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ABSTRACT. To obtain a relevant information on
copepod biodiversity/distribution in continental Borneo
water bodies in June 2011 about 30 different sites in
Malaysian state Sabah were visited and more than 50
alcohol and formalin preserved samples in nine rivers,
10 ponds, and six near-road ditches and canals, rice
fields and forest leaf litter environment were collected.
In literature 16 copepod species were referred for
Borneo and 10 other species for Kalimantan (In-
donesean) states. After the Sabah sample analyses, the
copepodspecies richnessin the Borneo island increased
more than twice. The most abundant with species num-
ber genera were ranged as: Mesocyclops (13), Ela-
phoidella (6), Microcyclops (5), Eucyclops (4), Ther-
mocyclops (4), Halicyclops (3) and Paracyclops (3).
Species biodiversity in different sites plotted against
type of water body and several environment parame-
ters revealed significant positive correlations for num-
ber of species and both for depth and temperature in
sampling site (Pearson non-parametric tests 0.6 and 0.5
respectively at p <0.05). One way Kruscal-Walise dis-
persal analysis confirmed significant relationship be-
tween copepod biodiversity and water transparence/
turbidity (p < 0.05). The highest copepod biodiversity
values were found in ponds (23 species), near road
ditches (15), rivers with transparent water (12), low-
land or swamp areas related with rivers (9). The lowest
number of species were found in rivers with turbid
water colored in orange with soil-erosive matter where
the average number of copepod species (0.2 + 0.08
species per site) was about 20 times less than in waters
without silt particles (3.8 = 2.8 species per site). This
indicates a strong negative effect of soil erosion result-
ing water land-used activities and deforestation in the
watershed on the biodiversity of aquatic organisms in
Borneo. In one sub-urban population of Mesocyclops
cf. thermocyclopoides, a trans-sexual mutation of fe-
male-sized but constructed as male armed with genicu-

late antennule organisms was found that possibly re-
flect a negative result of wide artificial hormone-based
pesticide usage in this area. Keys for Harpacticoida
species for Borneo and for Eucyclops species known
for SEAsia, Australia and India are provided. Within
practically each copepod genus studied in Borneo there
are forms with problems on species identification by
existing faunistic keys. This possibly indicates a neces-
sity of new species description from this area in the
nearest future.

PE3IOME. /511 momy4eHus akTyarbHOW HHPOpMa-
1y mo OMopa3HooOpa3nio U PacIpOCTPaHEHUIO BEC-
JIOHOTHX PAaKOB B KOHTHHEHTAJIBHBIX BOgoeMax bop-
Heo B mrone 2011 r. B Manasuiickom mrare Cabax
ObuTH MccenoBanbl Okoso 30 pasHBIX OMOTONOB, B
KOTOPBIX 0ToOpau 6omee 50 CIUPTOBBIX U (POpPMATTH-
HOBBIX NMPOO 300TUIaHKTOHA. [lapamiensHO B ACBITH
pekax, 10 mpynax, mecTH MPUAOPOKHBIX KaHABAX H
OpOCHTEINIbHBIX KaHaJlaX, PHCOBBIX TIOJISIX U TIEpechIXa-
IONIMX BPEMEHHBIX BOJOEMax B IIMPOKO-IHMCTBEHHBIX
JlecaX PerucTpHpOBAIM Ba)KHEHIIHE MapaMeTphl cpe-
161 oOuTaHus. J[o HaIIero uCcCiIeI0BaHus U3 TUTEPATY-
pet st CeBeprHoro bopreo ObuTH M3BECTHHI 16 BHIOB
BECJIOHOTHX pakoB U 10 BUIOB KOTEMO yKa3aHbI JIS
WHJOHEe3MicKol vacTu ocTpoBa. Ilocie anammza 00-
pasIoB K3 0/IHOTO TOJbKO mrTaTa Cabax U3BECTHOE LIS
BopHeo 4mcio BHAOB KOMEIOJ yBEIMUYHIOCH Ooiee
4eM B J1Ba pasza. Hamborplee UX 4MCIIO YCTaHOBICHO
s ponoB Mesocyclops (13), Elaphoidella (6), Micro-
cyclops (5), Eucyclops(4), Thermocyclops (4), Hali-
cyclops (3) u Paracyclops (3). BunoBoe pa3Hoobpasue
3aBUCEJIO OT THUIA BOJAOEMa M HECKOJIBKHUX ITapaMeTpoB
OKpYXKaIOIIeH Cpefibl, YTO OBIIO MOJATBEPKACHO 3HA-
YUMBIMH TTOJIOKUTEITHHBIME KOPPEIAIIUAMHE TS YHACIIA
BHJIOB U TTyOWHBI, a TAKKE TEMITEPaTypHI (HemapamMeT-
pruueckue kputepun [lupcona 0,6 n 0,5 COOTBETCTBEH-
HO mipu p < 0,05). Anamu3 Kpackena-Yosmneca noa-
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TBEPAMI 3HAUYMMYIO CBSI3b MEXKIY pazHooOpasneM Ko-
TIeTI0]T ¥ TIPO3PAvyHOCTBIO BOJIBI BOJIBI/MYTHOCTBIO (p <
0,05). Beicokme mokasarenn pa3zHOOOpas3msi KOTIEIOT
OpuTH OO0HApYXeHBI B Tpynax (23 Buma), IPUIAOPOK-
HBIX KaHaBax (15), pexax c¢ mpo3pauHoii Bomoit (12),
3a00JI0OYEHHBIX HU3UHAX, CBSA3aHHBIX ¢ pexamu (9). Hau-
MEHBIIIee YHCIIO BUI0B 0OHApYKEHO B PEKax ¢ MyTHOMH
BOJIOH, OKpAIICHHBIX B OPAH)KEBBIH LIBET MMOYBCHHO-
sposnonHo# B3Beckio (0,2 + 0,08 BUmOB Ha OWOTOM).
Ono 6pu10 IpEMEpHO B 20 pa3 MEHBIIE, YeM B BOJO-
emax 0e3 miucteix vactuil (3,8 £ 2,8 BumoB Ha OHoO-
ToI). DTO yKa3bIBaeT Ha CHIILHOE HETaTUBHOE BIIMSTHHUE
9pO3MH TOYB M BBIPYOKH JIECOB B OacceiiHax pek Ha
6nopa3HooOpa3ye BOAHBIX OpraHu3MoB Ha bopHeo. B
OJTHOM M3 HPUTOPOIOB CTOJIMIIBI INTaTa y MacCOBOTO
Bua kKonenon Mesocyclops thermocyclopoides, 65110
00HapyKEHO SIBJICHUE TPAHC-CEKCYalIbHOW MyTaluu
0co0ei )KEHCKOTO MO0JIa, MOCTPOCHHBIX KaK CaMIlbl B
CTPOCHHMHU aHTEHHYJ (peoOpa3oBaHbl B TCHUKYIHUPY-
IOIINE), 9TO, BO3MOXKHO, OTPAXKaET OTPUIATEIBHBIN pe-
3yJIbTaT WCIOJIB30BAHMS TECTHUINIOB HA OCHOBE HC-
KyCCTBEHHBIX TOPMOHOB. [IpHBEICHBI KITIOUH ISl BH-
1o otpsiaa Harpactiformes bopueo u poaa Eucyclops
n3 lOro-Bocrounoit A3uu, ABctpanuu u Munuu. Ha-
JIMYHE NPAKTHYECKN B KQKIOM POJIE KOIIEHO TPYIHO
OTIPEJICTSIEMBIX WIIM HE OMPEACIAEMBIX IO CYIIECTBY-
IOMMM KIF0YaM BHJIOB YKa3bIBA€T Ha BO3MOXKHOCTh
onucaHus ¢ bOpHEo HOBBIX TAKCOHOMUYECKUX €IMHUIL]
B caMoii OJvkaifiiel mepcreKTHBe.

