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Based on novel data and a literature review, an inventory of Harpacticoida from
the northern part of the East Sea and the southern part of Sea of Okhotsk is
compiled. A total of 151 species belonging to 70 genera and 26 families, of which
16 species are deemed to be new to science, are recognized from the region. Twelve
harpacticoid species assemblages are described from marine and brackish water
soft sediments and the phytal zone. Estuarine faunas were similar throughout the
East Sea and Sea of Okhotsk, both in species composition and dominant-taxon
structure. Conversely, the fauna of marine soft sediment and phytal zones differed
greatly throughout this region. This distinction may have been caused by
differences in dispersal rates or by differences in environmental conditions. The
distribution of littoral and sublittoral harpacticoids was determined primarily by
climatic factors and the temperature of surface waters. Three basic sub-regions
were distinguished within the survey area: Korean, which includes many tropical
taxa (39%) and a smaller amount (about 20%) of boreal taxa; Primorye, where
boreal and subarctic-arctic species (>40%) predominate, and representatives of the
tropical complex are rare (17%); and Soya, with a mix of tropical (22%) and boreal
(31%) faunal elements. The faunas of the Korean and the Primorye sub-regions are
distinct, whereas that of the Soya has intermediate features.
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Introduction

The marine meiofauna of the Russian Far East has not been investigated in detail,
with research effort in the region having focused on studies of highly abundant and
diverse nematode fauna (e.g. Pavluk and Belogurov 1979; Fadeeva and Belogurov
1984; Pavluk 1984; Fadeeva 1991; Smirnova 2012). Copepods of the order
Harpacticoida, the second-most abundant meiobenthic taxon, and one that plays a
key role in trophic chains, have not been subject to any comparable degree of
research effort (Chertoprud 2013).

Harpacticoids are basic microalgal consumers (Carman et al. 1997). They also
serve as prey for many organisms, including commercially important salmonids
(Chupachin and Kaev 1980; Kaev et al. 1993; Trofimov 1999; Ivankov et al. 1999;
Kaev 2003). Thus far, 144 species have been reported from the Russian Far East
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(East Sea, Sea of Okhotsk, and Bering Sea) (Chertoprud 2013). To place this tally in
perspective, the White and Black Seas, more than 10 times smaller in area, are
reported to have 278 and 228 species respectively (Chertoprud et al. 2010).

The harpacticoid fauna of the Russian Far East is very diverse and includes many
undescribed species (this has been confirmed by Korean and Japanese studies in the
southern part of the East Sea; Itô 1979, 1981; Back and Lee 2012, 2013). For the
Russian part of the East Sea, benthic copepods have been described from the estuary
of the Razdol’naya River (Primorye) (Borutzky 1929), the Posyet Bay (Chislenko
1971, 1978), and Paramushir Island (Chislenko 1980); the harpacticoid fauna of the
southern part of the Sea of Okhotsk had not been investigated. Details of harpacti-
coid taxocenes are not available for the entire region, and those data that do exist are
limited or localized to descriptions of complexes from estuaries and lagoons in the
Bering Sea, the Sea of Okhotsk, and the East Sea (Ivankov et al. 1999; Smirnova
2012; Chertoprud et al. 2014; Zavarsin and Atamanova 2014).

Various biogeographic appraisals of the Sea of Okhotsk and the East Sea have
been proposed in which up to 10 biogeographical sub-regions have been recognized
(e.g. benthic macrofauna: Gur’ianova 1964; Zezina 1976; Golikov et al. 2001; fishes:
Kafanov et al. 2000; zooplankton: Kuhn 1975). None of these reviews has incorpo-
rated harpacticoids or taken other meiofaunal taxa into consideration.

The goals of this study were: to describe harpacticoid diversity and species
composition based on original data and published sources; to describe the main
types of marine and brackish-water taxocenes based on original data; and to examine
these data for any latitudinal trends in species composition.

Materials and methods

Sampling

All samples were collected from four regions in Russia: Khabarovsk district (estuary
of the Tumnin River); Primorye (Petrov Island, Bays: Amur, Vostok, St. Vladimir,
Kievka and Pestchanay); Sakhalin Island (salt lakes and lagoons Tunaycha,
Ismenchivoe, Ptichie); and South Kuril Islands (Kunashir and Iturup (Prostor Bay))
(Figure 1).

More than 240 qualitative and quantitative samples from littoral, sublittoral,
phytal, and coastal zones and coastal water masses from 72 marine stations were
analysed. Samples were collected between 2009 and 2014. Stomach contents of
salmon fry (Oncorhynchus keta and O. gorbuscha) were investigated to determine
the significance of harpacticoids in their diet.

Samples for quantitative analysis were collected from bottom sediments using a
1.5 cm diameter corer (surface area, 1.77 cm2). Three replicate sediment samples were
taken from stations in the littoral and upper sublittoral zone (during low tide at a
depth of 50 cm). Only the upper 5 cm of sediment was retrieved. Granulometric
analyses were performed on sediments collected from all stations. Mean grain size,
and the silt (<0.63 mm), and large-sized fragment (≥2 mm) content were determined.

Samples for quantitative analysis from the coastal water mass were obtained by
vertical haul from the bottom to surface by Juday net with 76 µm mesh cone.
Harpacticoids were collected from coastal macrophytes (brown, red, and green
algae and higher plants such as Zostera sp.) by washing with 2% formalin solution.

2870 E.S. Chertoprud et al.
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Salmon fry stomach contents were investigated in two steps: preparation of the fish
stomach, then differentiation of food objects. All samples were fixed in 4% formalin
solution.

