊ  is 0.817, and the average value 
of Margalef’s richness index (d) is 3.665, the average va- 
lue of Macrozoobenthos Pollution Index (MPI) is 97.791, 
the average value of AZTI’s Marine Biological Index (AMBI) 
is 1.957, and the average value of Multivariate AZTI’s 
Ma- rine Biological Index (M-AMBI) is 0.719 (Fig.3). 

A two-way ANOVA test shows that the Shannon-Wie- 
ner diversity index (H ), Pielou’s evenness index (ˊ J ), ˊ
Mar- galef’s richness index (d), MPI, AMBI, and M-AMBI 
show significant seasonal changes. J  ˊ shows significant 

site varia- tion, but it is only marginally significant (P = 

0.050). Hˊ, d, MPI, AMBI, and M-AMBI show no sig-
nificant site varia- tion (Table 1).  

3.3 Density of Twelve Benthic Macrofauna Species at 
Three Sites in the Crocodile Island Intertidal 
Zone over Four Seasons 

The mean densities of Ceratonereis erythraeensis, Si- 
gambra hanaokai, Chaetozone setosa, Glycera chirori, and 
Uca arcuata at site A were higher than those at site B and 
site C. The mean densities of Paralacydonia paradoxa, 
Musculista senhausia, and Ilyoplax serrata at site B were 
higher than those at site A and site C. The mean densities 
of Prionospio pacifica, Notomastus latericeus, Nephtys 
oligobranchia, and Cerithidea cingulate at site C were 
higher than those at site A and site B (Fig.4). 
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Fig.3 Six biotic indices at three sites in the Crocodile Island intertidal zone over four seasons. Biotic indices data are pre-
sented as mean ± SD.  

 

Fig.4 The densities of twelve benthic macrofauna species at three sites in the Crocodile Island intertidal zone over four 
seasons. Density data are presented as mean ± SD. SU, summer; AU, autumn; WI, winter; SP, spring. The twelve benthic 
macrofauna are Cerithidea cingulata, Ceratonereis erythraeensis, Chaetozone setosa, Glycera chirori, Ilyoplax serrata, 
Musculista senhausia, Notomastus latericeus, Nephtys oligobranchia, Prionospio pacifica, Paralacydonia paradoxa, Si-
gambra hanaokai, Uca arcuata. 



CAI et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2022 21: 573-582 

 

578 

A two-way ANOVA test were used to analyze the den- 
sity of the twelve benthic macrofauna species. The densi- 
ties of Ceratonereis erythraeensis, Chaetozone setosa, Gly- 
cera chirori, Paralacydonia paradoxa, Prionospio pacifica, 
Sigambra hanaokai, Notomastus latericeus, Musculista sen- 

hausia, and Cerithidea cingulata showed significant sea- 
sonal variation. The densities of Ceratonereis erythraeensis, 
Paralacydonia paradoxa, Prionospio pacifica, Sigambra 
hanaokai, and Notomastus latericeus showed significant 
site variation (Table 2). 

Table 2 F and P values between seasons and sites for density of twelve benthic macrofauna species 
in the Crocodile Island intertidal zone 

Season Site Season × Site 
Species 

F P F P F P 

Ceratonereis erythraeensis 2.893 0.045a 5.183 0.009b 4.168 0.002b 
Chaetozone setosa 2.899 0.045a 3.134 0.053 2.658 0.026a 
Glycera chirori 14.039 <0.001c 0.599 0.553 0.999 0.437 
Paralacydonia paradoxa 4.909 0.005b 7.245 0.002b 3.560 0.005b 
Prionospio pacifica 8.664 <0.001c 24.181 <0.001c 9.947 <0.001c 
Sigambra hanaokai 12.272 <0.001c 15.240 <0.001c 5.011 <0.001c 
Notomastus latericeus 3.850 0.015a 4.132 0.022a 1.967 0.089 
Nephtys oligobranchia 2.129 0.109 0.816 0.448 1.061 0.399 
Musculista senhausia 6.327 0.001b 2.692 0.078 3.136 0.011a 
Cerithidea cingulata 3.392 0.025a 0.845 0.436 0.835 0.549 
Ilyoplax serrata 2.109 0.111 1.395 0.258 2.407 0.041a 
Uca arcuata 0.246 0.864 3.095 0.054 0.793 0.580 

Notes: a significant at the 0.05 level; b significant at the 0.01 level; c significant at the 0.001 level. 
 

3.4 Community Variation of Benthic Macrofauna at 
Three Sites in Crocodile Island Intertidal Zone 
over Four Seasons  

Cluster analysis showed that the Crocodile Island inter- 
tidal zone could be divided into three benthic macrofaunal 
communities in summer, autumn, and winter, and two ben- 
thic macrofaunal communities in spring (Fig.5). NMDS ana- 
lysis results were similar to cluster analysis results (Fig.6). 

