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Abstract

Based on original and on published databases, a compendium of the Harpacticoida of
the South China Sea is presented, and the distributional range of species is discussed. Up to
now, a total of 77 harpacticoid species belonging to 57 genera and 19 families have been
recorded in this region. Twenty of these species, collected in Nha Trang Bay (Vietnam), have
not hitherto been described. The most speciose families are the Miraciidae (20 species) and
the Laophontidae (9 species). Thirteen families were represented by one to three species only
and six families by four to seven species. A brief comparison is presented between the
harpacticoid fauna of the South China Sea, the Philippine Islands, the inner Malayan
Archipelago (Java, Flores, Banda and Celebes Seas), New Guinea, the Yellow Sea and the
Andaman and Nicobar Islands. The overall similarity between the species lists of these areas
was observed to be extremely low (average value of Simpson index is 0.15 £ 0.08). The lists
of planktonic species from the different areas showed the highest similarity. The lowest
similarity (highest endemism) was observed between the lists of interstitial species. It is likely
that one of the factors determining the differences between the faunas is the poor knowledge

about the composition and distribution of benthic harpacticoids in tropical latitudes.



Introduction

The South China Sea is one of the major fringing seas of the tropical Indo—Pacific
region. Its boundaries are defined by the peninsula of Indochina in the west, by the Greater
Sunda Isles in the south and by the Philippine archipelago in the east. As for several other
tropical seas, data on the composition of the harpacticoid fauna are scarce.

Some papers have been published about free-living (Baldari & Cottarelli, 1986;
Cottarelli & Altamura, 1986; Schizas & Shirley, 1994) and symbiotic (from ascidians’
cavities and crabs’ gill chambers) harpacticoid species (Sewell, 1940; Cottarelli et al., 2006)
from shallow waters in the Philippines. Harpacticoids from several major estuaries in China
have been described (Shen & Tai, 1963, 1964, 1965), but the analysis of the marine
harpacticoid fauna is still very limited (Shen & Tai, 1973; Zhang & Li, 1976). Recently, two
species of Diarthrodes have been described from the coast of Vietnam (Gomez et al., 2008).
Several relatively old works, whose data have been combined in Lang (1948), deal with the
estuarine fauna of Thailand. Most research has focused on the distribution of zooplankton
species. The distribution of planktonic harpacticoids from the northern and eastern South
China Sea (e.g. Chen et al., 1974; Chen, 1992; Huys & Conroy-Dalton, 2000; Tseng et al.,
2008) and from the Gulf of Thailand (Lang, 1948) has been considered.

Because of the scarcity and scattered nature of the data about harpacticoids in the
South China Sea, further progress in studying the regional fauna is impossible without
reviews and compilations of the current knowledge, and the present paper is the first step in
this difficult direction. In this paper, a list of the known harpacticoid copepods of the South
China Sea is presented based on our own material and on published data. Also, a comparative
biogeographical analysis of the fauna of the South China Sea and from a number of

neighboring regions in the tropical and temperate zone is provided.
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Materials and methods
Sampling sites and procedure

The Maritime Department of the Russian-Vietnamese Tropical Research and
Technology Center has been carrying out several studies about the marine benthic
invertebrates in Nha Trang Bay (Vietnam) during the last 19 years (1990-2008). During this
period, an extensive database on the composition and structure of both benthic and coral reef
communities has been created.

Soft sediment samples were taken in Nha Trang Bay in April-May 2004. Samples
were taken at 8 stations with different salinities, depth and sediment type. Samples in the
littoral zone were taken during low tide with a sediment core; samples in the sublittoral zone
were taken by scuba diving. A map with the stations, sampled at Nha Trang Bay, and
characteristics of the main abiotic factors (sediment granulometry and salinity) are provided
by Chertoprud et al. (in press), which deals with the diversity of the South China Sea

harpacticoid taxocenes.

Literature sources

Data about the harpacticoid fauna of the South China Sea are derived from the
following sources: Baldari & Cottarelli (1986), Cottarelli & Altamura (1986), Cottarelli et al.
(2006), Gomez et al. (2008), Huys & Conroy-Dalton (2000), Lang (1948), Pesce (2007),
Schizas & Shirley (1994), Shen & Tai (1963, 1964, 1965, 1973), Tseng et al. (2008), and
Zhang & Li (1976). For the species lists of the Philippine Islands, the internal Malayan
Archipelago Seas (the Java, Flores, Banda and Celebes Seas), New Guinea, the Yellow Sea
(including the Kyushu and Ryukyu Islands) and the Andaman and Nicobar Islands (Indian
Ocean) (Fig. 1), the following sources were used: Chang & Kim (1991), Chang & Song

(1995), Cottarelli et al. (19864, b), Cottarelli & Mura (1980), Cottarelli (1986), Fiers (1982,



19844, b, 19864, b, c, d, 1987a, b, 1988, 1992, 1993), Gee & Mu (2000), Gheerardyn et al.
(2006), Ho & Hong (1988), Huys & Conroy-Dalton (2000), Huys et al. (2005), Kim & Kim
(1998), Lang (1948), Miura (1962), Mu & Huys (2002), Pesce (2007), Por (1964), Rao &
Ganapati (1969a, b), Rao (1993), Seifried (1997), Sewell (1940), Shen & Bai (1956), Itd
(1973, 1977, 1982, 1983), Wells et al. (1975), Wells & Rao (1987). The references, that are
provided in reviews as Lang (1948), Wells & Rao (1987) and Kim & Kim (1998) and are of
interest to the studied region, have not been repeated here. Species lists which were compiled
in reviews have been checked for accuracy and quality by evaluating the original references.
The list includes both planktonic and benthic forms, but does not take into account the
vertical zonation of the species because information is too limited to assess littoral, sublittoral

and abyssal species assemblages.

