
Congruency analysis to determine potential
surrogates of littoral macroinvertebrate
communities: a case study in intertidal
ecosystems of northern Yellow Sea

guangjian xu
1,2,3

, yulian li
3,4

, chongbo he
2

and henglong xu
3

1College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China, 2Key Laboratory of Marine Fishery Molecular
Biology, Liaoning Province, Liaoning Ocean and Fisheries Science Research Institute, Dalian 116023, China, 3Institute of Evolution
and Marine Biodiversity, Ocean University of China, Qingdao 266003, China, 4Normal College, Qingdao University, Qingdao 26671,
China

To determine potential surrogates of littoral macroinvertebrate communities for marine bioassessment and for evaluating
biological conservation, the different taxonomic resolutions as surrogates were studied based on six datasets collected from
intertidal zones of the Yellow Sea, near Qingdao, northern China, during the period of 1989–1998. Samples were collected
yearly at five stations with different bottom types during the summer season (June). The genus- and family-level resolutions
maintained sufficient information to analyse the ecological patterns of the macroinvertebrate communities for assessing eco-
logical quality status in littoral ecosystems. The mollusc assemblages, alone or in combination with arthropod assemblages,
may be used as a surrogate of littoral macroinvertebrate communities, at both species- and genus-level resolutions. The results
suggest that the use of simplifications in macroinvertebrate fauna at genus-level resolutions or using smaller taxonomic
assemblages (e.g. molluscs and arthropods) are time-efficient and would allow improving sampling strategies of large
spatial/temporal scale bioassessment programmes and biological conservation researches in littoral ecosystems.
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I N T R O D U C T I O N

Macroinvertebrates are a primary component of littoral food
webs and play a crucial role in the functioning of intertidal eco-
systems (Bacci et al., 2009; Bevilacqua et al., 2009; Munari et al.,
2009; Wildsmith et al., 2009; Dı́ez et al., 2010). With easy
sampling, an extensive range of identification keys available,
high tolerance to pollution, and capacity of integrating the
state of the environment over the previous months, they have
widely been used as robust bioindicators to assess ecological
quality status in coastal and transitional waters, especially the
intertidal ecosystems (Bacci et al., 2009; Bevilacqua et al.,
2009; Munari et al., 2009; Dı́ez et al., 2010).

The development of simplification and cost-effective pro-
cedures for marine bioassessment and biological conservation
has become a pressing issue for marine ecologists as anthropo-
genic impacts have increased rapidly and dramatically world-
wide in recent years (Warwick, 1988a; Pagola-Carte et al.,
2002; Terlizzi et al., 2003, 2005; Puente & Juanes, 2008;
Bacci et al., 2009; Bevilacqua et al., 2009; Tataranni et al.,
2009; Dı́ez et al., 2010; Xu et al., 2011a, b). For this purpose,
taxonomic sufficiency has received increasing attention in
terms of its basic concept that the coarse taxonomic

resolutions can be used to assess anthropogenic impacts
without a significant loss of information for avoiding long
and difficult precise taxonomic identifications and reducing
time and costs (Ellis, 1985; Vanderklift et al., 1998; Olsgard
& Somerfield, 2000; Dauvin et al., 2003; Mendes et al., 2007;
Bertasi et al., 2009; Bevilacqua et al., 2009; Xu et al., 2011a, b).
The other technique is to identify a taxonomic/ecological
group as a surrogate of the whole species assemblages
(Olsgard & Somerfield, 2000; Bertasi et al., 2009; Carneiro
et al., 2010; Dı́ez et al., 2010; Xu et al., 2011a, b). Although
the effectiveness of taxonomic surrogates has been reported on
metazoan, planktonic and benthic assemblages, further studies
are needed on littoral macroinvertebrates for marine bioassess-
ment and biological conservation (Ellingsen et al., 2005; Bacci
et al., 2009; Bertasi et al., 2009; Bevilacqua et al., 2009; Munari
et al., 2009; Carneiro et al., 2010; Dı́ez et al., 2010; Xu et al.,
2011a, b).