Introduction

The island Borneo consisting of Malaysia (Sarawak
and Sabah), Brunei and Indonesia (= Kalimantan) is
the third largest island on the planet with the oldest
tropical forest ecosystem, at the same time remains as
the one of largest white spots for aquatic invertebrate
biodiversity. The WWF [WWF-Cannon, 2010] stated
that 413 vertebrate animal and plant species have been
discovered in Borneo since 1996. Aquatic vertebrate
biodiversity in Borneo is also very rich and includes
160 (19 endemic) fish species, 100 amphibian species,
most of which are endemic to the territory. In contrast
to vertebrates, aquatic invertebrates of Borneo are poor-
ly studied and till our expedition, included 26 species
of entomostracan crustaceans,l species of nematode,
25 species of decapods, 16 species of polychaetes, 10
species of oligochaetes, 51 species of aquatic insects
and one species of echinoderm. As the preliminary
result of our study, the number of aquatic nematode
species in Borneo has increased up to 15 species [Tsalo-
likhin et al., 2012]. Altogether this comprises a very
short list for aquatic invertebrate biodiversity of a trop-
ical ecosystems with exception of insect counts of about
90 species. For comparison, in Amazonian tropical
forest ecosystem, there are more than 250 species only
among freshwater gastropods [Simone, 2006]. To some
extent, this paucity of aquatic invertebrate biodiversity
in Borneo can be due to rare visits by naturalists and
scientific expeditions in 19-20 centuries and/or their

particular interest to large size animals like freshwater
crabs or shrimps. The first data on freshwater inverte-
brate fauna of Borneo were obtained in the end of 19th
century during the Dutch Scientific Expedition to cen-
tral Borneo, when several new species of freshwater
Palemon (Macrobrachium) were described [De Man,
1898]

Of three cyclopoid species found by Spandl [1924],
Cyclops strenuus Fischer, 1851, Cyclops (Megacyclops)
viridis (Jurine, 1820), Cyclops (Macrocyclops) fuscus
(Jurine, 1820), the validity of identification of the first
species inhabiting mainly high latitudes in Palearctic
was under doubt since it was published [Lindberg,
1954] and the same critic will be applied to two others
hereafter. A very short visit of Humes in 1945 to Borneo
allowed him to specify Halicyclops caridophilus Hu-
mes, 1947, which was still not found after him. Lind-
berg [1954] from the same samples collected by Hu-
mes in Borneo described Apocyclops borneoensis Lin-
berg,1954, later found in many other SEAsian coun-
tries and in Japan [Ishida, 2002; Dussart, Defaye, 2003].

Brehm [1953] and Kiefer [1965] later on explored
some Woltersk’s samples of the Wallacea expedition
and found or described two more freshwater copepod
species from this area, including endemic-like diapto-
mid Philodiaptomus longipes Kiefer, 1965, which was
never found after the description.

Several species of Mesocyclops were found or de-
scribed from Norhtern Borneo/Kalimantan by B. Dus-
sart [Dussart, 1985; Dussart, Fernado, 1986; Dussart,
Sarnita, 1987]. The biggest contribution to copepod
biodiversity of Norhtern Borneo was done by Loffler
[1973] who collected and identified five Harpacticoida
species from the island. Three of them, Maraenobiotus
kinabaluensis, Loffler, 1973, Elaphoidella labani Lof-
fler, 1973, Attheyella (Canthosella) silvicola Loffler,
1973 became new for sciences and were described
from Sabah, in small water bodies in vicinity the high-
est of SEAsia mountain, Mt. Kinabalu. Similar large
impact to copepod fauna of Kalimantan states was
provided by Maria Holynska [2000] who found five
species of Mesocyclops with M. dayakorum Holynska,
2000 as new for sciences.

In total, 26 copepod species (13 Cyclopoida, 8
Harpacticoida and 5 Calanoida) were found in Borneo/
Kalimantan before our study, that should be only eval-
uated as a preliminary data on biodiversity in this group
for such a large tropical island. Such clear contrast
between known and promising species richness in aquat-
ic organism from Borneo became a factor stimulating
our study. Also important point to do such a survey
became a warry on fast declining in continental aquatic
fauna biodiversity in Boneo caused by intensive explo-
ration of natural resourses in the island.Thus, the main
goals of our study became 1 to contribute more infor-
mation on biodiversity and distribution of continental
copepod in Borneo, 2 to study correlation copepod
species richness with several major environmental fac-
tors (temperature, pH, water conductivity etc) 3.to elu-
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cidate possible impacts of human activities such as
deforestation and following soil erosion on the aquatic
fauna.

Samples of littoral and open water zooplankton
were collected in a field trip to Sabah state of Borneo —
on 815 June 2011. A round-way trip along coastal
area and close to coast roots started from the state
capital Kota Kinabalu on 9 June morning and complet-
ed in the same city on 14 June afternoon (Fig. 1). More
than 30 sampling stations were visited within 5 days
(Table 1). Littoral zooplankton was collected with a
hand net of triangular shape and mesh size about 100
mem, and for open water organism, we used horizontal
towing with of plankton net, open mouth diameter 25
cm, mesh size 60 mcm. For every station, with a few

Fig. 1. Map of Borneo, indicating the sampling trip route in Sabah state, 5—
14 June 2011 (dotted line — planned but not achieved roots due to road
constrain).

Puc. 1. Kapra o. bopreo ¢ 0603HaueHHEM 3KCIIEJUIIMOHHOTO MapIIpyTa 1o
mraty Cabax (Munonesus), 5-14 urons 2011 r. (urpuxoBoil JuHKHE 0003HA-
YeHa 3aIIaHUPOBAHHAs, HO HE BBITIOJNHEHHAs YacTh MapIIPyTa, BCIEICTBHE
pa3MbIBa JIOPOTH).