Taxonomy and life forms

The taxonomic system of the species list follows the «European Register of Marine
Species» (Costello et al., 2001). The taxonomic status of Miraciidae follows Willen (2002).
Nomenclature within families and genera and recognition of synonymous species was done
using Bodin (1997). Species that were not present in this list were assigned to genera
following Lang (1948) and Pesce (2007).

Harpacticoid species were allocated to life forms by Chertoprud et al. (2006) and
phytal, planktonic, epibenthic, facultative interstitial (represented by small non-specialized
species) and genuine interstitial (with vermiform and lanceolate habitus) forms were

recognized.

Statistical analysis



To compare the regional faunas, we calculated the percentage of overlap between
regions and the proportions of endemic versus cosmopolitan species. The similarity of faunas
between regions was estimated using the Simpson index (S) for qualitative data (Urbakh,
1975): S (x, y) = a/ [a + min (b, ¢)]; where a is the number of common species of fauna
groups x and y; and b and c are the numbers of species restricted to one of the groups. This
index is not sensitive to negative coincidences of properties, but it is convenient for estimating
the similarity between faunas from different regions when the individual lists under
comparison contain only limited parts of the total species set. This index is often used for
biogeographical analyses of fossil (Ridley, 2004) and recent faunas (Murray et al., 2002;
Azeria, 2004).

For the graphical representation of the similarity in species composition between the
regions, we have applied cluster analysis using the mean addition technique integrated in the
Systat 7.0 software package. As a measure of similarity, we have used the Euclidean distance
between the faunas of the regions: E (x,y) = [b+ c] % where b and c represent the number of

species restricted to species group x and y, respectively.

Results
Species richness and composition of the South China Sea harpacticoid copepod fauna.

Based on original and published data, a list of the known harpacticoids of the South
China Sea was prepared (see Appendix). At present, 77 species, 57 genera and 19 families of
Harpacticoida have been reported from the South China Sea. Twenty species, found in the
Nha-Trang Bay (Vietnam), have not hitherto been described. Fourteen species from Nha-
Trang Bay were identified to the genus level because only one sex was found. Sexual
dimorphism in harpacticoid species mostly occurs in the characteristics of body and legs.

Exact species identification based on one sex is restricted in certain occasions, when the key



characteristic is present in the other sex (e.g. in two species of Amphiascus from Nha-Trang
Bay, represented by females only). The most species-rich families are Laophontidae and
Miraciidae, with 9 and 20 species, respectively. The species:genus ratio is extremely low
(1.35).

Epibenthic harpacticoids (inhabiting silt deposit and the surface of soft sediments)
dominate and constitute 61% of the species of the South China Sea. Macrophyte-associated
fauna in the South China Sea represent only 4% of the total number of species and belong to
the families Peltidiidae (Eupelte acutispinis), Thalestridae (Eudactylopus sp.) and Tisbidae
(Zosime sp.). This is probably due to a low exploration of this habitat, and to the substitution
of macrophytes by the coral belt in tropical areas (Vinogradova, 1977). Genuine interstitial
vermiform and lanceolate Harpacticoida (which inhabit the space between sediment particles)
are represented by the families Darcythompsoniidae (Leptocaris sp.), Ectinosomatidae
(Hastigerella sp.), Laophontidae (Elapholaophonte decaceros) and Paramesochridae
(Apodopsyllus biarticulatus, Scottopsyllus sp., Paramesochra sp.), and make up 7.8% of the
total number of species. Even in areas with a relatively well studied fauna, small genuine
interstitial forms are usually underestimated due to limitations of the sampling techniques
(Chertoprud & Garlitskaya, 2007). Most likely, further research will discover more species
and will increase the number of interstitial species in the South China Sea. The number of
facultative interstitial forms, represented by small non-specialized Harpacticoida, is much
higher: Ameiridae (Ameira sp., Nitokra platypus bakeri, N. arctolongus, N. cf. affinis, N. sp.),
Canthocamptidae (Mesochra quadrispinosa, M. prowaseki, M. cf. pygmaea), Miraciidae
(Amphiascus sp. 1, sp. 2, sp. 3, Amphiascoides sp., Bulbamphiascus sp.) and the species of
this group make up 16.9% of the total fauna. Two species, Carcinocaris serrichelata and
Xanthilaophonte trispinosa, live in the gill chambers of the Yellow Crab (Cottarelli et al.,

2006). The planktonic Harpacticoida are represented by Euterpina acutifrons, Clytemnestra



hendorffi quinquesetosa, Clytemnestra scutellata, Microsetella rosea, Microsetella norvegica
and Macrosetella gracilis. They constitute 7.8% of the total species and have been studied
most comprehensively.