In this study, six datasets from macroinvertebrate commu-
nities, which were collected from intertidal zones of the Yellow
Sea, near Qingdao, northern China during the period of
1989–1998, were analysed. Our study asks the following ques-
tions: (1) are the ordination patterns of macroinvertebrate
communities independent of the taxonomic resolutions
used, so that there is simplification of sample processing
(aggregation to higher taxonomic levels)?; and (2) can the
primary components molluscs and arthropods be a surrogate
of whole macroinvertebrate communities?
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M A T E R I A L S A N D M E T H O D S

Study areas and dataset collection
Six datasets of macroinvertebrate communities were
obtained from the surveys on ecological pattern of invert-
ebrate fauna at five stations in intertidal zones of the
Yellow Sea, near Qingdao, northern China, during the
period of 1989 – 1998 (Figure 1). Site A was located in a
rocky-coast area with gravels and sands, near the
Shilaoren harbour, which was polluted by organic pollu-
tants from domestic sewage and industrial discharge. Site
B was selected in the Taipingjiao area, with rocks, gravels
and sands, mainly subjected to anthropogenic impact. Site
C was a sandy area with gravels and rocks, near
Huiquanwan Bay which was stressed by organic pollutants,
nutrient from domestic sewage and disturbances from tour
activities. Site D was located in a sand – muddy area with
rocks and gravels near Xuejiadao, mainly with disturbance
via mariculture activities. Site E was a mud – sandy area
with rocks and gravels near Anzi harbour, subjected to
stress from domestic sewage and mariculture activities
(Figure 1).

Data were collected from different habitat types in the lit-
toral area during the summer season (June) from 1989 to
1998. A total of 50 subsamples (with an area of 1 m2 for
each) were collected at each station (total area ¼ 50 m2)
from the highest line to the lowest of intertidal zones. At
each station the two or three most important habitat types
were sampled, and at least 10 replicates per habitat type
were collected. The samples of soft bottoms were collected
by grabs, and sieved through a 1 mm mesh sieve and stored
in 4% buffered formalin solution, while the rocky bottoms
were sampled by hand or chisels (Sánchez-Monroya et al.,
2010; Basset et al., 2012). Specimens were identified to the
lowest possible taxonomic levels. Only presence/absence of
species was recorded in each dataset.

Data analysis
For analysing the taxonomic sufficiency of the whole macro-
invertebrate communities, the macroinvertebrate matrix
(MacM) was constructed and subjected to aggregate to the
levels of genus, family, order, class and phylum before ana-
lyses. For assessing the efficiency of the primary components
as a surrogate of the whole macroinvertebrate communities,
mollusc matrix (MolM), arthropod matrix (ArtM) and
mollusc–arthropod matrix (MAM) were separately com-
puted. Each of these was analysed after aggregating abun-
dances at the levels of genus, family and order. Thus, a total
of 18 data matrices were constructed. It should be noted
that annelids are not significantly correlated with the whole
matrix based on our data, although they were reported as a
potential surrogate of macrobenthic community. Thus, we
did not compute the annelid matrix.

Sørensen similarities were constructed from all matrices at
various taxonomic levels (Clarke & Gorley, 2006). The
relationships between pairs of similarity matrices were ana-
lysed using the Spearman rank correlation coefficients (r
values) which were computed by the submodule RELATE
(Somerfield & Clarke, 1995; Clarke & Gorley, 2006). The
second-stage multidimensional scaling (MDS) ordinations
and cluster analyses were performed to summarize the relat-
edness of the MacM similarity matrix for species and those
for both higher taxonomic levels and the smaller assemblages
(MolM, ArtM and MAM) at increasing taxonomic levels (Xu
et al., 2011a, b). All multivariate analyses were carried out
using the PRIMER package version 6.1 (Clarke & Gorley,
2006). A r value of 0.75 was used as minimal level of con-
gruency for an optimal surrogate (Lovell et al., 2007).

A cost/benefit (C/B) ratio was calculated for each dataset in
order to objectively select the taxonomic level with the
minimal loss of information and the least taxonomic effort
according to the equation:

CBL ¼ (12rL) / [(S2tL) / S]
where CBL is the cost/benefit ratio at taxonomic level L; rL,

the Spearman correlation coefficient between taxonomic level
L and species level; tL, the number of taxa at taxonomic level L;
and S, the number of species (Karakassiss & Hatziyanni,
2000).

