ISSN 0001-4370, Oceanology, 2009, Vol. 49, No. 4, pp. 488-498. © Pleiades Publishing, Inc., 2009.
Original Russian Text © E.S. Chertoprud, S. Gomez, H. Gheerardyn, 2009, published in Okeanologiya, 2009, Vol. 49, No. 4, pp. 532-542.

MARINE BIOLOGY

Harpacticoida (Copepoda) Fauna and the Taxocene Diversity
of the South China Sea

E. S. Chertoprud<, S. Gémez’, and H. Gheerardyn®
“ Moscow State University, Moscow, Russia
b Institute of Marine Sciences and Limnology, National Autonomous University of Mexico, Mexico
¢ University of Ghent, Ghent, Belgium
E-mail: horsax@vyandex.ru
Received February 27, 2008; in final form, June 11, 2008

Abstract—The full characterized list of known species of Harpacticoida is presented for the South China Sea
based on original and literature data. Three Harpacticoida taxocenes from soft sediments are described on the lit-
toral and sublittoral of shallows of Nha Trang Bay (Vietnam). The first taxocene is represented by dominating
species of the genuses Phyllopodopsyllus and Brianola at the upper and middle littorals. The second one, which
is characterized by dominating species of the genus Diarthrodes, is found on sublittoral, silty and fine sands.
The third taxocene with dominating species of the genus Amphiascoides is described at coarse sands. The sedi-
ment type is a main factor of the organization of sublittoral harpacticoids associations. The depth also has an
effect on the harpacticoids diversity and abundance. A comparative analysis of the Harpacticoida species compo-
sition is presented for the South China Sea, the Philippines, the Malay Archipelago, New Guinea, the Yellow
Sea, and the Andaman and Nicobar Islands. The similarity of the species lists of the considered sector of the
Indo-Pacific is extremely low. The main reason for the present high specificity of the faunas of the compared

regions is the deficit of studies on Harpacticoida in tropical waters.

DOI: 10.1134/50001437009040079

INTRODUCTION

The South China Sea is one of the biggest shelf seas
in the tropics. It is bordered by Indo-China in the West
and by the Greater Sunda Isles and the Philippines from
the South and the East. Data on the Harpacticoid fauna
are lacking for this area, as well as for the other tropical
seas. The stand-alone publications are dedicated to the
shallow waters of the Philippines and describe both
free-living [7, 15, 56] and symbiotic species [17, 59].
Some harpacticoids are known from the China estuaries
[61, 62, 63] and sca waters [64, 69]. Two species were
described for the Vietnamese seacoast [35]. The Thai-
land estuarian fauna of Harpacticoids is known from
old publications combined in Lang’s monograph [48].
The plankton species are described more thoroughly
[11, 12, 40, 48, 65]. Data on the ecology of the benthic
copepod taxocenes of the South China Sea are almost
lacking. The vertical distribution of psammophilous
meiobentos was described only for Kalimantan
(Borneo) Island, and the harpacticoids were defined
only by genus [49].

The aim of the present investigation is to compile a
harpacticoid species list using original and literature
data for the South China Sea, as well as to describe their
taxocenes for the soft sediments in Nha Trang Bay of
South Vietnam. As a result, a comparative analysis of
the faunas of the South China Sea and the adjacent
areas is presented.

MATERIALS AND METHODS

Original data. Ongoing studies of marine benthic
invertebrates have been conducted in Nha Trang Bay
for the last 19 years (1990-2008). A database on vari-
ous substrates (benthic and coral reefs) has been cre-
ated.

The samples for the present study were taken on the
soft sediments in Nha Trang Bay in April-May of 2004.
The sampling was performed at seven stations, which
differed in salinity, depth, and substrate. Three samples
were taken at each station (the total sample square was
6 cm?). The samples were sieved through 40 pm mesh.
The grain-size analysis was performed in the Hydro-
chemical Laboratory of the Oceanographical Institute
in Nha Trang, Vietnam. The sampling sites are pre-
sented in Fig. 1. Stations 1, 2, and 3 are affected by the
river flow of the Kai River; therefore, the salinity there
may vary from 28 to 34%.. The sediments are quite var-
ious and include different soft sediments: from coarse
sands and shell bottoms to fine alluvia.