In general, all species can be divided into three groups: endemics, tropical species and
cosmopolitans. The richest group is provided by the endemic harpacticoids that only occur in
the South China Sea (44 species). The distribution range of 18 species goes beyond the South
China Sea boundaries. Of these, the distribution of ten species is restricted to subtropical and
tropical latitudes, and eight species (five of which are planktonic) are cosmopolitans. The
distribution range of the 18 species, which we found to be wider distributed than in the South
China Sea, is briefly discussed as follows:

1) Tropical Group.

A) Indo—Pacific section. Nitokra platypus bakeri was found both near the southern
coast of China, and near the coasts of Japan and The Philippines. Stenhelia latioperculata has
been recorded in the Sea of Japan. Sinotachidius vicinospinalis occurs along the southern
coasts of China and Korea and Mesochra prowaseki and Clytemnestra hendorffi
quinquesetosa occur in the South China Sea and the Seas of the Malayan Archipelago.
Brianola elegans and Schizopera longirostris have been reported from the South China Sea
and also from waters near New Guinea and Australia. Xanthilaophonte trispinosa has been
found around the Philippine Archipelago, as well as in the eastern part of the Indian Ocean.

B) Widely-tropical section. Paramphiascella langi is known from the coasts of China
and Algeria. Quinquelaophonte quinquespinosa shows a wide distribution range, along the
coasts of India, Australia, Indonesia and Africa, which is extended to the Mediterranean Sea.

2) Cosmopolitans.

Longipedia scotti has been collected from New Guinea, the Andaman Islands and the

South China Sea, and also near all coasts of Europe. Schizopera clandestina has been found



near the coasts of the Malayan Archipelago and New Zealand, in the Atlantic and
Mediterranean waters of Europe and near the coast of northern Africa. The distribution range
of Onychocamptus mohammed includes the South China Sea, all coasts of Europe, northern
and central Africa, the Caribbean Sea and waters of Brazil. Euterpina acutifrons,
Clytemnestra scutellata, Microsetella rosea and Macrosetella gracilis have been found
among the plankton near the coasts of Australia, the Malayan Archipelago, India, Europe and
North and South America. Microsetella norvegica shows a similar distribution range, but does

not occur in the southern hemisphere.

Comparative biogeographical analysis of the faunas

A comparison of the harpacticoid copepod composition of the South China Sea, the
Philippine Islands, the internal Malayan Archipelago Seas (i.e. the Java Sea and the Flores,
Banda and Celebes Seas), New Guinea, the Yellow Sea and the Andaman and Nicobar Islands
was performed. There are strong differences in sampling effort between seas and between
regions. The fauna of the Andaman and Nicobar Islands is relatively well known, with 40-50
published papers in this region. Data on the fauna of the Yellow Sea and the coasts of New
Guinea are relatively scarce (around 20-30 papers available for each region). The number of
contributions to the fauna of the South China Sea (19) is comparable to those on the two
regions above. Short lists of species are available for the Philippine archipelago, the Java Sea,
and the Flores, Banda and Celebes Seas. Knowledge about Harpacticoida of the two latter
regions is based on the results from several expeditions which will be thoroughly revised in
the near future.

About 400 species of Harpacticoida are known from the studied region (which covers
more than half of the tropical Indo—Pacific) (Table 1). Of these, nearly 221 species are

endemic. Another 124 species are considered conventional endemics. This means that they



have been reported from one of the six areas considered in this study, and also in one or few
localities outside the Indo—Pacific region considered here (Chertoprud & Garlitskaya, 2007).
These two groups make up 86% of the total number of species in the region. Only 46 species
were found in 2—4 areas of the overall Indo—Pacific sector. Among them, 29 species are
cosmopolitans with their distribution range extending to the Mediterranean Sea, the central
and northern Atlantic, and even the Arctic region. Seventeen species are confined to the
tropics. The number of endemic species in the different regions is shown in Figure 1.

The average similarity between the species lists of the regions is very low (average
Simpson index is 0.15 £ 0.08). The harpacticoid species list from the Yellow Sea (which
extends to temperate latitudes) differs strikingly from that of other tropical regions (average
Simpson index is 0.09 = 0.02). The faunas of the best studied tropical regions (New Guinea
and the Andaman and Nicobar Islands) are most similar to each other (Simpson index is 0.28),
and to the poorly studied fauna of the internal Malayan Archipelago Seas (Fig. 1). Also, the
cluster analysis indicates that the faunas are very different and do not cluster into distinct
groups (Fig. 2). The species-rich fauna of the Andaman and Nicobar Islands is most clearly
separated.

It is interesting to note that the index of similarity between the relatively well studied
fauna from the Caribbean Sea and Bahamas Islands (178 species (Suarez-Morales et al.,
2006)) and the two best studied regions (New Guinea and the Andaman and Nicobar Islands)
in the Indo—Pacific is 0.24 = 0.01. Fourty species are common to these three regions. Of these,
23 species have a wide boreal distribution or are cosmopolitan. Seventeen species have not
been recorded north of 40° N and probably have a circum-tropical distribution.