exceptions, geographical coordinates were recorded
with Garmin GPS. In parallel with zooplankton sam-
pling, some basic environmental parameters were de-
termined using a water quality multiprobe (Hydrolab
Surveyor Data Sonde 4) that included depth, tempera-
ture, pH, conductivity and dissolved oxygen whenever
possible. Additional information on sampling sites were
obtained after visual observations and include type of
water body, water colour, current speed, smell, pres-
ence/absence of aquatic plants, fish, reptilians, aquatic
birds, names of nearest town or river, specific charac-
ters of biotopes (Table 1). In five days, about 100
alcohol and formalin preserved samples from 16 riv-
ers, 10 ponds, and six special biotopes (near-road ditch-
es, concrete rain-water collectors, rice fields, forest
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Table 1. A brief description of the sampling stations, Sabah, Malaysia, 9-14 June 2011.
Tabnuna 1. Kpatkoe omucanue mect coopa npo0, mrar Cabax, Manaisus, 9—14 urons 2011 r.
Station Environmental conditions:
Dates NN Coordinates Type /name of water body, nearest town Temperature, depth, pH,
conductivity, dissolved oxygen
5°49.930'N . . 29 to 31°C (at the surface); depth
1 116° 02,365 E Near road ditch, Kinarut town 25 cm: pH 6.0
5°46.222'N, Near roadside rain pool, near swamp. o, .
2 115°58.016'E__ | Pengalat town 31°C; depth 50 em; pH 5
5°6.222'N, . o,
9.06 2b 115° 58.016’ E The same place near aquatic plants 30°C; depth 15 cm
59 43/ N: 30°C; depth 115 cm; pH 7.6;
2a o crr Papar river, shallow river bank dissolved 0, 6.78 mg L™';
115°56’E .. 1
conductivity 35 uS cm™,
5°21.779'N, Canal near Garama River (Garama o, .
3 115°34.441’E | floodplain) 27°C; depth 50 cm; pH 6.0
5°21.779'N, Low land near Garama River with flooded o .
4dat 15034441 water (floodplain) 27°C; depth 30 cm; pH 6.0
5, 5a-b 5°21.015'N, A fish pond in a village orchard, in Garama | 30°C, depth 25 cm; pH 7.15
’ 115°35.762' E P 8 ’  dep ;pHT.
6. 6a 4°57.945' N, Rain water collector, Sindumin (border 30°C, depth 15 cm; pH 6.3;
’ 115°29.065" E town between Sabah and Sarawak) dissolved oxygen 4.0 mg L™
1006 29.4°C; pH 3,69; conductivi
4° 58.500” N, Canal in near road small river, Skim village, S Rl 57 con uctivity
7 o , . . 24uS cm; dissolved oxygen
115°31.324'E Sindumin 2
2.74mgL
3 4°59.103" N, Malaman river, Melagau village, Tenom. 2;'5 Cf. p(I? 6'81; cznductlwtsy 23 8
115°37.553'E Interior Division of Sabah e . T CRoet RS
9 Artificial concrete pond in Hillview Garden 31°C, depth 30 cm
Resort, Keningau
10 5°05.267'N, Near road pond from Sook to Nabawan. iil SC; p,II{ ZIIZ;ICOgduCUVIW
116°26.947" E Submerged macrophytes, very brown water N Oill mcgn;fi 1ssolved oxygen
4° 42 246’ N Aborigines village Murut tribe, in Sepuluk.
11a ) L, Pond in oil palm plantation, near a small 26°C; pH 6; depth 80 cm
116°30.32°E S .
stream flowing into Sepuluk river
11.06 11b 4°42.246' N, Sepuluk river. Sampled in the shallow 26.1°C; pH 6.15; conductivity 41
116°30.32"E weedy river bank uS cm™
12, 4°39911'N, Simatuoh river, located between Sepuluk 24.4°C; pH 7.24; conductivity 32
12a,b 116° 33.255"E and Tambulanan villages us cm™
4935.158' N, o 24.6 °C; ril:[ 5:45; conductivity
13 , Meliau river 41 pS cm™; dissolved oxygen
116° 56.978" E 1 :
7.35 mg L; rocky river
4°32.311’N, . . 24.8°C; pH 5.9; conductivity 41
14 117° 02.378 E River Kuamat Not very far to Station 13 us I
15 5°38.520"N, Weedy ponds in a vegetable garden in 26.2°C; pH 6.0; depth 30 cm;
116°21.513’ E Apin-Apin village conductivity 52 uS cm!
5038 520 N-: 28°C; depth 15 cm, pH 5,44
16 ) ) Pond with lotus, Tambunan town 26.2°C; pH 6.3; conductivity 42
116°20.513'E -1
uS cm
5°42.811"N, . . 31.5°C; depth 10 em; pH 5.3,
12.06 17a-b 116° 24.096” E Rice field, Lumando village, Tambunan conductivity 36 S cm!
5°47.271'N, . . 25.7°C; depth 40 cm; pH 4.37;
18 116° 28.287' E Brown water pond, Tiang village conductivity 57 uS cm’!
5°56.769" N, .. o 26.1°C; pH 6.85; conductivity 47
19 116° 46.67 E Maroli river, Luantiti village, Ranau us om-!
20a-d 5°48.222'N, Upstream of Kinabatangan river with fast 24.7°C; depth 50 cm; pH 6.73;

116°49.031"E

stream; shallow with clear water

conductivity 47 uS cm™!
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Table 1 (continued).
Tabmuma 1 (mpomoimkeHue).

Station ' Environmental conditions:
Dates NN Coordinates Type /name of water body, nearest town Temperature, depth, pH,
conductivity, dissolved oxygen
Sandakan town Brown water pond near the
21.21b 5°30.663" N, roadside, located in a palm oil plantation. 29.1°C; pH 6.27; conductivity 50
’ 117°50.663" E Weedy with a lot of submerged uS cm™
macrophytes
13.06 | 22a.b 5°33.971'N, Genting-Sekong Oil Palm Estate ponds, 31.4 °C; pH 8.2, conductivity 62
) ’ 117° 58.895"E Gomantong village uS cm™!
23 5°29.827"N, Kinabatangan river with low stream, Bilit 28.1°C; depth 200 cm; pH 6.61;
118°12.316'E village conductivity 40 uS cm’
24 5°31.385'N, Wet leaf litter collected in Kinabatangan No water on surface
118°12.437"E virgin forest
25 95h 5°56.556" N, Sand beach in Kota Kinabalu, interstitial 26.5°C; depth 40 cm; pH 4.39;
’ 116°02.788" E water conductivity 51 uS cm™!
14.06 26a—¢ T 165°9 6665; 817\1”E Pond in Kota Kinabalu with aquatic plants i;iscc’ nli EI 6.38; conducitivity
27 ?165"9 565.?2ng Open water in the same pond iBSinsjl PH 6.84; conductivity 73

leaf litter environment, interstitial water in sand beach)
were collected.

Within one week after collection, the samples were
sorted in the Laboratory of Marine Biotechnology, In-
stitute of Bioscience, University Putra Malaysia, under
binocular microscope with maximum resolution of 250x.
All copepods were picked up and separated in glass
tubes in accordance to their suborder. Following spe-
cies identification after dissection, each specimen was
placed separately in a glycerin drop covered with cover
glass and fixed with Canadian balsam. The slides were
then observed, photographed (with videocamera Lev-
enhuk C8000) and if necessary drawn at maximum
resolution up to 1000x (10x ocular, 100x objective, oil
immersion) under a compound microscope (Zeiss IM-
AGER) equipped with Nomarski’s system for differen-
tial interference contrast microscopy and a drawing
tube (for cyclopoid and calanoid species). For the prep-
aration of harpacticoid specimens and drowning, a mi-
croscope Leica DM 4000 B with a drawing tube was
used. Initial pencil drawings were converted to black
with fine marker Pilot 0.3 and 0.5 mm and then placed
on A4 size tracing paper. Scanned tables of images at a
resolution up to 600 dpi, were than numbered and
reorganized with a computerized graphics program
(Adobe Photoshop). Body measurements were mainly
done on undissected, or carefully dissected and gently
fixed in ventral position without compression animals
with a cover slide provided with plasticine tombs.

For data analyses, STATISTICA 6.1 program pack-
age was used. To avoid low normality distribution of
the field data we used the non-parametric Spearman
test for correlation of number of copepod species and
environmental data in the sampling sites. Kruskal-Wal-
lis ANOVA was applied for dispersal analyses for types
of water body (river with turbid water versa river with

transparent water; river versa pond etc) as independent
variables and species number, depth, temperature, pH,
conductivity and dissolved oxygen as dependent vari-
ables.

For external copepod morphology, we mainly fol-
lowed terminology of Huys and Boxshall [1991].