3.5 Spatiotemporal Variations of Abiotic Parameters 
in the Crocodile Island Intertidal Zone  

No gravel was collected at the three sites in the Croco- 
dile Island intertidal zone in any of the four seasons. The 
percentage of sand content decreased from site A to site B 
to site C in all four seasons. The percentage of silt contents 
increased from site A to site B to site C in all four seasons. 
Except in spring, the percentage of clay contents increased  

 

 

Fig.5 Cluster analysis showing the similarity of living sites of benthic macrofaunal community in the Crocodile Island inter-
tidal zone over four seasons. 1 – 5, the sample number. 
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Fig.6 NMDS analysis showing the similarity of living sites of benthic macrofaunal community in the Crocodile Island inter-
tidal zone over four seasons. 1 – 5, the sample number. 

from site A to site B to site C in autumn, winter, and sum- 
mer (Fig.7a). 

The concentrations of Cr, Co, and Ni increased from site 
A to site B to site C over four seasons (Fig.7b). The orga- 
nic carbon content increased from site A to site B to site C 
in summer, autumn and winter. The contents of organic ni- 
trogen increased from site A to site B to site C in summer 

and autumn (Fig.7c). The contents of phenanthrene, fluo- 
ranthene, and pyrene increased from site A to site B to site 
C in autumn, winter, and spring (Fig.7d). 

Two-way ANOVA test showed that the contents of sand, 
silt, clay, Cr, Co, Ni, organic carbon, organic nitrogen, phe- 
nanthrene, fluoranthene, and pyrene showed significant sea- 
sonal and site changes (Table 3).  

 

 

Fig.7 Spatiotemporal variations of abiotic parameters in the Crocodile Island intertidal zone. (a), sediment grain size; (b), con- 
tents of Cr, Co, and Ni; (c), contents of organic carbon, organic nitrogen; (d), contents of phenanthrene, fluoranthene, and pyrene. 
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Table 3 F and P values between seasons and sites for environmental parameters in 
the Crocodile Island intertidal zone, Xiamen 

Season Site Season × Site Environmental 
parameter F P F P F P 

Sand  5.321 0.006b 40.173 < 0.001c 2.654 0.041a 
Silt 5.165 0.007b 48.391 < 0.001c 3.353 0.015a 
Clay 5.473 0.005b 21.685 < 0.001c 1.308 0.291 
Cr 18.991 < 0.001c 87.260 < 0.001c 7.162 < 0.001c 
Co 19.450 < 0.001c 85.804 < 0.001c 6.865 < 0.001c 
Ni 17.408 < 0.001c 76.844 < 0.001c 6.842 < 0.001c 
Organic carbon 16.784 < 0.001c 24.821 < 0.001c 5.449 0.001b 
Organic nitrogen 12.205 < 0.001c 10.853 < 0.001c 3.626 0.011a 
Phenanthrene 4.392 0.028a 20.001 < 0.001c 3.159 0.039a 
Fluoranthene 198.319 < 0.001c 59.641 < 0.001c 34.883 < 0.001c 
Pyrene 45.482 < 0.001c 17.595 < 0.001c 2.571 0.073 

Notes: a significant at the 0.05 level; b significant at the 0.01 level; c significant at the 0.001 level. 
 

3.6 Correlation Analysis Among Densities of Macro- 
zoobenthic Community and Sedimentary Factors 

There was a significant negative correlation between the 
densities of P. pacifica and N. latericeus and sand content, 
but there was no significant correlation between the densi- 
ties of the other ten common benthic macrofauna and sand 
content. There was a significant negative correlation be- 
tween the density of P. pacifica and the contents of phe- 
nanthrene, fluoranthene, and pyrene. There was a significant 
positive correlation between the densities of P. pacifica and  

N. latericeus and the contents of silt, Cr, Co, Ni, organic 
carbon. There was a significant negative correlation between 
the density of S. hanaokai and the contents of organic car- 
bon and organic nitrogen fractions (Table 4). 

There was a significant negative correlation between the 
content of sand and the contents of silt, clay, Cr, Co, Ni, or- 
ganic carbon, organic nitrogen, phenanthrene, fluoranthene, 
and pyrene, and a significant positive correlation among the 
contents of silt, clay, Cr, Co, Ni, organic carbon, organic 
nitrogen, phenanthrene, fluoranthene, and pyrene (Table 5). 