The number of species within the life form groups varies considerably between the
regions of the Indo—Pacific (Table 2). This is due to natural variation in the spread of taxa,

and to the used techniques and priorities of researchers. For example, studies on
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Harpacticoida of the South China Sea focused primarily on commensal species associated
with a variety of invertebrates (e.g. Cottarelli et al., 2006). For the Yellow Sea, Kim & Kim
(2005) described species of the families Porcellidiidae and Pseudotachidiidae, while the other
taxa received little attention.

The number of known species of genuine interstitial form in a given region can be
considered as a measure of the intensity of investigation of the harpacticoid fauna. Most
likely, the best studied region in this respect appears to be the Andaman and Nicobar Islands,
where 16 species of this life form were found. In the Yellow Sea and internal Malayan
Archipelago Seas, genuine interstitial species were not found at all. In this group of life forms,
54% of the total number of species is endemic to different regions.

Most of the facultative interstitial species were found in the South China Sea, and in
the Andaman and Nicobar Islands (12 and 13 species, respectively). The proportion of the
facultative interstitial fauna varies greatly in different regions, reaching its maximum in the
South China Sea (16.9%) and its minimum in the Philippine Islands (6.7%). The proportion of
endemics in this life form is higher (75.7%) in comparison with species of genuine interstitial
form. On the other hand, the similarity between the regions for this life form is very low
(average Simpson index is 0.04 + 0.09).

The number of phytal Harpacticoida varies greatly from region to region. Phytal
species have not been recorded yet from the Philippine Islands. In the Yellow Sea, they make
up a third (32.9%) of all species. Bohai bay (the northernmost region of the Yellow Sea) lies
in the temperate zone, where coral reefs are replaced by macrophyte assemblages. Therefore,
it is here that the diversity of alga-associated fauna gets its maximum. In this region both
Chinese and Korean taxonomists have described more than a dozen of endemic species of

Porcellidiidae, Peltidiidae and Thalestridae. Therefore, it is not surprising that of all phytal
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species, the proportion of endemics is high (55%). The similarity of phytal harpacticoids
between the regions for this life form is not high (average Simpson index is 0.09 = 0.13).

Epibenthic forms in all considered regions provide 50 to 80% of the total number of
species, and 61% of the species are endemic. The similarity between regions for this life form
is low (average Simpson index is 0.07 = 0.07). In the Philippines, more than one third of
epibenthic species belong to the family Aegisthidae, which occur typically in the lower
sublittoral and abyssal.

The composition of planktonic harpacticoid fauna in the different regions is nearly the
same. In most areas, four cosmopolitan species occur: Macrosetella gracilis, Microsetella
rosea, Clytemnestra scutellata and Euterpina acutifrons. The similarity between the regions

of the planktonic fauna is high (average Simpson index is 0.91 + 0.14).

Discussion

More than 50% of the species of the South China Sea have not been found in other
parts of the world and could therefore be considered as endemics. However, studies of
tropical harpacticoid copepods and their habitats are at the very beginning. Therefore, it is
possible that our conception of species distributions will change in the future.

The overlap of the South China Sea fauna with the faunas of the neighboring regions
is not high: four species (5.2% of the fauna) are common with the Yellow Sea, three (3.9%)
with the Philippines, seven (9.1%) with the assemblage of the Malayan Archipelago Seas and
eight species with New Guinea (10.4%) and with the Andaman and Nicobar Islands (10.4%).
Hicks (1977) compared the species composition of the New Zealand Harpacticoida with the
faunas of continental coasts and obtained similar percentages. Cook Strait had five

harpacticoid species in common with south-eastern Australia (7% of the total fauna), four
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(6%) with the coast of southwest Africa, and 14 species (17%) with the southern tip of the
South American coast.

Overall, the similarity between the faunas of all considered regions is extremely low
(average Simpson index is 0.15 + 0.08). The species lists of single seas contain a high
proportion of endemics, as well as representatives that were not encountered in any other of
the six compared regions, but were observed in one or a few localities of the World’s Ocean,
outside the Indo—Pacific region considered here (i.e. conventional endemics). Within the
regions, the total proportion of endemic and conventional endemic species ranged from 53.7%
(the Java Sea and the Flores, Banda and Celebes seas) to 84.4% (Andaman and Nicobar
Islands) (Table 1). Concerning the biogeographical variability of the harpacticoid fauna, Lang
(1948) and Hicks & Coull (1983) stated that the species composition of these highly mobile
copepods changes little from region to region. In the Indo—Pacific sector, we are apparently
faced with a contradiction to this thesis: the similarity between the South China Sea and the
adjacent regions is low.

It is necessary to note that the real similarity of faunas of the studied regions can differ
from the already marked one (average Simpson index is 0.15 + 0.08), in connection with the
presence of cryptic species, but also because of the underestimation of intraspecific
variability. Probably, some species with wide distribution areas will turn out to be a series of
twin species. For example, karyological analysis and intercrossing of populations of the
"cosmopolitan” harpacticoid Tigriopus californicus have resulted in the description of two
twin species (Soyer et al., 1987). On the other hand, the description of narrow-endemic
species could turn out to be a consequence of the underestimation of intraspecific variability
which practically has not been studied for meiobenthic organisms. For example, three
harpacticoid species studied in this respect - Tigriopus californicus, Cletocamptus deitersi and

Microarthridion littorale — have shown an unexpectedly high level of genetic diversity, both
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in areas spanning hundreds of kilometers, and within the limits of a separate bay — not
spanning more than ten kilometers (Burton, 1990; Burton & Lee, 1994; Schizas et al., 1999,
2002). For the moment, it is difficult to estimate the real contribution of the above described
tendencies to the species diversity of the region under study. Presently, methods of
genosystematics have been applied only to a small number of taxons of meiobenthic
organisms as a whole and harpacticoid copepods in particular.