Literature data

Published data on harpacticoids from throughout the East Sea and southern part of
the Sea of Okhotsk were used to prepare an inventory of taxa from the region (see
Supplement). Faunal data were available for a number of Russian waters (coastal
waters of Primorye, Khabarovsk region, Sakhalin Island, and Kuril Islands),
Japanese islands, and the southern and eastern coastal regions of South Korea
(Figure 1). The most thoroughly investigated region was the Korean Peninsula, for
which 57 articles were available. The Japanese island fauna is described in 19 papers,
with a detailed analysis of the harpacticoid fauna of Hokkaido Island carried out in
five articles. Nine publications report the fauna of the Russian sector of the East Sea.
The fauna of the Sea of Okhotsk is described in five published accounts.

Figure 1. Map of the examined parts of the Pacific region including the main annual surface
water isotherms (Japan Meteorological Agency 1991). Original data: ●approximate locations
of the water areas investigated; data from the literature: *numbers of stars indicate the level of
knowledge of the area.
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The world-wide database on shallow-water harpacticoids (Chertoprud et al. 2010;
Azovsky et al. 2012) was used to compare the faunas of the Okhotsk and East Seas
with those of other regions (South China, Yellow and Bering Seas), in addition to
analysing species distribution ranges.

Taxonomy and life forms

The taxonomy followed the European Register of Marine Species (Costello et al.
2001). Adult harpacticoids were identified using Boxshall and Halsey (2004), Wells
(2007), Lang (1948, 1965), and Itô (1968, 1969, 1970, 1972, 1974, 1976, 1979, 1981).
The taxonomic status of Miraciidae followed Willen (2002). Nomenclature within
families and genera and recognition of synonymous species followed Bodin (1997)
and Huys (2009). Species not present in the aforementioned lists were assigned to
genera following Lang (1948) and Pesce (2007).

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

Distribution range typology

We used a number of formal criteria to describe the distribution ranges of species.
Cosmopolitan species were those that occurred in at least three oceans, in addition to
having a tropical-subarctic/arctic distribution. A similar criterion was used to characterize
cosmopolitan species as defined byFinlay andFenchel (2004). Endemic taxawere thosewe
considered to have restricted or local distributions within an investigated region, though
further investigation may reveal these to have wider distributions; accordingly the appro-
priate term ‘provisional endemic’ is used. ‘Subtropical’ and ‘subarctic’ groups included those
species that occurred only in tropical–subtropical and Arctic–Subarctic zones, respectively.
Species inhabiting the temperate climatic zone were considered ‘boreal.’

Statistical analysis

Taxocene definition and structural comparison

The Braun-Blanquet method was used to classify and describe harpacticoid species
complexes. This approach is widely applied in plant ecology (Mirkin et al. 2001) and
has been modified recently for use with coastal meiobenthos (Chertoprud et al. 2006).
This method allows differentiation of assemblages (taxocenes) of species in a series of
samples, based on groups of dominant, specific, and discriminating species.

Pairwise similarity of the species composition was evaluated in samples using the
Czekanowski index (D) (Magurran 2004):

D x; yð Þ ¼
X

i¼1

�min Xi;Yið Þ; (1)

where Xi, Yi are the proportion of individuals belonging to the ith species of all
individuals found in samples X and Y, respectively.

2872 E.S. Chertoprud et al.
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This index depends on abundance changes of dominant and rare species and is
used for quantitative data analysis and to count portions, calculated based on species
abundance.

Comparing regional faunas

To compare composition of regional faunas, we calculated the percentage taxonomic
overlap between regions, and the proportion of endemic species compared with that
of cosmopolitan species. Similarity in faunal composition between regions was esti-
mated using the Kulczynski index (K) for qualitative data (Urbakh 1975):

K x; yð Þ ¼ a= aþ bð Þ þ a= aþ cð Þð Þ=2; (2)

where a is the number of common species in 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, which is convenient for estimating the similarity between
faunas from different regions when individual lists under comparison contain only
limited parts of the total species set. This index is used often for biogeographic
analyses of Recent faunas (Murray et al. 2002; Azeria 2004).

We applied the multi-dimensional scaling method PRIMER (version 6) for gra-
phical representation of similarity in species composition between regions (Clarke and
Gorley 2001). This method allows for a comparison of objects on a plane so that all
distances between points correspond to a certain value. Consequently, this approach
helps to visualize the cluster structure of selected stations.

Results

Species richness and composition of harpacticoid faunas

East Sea

All data sources identify 88 species distributed amongst 60 genera, and 24 families of
Harpacticoida in this region. Before our study only 23 species had been reported from
it (Chertoprud 2013). The composition of each family and the genus and species
diversity are shown in Table 1. Eight of these species were considered to be new to
science: Halectinosoma sp. n. 1, 2, and 3; Pseudonychocamptus sp. n. 1, Paramesochra
sp. n. 1, Emertonia sp. n. 1, Parastenhelia sp. n. 1 and Tisbe sp. n. 1. Four species
from the Primorye region were identified to the genus level because only one sex was
found. Overall, the richest families were Miraciidae (11 species) and Ectinosomatidae
(10 species). The species:genus ratio was low (1.46).

Epibenthic harpacticoids (inhabiting silt deposits and the surface of soft sedi-
ments) dominated the fauna and comprised half of all species (Table 2). The diversity
of phytal fauna was high. Obligate interstitial Harpacticoida had the lowest species
richness, and were represented by families Darcythompsoniidae, Ectinosomatidae,
Cylindropsyllidae, Leptastacidae, and Paramesochridae. The number of facultative
interstitial species was not much higher. Only one species, Microsetella norvegica, was
considered planktonic.