Because the phenanthrene, fluoranthene, and pyrene data 

Table 4 Correlation analyses matrix between densities of common benthic macrofauna and sediment environmental 
factors in the intertidal zone of Crocodile Island 

Species Sand Silt Clay Cr Co Ni OC ON Phe Flu Pyr 

C. erythraeensis 0.167 −0.172 −0.145 −0.224 −0.246 −0.234 −0.325 −0.326 −0.086 −0.128 −0.133 
C. setosa 0.069 −0.081 −0.029 −0.126 −0.142 −0.142 −0.177 −0.205 −0.018 −0.167 −0.163 
G. chirori 0.183 −0.173 −0.202 −0.185 −0.199 −0.200 −0.213 −0.317 −0.444* −0.537** −0.573**

P. paradoxa −0.025 0.007 0.074 −0.069 −0.071 −0.079 −0.269 −0.233 0.014 −0.034 −0.053 
P. pacifica −0.347* 0.359* 0.296 0.455** 0.420* 0.403* 0.440** 0.287 0.256 −0.041 0.112 
S. hanaokai 0.274 −0.294 −0.200 −0.288 −0.281 −0.290 −0.357* −0.356* −0.129 −0.242 −0.281 
N. latericeus −0.391* 0.428** 0.265 0.508** 0.507** 0.482** 0.345* 0.225 0.237 −0.019 0.068 
N. oligobranchia −0.171 0.160 0.194 0.113 0.085 0.058 −0.011 −0.110 0.115 −0.008 0.079 
M. senhausia 0.171 −0.185 0.224 −0.190 −0.178 −0.175 −0.014 0.035 −0.188 0.245 0.171 
C. cingulata −0.054 0.053 0.054 −0.069 −0.067 −0.066 −0.205 −0.194 −0.048 −0.135 −0.124 
I. serrata 0.163 −0.175 −0.122 −0.260 −0.253 −0.250 −0.164 −0.175 0.155 0.258 0.218 
U. arcuata 0.314 −0.320 −0.283 −0.311 −0.319 −0.302 −0.256 −0.239 −0.180 −0.195 −0.318 

Notes: * significant at the 0.05 level; ** significant at the 0.01 level. OC, organic carbon; ON, organic nitrogen; Phe, phenanthrene; Flu, 
fluoranthene; Pyr, pyrene. 

Table 5 Correlation analyses among sediment environmental factors in the intertidal zone of Crocodile Island 

 Sand Silt Clay Cr Co Ni OC ON Phe Flu Pyr 

Sand 1           
Silt −0.996** 1          
Clay −0.963** 0.933** 1         
Cr −0.922** 0.939** 0.828** 1        
Co −0.911** 0.928** 0.816** 0.995** 1       
Ni −0.920** 0.937** 0.826** 0.996** 0.995** 1      
OC −0.790** 0.797** 0.727** 0.856** 0.860** 0.859** 1     
ON −0.734** 0.735** 0.695** 0.783** 0.792** 0.795** 0.963** 1    
Phe −0.647** 0.655** 0.602** 0.658** 0.671** 0.664** 0.519** 0.427* 1   
Flu −0.508** 0.509** 0.489** 0.445* 0.481* 0.467* 0.549** 0.523** 0.653** 1  
Pyr −0.686** 0.679** 0.682** 0.612** 0.644** 0.628** 0.765** 0.758** 0.635** 0.897** 1 

Notes: * Same as those in Table 4. 
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were only available in three seasons, only eight environ- 
mental parameters, including sand, silt, and clay content, 
Cr, Co, Ni, organic carbon, organic nitrogen were available 
for the BIOENV analysis, which revealed that Co and or- 
ganic carbon were the most important environmental fac- 
tors (R = 0.438) correlated with the benthic macrofaunal com- 
munity in the Crocodile Island intertidal zone. The dbRDA 
graph reflects the site differences among seasons in the Cro- 
codile Island intertidal zone. Axis 1 explains 36.0% of the 
variation and axis 2 explains 21.6% of the variation (Fig.8). 

 

 

Fig.8 dbRDA plot of the relationships between benthic ma- 
crofaunal community and environmental factors. 

4 Discussion 
4.1 Polychaetes Are an Important Food Source for 

Horseshoe Crabs in the Crocodile Island Inter-
tidal Zone, Xiamen 

Cluster and NMDS analysis both showed that the Cro- 
codile Island intertidal zone could be divided into three ben- 
thic macrofaunal communities in summer, autumn and win- 
ter, and two benthic macrofaunal communities in spring. 
Ceratonereis erythraeensis was the dominant benthic ma- 
crofauna at site A over four seasons. Glycera chirori was 
the dominant benthic macrofauna at site A in summer, win- 
ter and spring. Musculista senhausia was dominant benthic 
macrofauna at site A in summer and spring. Sigambra ha- 
naokai was dominant at site A in autumn. Batillaria zonalis 
was dominant at site A in winter (Cai et al., 2021). The mean 
densities of Ceratonereis erythraeensis, Sigambra hanao- 
kai, Chaetozone setosa, Glycera chirori, and Uca arcuata 
at site A were higher than those at site B and site C. The 
above results showed that the dominant species of benthic 
macrofaunal communities at site A in the Crocodile Island 
intertidal zone were polychaetes, bivalves, and crustaceans.  