Inevitably, the question arises what causes this low similarity between the harpacticoid
assemblages within and outside the South China Sea?

The studied seas are situated in the subtropical and tropical climatic zone, except for
the Yellow Sea which enters the boreal zone. The waters of these seas are patchily interlinked
by wide straits (e.g. Malacca, Taiwan, Karimata, Makassar, Ceram and Balabac Straits), and
by the network of monsoon and trade-wind drifts. The possibility of the exchange of water
masses is supported by the fact that the planktonic harpacticoid fauna is virtually the same in
the entire Indo—Malayan region. However, for the distribution of planktonic calanoids, it has
been shown that there is a thermal and hydrological barrier in the western region of the Indo—
Pacific, which is responsible for differences in fauna composition on both sides of the barrier
(especially for the stenotherm Pontellidae) (Fleminger, 1986). In the case of planktonic
harpacticoids, the similarity between faunas on both sides of this barrier is remarkable and
agrees with the high tolerance of these mainly cosmopolitan species. Certain benthic
harpacticoids are capable of migrating for hundreds of kilometers by moving with the bottom
water or on fragments of macrophytes (Hauspie & Polk, 1973). Certain species (e. g.
Scutellidium longicauda, Dactylopodia tisboides and Paralaophonte congenera) have been
reported to show transoceanic migrations on the fragments of macrophytes (Hicks, 1977). The
capability for migration is apparent for most harpacticoid life forms, while species with a

genuine interstitial form show a lower degree of mobility (Chertoprud et al., 2006). Evidently,

14



future studies are necessary to define the exact distribution ranges of many species, which at
present are known only from a small area, but are potentially able to have a wide distribution.
Thus, it is clear that the reason for the strong differences between the areas is not the isolation
from each other. The similarity between the faunas of New Guinea, the Andaman and Nicobar
Islands and the Caribbean Sea and Bahamas Islands, which are thousands and even tens of
thousands kilometers apart, once again supports this statement. It should be noted that the
distribution of planktonic calanoids is more dependent on the climatic and hydrological
structure of regions than in mainly benthic groups (for example, harpacticoids) (Voronov at
al., 2002). The distribution of benthic harpacticoids is conservative throughout the year and is
more related to the geological history of the region. The significance of a biogeographical
boundary for pelagic copepods is questionable for benthic copepods.

The assumption that the similarity is low due to biogeographical boundaries in the
considered sector of the Indo—Pacific Ocean is questionable as well. According to the shelf
zonation for macrobenthic invertebrates (Brachiopoda) (Zezina, 1976) and marine amphipods
(Guryanova, 1964), all considered areas belong to the Indo—Malayan subregion of the Indo—
West Pacific region. The only exception is the northern area of the Yellow Sea, which is
sometimes referred to as the Japanese subregion of the Indo—West Pacific region (Zezina,
1976). Wallace, Sklater, Weber and Lydekker lines, which cross the straits of the Malayan
Archipelago, and divide the Asian and Australian fauna are significant only for terrestrial
vertebrates, and in a less degree for insects and plants. For marine and brackish water
organisms, these biogeographical boundaries are of no importance (Keast, 1988).

We here analyse the possible influence of historical/geological factors on the
biodiversity of Harpacticoida in the considered region. According to Hall (2002), the complex
of seas of the East Indo-Pacific lays on the joint of several large lithospheric plates (Eurasian,

Indian-Australian, Philippine). It is supposed that in the Neogene collisions of fragments of
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lithosperic plates have resulted in the creation of numerous shallow water areas in the
Malayan archipelago, which has given an impulse to further exuberant formation of species
(first of all, of the coral fauna) (Pandolfi, 1993; Wilson & Rosen, 1998). Presumably, in the
area named "East Indies Triangle", which extends from north of the Philippines, south-west
across the Malayan Peninsula, and eastward beyond New Guinea, there is a powerful centre
of origin and evolutionary radiation (Briggs, 2004). Intuitively, we agree that this area can be
a centre of high species diversity for harpacticoid copepods as well. However, our data on this
group yet do not confirm the statement by Briggs (2004). For example, the fauna of the
Andaman and Nicobar Islands (184 species) is much more diverse than the fauna of the water
areas of the East Indies Triangle (128 species). Further study of the fauna will probably result
in a change of this situation.