Results
Environmental parameter variation

Temperature

During our trip surface water temperature were mea-
sured in situ during the day or night. The mean value
was 27.9 +1.36 °C with relatively low fluctuation (24.0—
31.5 °C), reflecting stable temperature conditions in
the equatorial zone. Pearson test revealed an average
(0.57) significant at level p < 0.05, positive correlation
of temperature and species number both for all types of
water bodies and separately for ponds, special biotopes
and rivers.

pH

This parameter in tropical forest area usually indi-
cates acid conditions, and in our case the average pH
value was quite low 5.96 + 0.82 but min-max variation
was high 3.7-8,2. The minimal pH was found in a
shallow rain-draining canal at a road side (St. 7), and
the maximal one in a small artificial concrete pond
with dark green water full of aquatic plants (St. 22). In
both cases we found alive copepods in high density and
a number of different species (3—4 species for site). No
significant correlation (p < 0.05) was detected between
the number of copepod species and pH indicating that
local species are well adopted to live in quite wide
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range of this parameter. A significant positive correla-
tion (r = 0.6, p < 0.05) were found for pH and depth.

Dissolved oxygen

This parameter was estimated in a limited number
of sites (six locations) and fluctuated from 2.0 ml L'
(St. 10) to 7.35 mg L!(St. 13) with a mean value of
4.72 £0.97 mglL". At the site with maximal dissolved
oxygen value ( Meliau stream), we did not find any
copepods, whereas at the site with minimal oxygen
concentration (near road pond), two copepod species
were found. No regularity in relationship can be seen
between the number of copepod species and dissolved
oxygen, probably due to the masking effects of fast
currents in the mountain stream (Meliau) that was not
conducive for copepods.

Conductivity

Conductivity, with an average value of 45.0 + 9.27
puS ecm', also did not show significant fluctuations
(24.0-75.0 uS cm™') amongst the sampling sites..The
maximal value was observed in a near shore pond
(St. 26, 27) probably due to influence of the nearby sea
water. Conductivity did not show any significant corre-
lation with copepod biodiversity (p > 0.05) in all types
of waterbodies. The number of species at the site with
the lowest conductivity value (St. 7 with 3 species) did
not differ with that observed at the station with the
highest conductivity value (St. 26, four species)

Depth

Minimal depth in sampling sites (st. 17a, a rice
field) was 10 cm and maximal depth (200 cm) was in
the River Kinabatangan (st. 23). We found significant
positive correlations for copepod species diversity (r =
0.57; p< 0.05) and the depth in the sampling place
both for all types of waterbodies and separately for
rivers and, ponds. Deeper water bodies seemed to be
more stable and tend to accommodate higher number
of species than the temporay biotopes.

Copepod biodiversity in Borneo

In samples collected during our trip in Sabah, we
found 41 copepod species, that increased biodiversity of
these crustaceans in Borneo more than four times. The
total number of species for the wholel island now in-
cludes 57 species with 8 species (Diaptomids mainly)
known only for Kalimantan and 49 species comprised
in 20 genera for Borneo. Before our study only 24
copepod species were known for both Malaysian states
in Borneo (Table 2).

The most abundant number of species according to
genera are: Mesocyclops (13 species), Elaphoidella
(6), Microcyclops (5), Eucyclops (4), Thermocyclops
(4), Halicyclops (3) and Paracyclops (3) (Table 2).
The highest copepod biodiversity was found in ponds
(23), near road ditches (15), rivers with transparent
water (12), low-land or swamp areas related with rivers
(9). The lowest number of species were found in rivers
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with turbid water, coloured in orange with soil-erosion
matter where the average number of copepod species
(0.2 £ 0.08 species per site) was about 20 times less
than in rivers with not intensively coloured by soil
mater or not turbid water (3.8 + 2.8 species per site).
This conclusion is also supported by ANOVA analyses
that indicate significant (F = 25; P = 0,038) correlation
of species number with type of river with turbid or
clear water.

No any correlation was found for copepod biodi-
versity (number of species) plotted against river/ pond
as independent variables.

Among Cyclopoid the most common species were
Thermocylops cf. crassus, found in six sites, Eucyclops
agiloides and Microcyclops rubellus (in five sites each);
Microcylops varicans (4) and Mesocyclops aspericor-
nis (4+1 sites in Borneo and 1 site in Kalimantan) and
M. thermocyclopoides (3 sites) (Table 2). These spe-
cies are known as very common copepods in Palearctic
and in tropics especially in this area [Lay, Fernado,
1986; Hotynska, 2000; Alekseev, 2002]. As an inter-
esting rare species, large sized Macrocyclops neuter
(Fig. 2G) from Kinabatangan river (St. 23) and tiny
Bryocyclops cf. anninae cultivated in laboratory from
leaf litter picked up in Kinabatangan virgin forest
(St. 24) was found (Fig. 2A-D).

In a large pond in vicinity of the main city of Sabah,
Kota Kinabalu, we found quite dense population of
Mesocyclops cf. thermocyclopoides with significant pro-
portion of trans-sexual mutation (Figs 3, 4). About a
third of adults in the population were presented with
these female-sized but constructed as male and armed
with geniculate antennule organisms.

Calanoida in our samples were presented with two
species only, and Neodiaptomus botulifer (Fig. 2H,I)
was found in two sites (2b and 4a — both rivers). This
species is also known as a common limnetic copepod
widely distributed in Asia [Reddy, 1998] .

Among Harpacticoides collected from leaf litter in
Kinabatangan virgin forest after exposing it in labora-
tory in room temperature water within several days we
found a probably new for sciences species Elaphopidel-
la sp.

Six other harpacticoid species of two familes
(Phyllognathopodidae and Canthocamptidae) were also
found in the Sabah samples (Table 2). We found
several females Elaphoidella bidens; special features
of Borneo individuals of the species are size and form
of legs 5.

Females of E. grandidieri were found together E.
bidens for the first time for Borneo and did not show a
clear seen differences from the other population [Guti-
errez-Aguirre et al., 2011].

At first for Borneo Elaphoidella superpedalis was
found in water after one week exposing of leaf litter
collected in Rinabatanign virgin forest Reservation in
lab. We have a not too detailed description of the
species [Shen, Tai, 1964; Ishida, Kikuchi, 2000], but
they very exactly match with found specimen.Only fe-
males of E. superpedalis are known.



189

Continental copepod biodiversity in North-Eastern Borneo

9861 ‘opeuId

snmpnop saprdojodoouiayy sdojodoosapy

‘uessnq
8°€T Bl 14 “ds sdojodoosapy
LT ‘81 V9 1€61 ‘epeley sopidojodooutiay) sdojofoosapy
6 LS61 ‘ontwreqeuQ snuundo sdojodoosapy
LT 1861 19Jo1y] smyou sdojodoosapy
1T qz 000C ®YSUK[OY snisvjo.otut sdojoLo0sapy
000 ‘eysudjoH Q97 0002 ‘eXSUA[oY snutwad sdojodoosapy
7861
V9 OPIOA Op UBA Sij1uu1s Syvriojpnbap sdojoLoosapy
000T "BYSUA[OH 01 ds ‘e 1861 OPIP A 9P UeA S1ulv sdojodoosapy
‘opeuId
000¢ ‘eysukjoH owﬁawso d Iz ‘916 qac (9061 ‘Aepeq) s1u100112dsp sdojodo0sapy
8°¢T ¥ (S€61 ‘AYMOOIN 12 19Ja1Y]) 1244vy SA0JoL20.401
1761 €9 “ds sdojodd0.401py
“S_Ewmowwmm:m 9861 ‘enuies 12 pesn s1igpriva sdojod0.01
. €C I1 9] 4 (€981 ‘s1eS "O’'D) SuvoLiva $A0JILI0.DIN
€T 11 ©7T BS ¥ (1061 "510QRA[IT) §1j]2qMi §d012A20001
¥761 Tpueds () (0Z81 “ouuny) sipriia sdojodonsapy
261 Tpueds (¢) (€981 IQYISI) snnuaais sdojod)
ST *ds sdojoddodo.i]
BG snuisnad 33 sdojoddodo.]
£C “ds sdopp Ov.avg
€T (Z881 ‘uoswoy ) 1uoppyd sdojd onavg
L SV} U140 SNIDLG W] ]I SAOJD AODADJ
€C 1€61 I0JIIY L21n2u SA0]2LI0OD)
761 Tpueds (¢) (0T81 ‘ouuny) snosnf sdojodd0.0Dp
L¥61 ‘sewny 1v61 Sowny smiydoprivs s dojod i v
LT LT 6 ki “ds sdojodoyog
ey QT61 “I9Jary snjdydowtay] s dojoAo vy
rié 1 1€61 ‘epeIe Y snsourdsdjod sdojod20105
14 “ds sdojodonyg
[4 0S61 WydIg 15]]0yd1u Ao Ong
61 SnIDINA2S 3O sdojoong
€T°L 91 v (4 (6061 "s1eS "O'D) $2p10]13D sdojoOng
Uo3rp
:ﬁ:w.&:mv_ OQ:.._om adojoiq 10ATY pPIoy puog pueg pEOYy soroads snuon
10 "Jo Y 10 }oY [eodg -001y MO 100N