Provisional endemics constituted almost one third of the fauna (Table 2).
Species inhabiting cold waters in boreal, subarctic, and arctic areas comprised
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42% of total diversity. Species specific to tropical and subtropical latitudes were
relatively rare.

Sea of Okhotsk

The inventory of harpacticoids from the southern part of the Sea of Okhotsk
comprised 104 species distributed in 54 genera and 22 families of Harpacticoida
(Table 1). Before the present study only 16 species were reported from this region
(Chertoprud 2013). Eleven of these species are considered to be new to science:
Mesochra sp. n. 1, Cletodes sp. n. 1, Dactylopusia sp. n. 1, Halectinosoma sp. n. 1,
2 and 3; Paraleptastacus sp. n. 1, Amphiascoides sp. n. 1, Schizopera sp. n. 1,
Wellsopsyllus sp. n. 1 and Amenophia sp. n. 1. The most species-rich families were
Miraciidae (15 species) and Ameiridae (11 species). The species:genus ratio was
higher than that of the East Sea (1.92).

Table 1. List of harpacticoid families with the number of genera and species in each family
from the northern part of the East Sea and the southern part of the Sea of Okhotsk.

Family Northern part of the East Sea Southern part of the Sea of
Okhotsk

Number of
genera

Number of
species

Number of
genera

Number of
species

Ameiridae 2 4 5 11
Arenopontiidae 1 1 1 1
Canthocamptidae 3 6 3 5
Canuellidae 1 1 – –

Cletodidae 3 3 2 2
Cylindropsyllidae 1 1 – –

Dactylopusiidae 3 4 2 7
Darcythompsoniidae 1 1 1 1
Ectinosomatidae 5 10 4 10
Hamondiidae – – 1 1
Harpacticidae 3 8 3 9
Laophontidae 6 8 5 8
Leptastacidae 2 2 2 3
Longipediidae 1 1 – –

Miraciidae 9 11 8 15
Nannopodidae 2 2 1 1
Paramesochridae 3 4 2 2
Parastenheliidae 1 1 1 2
Peltidiidae 1 1 1 1
Pseudotachidiidae 1 1 2 2
Rhynchothalestridae 1 2 – –

Tachidiidae 4 4 2 2
Tegastidae 1 1 1 1
Tetragonicipitidae – – 1 1
Thalestridae 3 4 4 10
Tisbidae 2 7 2 9

Total 60 88 54 104

2874 E.S. Chertoprud et al.
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The numbers of epibenthic and phytal species were similar (Table 2). There were
few obligate interstitial Harpacticoida, represented by families Darcythompsoniidae,
Ectinosomatidae, Leptastacidae and Paramesochridae. The number of facultative
interstitial forms was greater. There were only two planktonic harpacticoids, both
of which were species of Microsetella.

Boreal species accounted for one third of the fauna, and the diversity of provi-
sional endemics was slightly lower (Table 2). Typically warm-water species accounted
for <20% of all taxa; subarctic and arctic species were rare.

The taxocenes structure

Using the modified Braun-Blanquet method 12 harpacticoid taxocenes were apparent
in the northern part of the East Sea and southern part of Sea of Okhotsk. The
characteristics of the four most widely distributed taxocenes are presented in
Table 3. Below we describe the harpacticoid taxocenes found in different habitats.

A. Marine soft sediments: littoral and upper sublittoral zones

Six taxocene types were revealed: three characteristic of silty sand with detritus, and
three of washed sand.

Taxocene no. 1 was most widely distributed and associated with silty sands with
detritus. The dominant species were Parastenhelia sp. n. 1 and Halectinosoma sp. n. 3,
comprising 50–80% of the abundance (Table 3). This taxocene is typical of Kunashir
and Sakhalin Islands as well as the Primorye region. The similarity of the stations
from different loci was medium (D = 0.48 ± 0.07). Other taxocenes were rarer. The
second taxocene occurred in the Primorye region. Paramphiascella was dominant in

Table 2. Characteristics of the life forms and distribution ranges in the Harpacticoida faunas
from the northern part of the East Sea and the southern part of the Sea of Okhotsk.

Number of species according to life form (% of the total fauna)

Regions
Epibenthic Phytal Obligate

interstitial
Facultative
interstitial

Planktonic

Northern part of
the East Sea

44 (50%) 22 (25%) 9 (10%) 12 (14%) 1 (1%)

Southern part of the
Sea of Okhotsk

37 (36%) 33 (32%) 9 (9%) 23 (22%) 2 (2%)

Number of species with different areas (% of the total fauna)

Regions Provisional
endemics

Cosmopolitan Subarctic and
Arctic

Boreal Subtropical
and Tropical

Northern part of
the East Sea

27 (31%) 9 (10%) 16 (18%) 21 (24%) 15 (17%)

Southern part of the
Sea of Okhotsk

28 (27%) 13 (13%) 11 (11%) 33 (32%) 19 (18%)
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Table 3. Characteristics of widely distributed harpacticoid taxocenes in marine sublittoral and
phytal zones, estuaries, and brackish-water lagoons in the East Sea and the southern part of the
Sea of Okhotsk. Relative species abundances in the different taxocenes are presented.