Literature data. The data from various publica-
tions were compiled to make a species list of harpacti-
coids for the South China Sea: [7, 15, 17, 35, 40, 56, 61,
62, 63, 65, 69] and three reviews [39, 48, 64]. The spe-
cies list for five adjacent areas was also compiled (Fig. 2).
These arcas include the Philippines (the seacoasts of
the inner Malay Archipelago seas and the Pacific sea-
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Fig. 1. The sampling area in the spring of 2004 in Nha Trang Bay. Stations 1-7.

coast); the Java, the Flores, the Sulawesi (Celebes), and
the Banda seas; the New Guinea seacoast; the Yellow
Sea (including the Kyushu and Ryukyu Islands); and
the Andaman and Nicobar Islands. The list was created
using many of[9,10,14,16,18-31,33,34,38"-8,50-55,
58,59, 60, 67, 68], The full reference list is too long to
include in the present publication; therefore, only the
most important publications are cited.

Taxonomy and life forms. The taxonomy system of
European harpacticoids [13] was used for species list
compilation. The unification of the synonymic species
was performed using the Bodin catalogue [8].

The existing classification of harpacticoid life forms
[3] was applied. The macrophytes-associated, plank-
tonic, epibenthic, and facultative (or true intersticial)
forms were distinguished under the ecological and
morphological characteristics of the species and
genuses.

The vertical zonal distribution of the harpacticoids
was not taken into account when analyzing the fauna of
different regions. The lack of data in the existing
dataset does not allow the assured definition of littoral,
sublittoral, and abyssal species complexes.

The taxocene definition. The Braun-Blanke
method was applied for the taxocene definition with
some modifications for marine benthic communities [3,5],
A certain species impact on the total species abundance
was used as the primary data for the further recalcula-
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tions. Twenty four species were allocated with each
having more than a 5% impact on the total abundance.
Data diagonalization was applied, the differential spe-
cies were defined, and matrix ordering with further
taxocene definitions was performed.

Statistics. The pairwise similarity of the samples
was evaluated using the Czekanowski index [2]:

Dxy = In fini, Yy
i=1

where X; and ¥} are the /-specific features for the X and
Y characteristics.

The rate of ovelapping was recalculated for the
comparison ofthe regional faunas. The rates ofthe spe-
cific and cosmopolitan species are defined for each
area. The fauna similarity was evaluated using the
Hacker-Dice index (H) for the qualitative data [2]:

H (X,y) =a/[fa + min(;>, ¢)];

where a is the number of shared characteristics for the
subjects Xand y; and b, ¢ are the number ofunique char-
acteristics. This index is insensitive to the negative
coincidence of characteristics and is easy to use for
comparing the faunas of different regions when each
list contains a low number of species common to all of
the areas.
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Fig. 2. The investigated sites (the asterisk number is the level of knowledge).

(1) the Kyushu Islands; (2) the Ryukyu Islands; (3) the Pearl River delta; (4) Nha Trang Bay; (3) Luzon Island; (6) Palawan Island;
(7) Mindoro Island; (8) Cebu Island; (9) Mindanao Island; (70) Bali Island; (//) Lombok Island; (/2) the Obi Islands; (/3) the Arae
Islands; (74) Sulawesi (Celebes) Island; (15) the Nicobar Islands; (/6) the Andaman Islands.

Additionally, the species/genus ratio was used. This
ratio is affected both by the biodiversity and the level of
knowledge for each region, as was described previously
for the harpacticoid fauna ofthe seas of Russia [4]. The

ratio is about 2 for the well-studied regions of the
Black, Baltic, and Barents seas and less than 1.7 for the
frontiers basins ofthe Azov, Caspian, Laptev, and Kara
seas and some others.
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RESULTS AND DISCUSSION

The biodiversity and fauna specifics of the South
China Sea. The compilation of the species lists was
performed for the known Harpacticoida (Copepoda)
fauna based on both original and literature data. The
species location is given in brackets.