‘HeLHeWUIR)-00Hdoq oloHdoda)) eaodioo

UMHBEOTOIO0N XHIMATIGTdIl €M XITHIOQEEH ML € ‘("I [ [() BHOIH $]—¢) UHITHIOIIONE TOMHOI € XBQR)) BLELII XBWQOI0d § XITHHOIHEH ‘TOIISIION MOOUIID HOG0THy "7 BIHIQR ],
"SQIpN}S SNo1AdId WO} UBIUBWII[EY/09UI0g YHON JOJ UMOuy pue [[(0g dunf 41—¢ ‘du pa[y Hygvs ul punoj saroads podadoo jo 3817 "7 9[qe




V.R. Alekseev et al.

oI

91

4!

€C

91

S861 Messn(

G861 ‘Wessn(q avjod1u vjjannI}

S961 ‘153

G961 ‘I9Jory sadi3uo; snuioydvipojiyJ

0861
‘opueudf ‘e

(9€61 WomIy]) 10uan snuioydpipojoSuopy

0861
‘opueud ‘Te]

(0€61 “I9§ory) snuioia snuwoydpipodo.r

By

q¢

(FL61 19321y L2f1jnjoq snuoidvipojosuopy

snoifiond 3o 'y

ST61 ‘[pueds

(8881 "Preyony) 1yslozioin snuioydvipoyjundy

PYDUSPY/U EpIOUE[E)

€L61 IT

€L61 IO SISUanjpguury Snjo1GOUIVADIN

€L61 ‘OO

€L61 “IB[PQT pjootajis (vjjasoyyuv)) vjjadayiy

€L61 “PIOT

161 ‘simddey) vpppidsno vjjaproydoyg

€L61 IO

€L61 “TRWJQT 1upgn] vjjapioydnlq

BT

“ds (¢) vraviop

144

ds vjjoproydnig

€L61 ‘IO

y681 ozea (() 1p4vyors sauvydojondsy

BT

‘ds sauvydojovdy

144

961 ‘1e], 12 udyg siyppadiadns vjjaproydvlq

BCC

(€681 ‘preyony 10 duIoND) L21pIpup.s3 vjjaproydn|g

€661 ‘wyarg
€L61 ‘IO

44

(€681 ‘[rowyds) suapiq vjjaproydojg

BT

(z681 ‘sedne) ramsia sndojpudojjdyg

GZ61 ‘Ipueds

0281 ‘ouun( snuijdydps smydwnioyjun)

I

Bl

pagnuapy/u deprodndedieq

¥S61 ‘Siaqpur]

661 “B1oqpury sisuauoau.oq sdojodoody

¥e

avutuup fo sdojodoodag

¥S61 ‘S1aqpur]

Bl

(0€61 “I123o1Y]) L2fijnouado sdojodooutiay |

1C°ds

V9

(s€61 ‘Braqpur) Lafiuriaa sdojodooutiay |

194

(0681 “opue) 1ysmoqdp sdojodoouLiay |

§¢

qrt

01°‘c

V9 ‘qC

(€581 1YDSL]) snssn.10 sdojodooutiay |

8861 ‘Opeuo,]
‘aessn(

S15U202U.10q SA0]IL>0SI P

0007 “eSUA[oH

0007 “eSukjoy wn.ioypdvp sdojodoosapy

L861
‘ejrureg ‘uesnq

1861 ‘BIUIRS 10 MBSN( $1150§as142.4q SA0]2L0S2 P

000¢ ‘exsuk[oH

8861 ‘OpEUId]
aressn(

L1961 “OPIRA ap ueA sisuandpd sdojodoosapy

(eunaxrrorodin) | emuIrge],

(Sumnuoo) 1 ajqe],




Continental copepod biodiversity in North-Eastern Borneo 191

This is the second finding of genus Epactophanes
in Borneo (Table 2). We found three females of the
species.

Harpacticoida Phyllognatopus viguieri is wide
spreaded in many SEAsian countries but at first found
in Borneo.

Copepod biodiversity analyses

Cyclopiformes

The most abundant species in Borneo was found in
the genus Mesocyclops, which has 13 species, reflect-
ing the tropical origin of this genus [Rylov, 1948] with
its presence in one of the mega biodiversity centers in
SE Asia [Hotynska, 2000; Alekseev, 2002; Alekseev,
Sanoamuang, 2006]. On another hand, the maximum
number of identified species from the genus was partly
related with existence of the world revised keys for
identification [Ueda, Reid, 2003].

However, the list of species found in Borneo, even
now being the richest among other large islands of SE
Asia, is far from completion, especially for other than
Mesocyclops genera. Eucyclops is one of the promis-
ing genera that has not been revised for a long time.
Eucylops includes at least five species known from SE
Asia, and about the same number from other close
tropical areas like India or Australia. Hereafter, a new
Key for Eucyclops species possible for Borneo and
surrounded territories is provided.

KEY For EucycLops SPECIES FOR SE ASIA, AUSTRALIA AND
INDIA

1. Caudal rami without line of dents (serrula) on lateral
INATEIN ettt ettt ettt et e ste s eaeeaeens 2
— Caudal rami with more or less developed serrula ......... 3
2. Caudal rami very long L/W > 8; innermost caudal seta
sub-equal to OUtermMOSt SEta .......ccevueeeeieierierierienieeienies
................ E. productus Kiefer, 1936 (Mountain India)
— Caudal rami significantly shorter , L/W < 5; innermost
caudal seta about 1.5 times as long as outermost seta ...
.............................. E. linderi Linberg, 1948 (Australia)
3. Caudal rami with reduced serrula not more than one third
of external margin length............ccocoevvevievenenenenenene 4
— Serrula occupies not less than half of caudal length ... 11
4. Distal setae of endopod leg 4 very long, reaching distal
ends of NEArest SPINES .......ccverveevierieieieieriesieseeeieeeeneens 5
— Distal setae of endopod leg 4 not so long .............c.c.... 7
5. Distal spine of endopod leg 4 long, inner spine about 1.5
time as long as segment itself ...........cooeveviiininininnne.
............................... E. thienemanni Kiefer, 1930 (Java)
— Distal spines of endopod leg 4 shorter, inner spine about

as long as segment or ShOTter .......cccocevveievicrcncncnnen. 6
6. Distal spines of endopod leg 4 about as 1.5 time as short
AS SEZMENT ....oiiiiiiiiiiiiiiiiiiiiiee

......... E. bryophilus Lindberg, 1950 (Mountain India )