In the works by Santini & Winterbottom (2002) and Halas & Winterbottom (2009),
the theory of vicariant biogeography has been applied to study the evolution of the coral reef
fauna (including Invertebrata) in the Indo-western Pacific region and to estimate the influence
of historical/geological processes on species formation. During the analysis of cladograms,
formed according to the distribution of taxons, numerous areas have been distinguished of
which the boundaries however have been drawn in an arbitrary way to some extent. This is
related to the fact that taxonomic groups included into the analysis (reef-building corals,
nudibranchs and specialized coral fishes) are strictly associated with the coastal shallow zone.
At the same time, the borders of areas pass through deep oceanic zones where these neritic
species simply do not occur. Thus, the data of zonation are not applicable for the quickly
multiplying, freely current-transported Harpacticoida which also frequently occupy a wide
spectrum of biotopes, as well as for many other groups of sea organisms. The narrow
spectrum of objects in the analysis does not give an opportunity to draw exact conclusions

about the zonation of the region.
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It is likely that an important factor responsible for the remarkable differences between
the faunas is the poor exploration of the composition and distribution of Harpacticoida in
tropical latitudes. Low species: genus ratios of the faunas of these areas (Table 1) underscore
this fact. In the well-studied North Sea and Mediterranean Sea (each being 10 times smaller
than the total surface area of the Malayan Archipelago Seas) about 700 and 500 species have
been reported, respectively (Pesce, 2007; Garlitskaya et al., 2009). Moreover, the number of
taxonomical and faunistical publications about these seas is approximately 1000 (Garlitskaya
et al., 2009), while the number of works on the Indo—Pacific sector is not more than about
200. Particular information on the harpacticoid composition of the Java Sea, the Flores, Banda
and Celebes seas, and a number of adjacent small seas of the Malayan Archipelago is still
based on data collected by the Siboga expedition in 1899-1900 (A. Scott, 1909). It should be
noted that an increase of harpacticoid species richness in the meridional direction from the
Arctic to the temperate and subtropical latitudes has been suggested (Hicks & Coull, 1983;
Wells, 1986), with the fauna of the tropics as the most diverse (Lang, 1948; Abele, 1982).

Against the background of a low level of exploration of the East Indo-Pacific, it is
hard to identify the impact of other factors determining a high diversity of the group in the
region. Most likely, dynamics of oceanographic conditions caused by geological processes,
and biogeographical fragmentation of the region have influenced the faunas of Harpacticoida.
However, it is hard to give an exact estimation of the contribution of these factors to the
formation of the diversity of the group as, in connection with a low level of exploration of the
region, their impact becomes difficult to observe.

Obviously, the question arises whether comparison of not fully studied regional faunas
is allowed? At present, the species list of meiobenthic organisms for any quite extensive
region is not complete and does not reflect its real faunal diversity (Lambshead, 1993).

However, if we draw from this fact the conclusion that comparison of species lists is
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impossible until the last taxon is described, there is a risk to postpone the analysis of all
macroecological, including biogeographical problems up to "future centuries”. In particular,
the process of subdivision of already well-established taxons, which has begun in connection
with the perfection of the techniques of molecular taxonomy, is still far from complete. In our
opinion, such position is not acceptable. The absence of any comparative analysis of the
biodiversity of known faunas not only will narrow the spectrum of perceptions about the
specificity of organization of meiobenthic communities in separate regions, but also will
result in the destruction of a general system approach in the description of structure of
interrelations in the world fauna as a whole.

To date, the fauna of tropical latitudes has generally been poorly studied. In the Indo-
Pacific region, the harpacticoids of phytal and interstitial zones have received most attention
until now, as well as those living commensally in specific habitats (such as living coral reefs
and crabs’ gill chambers). According to Wells (1986), the number of harpacticoid species of
tropical waters did not exceed 800 in 1986. Our literature data show that in the last 20 years
not more than 400 species were added. Therefore, it is not possible yet to assess a detailed
biogeographical zonation for harpacticoids in the tropics, with the allocation of specific
faunas to individual provinces. To assess the biogeographical zonation of harpacticoids in the
Indo-Pacific, we find it essential that for each of the compared regions two thirds of the
species should be known or the faunas of the compared regions should consist of at least 200
species. At present, we estimate that not more than one fifth of the harpacticoid species in the
Indo-Pacific region is known, and the local, known faunas of the compared regions have only
from 41 (Malayan Archipelago Seas) to 184 (Andaman and Nicobar Islands) species. Further
biogeographical analyses should be based on the description of the harpacticoid fauna, the
exploration of understudied habitats (such as the sublittoral zone) and the provision of species

checklists for these regions.
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Tables

Table 1. Characteristics of the Harpacticoida fauna in the different regions of the Indo—

Pacific.
Region Number Number of Number of Species/genera
of endemics conventional endemics ratio
species |(% of the total fauna)| (% of the total fauna)

South China Sea 77 44 (57.1%) 4 (5.2%) 1.35

Philippine Islands 30 18 (60%) 6 (20%) 1.50

Sea complex off 41 17 (41.5%) 5 (12.2%) 1.37

Malay Archipelago”

New Guinea 65 29 (44.6%) 8 (12.3%) 1.35

Andaman and| 184 77 (42.0%) 78(42.4%) 1.94

Nicobar Islands

Yellow Sea 70 36 (51.4%) 23 (32.9%) 1.52

Total fauna 402 221 (55%) 124 (31%) 2.37

“ Java, Banda, Flores and Celebes Seas.

Table 2. Distribution of Harpacticoida species over life form groups in the different regions of
the Indo-Pacific.