The C/B ratio ranges between 0 and 1. Values equal to 0
have a high correlation between the species level and any of
the other groups, which means that the loss of information
is the low at these values.

R E S U L T S

Taxonomic aggregation
The taxonomic composition of the datasets in terms of
numbers of species, genera, families, orders, classes and
phylum is listed in Table 1a (for details, see Appendix). It is
clear that the molluscs and arthropods are the primary contri-
butors to the macroinvertebrate communities, accounting for
52.6% (52 versus 97 in 1993)–59.7% (46 versus 77 in 1996)
and 19.8% (19 versus 96 in 1991)–24.2% (24 versus 99 in
1994) of total species number, respectively (Table 1b, c).

The levels of concordance between the MacM-species
matrix and the matrices at higher taxonomic levels are sum-
marized in Figure 2A. It was shown that the matching

Fig. 1. Map of the sampling sites in intertidal zones of the Yellow Sea, near
Qingdao, northern China. Site A was located in a rocky-coast area with
gravels and sands, near the Shilaoren harbour; site B was selected in the
Taipingpjiao area, with rocks, gravels and sands; site C was a sandy area
with gravels and rocks, near Huiquanwan Bay; site D was located in a sand–
muddy area with rocks and gravels near Xuejiadao; site E was a mud–sandy
area with rocks and gravels near Anzi harbour.
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(Spearman correlation) coefficients with the species-level res-
olution presented higher values than 0.75 at the taxonomic
resolutions up to only genus and family level (Figure 2A).

The MDS-ordination-based clustering analyses resulted in
the MacM-species matrix falling into the group I with the
matrices at the lower taxonomic resolutions up to only
genus level at a 0.90 Spearman correlation level (Figure 3).

The matching correlations with the temporal seriations of
macroinvertebrate community patterns at various taxonomic
levels are summarized in Table 2. The results showed that
the matching correlations were found to be significant
among the resolutions up to order level (P , 0.05) (Table 2).

Molluscs and arthropods
The taxonomic composition of molluscs and arthropods in
terms of the numbers of species, genera, families, orders and

classes is summarized in Table 1b & c. The matching corre-
lations between the MacM-species similarity matrices and
those for MolM, ArtM and MAM at different taxonomic
aggregation levels are shown in Figure 2B. The results
showed that the correlation coefficients represented higher
than 0.75 only up to genus-level resolutions, except for the
ArtM-species matrix (Figure 2B).

The clustering analyses on the second-stage MDS plotting
resulted in the MolM and MAM matrices up to genus level
falling into the group I with the MacM matrices at the lower
taxonomic resolutions up to genus level at a 0.75 Spearman
correlation level (Figure 3). Furthermore, the MAM matrices
remained high matching relationships (r . 0.90) to the
MacM-species similarity matrix at species level (Figure 3).

However, it should be noted that of the three (MolM, ArtM
and MAM) matrices, only the matching correlations of MAM
matrices with the temporal seriations at various taxonomic

Table 1. Number of taxa at each taxonomic resolution level of (a) all macroinvertebrates, (b) molluscs, (c) arthropods and (d) annelids in intertidal zones
of the Yellow Sea, near Qingdao, northern China, for six datasets during the period 1989–1998

Taxa 1989 1991 1993 1994 1996 1998 Total

(a) Macroinvertebrates
Species 118 96 97 99 77 70 141
Genus 99 84 83 85 65 63 119
Family 68 60 62 60 46 47 81
Order 28 28 30 28 20 21 34
Class 15 16 16 15 12 11 19
Phylum 9 9 9 8 8 6 10
(b) Molluscs
Species 67 52 51 56 46 41 74
Genus 52 43 41 46 38 37 56
Family 31 26 26 28 23 23 32
Order 11 11 11 11 8 8 11
Class 4 4 4 4 3 3 4
(c) Arthropods
Species 25 19 23 24 19 16 29
Genus 22 17 20 21 16 14 26
Family 16 12 16 15 12 12 18
Order 4 4 4 4 3 3 4
(d) Annelids
Species 8 10 6 2 2 3 13
Genus 8 10 6 2 2 3 13
Family 7 8 5 5 5 3 10
Order 2 2 2 1 1 2 2