The AMEIRIDAE Family

Ameira sp. nov. Chappius, 1930 (seacoast of Guang-
dong Province, China)

Nitokra arctolongus Shen & Tai, 1973 (seacoast of
Guangdong Province, China)

Nitokra platypus bakeri Chappuis, 1930 (Gulf of
Siam, Thailand; Luzon Island, the Philippines)

Nitokra cf. gffinis Gurney, 1927 (Nha Trang Bay,
Vietnam)

Nitokra sp. nov. (Nha Trang Bay, Vietnam)
Family ANCORABOLIDAE

Paralaophontodes elegans Baldari & Cottarelli,
1986 (Mindoro Island, the Philippines)

Family CANTHOCAMPTIDAE
Heteropsyllus sp. (Nha Trang Bay, Vietnam)

Mesochra quadrispinosa Shen & Tai, 1965 (the
Pearl River delta, Guangdong Province, China)

Mesochra prowaseki Van Domve, 1907 (seacoast of
Guangdong Province, China)

Mesochra cf. pygmaea (Claus, 1863) (Nha Trang
Bay, Vietnam)

Family CANUELLIDAE

Brianola elegans Hamond, 1973 (Nha Trang Bay,
Vietnam)

Brianola sp. nov. (Nha Trang Bay, Vietnam)
Family CLETODIDAE

Cletocamptus affinis Kiefer, 1957 (seacoast of
Guangdong Province, China)

Cletodes sp. nov. (Nha Trang Bay, Vietnam)
Enhydrosoma sp. nov. (Nha Trang Bay, Vietnam)

Limnocletodes oblongatus Shen & Tai, 1964 (the
Pearl River delta, Guangdong Province, China)

Limnocletodes angustodes Shen & Tai, 1963 (the
Pearl River delta, Guangdong Province, China)

Schizacron bifurcarostratum (Shen & Tai, 1965)
(the Pearl River delta, Guangdong Province, China)

Stvlicletodes cf. reductus Wells, 1965 (Nha Trang
Bay, Vietnam)

Family DARCYTHOMPSONIIDAE

Leptocaris sp. nov. (Nha Trang Bay, Vietnam)
Family LONGIPEDIIDAE

Longipedia scotti Sars, 1903 (Nha Trang Bay, Vietnam)
Family MIRACIIDAE

Amphiascus sp. 1 nov. (Nha Trang Bay, Vietnam)
Amphiascus sp. 2 (Nha Trang Bay, Vietnam)
Amphiascus sp. 3 (Nha Trang Bay, Vietnam)

Amphiascoides sp. nov. (Nha Trang Bay, Victnam)
No. 4
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Bulbamphiascus sp. (Nha Trang Bay, Vietnam)

Cladorostrata brevipoda Shen & Tai, 1963 (Pearl
River delta, Guangdong Province, China)

Cladorostrata longipoda Shen & Tai, 1963 (Pearl
River delta, Guangdong Province, China)

Diosaccus sp. (Nha Trang Bay, Vietnam)

Macrosetella gracilis (Dana, 1847) (in the plankton,
the water area of the South China Sea)

Paramphiascella langi (Monard, 1936) (seacoast of
Guangdong Province, China)

Paramphiascella sp. (seacoast of Guangdong Prov-
ince, China)

Pararobertsonia sp. nov. (Nha Trang Bay, Vietnam)

Robertgurneya sp. 1 nov. (Nha Trang Bay, Victnam)

Robertgurneya sp. 2 (Nha Trang Bay, Vietnam)

Robertsonia cf. knoxi (Thompson & A. Scott, 1903)
(Nha Trang Bay, Vietnam)

Schizopera clandestina (Klie, 1924) (seacoast of
Guangdong Province, China)

Schizopera longirostris (Daday, 1901) (the Chao
Prai River delta, Thailand)

Stenhelia (D.) latioperculata 1td , 1981 (Nha Trang
Bay, Vietnam)

Stenhelia ornementalia Shen & Tai, 1965 (the Pearl
River delta, Guangdong Province, China)

Stenchelia sp. nov. (Nha Trang Bay, Vietnam)
Family ECTINOSOMATIDAE

Ectinosoma sp. nov. (Nha Trang Bay, Vietnam)
Halectinosoma sp. nov, (Nha Trang Bay, Vietnam)

Microsetella rosea (Dana, 1848) (in the plankton,
the Gulf of Siam)

Microsetella norvegica (Boeck, 1865) (the Pearl
River delta, Guangdong Province, China)

Hastigerella sp. nov. (Nha Trang Bay, Vietnam)

Pseudobradia sp. (Nha Trang Bay, Vietnam)

Family HUNTEMANNIIDAE

Huntemannia biarticulatus Shen & Tai, 1973 (sea-
coast of Guangdong Province, China)

Nannopus unisegmentatus Shen & Tai, 1964 (the
Pearl River delta, Guangdong Province, China)