— These spines more long inner spine about as long as
segment length ........ccccooeiiiiiiiiinie
.. E. ruttneri elburziensis Lindberg, 1941 (s. lat., part.)
(Southern Afganistan)

7. Spine of leg 5 very short about as long as leg length;
innermost caudal seta about 3 times a s long as outer-
MOSE SCLA....cuviiiiiiiiiii i
..... E. neocaledonicus Dussart, 1984 (New Caledonia)

— Spine of leg 5 clearly longer than leg 5 segment; innermost
caudal seta not more than 2 times as long as outermost
Seta OF 182 5 oo 8

8. Inner spine of leg 5 weak and longer than outer seta .....
................................... E. permixtus Kiefer, 1928 (Java)

— Inner spine of leg 5 strong, knife-like and shorter than
OULET SETA ...eouiiiiiiiiiicccc e 9

9. Innermost caudal seta about twice of outermost seta,
endopod leg 4 with quite long inner setae practically
reaching the distal end of nearest Spine ...........c.ccceceeee
....................... E. ruttneri Kiefer, 1933 (Java, Sumatra)

— Innermost caudal seta less than 1.6 times as long as outer-
most seta, ENDP4 clearly non reaching the distal end of
NEATESE SPINE ..uvinvirieiieiieiieieie ettt 10

10. Caudal rami long L/W = 4-5, parallel .........ccccoceerenee
................................ E. defectus Lindberg, 1938 (India)

— Caudal rami Ishort L/W = 3.75, divergent ..........cccccceeuene
....................... E. farsicus Lindberg, 1941 (Afganistan)

11. Spine in leg 5 reduced up to segment length, dorsal
caudal seta about twice of outermost seta ......................

................................................. E. nicholtsi Brehm 1953
(Tasmania, in Australia E. n. baylyi Morton, 1990
comb.n.)

— This spine clearly longer than segment, dorsal caudal seta
not more than 1.3 times as long as outermost seta ... 12

12. Caudal rami long, L/W =7-8 and parallel with very
small and dense .........ccocveeverveeinnecinecceeenen
......................... E. spatulatus Morton, 1990 (Australia)

— Caudal rami shorter, L/W not more than 6, usually less and
more or less divergent ...........ccoceceveeeveneineneeneees 13

13. Distal endopodial spine in leg 4 more wide in its distal
end, innermost caudal seta about twice of outermost
seta, the last one inserted in clear seen distance above
other caudal seta ...........ccccceeeeinine E. euacanthus Sars
(Pantropical, in Birma E. birmanus Lindberg, 1949)

— This endopodial spine of normal construction, innermost
caudal seta less than 2 times (usually less than 1.5 times)
as long as outermost seta that usually inserted more or
less close to Other Seta ........cccoveeevreicirenercinieieenne 14

14. Spine in leg 5 weak and not less than 2 times shorter
than outer seta ....... E. semidenticulatus Lindberg, 1940
(India)

— Spine in leg 5 better developed .......cccevvevievieneninienene 15

15. Antennula at 3 distal segments with serrated hyaline
plate, caudal rami well divergent ...........cccoceeeeneenenne
................. E. microdenticulatus Lindberg, 1940 (India)

— Antennula at 3 distal segments with smooth hyaline plate,
caudal rami low divergent or practically parallel ..... 16

16. Antennal basipodite on caudal side with two groups
(position 1,2) of long hair seta .........ccccoevereirenecnne. 17

— Antennal basipodite on caudal side in top without long
hair seta at all .............. E. speratus tropicalis Alekseev
et Yusoff, 2013 (West Sumatra in mountains)

17. In leg4 coxal spine on both sides homogeneously with
long dense hair-setae ............ E. agiloides (Sars, 1909)
(Pantropical, in Australia E. australiensis Morton, 1990

— This coxal spine armed with short strong dents that on
outer edge produce clear seen gap, sometime this side
almost smooth ..................... E. serrulatus (Fischer 1853)
(Palearctic, possible only as invasive species)

Harpactiformes

Another large set of species was presented in Borneo
by Harpacticoid copepods. Early data on freshwater
harpacticoid copepod species found in Borneo were
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Fig. 2. Pictures of some particular copepods collected during Borneo trip. A—D — Bryocyclops cf. annae, A — eggless female,
dorsally, B — female with eggs ventrally, C — female abdomen dorsally, D — female caudal rami, ventrally; E — Halicyclops
thermophylus Kiefer, 1928, dorsal view; F — Halicyclops sp., ventral view; G — Macrocyclops neuter Kiefer, 1931, ventral view; H, J] —

Mongolodiaptomus botulifer (Kiefer, 1974), dorsal view.

Puc. 2. ®otorpaduu HEKOTOPHIX HaubOJIEe MHTEPECHBIX BUAOB KOMENOJ, COOpAaHHBIX BO BpeMs IKcreauluu Ha o. bopueo. A-D —
Bryocyclops cf. annae, A — camka 6e3 sui, gopcanbHo, B — camka ¢ siinjamu, BeHTpanbHo, C — abIoMeH caMKu gopcaibHo, D —
KayJaJlbHbIe BETBU CaMKU BeHTpaibHO; E — Halicyclops thermophylus Kiefer, 1928, nopcansno; F — Halicyclops sp., BenTpansHo; G —
Macrocyclops neuter Kiefer, 1931, Benrpansno; H, ] — Mongolodiaptomus botulifer (Kiefer, 1974), nopcaibHo.

published by Vincenz Brehm [1953] and Heinz Loffler
[1973]. The first author cited only one species, Ela-
phoidella bidens, which was later on recognized to-
gether with four more species by the second author too
[Loffler, 1973]. Three of them Maraenobiotus kina-
baluensis, Elaphoidella labani and Attheyella (Can-
thosella) silvicola appeared to be as new for science
species (see Table 2). In accordance with both previ-
ous and our data, Elaphoidella is the richest Harpacti-

coid genus (presented with 6 species) in Northern
Borneo, and E. bidens is the most common harpacti-
coid in the studied region.

Besides SE Asia, distribution of E. bidens includes
also subtropical regions in Europe [Chappius, 1931;
Lang, 1948; Borutsky, 1952, 1967; Apostolov, 2007].
E. bidens was previously found in ground waters of
mountain area in Borneo [Loffler, 1973]. This species
is known as producing several morphologically differ-
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A-C 250 mem
—

Fig. 3. Male, female and transexual individuals in population Mesocyclops thermocyclopoides Harada, 1931 site 24, Kota Kinabalu,

Borneo.

Puc. 3. Camen, caMka U TpaHCCEKCYalbHBIIl MHIMBHIYYM U3 momyisiuuu Mesocyclops thermocyclopoides Harada, 1931, crannus

cOopa 24, cronuua mrara Kunabany, bopHaeo.

ent forms (coronata, decorata, subtropica). Apostol
Apostolov [2007] showed that the most variable ele-
ments of E. bidens like structure of body somites, en-
dopodites of legs 1-4 (P1, P4) and caudal rami are
options of high morphological variability within the
species. According to this author the above-named forms
have no a taxonomical value so the individuals found
in Borneo can be attributed to typical E. bidens.

Females of another species of the same genus E.
grandidieri were found together with E. bidens. It was
the first registration of the species in Borneo and the
individuals we found did not show a clear seen differ-
ences from other population. The species is also known
from tropical/ subtropical areas in Africa [Chappuis,
1931; Lang, 1948], Japan [Ishida, Kikuchi, 2000], Chi-
na [Borutsky, 1952], Vietnam [Borutsky, 1967], Cen-
tral and Southern America [Dussart, 1982; Gutierrez-
Aguirre et al., 2011], where it inhabits lakes, wells and
springs. Finding E. grandidieri in Wallacea area of
SEAsia let us conclude on possible pan tropical distri-
bution of this species.