Taxocene number 1 2 3 4

Biotope Upper sublittoral Estuary, brackish
lagoons

Estuary, brackish
lagoons

Phytal zone

Number of stations 16 11 8 5
Regions Primorye,

Sakchalin
and Kunashir

Islands

Primorye and
Sakchalin
Island

Primorye,
Kunashir
and Iturup

Islands

Primorye
and Iturup
Island

Mean salinity (‰) 34 4 4–6 34
Depth (m) 0.4–0.5 0.4–0.5 0.3–0.4 0.5–0.6
Modal particle size (mm) 0.4–0.8 0.3–0.6 0.3–0.6 –

Aleuropelite weight

fraction (%)

15.8 25.8 21.2 –

Harpacticoida species

Nitocra spinipes 0 15 32 0
Nitocra lacustris 0 23 0 0
Arenopontia ishikariana 0 0 1 0
Arenosetella bidenta 5 0 0 0
Mesochra rapiens 0 7 0 0
Itunella arenaria 0 0 5 0
Leimia vaga 3 0 0 0
Halectinosoma perforatum 4 0 0 0
Halectinosoma sp. n.1 0 4 0 4
Halectinosoma sp. n. 2 7 19 0 0
Halectinosoma sp. n. 3 19 0 0 0
Harpacticus uniremis 0 0 0 4
Zaus spinatus 0 0 0 2
Laophonte inornata 2 0 0 0
Heterolaophonte discophora 1 0 0 2
Heterolaophonte hamondi 0 0 0 1
Paralaophonte perplexa 0 0 0 1
Pseudonychocamptus

sp. n. 1
2 0 0 0

Leptastacus japonicus 5 0 0 0
Paraleptastacus unisetosus 4 0 0 0
Amphiascoides dimorphus 0 0 0 5
Amphiascoides sp. n. 1 5 0 0 0
Amonardia magna 0 0 0 3
Diosaccus ezoensis 0 0 0 2
Paramphiascella curtiseta 0 5 0 0
Sarsamphiascus minutus 4 0 0 0
Remanea naksanensis 0 0 61 0
Parastenhelia spinosa 3 0 0 0
Parastenhelia sp. n. 1 36 3 1 0
Neotachidius parvus 0 24 0 0
Tisbe furcata 0 0 0 76

Number of species: 14 8 5 10

2876 E.S. Chertoprud et al.
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this complex (68% total abundance). The third was widespread in the upper sub-
littoral of Kunashir Island, with Nitocra and Halectinosoma representatives of this
complex (70% of total).

Washed sand taxocenes were localized in distribution and found only in the
Primorye region. These taxocenes were dominated by Arenosetella bidenta,
Leptastacus japonicus and Paramesochra sp. 1 (>80% of total abundance). No obli-
gate interstitial species were detected in other investigated areas.

B. Estuaries and brackish-water lagoons

We describe four main taxocenes in estuarine and brackish-water lagoon environ-
ments. Two of these (nos. 2 and 3) were more widely distributed among brackish
waters (Table 3). The first (no. 2) including Nitocra lacustris, N. spinipes,
Halectinosoma sp. n. 2, and Neotachidius parvus (70–90% of total) unites estuaries
and lagoons (4‰ salinity) from Sakhalin Island and the Primorye region. The
similarity of faunal composition of stations from different loci was medium
(D = 0.52 ± 0.07). The second (no. 3) was characterized by the prevalence of
Remanea naksanensis and Nitocra spinipes (80–90% of total), typical of brackish
water (4–6‰ salinity) at the Kuril Islands and Primorye region. The type habitat
for Remanea naksanensis in South Korea is a brackish water habitat near Naksan
beach (Back et al. 2011). The remaining two taxocenes had localized distributions.
One in which the dominant genus was Geeopsis (64% of total abundance) was typical
of cold estuaries experiencing about 4‰ salinity in the Khabarovsk region; the other,
dominated by Leimia and Microarthridion (79% of total), occurred in brackish (2‰
salinity) estuarine bays in the Primorye region.

C. Macrophyte zone

Two coastal taxocenes were found in the macrophyte zone in the Kuril Islands and
the Primorye region. Tisbe furcata (70–80% of total) was dominant (Table 3) in the
most widely distributed of these (no. 4). The similarity of stations from different loci
was high (D = 0.72 ± 0.06). The second, dominated by Diosaccus, Dactylopusia and
Harpacticus (60–70% of total), occurred only in the upper sublittoral of Iturup Island.
Literature revealed different phytal communities in the warm waters of the southern
part of the East Sea near the Korean Peninsula, with harpacticoids like Porcellidium
and Scutellidium longicauda acheloides being prevalent (Song et al. 2010).

Harpacticus, Tisbe, Diosaccus and Dactylopusia were abundant in the phytal zone
(50–90% total harpacticoid abundance in plankton from above the macrophyte zone).
Phytal species also constituted about 70% of harpacticoid taxa identified in stomach
contents of Oncorhynchus (salmon) fry.

Comparative biogeographical analysis

Distribution of ecological groups

Our novel data were obtained from that region encompassing the northern part of the
East Sea (mainly the Primorye region; 88 species), and southern part of Okhotsk Sea
(coast of Sakhalin and South Kurils; 104 species). Taxonomic inventories from the
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southern part of the East Sea (Korean Peninsula region; 96 species) were obtained
from literature sources.

In general, the benthic harpacticoid fauna was highly specific to particular
regions. Some common species from one area have a low occurrence even in a
neighbouring region (i.e. the southern part of the Sea of Okhotsk and the northern
part of the East Sea). The number of common species decreased with increasing
distance between regions, and latitude (Table 4). The similarity in the benthic har-
pacticoid species lists, calculated using the Kulczynski index (K), did not exceed 0.15.

The number of phytal zone species common to neighbouring regions was greater
than benthic species, though this decreased with increasing distance between regions
being compared (Table 4). The similarities in phytal species lists were also two times
greater than those of benthic lists.