Family LAOPHONTIDAE

Apolethon bilobatus Shen & Tai, 1973 (seacoast of
Guangdong Province, China)

Apolethon trigonus Shen & Tai, 1973 (seacoast of
Guangdong Province, China)

Carcinocaris serrichelata Cottarelli, Bruno &
Bereira, 2006 (Mindoro Island, the Philippines)

Elapholaophonte decaceros Schizas & Shirley,
1994 (LLuzon Island, the Philippines)

Laophonte vitiospinulosa Shen & Tai, 1963 (the
Pearl River delta, Guangdong Province, China)

Onichocamptus mohammed (Blanchard & Richard,
1891) (the estuaries of Thailand)
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Pararolaophonte sp. (Nha Trang Bay, Vietnam)

Quinquelaophonte quinquespinosa (Sewell, 1924)
(Nha Trang Bay, Vietnam)

Xanthilaophonte trispinosa (Sewell, 1940) (Mind-
oro Island, the Philippines)

Family PARAMESOCHRIDAE

Apodopsyllus biarticulatus Cottarelli & Altamura,
1986 (Palawan Island, the Philippines)

Scottopsyllus sp. nov. (Nha Trang Bay, Vietnam)
Paramesochra sp. nov. (Nha Trang Bay, Vietnam)
Family PARANANNOPIDAE

Sentiropsis sp. nov. (Nha Trang Bay, Vietnam)

Family PARASTENHELIIDAE

Parastenhelia sp. (Nha Trang Bay, Vietnam)

Family PELTIDIIDAE

Clytemnestra hendorffi quinquesetosa Huys & Con-
roy-Dalton, 2000 (in the plankton, the Gulf of Siam)

Clytemnestra scutellata (Dana, 1848) (in the plank-
ton, the water area of the South China Sea)

Eupelte acutispinis Zhang & Li, 1976 (the Pearl
River delta, Guangdong Province, China)

Family TACHIDIIDAE

Euterpina acutifrons (Dana, 1848) (in the plankton,
the Gulf of Siam)

Microarthridion litospinatus Shen & Tai, 1973 (Nha
Trang Bay, Vietnam; seacoast of Guangdong Province,
China)

Neotachidius triangularis Shen & Tai, 1963 (the
Pearl River delta, Guangdong Province, China)

Sinothachidius vicinospinalis (Shen & Tai, 1964)
(the Pearl River delta, Guangdong Province, China)

Family TETRAGONICIPTIDAE

Phyllopodopsyllus sp. nov. (Nha Trang Bay, Viet-
nam)

Diagoniceps sp. nov. (Nha Trang Bay, Vietnam)

Family THALESTRIDAE

Eudactylopus sp. nov. (Nha Trang Bay, Vietnam)

Diarthrodes nhatrangensis (Gémez, Chertoprud &
Morale-Serna, 2008) (Nha Trang Bay, Vietnam)

Diarthrodes savinkini (G6mez, Chertoprud &
Morale-Serna, 2008) (Nha Trang Bay, Vietnam)

Diarthrodes sp. nov. (Nha Trang Bay, Vietnam)

Family TISBIDAE

Zosime sp. (Nha Trang Bay, Vietnam)

Nowadays, seventy-seven Harpacticoida species are
described for the South China Sea (57 genera and 19
families). Twenty-one species from this list are newly
described (marked as “sp. nov.”). Fifteen species were
impossible to define by species and they are presented
as genera (marked as “sp.”).

The maximal species number was described for two
families: Laophontidae (9) and Miraciidae (20). Mean-
while, the species/genus ratio for the South China Sea

CHERTOPRUD et al.

is quite low compared to the other well-studied seas and
does not exceed 1.35. The same ratio for the Baltic,
Barents, and Black seas (200, 144, and 262 harpacti-
coid species, respectively) varies from 2.01 to 2.55 [4].