Juvenile horseshoe crabs are selective benthic feeders 
and subsist mainly on insect larvae, polychaetes, oligo- 
chaetes, small crabs, and thin-shelled bivalves (Zhou and 
Morton, 2004). The Indian horseshoe crab, Tachypleus gi- 
gas, is a benthic feeder which preys on mollusks, decays 

organic matter and polychaetes (Chatterji et al., 1992). Evi- 
dence of the δ13C and δ15N values in tissues of juvenile 
Chinese horseshoe crabs and their potential food sources 
suggested that the juveniles consumed a mixed diet main- 
ly comprised a variety of polychaetes, crustaceans, and bi- 
valves (Kwan et al., 2015). Polychaetes, crustaceans, bi-
valves, and others are available on muddy intertidal zones, 
which is a favorite habitat of juvenile horseshoe crabs (Hu 
et al., 2014; Kwan et al., 2015). We presume that poly- 
chaetes, especially the clamworm Ceratonereis erythrae- 
ensis, are therefore an important food source for horse- 
shoe crabs in the Crocodile Island intertidal zone. 

4.2 Sedimentary Environmental Characteristics with 
and Without Horseshoe Crab Presence in the 
Crocodile Island Intertidal Zone, Xiamen  

Our results showed that the mean contents of Cr at sites 
A, B, C were 16.05, 31.83, and 45.57 mg kg−1 respectively, 
which indicates that the mean content of Cr at site with 
horseshoe crab (site A) was lower than that without horse- 
shoe crab (sites B and C). In addition to Cr content, the 
contents of other metals such as Mg, Fe, Al, Li, Cu, Zn, 
and Pb were lower at the site with horseshoe crab (Fu, 
2021). The mean content in the intertidal zone of Croco- 
dile Island (31 mg kg−1) was lower than that in the surface 
sediments in western Xiamen Bay (75 mg kg−1). The Cr 
concentration in the surface sediments in western Xiamen 
Bay was below the Chinese National Standard of Marine 
Sediment Quality criteria (Zhang et al., 2007). The mean 
content of Cr at site A (16.05 mg kg−1) at Crocodile Island 
was lower than the historical mean (29 mg kg−1) (Dong et al., 
2018). Cr is not considered as a significant influence on 
the substrate in the Xiamen sea area (Li et al., 2009). Ac- 
cording to the Hˊ, MPI, AMBI, and M-AMBI analyses, the 
sedimentary environment in the Crocodile Island interti- 
dal zone is slightly disturbed or undisturbed (Peng, 2021). 
This is consistent with good water quality and habitat con- 
ditions that are essential for horseshoe crabs (Hu et al., 
2014; Kwan et al., 2015).  

The distribution of different types of sediments and the 
variation of metal concentration are mainly affected by hy- 
drodynamic conditions (Qu et al., 2004; Li et al., 2007a, 
b). Crocodile Island is located at the mouth of Tong’an 
Bay with strong hydrodynamic forcing and no fine sediment 
deposition.   

Horseshoe crab juveniles have been recorded from sand 
and sandy-mud nursery beaches at Pak Nai (western New 
Territories), and San Tau and Shui Hau (Lantau Island), 
Hong Kong (Chiu and Morton, 2003). Horseshoe crab lives 
mostly in the bay where the wind and waves are relatively 
calm and the beach is sandy to muddy, for that juvenile 
horseshoe crab like to construct the habitat by drilling sand 
or mud (Weng et al., 2008). Our results showed that the 
density of polychaetes at the horseshoe crab presence site 
was higher than that at the site without horseshoe crab pre- 
sence, which suggested that polychaetes prefer the higher 
60% sand content. On the other hand, a high density of poly- 
chaetes in the northern Taiwan Strait was observed in a se- 
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dimentary environment with a silt content of about 60% 
(Sun and Chen, 1988). 

In conclusion, the favorable sediment environment in the 
Crocodile Island intertidal zone is favorable for benthic ma- 
crofauna to inhabit. The grain size of sediment affected the 
community structure of benthic macrofauna but did not af- 
fect the quantity of benthic macrofauna in the Crocodile 
Island intertidal zone, Xiamen.  
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