Fig. 2. Correlations between the macroinvertebrate matrix at species-level resolution and those at higher taxonomic levels (A) as well as the matrices of molluscs
and arthropods, alone and in combination, at various taxonomic levels (B). S, species; G, genus; F, family; O, order; C, class; P, phylum; horizontal dotted line, r ¼
0.75.
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levels were found to be significant among the resolutions at
both species and genus levels (P , 0.05), while the MolM
and ArtM failed to reveal the significant matching correlations
with the temporal seriations at either species or genus level
(P . 0.05) (Table 2).

Cost/benefit analysis
The C/B ratios for the datasets are summarized in Figure 4.
The MacM at species level was compared to the matrices
of the higher taxonomic levels and of three smaller assem-
blages (MolM, ArtM and MAM) at all taxonomic levels,
respectively. The C/B ratios represented minimal values at
the genus-level resolution of MacM due to the high correlation
coefficients with MAM-species matrix, but the decrease of the
taxon numbers was only 16% compared with the number of
species (Figure 4A; Table 1a). At both species and genus
levels of MAM, the C/B ratios were lower than that of
MacM-genus matrix due to the high correlation coefficients
and the decrease of 27% and 42% in taxon number, respect-
ively (Figure 4B; Table 1). It should be noted that the C/B
ratios remained at low levels due to low correlation coeffi-
cients although the numbers of taxa correspondingly deceased
by 48%/60% and 79%/82% at species/genus levels of MolM
and ArtM, respectively (Figure 4B; Table 1).

D I S C U S S I O N

Many investigations on taxonomic sufficiency with benthic
organisms have demonstrated that identification to the level of
genus or family may be adequate for bioassessment and biologi-
cal conservation issues (Olsgard & Somerfield, 2000; Dauvin
et al., 2003; Waite et al., 2004; Khan, 2006; Heino & Soininen,
2007; Bacci et al., 2009; Bevilacqua et al., 2009; Munari et al.,
2009; Dı́ez et al., 2010). This approach has also been used for
other taxonomic groups, e.g. vascular plants, ants, spiders,
nematodes, macromycetes, phytoplankton and periphyton
(Stark et al., 2003; Cardoso et al., 2004; Heino & Soininen,
2007; Lovell et al., 2007; Carneiro et al., 2010; Xu et al., 2011a, b).

There are many advantages using high taxonomic units (e.g.
genus) as surrogates for species-level identification. High level
identification can be more reliable since species-level identifi-
cation is complex and laborious, and it is less time-consuming,
reducing the costs of monitoring programmes, in particular the
large temporal/spatial scale bioassessment and biological con-
servation issues (Anderson et al., 2005; Heino & Soininen,
2007; Carneiro et al., 2010; Xu et al., 2011a, b).

Previous investigations on the application of taxonomic suf-
ficiency have been spread over different geographical areas and
different kinds of impact studies, such as oil extraction fields
(Olsgard et al., 1977), oil spill (Gomez Gesteira et al., 2003),
heavy metal pollution (Vanderklift et al., 1996), and organic
enrichment (Castanedo et al., 2007), using diverse sampling pro-
cedures (Ferraro & Cole, 1992), the relationship between taxo-
nomic resolution and spatial scales (Anderson et al., 2005)
and use of datasets (Warwick, 1988b). Most of these studies
suggest that a lower taxonomic resolution can be sufficient
when studying benthic assemblages’ composition and that deter-
mining the family may be satisfactory in many routine monitor-
ing surveys. In highly disturbed areas, it is suggested that the
results of multivariate analyses based on higher taxa might
more closely reflect gradients of contamination or stress than
those based on species data, the latter being more affected by
natural environmental variables (Dauvin et al., 2003).