The epibenthic species inhabiting the deposits of
spring floods and the upper layers of soft sediments
dominate (61%) in the South China Sea. The fauna
associated with macrophytes has an impact of only 4%
compared to the values described in the temperate and
polar seas. These species are represented by the fami-
lies Peltidiidae (Eupelte acutispinis), Thalestridae
(Eudactylopus sp. nov.), and Tisbidae (Zosime sp.). The
lack of the studies, as well as the substitution of macro-
phytes by coral reefs [1], may be the main reason for
such low values. True intersticial harpacticoids with the
vermiform and lanceolar body shapes are represented
by the following families constituting 7.8% of the total
species number: Paramesochridae (Apodopsyllus biartic-
ulatus, Scottopsyllus sp. nov., Paramesochra sp. nov.),
Ectinosomatidae (Hastigerella sp. nov.), Darcythomp-
sonidae (Leptocaris sp. nov.), and Laophontidac (Ela-
pholaophonte decaceros). These forms are usually
underestimated even in well-studied areas [4]. The
major reason is the method specificity—the use of a
70-80 um mesh size for the sample sieving leads to a
nearly total loss of the small forms. We assume the
application of other sieving methods will increase the
number of intersticial species found for the South
China Sea. The biodiversity of the facultative intersti-
cial forms, which are mostly represented by unspecial-
ized species, is much higher. They are represented by
the following families: Ameiridac (Ameira sp. nov.,
Nitokra platypus bakeri, N. arctolongus, N. ct. affinis,
Nitokra sp. nov.), Canthocamptidac (Mesochra quadris-
pinosa, M. prowaseki, M. cf. pygmaea), and Miraciidae
(Amphiascus sp. 1 nov., sp. 2, sp. 3, Amphiascoides sp.
nov., Bulbamphiascus sp.). These species constitute
16.9% of the total species biodiversity. Two commensal
species (Carcinocaris serrichelata and Xanthilaophonte
trispinosa, 2.6%) are found in the branchial cavity of
crabs (family Xanthidae) [17]. The planktonic species
(7.8%) are well studied. They include such species as
Euterpina acutifrons, Clytemnestra hendorffi quinquese-
tosa, Clytemnestra scutellata, Microsetella vosea,
Microsetella norvegica, and Macrosetella gracilis.

About 57% of the species found in the South China
Sea are not described for the other areas and may be
defined as endemic ones. However, the study of the har-
pacticoid fauna in the tropical seas is just starting and
the areas of the species are still to be defined; thus, the
number of endemic species may decrease. The taxon-
omy of fourteen species newly found in Nha Trang Bay
is still unclear, so their area could not be defined. The
areas of eighteen species belong to the other areas,
including the South China Sea.

(1) Tropical areal.

(A) Indo-Pacific group. Nitokra platypus bakeri was
found on the southern seacoast of China and on the sea-
OCEANOLOGY  Vol. 49
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coasts of Japan and the Philippines. Sinothachidius vici-
nospinalis was described for the southern seacoasts of
China and Korea. Mesochra prowaseki and Clytem-
nestra hendorffi quinquesetosa are found in the South
China Sea and in the seas of the Malay Archipelago.
Stenhelia latioperculata is usual for the Sea of Japan.
Brianola elegans and Schizopera longirostris were found
on the New Guinea and Australian seacoasts and in the
South China Sea. Xanthilaophonte trispinosa was
described for the Phillipines and in the eastern part of
the Indian Ocean.

(B) Wide-tropical (Circumtropical?) group. Param-
phiascella langi is known from the Algerian and Chi-
nese seacoasts. The areal of Quinquelaophonte quin-
quespinosa expands to the seacoasts of India, Australia,
Indonesia, and Africa and even to the Mediterranean.

(2) Cosmopolites.

Longipedia scotti was described for the New Guinea
and Andaman Islands seacoasts and in the South China
Sea, as well as for all the European seacoasts. Schizop-
era clandestina is usual for the Malay Archipelago and
the New Zealand seacoasts and also for the Atlantic and
Mediterranean coasts of Furope and for Northern
Africa. Onichocamptus mohammed was found in the
South China Sea, on all the European seacoasts, on the
Central and Northern African seacoasts, in the Carib-
bean Sea, and in Brazilian seawaters. Euterpina acuti-
Jrons, Clytemnestra scutellata, Microsetella rosea, and
Macrosetella gracilis are usual for plankton sampled
on the Australian seacoast, the Malay Archipelago, near
India, near Europe, and near both Americas. Microse-
tella norvegica has a similar areal; however, it is rarely
found in the Southern Hemisphere.