The brackish-water fauna proved to be the most cosmopolitan in distribution
(Table 4). The number of common species was high for neighbouring and distant
regions, with the average similarity in faunal lists from different regions being 0.51.
Thus, the brackish-water species group was the most interzonal and has similar
features in the wide latitudinal range.

Latitudinal trends in harpacticoid faunal structure

We performed a comparative analysis of taxonomic structure of faunas inhabiting
different regions of the East and Okhotsk Seas, Yellow and South China Seas, and
the southern part of Bering Sea, using our data and that sourced from the literature
(Chertoprud et al. 2010; Supplement). Data span a latitudinal range of 2–56°N, and
surface water temperatures of 1–26°C (Figure 1).

Comparative analysis of species lists revealed four faunal groups occupying
different thermal regimes (Figure 2):

(1) Cold water fauna inhabiting the northern part of Okhotsk and Bering Seas
(Commander and North Kuril Islands) as well as the somewhat different

Table 4. Relative abundances of common species and similarity (Kulczynski index) between
ecological groups of the different life forms from neighbouring and distant regions of the East
Sea and the Sea of Okhotsk.

Ecological group Neighbouring regions
(difference in latitude <2°)

Distant regions
(difference in latitude >5°)

Northern East Sea and
Southern Sea of Okhotsk

North regions and Southern
East Sea (South Korea)

Proportion of common species (%) in faunas
Benthic 21 8 ± 0.46
Phytal 29 17 ± 2.8
Brackish water 55 32 ± 2.1
Similarity between faunas (Kulczynski Index)
Benthic 0.14 ± 0.08
Phytal 0.37 ± 0.12
Brackish water 0.51 ± 0.11

2878 E.S. Chertoprud et al.
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fauna of the north-western part of the East Sea (Primorye region). This fauna
occupied the area of the coldest waters and showed significant similarities
with the boreal fauna.

(2) Boreal fauna of the southern Sea of Okhotsk (southern Sakhalin and South
Kuril Islands) and north-eastern part of the East Sea (Hokkaido Island).

(3) Warm water fauna of the southern East Sea (Korea Peninsula and southern
Japan (Honshu and Kyushu)) and Yellow Sea.

(4) South China Sea tropical fauna.

Faunas of geographically separated areas experiencing similar water temperature
characteristics are more similar to each other than they are to some areas at compar-
able latitude which experience different temperature regimes. For example, the fauna
of the southern Sea of Okhotsk was similar to the fauna of Hokkaido Island (north-
eastern East Sea), both experiencing similar water temperatures, yet the fauna of the
Primorye region (north-western East Sea) differed demonstrably.

Discussion

Characteristic aspects of the regional harpacticoid fauna

Eighty-eight harpacticoid species were found in the northern part of the East Sea, and
104 species were found in the southern Sea of Okhotsk. A similar number of species
has been found in some Arctic seas of comparable area, i.e. the Kara Sea (83 species,
Garlitska, pers. comm.) or the Bering and Chukchi Seas (110 species, Chertoprud
et al. 2010). Other boreal areas, however, are richer, such as the Black or
Mediterranean Seas (239 and 652 species respectively). The species lists remain
incomplete for the regions explored (East Sea and Sea of Okhotsk), and further

Figure 2. Two-dimensional scaling (MDS) ordination with superimposed clusters of the faunas
from different marine areas, based on Kulszinski similarities (stress = 0.14) and factored with
the annual surface water temperature.
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studies will likely increase the number of taxa known from each region. The fauna of
the northern East Sea has been investigated less than the southern Sea of Okhotsk.

The taxonomic structure of faunas in far eastern seas is relatively typical for
boreal regions. The highest species richness was in five families: Miraciidae (21),
Ectinosomatidae (15), Laophontidae (13), Ameiridae (12), and Thalestridae (12
species). The first four of these families are typical of soft sediment environments,
whereas the last is specific to the phytal zone. The highest species richness is found in
the epibenthic genus Halectinosoma (nine species) and in the four phytal genera
Dactylopusia (five), Harpacticus (five), Scutellidium (six) and Tisbe (six).

The phytal complex includes a few species-rich genera, whereas the benthic fauna
is more genus-rich. Species from the typically warm-water family Porcellidiidae are
absent in the northern part of the East Sea and the Sea of Okhotsk and occur only in
the southern part of the East Sea. Two families (Longipedidae and Canuellidae) were
represented by single species each, despite their usually high abundance in sub-
tropical and temperate latitudes. This observation could be a consequence of some
biogeographic peculiarity of the region or an artefact of under-investigation. Further
studies in this region are required to more fully address this question.

The composition of the harpacticoid life forms reflected the diversity of studied
habitat types. The diversity of interstitial species in all regions is low. Even for regions
in which the fauna is relatively well-studied, small obligate interstitial forms are
usually underestimated because of limitations in sampling techniques (Chertoprud
and Garlitska 2007). Further research will likely increase the number of species in this
ecological group. Only two plankton species (both Microsetella) were found, though
such low richness is typical of boreal latitudes (Lang 1948).

About one-third (24–32%) of harpacticoids found in the northern part of the East
Sea and southern part of Sea of Okhotsk had boreal distribution ranges that corre-
sponded to the latitudinal range of investigated seas. Another third of species are
‘provisional endemics,’ restricted to one of the studied areas, not having been reported
elsewhere.