Lovell et al. (2007) proposed that a r value of 0.75 should be
used as minimal level of congruency for an optimal surrogate.
In the present study, the r values between MacM-species
matrix and the matrices up to family level remained higher
than 0.75. This finding was consistent with the previous
reports. With regard to the other three (MolM, ArtM and
MAM) matrices the genus level remained higher than 0.75
with the MacM-species matrix. However, it should be noted
that despite high r values, the family-level resolution of
MacM represented higher C/B ratios. This implies that the
family-level resolution of MacM where loss of information is
high compared to the resolutions up to genus level of MacM
and MAM may provide sufficient information for analysing
ecological patterns of macroinvertebrate communities in inter-
tidal ecosystems of the Yellow Sea, northern China. This may be
due to low species number per genus but high genus number
per family in our datasets, and was consistent with the hypoth-
esis that family is a sufficient taxonomic level, but this statement
stems from too limited a number of case studies.

In the present study, although the molluscs and arthropods
represented higher correlations (r . 0.75) with the patterns of
MacM-species matrices and acceptable C/B ratios at resol-
utions even up to genus level, the matching correlations
with their temporal seriations were not significant at either
species- or genus-level resolutions. This implies that a

Fig. 3. Second-stage multi-dimensional scaling ordinations with clustering
analyses showing the relatedness of the matrices macroinvertebrate matrix
(MacM: S, G, F and O) for species and those for both higher taxonomic
levels as well as matrices of molluscs (MolM: Sm, Gm, Fm and Om) and
arthropods (ArtM: Sa, Ga, Fa and Oa), alone and in combination (MAM:
Sma, Gma, Fma and Oma). For abbreviations, see Figure 2.

Table 2. Results of matching (RELATE) analyses for temporal seriations
of all macroinvertebrates (MacM), molluscs (MolM), arthropods (ArtM)
and MAM (molluscs + arthropds) in intertidal zones of the Yellow Sea,
near Qingdao, northern China at various taxonomic levels for six datasets

during the period of 1989–1998.

Taxa MacM MolM ArtM MAM

S 0.618 0.511 0.418 0.509
G 0.692 0.369 0.601 0.507
F 0.681 0.554 0.502 0.421
O 0.599 0.575 0.575 0.575
C 0.445 – – –
P 0.383 – – –

S, species; G, genus; F, family; O, order; C, class; P, phylum. Values are the
correlation coefficient r; significant tests (P , 0.05) are in bold typeface.
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significant loss has happened with the information for asses-
sing temporal variations in ecological patterns of macroinver-
tebrate communities. Additionally, their combination (i.e.
MAM) showed powerful effectiveness of surrogates, and
thus we suggest that the molluscs and arthropods in combi-
nation could be also effective as a surrogate for macroinverte-
brate communities in detecting their ecological patterns
compared with molluscs or arthropods alone.

It should be noted that although annelids are the most
representative taxa in most polluted zones (De Biasi et al.,
2003; Basset et al., 2012), and have been reported as a potential
surrogate of macrobenthic community, they are not signifi-
cantly correlated with the whole matrix based on our data.
This may be due to only presence/absence information in
our datasets. Additionally, our datasets contain some infor-
mation about patterns of temporal variation of assemblage
that is too limited to a local context. Moreover, samples
were collected on different bottom types, but no consider-
ations were made about the context-dependency of the suffi-
cient level of taxonomic resolution that has to be used
(Terlizzi et al., 2003). It is well-known that it could also vary
depending on the considered habitat type or on the type of
organisms involved (Terlizzi et al., 2003). Otherwise, although
the important role of taxonomic sufficiency is highlighted in
detecting anthropogenic impacts without a significant loss of
information, our dataset did not include the data of the puta-
tive multiple human pressures (i.e. domestic sewage, industrial
discharge or mariculture activities). Thus, further studies on a
range of marine environments and over long time-periods are
needed in order to verify our conclusion.

In summary, the present study has demonstrated that: (1)
the genus- and family-level resolutions maintained sufficient
information to analyse the ecological patterns of the macroin-
vertebrate communities for assessing ecological quality status
in littoral ecosystems; and (2) the mollusc assemblages, alone
or in combination with arthropod assemblages, may be used
as a surrogate of littoral macroinvertebrate communities, at
both species- and genus-level resolutions. The results
suggest that the use of simplifications in macroinvertebrate
fauna at genus-level resolutions or using smaller taxonomic
assemblages (e.g. molluscs and arthropods) are time-efficient
and would allow improving sampling strategies of large
spatial/temporal scale bioassessment programmes and bio-
logical conservation researches in littoral ecosystems.
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Appendix. Taxonomic data of macroinvertebrates. Taxonomic composition of all macroinvertebrates in intertidal zones of the Yellow Sea, near
Qingdao, northern China, for six datasets during the period 1989–1998.