Taxocenes of soft sediments in Nha Trang Bay.
Three taxocenes (associations) were described for
seven stations (Table 1). Each taxocene is characterized
by 1-2 species dominating by abundance. The long lists
of sporadical species, which are usual for each associa-
tion, have been compiled. This is the main reason why
the average similarity of the species lists for each station
united in one taxocene is quite low (the Czekanowski
index (D) is 0.52 = 0.1). However, the similarity between
all the stations is much lower (D = 0.03 £ 0.07). There-
fore, the taxocenes were significantly allocated.

Taxocene types

(1) The taxocene Phyllopodopsyllus—Brianola (sta-
tions 6 and 7) was found for the upper and middle lit-
toral in medium dirty sands (Dam Bay, Thre Island).
The seacoast is characterized by mangroves (Rhizo-
phora sp.). Two large epibenthic species are dominat-
ing there: Brianola sp. nov. and Phyllopodopsyllus sp.
nov. (79.7% by abundance). Other epibenthic species
are less represented: Quinguelaophonte quinquespinosa
(2.9%), Nitokra sp. nov. (4%), Stenhelia latioperculata
(2.8%), and Cletodes sp. nov. (8.3%). The average har-
pacticoid abundance is 8.3 ind. ¢cm™2. Eight species
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Table 1. The Harpacticoida taxocene characteristics in Nha
Trang Bay. The taxocenes were allocated using the Braun—
Blanke method. The species average fractions by abundance
in the taxocene are presented

Taxocene number 1 2 3
Number of stations 2 2 3
Average salinity, %o 34 28-34| 28-34
Depth, m 0-2 13-17| 10-22
Modal patticle size, mm 0.06-0.25| 0.25-1 | 0.02-0.06
Most abundant weight 301 36.8 451
fraction, %
Aleuropelite weight 18 35 712
fraction, %

Harpacticoida species
Brianola sp. nov. 243 0
Brianola elegans 0 10.0 1.7
Longipedia scotti 0 52 0
Qu.inquela.ophonte 29 0 0
quinquespinosa
Phyllopodopsyllus sp. nov. 554 0 0
Nitokra ct. affinis 0 1.5 1.7
Nitocra sp. nov. 4.0 0 0
Ameira sp. nov. 0 75 0
Stenhelia latioperculata 28 6.5 0
Amphiascus sp. 1 nov. 0 4.8 0
Amphiascus sp. 2 0 29 0
Amphiascus sp. 3 0 2.5 0
Amphiascoides sp. nov. 0 42.0 0
Bulbamphiascus sp. 0 1.8 0
Robertgurneya sp. 1 nov. 0 29 0
Pararobertsonia sp. nov. 0 0 44
Zosime sp. 0 0 36
Sentiropsis sp. nov. 0 4.8 25
Stylicletodes cf. reductus 0 0 36
Cletodes sp. nov. 8.3 0 0
Halectinosoma sp. nov. 0 19 16.7
Diarthrodes savinkini 0 0 30.6
Diarthrodes nhatrangensis 0 0 28.6
Microarthridion litospinatus 0 0 1.7

were defined. The average similarity (D) for the sta-
tions is 0.62 £ 0.13.

(2) The taxocene Amphiascoides (stations 1 and 5) is
usual for sublittoral washed sandstone grits (depths of
13-17 m). It was found for the southern seacoast of Mot
Island and the inlet in between the Kai River delta and
Thre Island. The small unspecific intersticial species
Amphiascoides sp. nov. is dominating in all the samples
(42% by abundance). A long list of numerically insig-
nificant species (21% by abundance in total) was also
compiled. They include the epibenthic species Brianola
elegans (10%), Longipedia scotti (5.2%), Stenhelia latio-
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perculata (6.5%), Robertgurneya sp. nov. 1 (2.9%), and
Sentiropsis sp. nov. (4.8%); the mud-burrower species
Halectinosoma sp. nov. (1.9%); and an unspecific intersti-
cial species complex (Nitokra ct. affinis, Ameira sp. nov.,
(Amphiascus sp. 1 nov., sp. 2, sp. 3, Bulbamphiascus sp.).
The average harpacticoid abundance is 17.9 ind. cm=2,
The average similarity (D) for the stations is 0.50+0.14.