Elaphoidella superpedalis is also specified at first
for Borneo. One female was found in the leaf litter
together By structure and armament of abdominal
somite, caudal rami, anal operculum, and other ap-
pendages E. superpedalis from our sample is very close
to specimens from China and Japan [Shen, Tai, 1964;
Ishida, Kikuchi, 2000].As in Borneo only females of
the species were recognized in China [Shen, Tai, 1964]
and Japan [Ishida, Kikuchi, 2000] so this species is
possibly parthenogenetic one. We found three females
of Epactophanes sp. which are not identified to spe-

cies level but can belong to E. philippinus or E. rich-
ardi. Because information about both species we in-
cluded in Key.

To make easier identification of Harpacticoides in
Borneo we produced a simple key for all species found
here.

KEY FOR HARPACTICOID SPECIES IN BORNEO

1. P5 one-segmented. Apical setae on caudal rami rather
short and thick .........cocvviiiiiiie
..................... Phyllognatopus viguieri (Maupas, 1892).

— P5 two-segmented. Apical setae on caudal rami trivial ....

...................................................................................... 2
2. Endopodite of P1 of swimming type .........ccceevevevennenen. 3
— Endopodite of P1 of prehensile type with 1 slightly bent
spine, 1 long and 1 short setae .........c.ccceveevvereeniennnn 4

3. Anal operculum rounded large with 4-5 strong spines and
row of thin spinules. Mandibular palp one-segmented,
with 2 distal Setae ...........cccccoeviiiiinciiicccce

. Epactophanes philippinus Bruno et Cottarelli, 1999

— Anal operculum round-shaped, small with thin spines.
Mandibular palp reduced up to 1 setae ........ccceeueeeneee.
........................... Epactophanes richardi Mrazek, 1894

4. Body cylindrical. Exopodite P1 and endopodites P1-P4
two-segmented, exopodites P2-P4 three-segmented, P5
small; baseoendopodites P5 in female with 4-5 setae,
baseoendopodites P5 in male with 2 setae; exopodite PS5
With 3—4 SELAC ...ovvieiiiciiececeec e
................. Maraenobiotus kinabaluensis Loffler, 1973

— Body slightly caudally narrowed, slender. Exopodites P1—
P4 three-segmented.........ccooveierienenenienenenineeeen 5

5. Endopodites P1-P4 in females two-segmented. Endopodite
P4 in males one-segmented with 2 terminal setae.
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Fig. 4. Intersexual individual (female sized male) of Mesocy-
clops thermocyclopoides Harada, 1931.

Puc. 4. UnTepcexcyansublii nHIUBUAYYyM Mesocyclops thermo-
cyclopoides Harada, 1931 (camen mo pasmepy paBHbIi caMke).

Baseoendopodites P5 in female with 6 setae .................
........... Attheyella (Canthosella) silvicola Loftler, 1973
— Endopodite P1 3-segmented, endopodites P2-P4 in fe-
male two-segmented. Baseoendopodites P5 in female

WiIth 4 SELAC ..eeevviiiiiiiiieeeee e 6
6. Abdominal somites on dorsal side serrated .................. 7
— Abdominal somites on dorsal side smooth .................... 8

7. Caudal rami near square, with dorsal trigonal apophysis.
First segment P4 without setae on inner side ................
............................ Elaphoidella bidens (Schmeil, 1893)

— Caudal rami in female tapering posteriorly, without apophy-
sis on dorsal side. First segment P4 in female with setae
on inner side. Male unknown .............. Elaphoidella sp.1

(possibly local; endemic of Borneo)
8. Anal operculum small, with Spines .........c.ccoceeverreeueneene 9
— Anal operculum large with setules ...........c.cccecereenene. 10
9. Last segments endopodites P2—P3 in female about 5 times
as long as wide. Exopodite P5 in female with 5 spines
and setae. Apical setae on exopodite P4 in male trivial;
entopodite P4 in male with 3 spines and setae ..............
....................... Elaphoidella cuspidata Chappuis, 1941
— Last segments endopodites P2—P3 in female about 2-3
times as long as wide. Exopodite P5 in female with 4
setae. Apical setae on exopodite P4 in male in the form
of cervine horns; entopodite P4 in male with 2 therminal
SELAC ..eovieeerieeirees Elaphoidella labani Loffler, 1973
10. Exopodite P5 in female more than 4.5 times as long as
wide. Male unknown ...........cccccoviiiniiiiniiiicee
................. Elaphoidella superpedalis Shen etTai, 1964
— Exopodite P5 in female 2 times as long as wide. Male
UNKINOWI ¢ttt
... Elaphoidella grandidieri (Guerne et Richard, 1893)

Calaniformes

This group of limnetic copepods in our samples
from Borneo were presented only few species due to
absence of large lakes in the Sabah state. The calanoids
were found only in two samples, in a large rain pool
near a road side (St. 2) and in the low-land area (flood
plain) of Garama river (St. 4). Mongolodiaptomus bot-
ulifer (Kiefer, 1974) a wide spread diaptomid in SEA-
sia was also the most common calanoid species in
Northern Borneo.

Discussion

The first list of species for Borneo appeared in the
beginning of last century after publication of Spandl
[1924] Of the three species found by him, Cyclops
strenuus, Cyclops (Megacyclops) viridis, and Cyclops
(Macrocyclops) fuscus, the validity of identification of
the first species inhabiting mainly high latitudes in
Palearctic was under doubt since the paper appeared
[Lindberg, 1954]. Many references indicate that the
basically Holarctic genus Cyclops tends to inhabit cold
climate regions, and when found in southern countries
like India, they seemed to inhabit high mountain lakes
[Dussart, Dafaye, 2006]. Reference of Spandl [1924]
on C. strenuus from Borneo seems like the only one for
the southern (practically equatorial) site of the genus
registration and until confirmation should be regarded
as questionable one.

Two others species, Cyclops (Megacyclops) viri-
dis, and Cyclops (Macrocyclops) fuscus also can be
criticized for accuracy in their identification, mainly
due to limitation in taxonomy during the time. First
time when Spandl made his copepod identification, the
dominative biodiversity paradigm among aquatic in-
vertebrates was cosmopolitism in distribution of few
very common species. In the genus, then subgenus
Macrocyclops, only three valid species with practically
word-wide distribution were recognized, M. albidus,
M. distinctus and M. fuscus. The last two species with
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plumose inner side of caudal rami quite often were
mixed and Lindberg [1954] believed that Spandl could
have found M. distinctus in Borneo which tend to be
present in hot climate zones rather than M. fuscus that
is common in cold climate waterbodies. Our finding in
Sabah that M. neuter also has hair-like seta on inner
caudal surfaces, let us speculate that Spandl in the
early samples from Borneo could in fact find this spe-
cies that was described from SEAsia six years after his
publication [Kiefer, 1931].

Megacyclops viridis is one more former cosmopol-
itan cyclopoid from the list of Spandl that also could be
a misidentification with one the sibling species or sub-
species described after publication of Spandl’s paper.
Among possible candidates, there are M. formosanus
[Harada, 1931] described from Taiwan and M. latipes
(Lowndes, 1927) known from Europe till Mexico and
two subspecies M. viridis acutulus (Kiefer, 1930) from
Java (the most possible variant to our mind) and M.
viridis takebuensis Ito, 1954 from Japan.