Our knowledge of harpacticoids of the western Pacific is imperfect, and distribu-
tion ranges of many species are not fully documented or understood. Accordingly, the
number of endemic taxa may decrease considerably in the future. For example, the
present study extended the ranges of Ameira zahaae, Itunella arenaria and Remanea
naksanensis, all previously known only from type localities in the southern part of the
East Sea and Yellow Sea (Lee and Chang 2008; Back et al. 2011; Karanovic and Cho
2012). These three species were found in the Primorye region and South Kuril Islands.
Cosmopolitan species comprised 10–13% of the total number of species detected, of
which about half (five species) were brackish-water members of the genera Nitocra,
Nannopus, Mesochra and Onychocamptus. However, the taxonomic status and wide
distribution of many estuarine harpacticoids remains the subject of debate (Garlitska
et al. 2012; Chertoprud et al. 2014).

Main factors determining the diversity of taxocenes inhibiting different habitats

A. Soft bottom communities

The composition of benthic harpacticoid taxocenes is determined primarily by sedi-
ment type (Chertoprud et al. 2006). The intensity of harpacticoid reproduction

2880 E.S. Chertoprud et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 0
5:

15
 0

8 
A

pr
il 

20
16

 



(Chertoprud and Azovsky 2005) and impact of predation (Coull 1985) are related to
substratum type. The composition of the life forms in a community is mainly
determined by sediment type (Hicks and Coull 1983). Our data clearly distinguished
two taxocene complexes: the first typical of silty sand with detritus and the second of
washed sand. Relatively large epibenthic forms dominated the first substratum, and
small worm-like or flattened interstitial species, the second. According to our data, if
muddy bays alternate with sandy beaches along the coast, the distribution of tax-
ocenes would follow the pattern of sediments.

Similar but spatially distant habitats may differ in species composition. Such
patchiness may not only be a result of environmental heterogeneity, but reflect the
probabilistic nature of colonization events (Chertoprud et al. 2006). Often the speed
and success of settlement in new territories is a deciding factor for biotope coloniza-
tion of one or other harpacticoid species. As a result, relatively stable taxocenes are
formed at different loci, and the coadaptation of these species contributes to the
resilience of the system against the introduction of ‘foreign’ elements (Thorson 1958).

B. Estuarine and lagoon communities

Salinity in water bodies ranged 2–8‰. Reduced salinity usually limits the basic set of
dominant taxa and the species richness (Van Damme et al. 1984; Moore 1987).
Indeed, according to our data, the number of species varied from 5 to 8 in the most
common brackish-water taxocenes, whereas the number in marine communities
always exceeded 10 (Table 3). The interzonal nature of estuarine harpacticoid fauna
has been hypothesized recently (Chertoprud et al. 2013). It was shown that the similar
generic composition of brackish-water assemblages was typical over a wide-latitudi-
nal range from the Arctic to the tropics. About half of the species recorded from the
Arctic to the tropics are common in the estuaries of southern India, the White Sea
and the Russian Far East (Chertoprud et al. 2014). In this study, predominant
brackish-water genera (Nitocra, Halectinosoma, Geeopsis and Microarthridion) were
distributed across a wide latitudinal range. Other genera were more restricted in
distribution, including brackish representatives like Leimia (L. vaga), Huntemannia
(H. biarticulatus), Remanea (R. naksanensis) and Neotachidius (N. parvus). These
species also reached a large population size, but were not endemics.

There was no immediately apparent relationship between taxocene composition
and salinity gradient. For example, a salinity of 4‰ is preferred by inhabitants of
three of the four allocated taxocenes with the following dominant representatives:
Nitocra lacustris, N. spinipes, Halectinosoma sp. n. 2, Huntemannia biarticulatus and
Neotachidius parvus; Remanea naksanensis and Nitocra spinipes; and Geeopsis inci-
sipes. We did not find any clear across-estuary changes in fauna, possibly because of
weak salinity gradients and the limited number of stations studied. It is clear that one
of the determinants of dominance in the estuarine community is sediment type. Thus,
the predominance of the obligate interstitial Remanea naksanensis is typical for coarse
washed sand in brackish water areas. Additionally, climate has a significant influence
on the formation of species complexes. For example, the subarctic genus Geeopsis
dominated the northernmost Tumnin estuary (Khabarovsk district), but was not
found in the more southerly regions. Colonization abilities of species probably play
a role in some other cases.
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C. Phytal zone communities

Macroalgal-associated harpacticoids often have common morphological adaptations,
such as flattened (Alteutha, Zaus) or pear-shaped (Diosaccus) bodies; or extensive
thoracic segments in combination with a narrow abdomen (Tisbe) (Hicks and Coull
1983). Species with these attributes were abundant in the macrophyte community and
formed the basis of taxocenes. As noted previously, the composition of harpacticoid
faunas differed not only in respect to algae of different taxonomic groups, but also in
relation to different parts of a single macrophyte (Chislenko 1968; De Troch et al.
2001). Thus, clear differences can be traced between the copepod groups inhabiting
coastal thickets and Syringodium and Halophila algae (De Troch et al. 2001); as well
as the thallus surface, the rhizoid Laminaria (Chislenko 1968), and the leaves and
rhizoids of Thalassia (De Troch et al. 2001).

Algal shape and biotope differentiation of the phytal zone are key factors deter-
mining the structure of harpacticoid assemblages. The first phytal taxocene with the
prevalence of Tisbe was found in a complex dominated by brown algae (Fucus). The
second taxocene with Diosaccus, Dactylopusia and Harpacticus predominant, was
found on Zostera sp. We investigated the entire fauna of the plants without separat-
ing the different morphological fragments. The first taxocene is typical of macro-
phytes growing in closed and slightly brackish (22‰) bays. Another taxocene was
found in bays with a high rate of water exchange, surf, and almost marine salinity
(28–30‰). Thus, both abiotic and biotic factors that regulated formation of the
harpacticoid species complexes in the phytal zone interacted.