(3) The taxocene Diarthrodes (stations 2, 3, and 4)
inhabits sublittoral fine muddy sands and shell bottoms
in (depths of 10-22 m) between the islands of Mieu and
Thre. Diarthrodes nhatrangensis and D. savinkini are the
most abundant species (59.2% by abundance). The
minor species complex includes the epibenthic species
Brianola sp. nov. (1.7%), Pararobertsonia Sp. nov.
(4.4%), Zosime sp. (3.6%), Sentiropsis sp. nov. (2.5%),
Microarthridion litospinalis (1.7%), and Shylicletodes
cf. reductus (3.6%); the mud-burrower species Halecti-
nosoma sp. nov. (16.7%); and the unspecific intersticial
species Nitokra cf. affinis (1.7%). The average harpac-
ticoid abundance is 1.7 ind. cm2. Eighteen species
were defined. The average similarity (D) for the sta-
tions is 0.42 = 0.1 due to the low total abundance and
high species biodiversity.

The sediment type plays a principal role in the har-
pacticoid taxocene development in the sublittoral zone.
The depth also plays a significant role in the species
biodiversity and abundance. The average abundance, as
well as the number of species, decreases when the
depth is more than 15 m. Samples without any harpac-
ticoids are frequent for muddy sediments at depths of
20 m (taxocene 3). The samples obtained from the
coarse sands are enriched in their species abundance
(35.4 ind. cm™ on average) compared to the muddy
sediments (3.1 ind. cm™2 on average) at the same depths
and of the same salinity. The same tendency was
described for the White Sea [3].

Comparative Analysis of the Fauna

The comparative analysis of the harpacticoids fauna
has been performed for different areas, including the
South China Sea; the Philippines; the seacoasts of the
inner Malay Archipelago seas; the Java, the Flores, the
Sulawesi (Celebes), and the Banda seas; the New
Guinea seacoast; the Yellow Sea; and the Andaman and
Nicobar Islands. Our knowledge of each region varies
greatly. Only the fauna of the Andaman and Nicobar
Islands is well-studied; it includes 40-50 publications.
Less information is available about the New Guinea
seacoast and the Yellow Sea fauna (20-30 publica-
tions). Even though the number of publications for the
South China Sea is similar to the previous two areas,
the knowledge about this region is quite low, since
more than one- third of the species list is not described
yet. Short species lists were compiled for vast regions
of the Philippines and of the Java, the Flores, the
Sulawesi (Celebes), and the Banda seas. The knowl-
edge of the harpacticoids in the last areas was obtained
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during several research cruises; thus, we expect the
information to increase in the future.

The species biodiversity for certain life forms is
quite various for different areas. However, the real
biodiversity differences are not the only main reason,
other factors such as the variation of the methods
applied and the authors’ priorities are important (when
much attention is paid only to the genera of the harpac-
ticoids) [17, 47].

True intersticial species. The species expansion is
quite heterogenic; sixteen species are found for the
Andaman and Nicobar Islands. Meanwhile, they are
absent for the seacoasts of the inner Malay Archipelago
seas and the Yellow Sea. The maximal species impact
was found only for one area out of the six investigated
in the Indo-Pacific (91% by biodiversity).

Facultative intersticial species. The maximal spe-
cies number was described for the South China Sea and
the islands of the Indian Ocean (12-13 species). The
species impact on the total biodiversity varies greatly from
6.7% (the Philippines and the New Guinea seacoast) to
16.9% (the South China Sea). The species-specific impact
is lower compared to the previous group (85%).

Macrophytes-associated species. The number of
species of this group varies for different areas. They are
absent for the Philippines and constitute one-third of
the total biodiversity in the Yellow Sea. The Bohai Sea
(the northern part of the Yellow Sea) is situated in tem-
perate waters; thus, the coral reefs there are substituted
for by macrophytes. This is the main reason for the
peak of the macrophytes-associated species here. Both
Korean and Chinese taxonomists are working in this
region, and they have already described more that
10 endemic species of the Porcellidiidae, Peltidiidae,
and Thalestridae families. It is no wonder that here the
species-specific impact is quite high compared to the
other regions (88%).

Epibenthic species. The epibenthic species consti-
tute from 50% to 80% in all the studied areas; 89% of
them are area-specific. The species similarity (D) is low
and is about 0.07 = 0.07. The Philippines is the most
outstanding area, where more than one-third of the spe-
cies list belongs to the exotic family of Aegisthidae
inhabiting the low sublittoral and abyssal zones. The
reason for such a phenomenon is the giant descriptive
work performed by the Japanese taxonomist Ito in the
late XXth century for Mindanao Island [44, 45]. These
species are endemics of the Philippines with high prob-
ability. The isolation of the oceanic trenches may affect
the speciation among the meiobenthic forms [66].