Among Calanoida found in Borneo, Diaptomus cf.
lamellatus identified by Brehm [1953] is also a doubt-
ful species and possibly can be attributed to Mixodiap-
tomus kupelweisseri (Brehm, 1907) which was found
only in southern Europe [Dussart, Defaye, 2002]. He-
liodiaptomus lamellatus Sang, Shen, Li et Chen, 1975
was described several decades after Brehm’s survey on
copepods of Borneo [Brehm, 1953]. Epactophanes ri-
chardi Mrazek seems like the last species that also
possibly was identified in Borneo incorrectly by Lof-
fler [1973]. Until recently, only one cosmopolitan spe-
cies in the genus, E. richardi Mrazek, with many varia-
tions was distinguished [Lang, 1948; Borutsky, 1952].
In Asia E. richardi was also known from Japan [Ishida,
1987], Vietnam [Borutsky, 1967], China [Shen et al.,
1979] and from Borneo [Loffler, 1973]. In the article
of Loftler [1973] there is no description nor drawing of
the specimens found by him in Borneo so we could not
conclude if it was E. philippinus described after Lof-
fler’s paper or not but with a high probability he identi-
fied this Epactophanes as the most morphologically
close to it species E. richardi.

Analysis of other available literature revealed that
there are 26 copepod species from the island of Borneo
(Table 2). This number of species is close to copepod
fauna known for Java or Sumatra [Alekseev et al.,
2014]. Our one week journey in Sabah state increased
the copepods for Borneo upto 60 species comprised in
20 genera (Table 2). The total copepod number for the
island, including the references from Kalimantan, has
been increased so far more than twice. Even after short-
ening the list till 48 valid names due to the presence of
five doubtful species (discussed above), and seven forms
identified only to genus level, the Island Borneo has
now the highest copepod biodiversity known among
the largest tropical islands in SEAsia.

Zoogeography of copepod fauna in Borneo

Faunistic complex of continental copepods in
Borneo includes several zoogeographical elements.
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Endemic species for the Borneo island were described
in all suborders of Copepoda and includes: in Cyclo-
poida: Halicyclops caridophilus Humes, 1947, Micro-
cyclops variabilis Dusart et Sarnita, 1986, Mesocy-
clops brevisetosus Dusart et Sarnita, 1987, M. dayako-
rum Holynska, 2000, M. geminus Holynska, 2000; in
Calanoida Acartiella nicolae Dussart, 1985, Philodi-
aptomus longipes Kiefer, 1965 and in Harpacticoida
Attheyella (Canthosella) silvicola Loeffler, 1973, Ela-
phoidella labani Loeffler, 1973, E. sp.1 and Maraeno-
biotus kinabaluensis Loeffler, 1973. This resulted in
quite high level of endemism of copepod fauna in
Borneo reaching 24.4% of 45 valid species names.

Another faunistic group in Borneo was created by
species with pan-tropical distribution or even specified
as cosmopolites. Among Cyclopoids, it includes Eucy-
clops agiloides (G.O. Sars,1909), Paracyclops chiltoni
(Thomson, 1882), Tropocyclops cf. prasinus, Micro-
cyclops rubellus (Lilljeborg, 1901)], M. varicans (G.O.
Sars, 1863), Mesocyclops aspericornis (Daday, 1906),
and Thermocyclops crassus (Fischer, 1853). In Har-
pacticoides, there are Elaphoidella bidens (Schmeil,
1893) and E. grandidieri (Guerne et Richard, 1893).
To our mind this group is in fact represented by flocks
of sibling species that need to be revised with molecu-
lar-genetic tool using.

The third group copepods from Borneo represents
Australian fauna and includes only three Cyclopoda
species: Eucyclops nichollsi Brehm, 1950, Mesocy-
clops notius Kiefer, 1981, and M. papuensis Van de
Velde, 1967. This composition indicates a transitional
character of continental fauna of the island to some
extent similar to that in Sulawesi.

Several Cyclopoids species more common in Afri-
ca but also known for tropical belt in Asia and in
SEAsia form the fourth faunistic group: Halicyclops
thermophylus Kiefer, 1928, Microcyclops karvei
(Kiefer et Moorthy, 1935), Mesocyclops aequatoria-
lis similis Van de Velde, 1984, and M. ogunnus Ona-
bamiro, 1957.

Finally, the most abundant native group was repre-
sented by species with SEAsian, Pacific Asian and
Indo-China distributions and includes about half of
biodiversity in Cyclopoida (10 species), Calanoida (4
species) and Harpacticoida (4 species).

Some negative trends in copepod biodiversity in
Borneo

Deforestation and soil errosion

The number of species found in different sites of
Sabah was positively correlated with two environmen-
tal factors: depth and temperature. Lower copepod
biodiversity in the rivers compared to the ponds could
be correlated to the lower depths and temperature in
the fomer than the latter. In addition, a positive correla-
tion of copepod biodiversity with depth could be due to
a more stable environment in deeper water bodies dur-
ing dry season. This is probably due to the fact that
deeper water bodies could provide a more favorable
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habitats for accumulation of higher number of species
compared to shallow temporary biotopes.

An interesting correlation revealed from dispersal
analyses indicates that the number of copepod species
was negatively related to turbid water with sediments
and silt and positively withclear/transparant water in
rivers. In turbid water, the biodiversity was many times
less than that in clear water. Apparently, deforestation
in the tropics which usually resulted in soil erosion and
decreased depths in rivers affect life conditions in aquat-
ic biotopes. Results of this study revealed that changes
in forest river hydrology negatively affected copepod
biodiversity in Borneo rivers.

Transsexual mutation

Another human mediated negative impact on aquat-
ic invertebrate biodiversity — intersexuality in Meso-
cyclops thermocyclopodes, which was discovered in a
pond in Kota Kinabalu. Changing sex at the same rela-
tive body size is a quite common among different ani-
mals phenomenon known also in copepods [Allsop,
West, 2003; Gusmao, McKinnon, 2009]. Intersexuali-
ty in copepods can be a back side hormone-based pes-
ticide usage in intensive agriculture technologies. Sim-
ilar intersexual changes on males in copepod Euryte-
mora affinis were recently found in France [Suissi et
al., 2010] These effects in aquatic environment were
attributed to penetration in water of a new generation
of pesticides based on insecticidal hormones, like me-
til-farncosoate, that in our experiments transformed
parthenogenetic females of a tropical crustaceans Moi-
na micrura Kurz, 1874 in males [Alekseev et al., 2012].
In Borneo aquatic ecosystems, this phenomenon could
also be due to the wide usage artificial hormone-based
pesticides in affected by agriculture watershed.

Conclusions

In the island of Borneo (including Kalimantan
states), copepod fauna revealed the richest biodiversity
among all the large islands in SEAsea (60 species
comprised in 20 genera). Mesocyclops is the most abun-
dant genus with 13 species. Continental copepod fauna
in Borneo shows quite high level of endemism reach-
ing 24.4% of 48 valid species but also includes pan-
tropical, Australian, African and SEAsian elements. In
Borneo number of species in sampling sites was posi-
tively related with temperature and depth that possibly
related with dominative sites (rivers and ponds). The
highest copepod biodiversity in Borneo were found in
ponds (23 species), near road ditches (15), rivers with
transparent water (12), and low-land or swamp areas
related with rivers (9). The lowest number of species
were found in rivers with turbid water coloured in
orange with soil-erosive matter that probably indicate a
negative effect of human mediated deforestation pro-
cess on aquatic biodiversity in Borneo. In addition,
discovering intersexual modification in some urbanite
populations of copepods in Borneo could be an alarm-

ing signal on the negative effects of hormone-based
pesticide on aquatic ecosystems. Within practically each
copepod genus studied in Borneo there are forms with
problems on species identification by existing faunistic
keys. This possibly indicates a necessity of new species
description from this area in the nearest future.
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