Harpacticoids are a common prey type for different species of fish fry (Borutzky
1960; Ivankov et al. 1999). According to our preliminary data, only taxa associated
with phytal forms are common in salmon fry diet. This is probably because the fry
feed between macrophytes where phytal species are actively entering the water mass
(Thistle 2003; Giere 2009). The copepod composition in plankton samples from
coastal waters confirms this hypothesis. Indeed, there is evidence that juvenile fish
preferentially eat the fauna of dense substrates (phytal and clay sediments) where
organisms cannot hide between sediments particles (Coull 1985). The evaluation of
the different ecological harpacticoid group contributions to fish nutrition requires
further investigation.

Distribution of ecological groups: the paradox of brackish-water fauna

Comparative analysis of the distribution of the three main ecological groups (marine
benthic fauna, fauna of the phytal zone, and brackish-water fauna) showed benthic
species to be locally distributed, estuarine species to have the widest distributions, and
phytal species to have distributions of somewhat transitional extent. Obviously, the
composition of life forms in different species complexes varies significantly.
Epibenthic and interstitial forms predominate in marine soft sediments, while phytal
forms predominate on macrophytes, and epibenthic species are most abundant in the
brackish estuarine fauna. As we have shown previously, planktonic harpacticoids
have the greatest distributional range, followed by phytal and epibenthic forms, while
interstitial species have the most restricted ranges (Chertoprud et al. 2010). These
differences are mainly determined by the dispersal ability of harpacticoids and
correlate with habitat mobility (e.g. water masses and floating algae versus sediments)
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and species leg morphology (Bell et al. 1987; Thistle and Sedlacek 2004). Small
interstitial species have lanceolate or vermiform bodies with short legs and are closely
associated with certain types of sediments, often avoiding horizontal transfer through
water drift by burrowing deeper into the sediment during high tides (Rybnikov et al.
2003). Epibenthic species have relatively well-developed swimming legs, but usually
they are clearly linked to their life cycles in a bottom substrate and are rarely
abundant in the water column (Hicks and Coull 1983). Epibenthic species are usually
transferred by coastal currents over small distances of 10–100 km (Hauspie and Polk
1973). Accordingly, phytal fauna can colonize distant habitats faster than interstitial
or epibenthic faunas can. Many phytal species enter the water column and are carried
by currents; those representatives that are otherwise strongly fixed on algae can be
transferred with dislodged macrophyte fractions (Kurdziel and Bell 1992; Ólafsson
et al. 2001). The high colonization ability of phytal species is reflected in the high
proportion (31%) of species with transatlantic distribution ranges among them
(Chertoprud et al. 2010).

It is paradoxical that brackish-water species are primarily epibenthic taxa with
extensive distributions. It seems that the distribution of this ecological group should
be similar to that of benthic taxa, or even narrower because of the fragmentation of
estuarine habitats. However, in areas separated by more than 1000 km (the northern
and the southern parts of the East Sea), over 30% of species are common to all
brackish-water loci, whereas this figure for marine benthic species is less than 10%. In
Russian Far East waters, 40% of brackish-water harpacticoid species and only 13% of
marine harpacticoids are cosmopolitan (Chertoprud et al. 2014). Many widespread
estuarine species actually constitute complexes of cryptic species with similar mor-
phology, but which differ genetically (Garlitska et al. 2012). A prerequisite for this is
the geographic dispersion of estuaries with rather broad maritime areas, leading to
reproductive isolation of local species. In addition, environmental conditions in the
estuaries of different latitudes vary considerably, which can also lead to speciation.
Molecular analyses of individuals from different brackish-water species, such as
Nannopus palustris (Garlitska et al. 2012), Microarthridion littorale (Schizas et al.
1999) and Cletocamptus deitersi (Rocha-Olivares et al. 2001) revealed that these three
species are actually groups of cryptic taxa.

Latitude-dependent variability of faunas of the East Sea and southern part of Sea of
Okhotsk

The area throughout which our study is focussed is characterized by a distinct
latitudinal water temperature gradient, with an average annual surface temperature
of 2–16°C (Japan Meteorological Agency 1991), attributable to numerous warm and
cold currents throughout the region (Shuntov 2001). For example, the southern part
of the East Sea is influenced by the Tsushima and East Korean warm currents. The
intensity of these flows decreases gradually towards the northern part of the East Sea.
A branch of the Tsushima Current named the Soya penetrates through the straits in
the southern part of the Sea of Okhotsk, bringing with it warm water to the southern
Sakhalin and the Kuril Islands. Cold currents coming from north of the East Sea
affect Primorsky, Schrenk, and North Korea.

The harpacticoid faunas investigated in the East Sea and the southern part of the
Sea of Okhotsk corresponded to three temperature regions (Figure 1) allocated
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according to Japan Meteorology Agency data (1991), based on the long-term average
annual isotherms of the surface water masses:

(1) The southern part of the East Sea: the coast of Korea, the Kyushu and
Honshu Islands bounded in the south by a 16°C isotherm, and in the north
by a 9°C isotherm. This area is characterized by relatively warm water masses
throughout the year.

(2) The north-western part of the East Sea: coast of Primorye and Khabarovsky
regions of Russia bounded on the south by a 2°C isotherm, in which the sea
always partially freezes during winter (for 3–4 months per year).

(3) The north-eastern part of the East Sea and the southern part of the Sea of
Okhotsk: coast of Hokkaido, southern Sakhalin, and the South Kuril Islands
bounded on the south by a 4°C isotherm, and in the north by a 2°C isotherm.
The sea only freezes near the northern coasts of Hokkaido and South Kuril
Islands for approximately two months of each year.