Planktonic species. The species list is quite similar
for all the areas. All the water areas include a complex
of four cosmopolite species: Macrosetella gracilis,
Microsetella rosea, Clytemnestra scutellata, and Euter-
pina acutifrons. The species similarity (D) is the highest
(0.91£0.14).

Altogether, more than four hundred harpacticoid
species (Table 2) are described for the studied area,
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Table 2. The taxonomic characteristics of the Harpacticoida fauna for different areas of the Indo-Pacific
. . - Spe-
Number | Species specific | Number | Genera specific | .
Area of species | for the area (%) | of genera | for the area (%) 01esr/a (t}iznus
The South China Sea 77 48 (62.3%) 57 20 (35.7%) 135
The Philippines 30 24 (83.3%) 20 13 (65.0%) 1.50
The seas of the Malay Archipelago (the Java Sea, 41 22 (53.7%) 30 4 (13.3%) 1.37
the Flores Sea, the Banda Sea, and the Sulawesi
(Celebes) Sea)
New Guinea 65 37 (56.9%) 48 13 (27.1%) 135
The Andaman and Nicobar Islands 184 155 (84.7%) 95 32 (33.7%) 1.94
The Yellow Sea 70 59 (84.3%) 46 16 (34.7%) 1.52
Total 402 345 (86%) 170 98 (57.6%) 237

constituting a large part of the Indo-Pacific and charac-
terized by the possibility of high biodiversity [6]. How-
ever, only one region among the six studied is charac-
terized by a high percentage of area-specific species
(86%, or 345 species). For certain seas or sea com-
plexes, the area-specific species impact varies from
53.7% (the Java, the Flores, the Sulawesi (Celebes),
and the Banda seas) to 84.7% (the Andaman and Nico-
bar Islands) (Table 2). Only 46% of the species from the
total list are found in 2—4 regions. Twenty-nine of them
are cosmopolites and seventeen are described only for
the tropics.

Obviously, the average similarity of the area-spe-
cific species lists is extremely low; the Hacker—Dice
index is 0.15 £ 0.08. The most studied faunas of New
Guinea and the Andaman and Nicobar Islands have the
highest index ratio of 0.28; the less studied fauna of the
seacoasts of the inner Malay Archipelago seas is quite
similar to the two previous.

There is still a question about the reason for the low
similarity of the harpacticoid tropical fauna in different
areas of the Indo-Pacific. The compared seas are situ-
ated in the same climatic province (except the Yellow
Sea), and their water areas are closely connected with
each other both by wide straits and monsoon—trade
wind currents. The high probability of water exchange
may be the main reason for the possible similarity of
the harpacticoid fauna in all the Indo-Pacific. Many of
the benthic harpacticoids may “migrate” by means of
bottom water currents or with kelp, thus drifting for
tens or even hundreds of kilometers [36]. Obviously,
the low fauna similarity is due to another reason than
area isolation. The fauna similarity of the Barents and
the White seas, which are connected by a wide strait, is
about 0.73 (the Hacker—Dice index) [4]. This is more
than seven times higher compared to the similarity of
the South China Sea and the Philippines; the Hacker—
Dice index is 0.1. Probably, the major reason such low
similarity is the poor knowledge of the harpacticoid
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fauna and its distributional patterns. The low spe-
cies/genus ratio is the other evidence (Table 2).
Besides, the species number in the well-studied North
Sea and the Mediterranean, whose areas are ten times
less compared to the inner Malay Archipelago seas, is
about 700 and 500, respectively [32]. The number of
publications about these well-studied areas is about one
thousand; in the meantime, only two hundred publica-
tions exist for this sector of the Indo-Pacific. As an
example, about 60% of the species in the Java, Sulawesi
(Celebes), and Banda seas and the adjacent Malay
Archipelago seas are described by only the samples
taken during Scott’s expedition in 1899-1900 [57].

The complex analysis of the faunas for various cli-
matic provinces exhibits the increasing of the harpacti-
coid species number in the meridian direction from the
Arctic to the temperate and subtropical waters [37, 66].
The tropic fauna is considered to be the most diverse [6,
48]. We agree with Lang’s expression that “...the
present knowledge of the tropical fauna is the only the
tip of the iceberg, which will crush the “Titanic” of the
up-to-date taxonomy” [48].
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