Phylum Class Order Family Genus Species

Annelida Polychaeta Errantia Polynoidae Lepidonotus Lepidonotus helotypus
Harmothoe Harmothoë imbricata

Chrysopetalidae Eularia Eularia vividis
Nereidae Glycera Glycera rouxii

Nereis Nereis japonica
Neanthes Neanthes japonica

Onuphidae Diopatra Diopatra neapolitona
Lumbrineridae Lumbriconereis Lumbriconereis latreilli
Aphroditidae Aphrodita Aphrodita australis

Sedentaria Terebellidae Potamilla Potamilla myriops
Arenicolidae Arenicoloa Arenicoloa brasiiliensis
Serpulidae Hydroides Hydroides ezoensis
Cirratulidae Cirriformia Cirriformia sp.

Arthropoda Crustacea Amphiopoda Idotheidae Limnoria Limnoria japonica
Ligiidae Ligia Ligia exotica
Idotheidae Cleantiella Cleantiella isopus

Decapoda Upogebiidae Upogebia Upogebia major
Alpheidae Alpheus Alpheus japonicus
Portuniae Portunus Portunus trituberculatus

Charybdis Charybdis japonica
Grapsidae Parasesarma Parasesarma pictum
Leucodiidae Philyra Philyra pistum
Grapsidae Hemigrapsus Hemigrapsus penicillatus

Hemigrapsus saneineus
Pinotheridae Pinnotheres Pinnotheres tsingtaoensis
Ocypodidae Macrophthalmus Macrophthalmus japonica

Macrophthalmus dilatatus
Calappidae Matuta Matuta planipes
Paguridae Pagurus Pagurus japonica

Lambrus Lambrus validus
Ocypodidae Scopimera Scopimera globosa
Grapsidae Gaetice Gaetice depressus

Helice Helice tridens tridens
Ocypodidae Ocypoda Ocypoda stimpsoni
Dorippidae Nobilum Nobilum japonicum
Majidae Pugettia Pugettia quadridens
Xanthidae Xanthodius Xanthodius dislinguendus
Majidae Arcania Arcania undecimspinosa

Stomatopoda Squillidae Squilla Squilla oratroria
Thoracica Chthamalidae Chthamalus Chthamalus challengeri

Balanidae Balanus Balanus amphitrite albicostatus
Balanus amphitrite communis

Brachiopoda Inarticulata Lingulida Lingulidae Lingula Lingula anatina
Coelenterata Anthozoa Actiniaria Actiniidae Anthopleura Anthopleura midori

Anthopleura xanthogrammica
Diadumenidae Haliplanella Haliplanella iuciae
Edwardsidae Edwardsia Edwardsia sipunculoides

Pennatulacea Pennatuidae Cavernularia Cavernularia habereri
Hydrozoa Trachymedusae Olindiadidae Conionemus Conionemus vertens
Scyphozoa Semaeostomeae Ulmaridae Aurelia Aurelia aurita

Echinodermata Asteroidea Forcipulata Asteriidae Asterias Asterias rollestoni
Asteroidea Phanerozonia Asterinidae Asterina Asterina pectinifera
Echinoidea Camarodonta Temnopleuridae Temnopleusus Temnopleusus torenmaticus

Strongylocentrotidae Hemicentrotus Hemicentrotus pulcherrimus
Holothuroidea Apoda Synaptidae Leptosynapta Leptosynapta ooptax

Aspidochirota Stichopodidae Stichopus Stichopus jamponicus
Molpadonia Molpadiidae Paracaudina Paracaudina chilensis

Ophiuroidea Ophiurae Ophiotrichidae Ophiothris Ophiothris marenzellri
Amphiura Amphiura vadicola