The taxonomic structure of harpacticoid species complexes inhabiting these three
regions (north-western part of the East Sea; the north-eastern East Sea and the southern
part of the Sea of Okhotsk; and the southern East Sea) differ significantly. The Kulczynski
similarity index (K) value was not more than 0.39 ± 0.1. Not more than 50% of the
common species were included in the lists for the three temperature regions. The biogeo-
graphical structure of the fauna of the three species complexes was also different (Figure 3).

Figure 3. Biogeographical structure of the faunas from the three main species complexes in the
East Sea and the southern part of the Sea of Okhotsk. Relative species abundances with
different distribution ranges are presented.
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The diversity of species with widespread boreal and subarctic distribution was
higher in the northern regions (41–42% of total fauna), and low in the southern part
of the East Sea (22%). In contrast, species with tropical and subtropical distribution
are highly diverse near the Korean Peninsula (29.5%). The number of subtropical
species near Hokkaido and the Kuril Islands was slightly higher than that in the
Primorye region: 20% and 17%, respectively. The fauna of the southern part of the
Sea of Okhotsk was closer to the fauna of the southern waters of the East Sea
(K = 0.44 ± 0.09) than to the fauna of the north-western part of the East Sea
(K = 0.28 ± 0.09). The effects of currents on the distribution of copepod fauna has
been noted before (Hauspie and Polk 1973). Tropical species prevail in the northern
Yellow Sea and South China Sea where they are strongly influenced by the Kuroshio
warm current. A transitional area was located between 29° and 32°N and west of
123°E in the East China Sea where the warm-temperate and tropical faunas mix
(Chen et al. 1982).

The environment within the East Sea and the southern part of the Sea of Okhotsk
is highly variable, and within it at least three relatively isolated complexes of harpac-
ticoids occur within areas subject to different average annual surface water
temperature:

(1) The Korean sub-region, situated on the southern and south-western East Sea,
under influence of Tsushima and East Korea warm currents (average annual
surface water temperature 9–16°C), with a total species count of 112.
Provisional endemics comprised <40% of the total fauna, which otherwise
included many tropical taxa, with a low percentage of boreal species
(Figure 3).

(2) The Primorye sub-region, characterized by a boreal climate in the north-
western part of the East Sea, where the Primorsky Current is the main
influencing factor (average annual surface water temperature not more than
2°C). In total 88 species were recognized within this region; provisional
endemics comprised a third of this number, with boreal and typical arctic
species dominating the fauna, in which tropical taxa were rare (Figure 3).

(3) The Soya sub-region, including the north-eastern coasts of Hokkaido and
South Kuril Islands, with boreal climate influenced by the Soya warm current
(with an average annual surface water temperature of 2–4°C). Here 126
species were recorded, with the proportion of provisional endemics being
slightly lower than a third of this number. A mix of boreal and tropical
faunal elements occurred in this area (Figure 3). This fauna has features
transitional to those of Korea and Primorye sub-regions.

Subdivision of the East Sea and Sea of Okhotsk into meiobenthic sub-regions is
undertaken for the first time. Similar schemes of zonation for this sector of the Pacific
Ocean have been presented for zooplankton, macrobenthos, and ichthyofauna (Kuhn
1975; Kafanov et al. 2000; Golikov et al. 2001). The southern part of the East Sea is
diverse with tropical and subtropical zooplanktonic species that are absent in north-
ern parts of the area (Kuhn 1975). Subtropical and boreal zooplankton species co-
occur here, the former preferring surface waters, the latter the deeper layers
(Nishimura 1969). On the basis of distributions of shell-bearing gastropods Golikov
et al. (2001) subdivided this area into four sub-regions, distinguishing the north-
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western part of the East Sea (with psychrophilic fauna) from the South Kuril Islands
(Kunashir and Iturup), an area occupied by thermophilous gastropods. Kafanov
et al. (2000), using the data on the East Sea fishes, distinguished as many as 10
biogeographic provinces in this region. The complexes of southern, north-western,
and north-eastern parts of the region are different; the tropical and subtropical species
mark north-eastern provinces but are absent from north-western provinces.

There is obvious biogeographic heterogeneity in the faunas of the Far East
region. Further studies are needed to clarify the proposed zonation of waters of the
East Sea and the Sea of Okhotsk for marine harpacticoids, and to extend the
biogeographical scheme on the meiobenthic community as a whole.

Conclusion

Our analysis based on original and published data for harpacticoid faunas from the
areas investigated in the Far East contributes the following ecological observations:

(1) The total species inventory of Harpacticoida from the northern part of the
East Sea comprises 88 species; 104 species have been reported from the
southern part of the Sea of Okhotsk. As a result of our study, the number
of species known from the first region has increased by more than three times,
and by more than 10 times for the second.

(2) Twelve harpacticoid species complexes can be distinguished: six taxocenes in
soft sediments, two inhabiting the phytal zone, and four characteristic of
estuaries and brackish lagoons in the northern part of the East Sea and the
southern part of the Okhotsk Sea.

(3) The marine benthic (epibenthic and interstitial) harpacticoid fauna showed
maximum regional specificity, whereas the brackish-water fauna was the most
cosmopolitan; the phytal zone fauna had intermediate values.

(4) The East Sea is highly variable environmentally by virtue of its geographical
location and hydrological regime. At least three discrete harpacticoid cope-
pod assemblages exist within it. Further analyses of meiobenthic community
structure in the Far East sector will improve our knowledge of observed
patterns.
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