Region Epibenthic Genuine Facultative Commensal | Macrophyte- | Planktonic
species |interstitial species |interstitial species| species associated species
(% of the | (% of the total (% of the total (% of the | species (% of | (% of the
total fauna) fauna) fauna) total fauna) |the total fauna) | total fauna)
South China Sea 47 (61%) 6 (7.8%) 13 (16.9%) 2 (2.6%) 3(3.9%) 6 (7.8%)
Philippine Islands 24 (80.0%) 1(3.3%) 2 (6.7%) - - 3 (10%)
Sea complex of 21 (51.2%) - 6 (14.6%) - 9 (22%) 5 (12.2%)
Malay Archipelago”
New Guinea 40 (61.5%) 2 (3.1%) 6 (9.2%) 1 (1.5%) 12 (18.5%) 4 (6.2%)
Andaman and 110 (59.8%) 16 (8.7%) 18 (9.8%) 1(0.5%) 32 (17.4%) 7 (3.8%)
Nicobar Islands
Yellow Sea 35 (50%) - 9 (12.9%) - 23 (32.9%) 3 (4.2%)
Total fauna 252 (62.6%) 22 (5.5%) 48 (11.9%) 3 (0.8%) 69 (17.2) 8 (2%)

“ Java, Banda, Flores and Celebes Seas.
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Figure captions

Fig. 1. Map of the examined Indo—Pacific regions. The rings, which coincide with single
regions, show the total number of species/number of endemic species. Next to the lines
(connecting the rings) the Simpson similarity index between species lists of the regions is
given. (***—approximate location of the investigated water areas, numbers of stars indicate
the level of knowledge of the area. 1—Island Kyushu; 2—Ryukyu Islands; 3—Estuary of
Pearl River; 4—Luzon Island; 5—Palawan Island; 6— Mindoro Island; 7—Cebu Island; 8—
Mindanao Island; 9—Bali Island; 10—Lombok Island; 11—Obi islands; 12—Aru Islands;
13—Celebes Island; 14—Nicobar Islands; 15—Andaman Islands)

Fig. 2. Cluster dendrogram. Similarity of the Harpacticoida faunas of the studied areas in the

Indo—Pacific region (" Java, Banda, Flores and Celebes Seas).
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Appendix. List of the known harpacticoid copepods of the South China Sea.

In the following list, an asterisk (*) indicates that the species was described from specimens
collected in the South China Sea; two asterisks (**) indicate that the species has not been
described yet. The codes indicating life forms are: epibenthic—E, genuine interstitial—Gl,
facultative interstitial—FI, commensal—C, macrophyte-associated—M, planktonic—P;
symbols f# or m# indicates that only the female or male of a given species found in Nha-
Trang Bay is known. Conversely, the lack of such symbols indicates that both sexes were

found.

Family AMEIRIDAE Monard

**Ameira sp. (Nha-Trang Bay, Vietnam), FI

Nitokra platypus bakeri Chappuis (Gulf of Thailand, Thailand; Luzon Island, Philippines), FI
*Nitokra arctolongus Shen & Tai (Guangdong province, South China), FI

Nitokra cf. affinis Gurney f# (Nha-Trang Bay, Vietnam), FI

**Nitokra sp. (Nha-Trang Bay, Vietnam), FI

Family ANCORABOLIDAE Sars

*Paralaophontodes elegans Baldari & Cottarelli (Mindoro Island, Philippines), E

Family CANTHOCAMPTIDAE Sars

Heteropsyllus sp. f# (Nha-Trang Bay, Vietnam), E

*Mesochra quadrispinosa Shen & Tai (Estuary of Pearl River, Guangdong province, South
China), FI

Mesochra prowaseki Van Douwe (Guangdong province, South China), FI

Mesochra cf. pygmaea (Claus) f# (Nha-Trang Bay, Vietnam), FI
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Family CANUELLIDAE Lang
Brianola elegans Hamond (Nha-Trang Bay, Vietnam), E

**Brianola sp. (Nha-Trang Bay, Vietnam), E

Family CLETODIDAE T. Scott

*Cletocamptus affinis Kiefer (Guangdong province, South China), E

**(letodes sp. (Nha-Trang Bay, Vietnam), E

**Enhydrosoma sp. (Nha-Trang Bay, Vietnam), E

*Limnocletodes oblongatus Shen & Tai (Estuary of Pearl River, Guangdong province, South
China), E

*Limnocletodes angustodes Shen & Tai (Estuary of Pearl River, Guangdong province, South
China), E

*Schizacron bifurcarostratum (Shen & Tai) (Estuary of Pearl River, Guangdong province,
South China), E

Stylicletodes cf. reductus Wells f# (Nha-Trang Bay, Vietnam), E

Family DARCYTHOMPSONIIDAE Lang

**|_eptocaris sp. (Nha-Trang Bay, Vietnam), Gl

Family ECTINOSOMATIDAE Sars
**Ectinosoma sp. (Nha-Trang Bay, Vietnam), E
**Halectinosoma sp. (Nha-Trang Bay, Vietnam), E

Microsetella rosea (Dana) (Gulf of Thailand, plankton), P
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Microsetella norvegica (Boeck) (Estuary of Pearl River, Guangdong province, South China),
P
**Hastigerella sp. (Nha-Trang Bay, Vietnam), Gl