Echiurda Echiurdae Echiuroida Echiuroidae Urechis Urechis unicinctus
Listirglobus Listirglobus brevirostris

Mollusca Cephalopoda Octopoda Octopodidae Octopus Octopus ochellatus
Octopus variabilis
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Appendix. Continued

Phylum Class Order Family Genus Species

Gastropoda Acoela Pleurobranchidae Pleurobranchaea Pleurobranchaea movaezealandiae
Dorididae Elysia Elysia vividis

Linguella Linguella babai
Homoidoris Homoidoris japonica

Gastropoda Archaeogastropoda Acmaeidae Cellana Cellana toreuma
Patelloida Patelloida schrenskii

Patelloida pygmaea
Patelloida dorsuosa
Patelloida sp.

Trochidae Monodonta Monodonta labia
Umbonium Umbonium thomsi
Chlorostoma Chlorostoma rustica

Turbinidae Lunella Lunella coreensis
Littorinidae Littorina Littorina brevicula

Nodilittorina Nodilittorina exigua
Potamididae Batillaria Batillaria cumingi

Batillaria zonalis
Naticidae Neverita Neverita didyma

Natica Natica fortunei
Notica sp.
Notica maculosa

Potamididae Cerithium Cerithium sinense
Basommatophora Siphonariidae Siphonaria Siphonaria japonica
Pleurocoela Atyidae Bullacta Bullacta exarata

Philinidae Philine Philine kinglipini
Aplysiidae Petalifera Petalifera punctulata

Stenoglossa Muricidae Rapana Rapana thomasiana
Thais Thais clarigera

Thais Luteostoma
Cantharus Cantharus cecillei

Pyrenidae Pyrene Pyrene varians
Pyrene bella

Nassariidae Nassarius Nassarius variciferus
Nassarius dealbatus

Buccinidae Volutharpa Volutharpa ampullacea perryi
Neptunea Neptunea cumingii

Lamellibranchia Adapedonta Pholadiae Barnea Barnea fragilis
Myidae Mya Mya arenaria japonica
Solenidae Solen Solen gouldii

Adapedonta Laternulidae Anatina Anatina pechiliensis
Anisomyaria Mytilidae Volsella Volsella atrata

Brachidontes Brachidontes aquarius
Anomiidae Anomia Anomia lischkei
Mytilidae Mytilus Mytilus edulis

Mytilus coruscus
Pinna Pinna pectinata

Ostreidae Ostrea Ostrea cucullata
Ostrea pes-tigris
Ostrea denselamellosa

Pecinidae Chlamys Chlamys farreri
Eulamellibranchia Libitidae Libitina Libitina japonica

Tellinidae Gastrana Gastrana yantaniensis
Mactridae Mactra Mactra quadrangularis

Mactra spectabilis
Mactra chinensis

Veneridae Protothaca Protothaca jedoensis
Saxidomus Saxidomus pupuratus
Meretrix Meretrix meretrix
Gomphioa Gomphioa veneriformis
Posinia Posinia japonica
Lamellidosinia Lamellidosinia laminata
Cyclina Cyclina sinensis
Venerupis Venerupis philippinarum

Tellinidae Macoma Macoma incongrua

Continued

608 guangjian xu et al.

https://doi.org/10.1017/S0025315412000999 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315412000999


Appendix. Continued

Phylum Class Order Family Genus Species

Taxodonta Arcidae Tegillarca Tegillarca gransa
Scapharca Scapharca subcrenata

Scapharca broughlonii
Arca Arca boucardi

Polyplacephora Neoloricata Cryptoplacidae Acanthochiton Acanthochiton rubrolineatus
Ischnochitonidae Ischnochiton Ischnochiton kakodadensis

Ischnochiton corenicus
Ischnochiton comptus

Nemertinea Anopla Heteronemertini Lineidae Lineus Lineus torquatus
Baseodiscidae Baseodiscus Baseodiscus curtus

Enopla Nemertini Amphipoidae Amphiporus Amphiporus punctatulus
Platyhelminthes Turbellaria Polycladida Planoceridae Planocera Planocera reticulate

Notoplana Notoplana humilis
Porifera Demospongieae Monaxonida Renieridae Reniera Reniera japonica
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