Pseudobradya sp. f# (Nha-Trang Bay, Vietnam), E

Family HUNTEMANNIIDAE Por
*Huntemannia biarticulatus Shen & Tai (Guangdong province, South China), E
*Nannopus unisegmentatus Shen & Tai (Estuary of Pearl River, Guangdong province, South

China), E

Family LAOPHONTIDAE T. Scott

*Apolethon bilobatus Shen & Tai (Guangdong province, South China), E

*Apolethon trigonus Shen & Tai (Guangdong province, South China), E

*Carcinocaris serrichelata Cottarelli, Bruno & Bereira (Mindoro Island, Philippines), C
*Elapholaophonte decaceros Schizas & Shirley (Luzon Island, Philippines), Gl

*Laophonte vitiospinulosa Shen & Tai (Estuary of Pearl River, Guangdong province, South
China), E

Onychocamptus mohammed (Blanchard & Richard) (Estuaries, Thailand), E

Paralaophonte sp. f# (Nha-Trang Bay, Vietnam), E

Quinquelaophonte quinquespinosa (Sewell) (Nha-Trang Bay, Vietnam), E

Xanthilaophonte trispinosa (Sewell) (Mindoro Island, Philippines), C

Family LONGIPEDIIDAE Sars

Longipedia scotti Sars (Nha-Trang Bay, Vietnam), E
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Family MIRACIIDAE Dana

**Amphiascus sp. 1 (Nha-Trang Bay, Vietnam), FI
Amphiascus sp. 2 f# (Nha-Trang Bay, Vietnam), FI
Amphiascus sp. 3 f# (Nha-Trang Bay, Vietnam), FI
**Amphiascoides sp. (Nha-Trang Bay, Vietnam), FI

Bulbamphiascus sp. f# (Nha-Trang Bay, Vietnam), FI

*Cladorostrata brevipoda Shen & Tai (Estuary of Pearl River, Guangdong province, South

China), E

*Cladorostrata longipoda Shen & Tai (Estuary of Pearl River, Guangdong province, South

China), E

Diosaccus sp. f# (Nha-Trang Bay, Vietnam), E

Macrosetella gracilis (Dana) (South China Sea, plankton), P
Paramphiascella langi (Monard) (Guangdong province, South China), E
Paramphiascella sp. f# (Nha-Trang Bay, Vietnam), E

**Pararobertsonia sp. (Nha-Trang Bay, Vietnam), E

**Robertgurneya sp. 1 (Nha-Trang Bay, Vietnam), E

Robertgurneya sp. 2 m# (Nha-Trang Bay, Vietnam), E

Robertsonia cf. knoxi f# (Thompson & A. Scott) (Nha-Trang Bay, Vietnam), E
Schizopera clandestina (Klie) (Guangdong province, South China), E
Schizopera longirostris (Daday) (Estuary of Chao Phraya River, Thailand), E

Stenhelia (D.) latioperculata Ité (Nha-Trang Bay, Vietnam), E

*Stenhelia (D.) ornementalia Shen & Tai (Estuary of Pearl River, Guangdong province, South

China), E

**Stenhelia (D.) sp. (Nha-Trang Bay, Vietnam), E
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Family PARAMESOCHRIDAE Lang
*Apodopsyllus biarticulatus Cottarelli & Altamura (Palawan Island, Philippines), Gl
**Scottopsyllus sp. (Nha-Trang Bay, Vietnam), Gl

**Paramesochra sp. (Nha-Trang Bay, Vietnam), Gl

Family PARANANNOPIDAE Por

**Sentiropsis sp. (Nha-Trang Bay, Vietnam), E

Family PARASTENHELIIDAE Lang

Parastenhelia sp. m# (Nha-Trang Bay, Vietnam), E

Family PELTIDIIDAE Sars

*Clytemnestra hendorffi quinquesetosa Huys & Conroy-Dalton (Gulf of Thailand, plankton),
p

Clytemnestra scutellata Dana (South China Sea, plankton), P

Eupelte acutispinis Zhang & Li (Estuary of Pearl River, Guangdong province, South China),

M

Family TACHIDIIDAE Sars

Euterpina acutifrons (Dana) (Gulf of Thailand, plankton), P

*Microarthridion litospinatus Shen & Tai (Nha-Trang Bay, Vietnam; Guangdong province,
South China), E

*Neotachidius triangularis Shen & Tai (Estuary of Pearl River, Guangdong province, South

China), E
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*Sinotachidius vicinospinalis (Shen & Tai) (Estuary of Pearl River, Guangdong province,

South China), E

Family TETRAGONICIPTIDAE Lang
**Phyllopodopsyllus sp. (Nha-Trang Bay, Vietnam), E

**Diagoniceps sp. (Nha-Trang Bay, Vietnam), E

Family THALESTRIDAE Sars

**Eudactylopus sp. (Nha-Trang Bay, Vietnam), M

*Diarthrodes nhatrangensis (Gomez, Chertoprud & Morales-Serna) (Nha-Trang Bay,

Vietnam), E

*Diarthrodes savinkini (Gomez, Chertoprud & Morales-Serna) (Nha-Trang Bay, Vietnam), E

**Diarthrodes sp. (Nha-Trang Bay, Vietnam), E

Family TISBIDAE Stebbing

Zosime sp. f# (Nha-Trang Bay, Vietnam), M
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