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Abstract — Subterranean copepods have been studied from 160 samples (from
around 150 different localities) in the Pilbara region, collected by the
Department of Conservation and Land Management, Western Australian
Museum, mining companies and environmental consultants between 1997
and 2003. A rich and interesting copepod fauna was found in this arid area,
comprising 41 species and subspecies classified into 24 genera, seven families
and two orders (Cyclopoida and Harpacticoida). The following five genera
are new to science: Australoeucyclops (Eucyclopinae), Orbuscyclops
(Cyclopinae), Biameiropsis (Ameiridae), Archinitocrella (Ameiridae), and
Abnitocrella (Ameiridae). Two new subgenera are also described:
Rochacyclops (in the genus Halicyclops Normar, 1903) and Pilbaracyclops (in
the genus Fierscyclops Karanovic, 2004). Only 11 species were previously
known from the region, so an additional 30 species and subspecies of
copepods are reported for the first time in the Pilbara in this monograph. Of
them, 23 species and subspecies are described as new to science and ascribed
to the following 15 genera: Halicyclops Norman, 1903 (one new species);
Australoeucyclops gen. nov. (one species), Mesocyclops Sars, 1914 (one),
Orbuscyclops gen. nov. (one), Diacyclops Kiefer, 1927 (four), Fierscyclops
Karanovic, 2004 (two), Pseudectinosoma Kunz, 1935 (one), Schizopera Sars,
1905 (two), Parapseudoleptomesochra Lang, 1965 (one), Biameiropsis gen.
nov. (one), Archinitocrella gen. nov. (one), Abnitocrella gen. nov. (two),
Stygonitocrella Reid, Hunt and Stanley, 2003 (three), Parastenocaris Kessler,
1913 (one), and Elaphoidella Chappuis, 1929 (one new species).

Keys to species worldwide are provided for the genera Stygonitocrella and
Australoeucyclops, as well as for the Australian species of Halicyclops,
Diacyclops, and Schizopera. Ameiropsis abbreviata Sars, 1911 is transferred
into the newly established genus Biameiropsis, and the following four species
are transferred into Australoeucyclops: Paracyclops eucyclopoides Kiefer,
1927, P. timmsi Kiefer, 1969, P. waiariki Lewis, 1974, and Eucyclops linderi
Lindberg, 1948. Thermocyclops operculifer aberrans Lindberg, 1952 is
elevated to specific status and recorded for the first time in Australia.
Phyllopodopsyllus thiebaudi Petkovski, 1955 is also reported for the first time
from Australia, as are the genera Pseudectinosoma and Stygonitocrella. The
small cyclopoid genus Orbuscyclops is one of the exceptions in the family,
showing that a reduction in body size is not necessarily closely followed by
reductions in the segmentation of thoracic appendages.

Of the 41 species and subspecies five have a cosmopolitan or almost
cosmopolitan distribution, another five have a relatively wide distribution
(three of them being Australian endemics), while 31 species and subspecies
(76%) are endemic to the Pilbara region. A very long process of accumulation
is likely to be one of the main reasons for such a rich fauna of subterranean
copepods, as this part of Australia has been emergent, and hence a freshwater
system, since the Precambrian. Representatives of the genera Allocyclops
Kiefer, 1931 and Parastenocaris may have invaded the subterranean waters of
the Pilbara as early as the Jurassic, because these cosmopolitan genera have
no marine relatives and no modern pathways between different continents,
making it likely their present distribution is the result of continental drift.
Although the majority of species from the Pilbara have a clear freshwater
origin, no less than 16 species (39%) are marine derived, with their close
relatives still flourishing in the marine environment. Some of them are quite
recent colonisers, like the representatives of the genera Halicyclops,
Schizopera, and Phyllopodopsyllus T. Scott, 1906. The Tethyan connection is
clearly recognisable for many taxa and the characters of the first Australian
representative of the genus Pseudectinosoma strongly suggests a Tethyan
origin of this genus as well. A prominent zoogeographical feature of the
Pilbara copepods with a freshwater origin is the Eastern Gondwana
connection.
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Results of this survey are compared with those from the neighbouring
Murchison region and some striking differences are revealed. Not a single
species endemic to the Murchison was found in the Pilbara and those that
occur in both regions are widespread Australian or cosmopolitan species.
There are also surprising differences in the copepod genera of the Pilbara and
Murchison and similar differences were also observed and reported in fauna
other than copepods. The only real connection between these two
neighbouring Western Australian regions seems to be the genus Schizopera.
A “pulsating desert hypothesis” has been tentatively proposed, that may
account for some of the observed differences between the Pilbara and
Murchison stygofaunas. During the past episodes of very severe aridity in
Australia the real desert would spread westwards from the central part of the
cotitinent; perhaps-wiping-out-most of the stygofauna and forcing the rest to

retreat, first towards the coast and then either northwards or southwards of
the Tropic of Capricorn. It is noted that the diversity of the three main
freshwater harpacticoid families is quite different in Australian subterranean
waters from elsewhere. This is explained as a reflection of a different
colonisation history of the subterranean freshwater habitats in parts of the

former Gondwana and in the Northern Hemisphere.

INTRODUCTION

In 2002, the Western Australian Department of
Conservation and Land Management (CALM)
began surveying the biodiversity of terrestrial,
aquatic and groundwater habitats of the Pilbara
region. This large regional survey was intended to
provide an overview of biodiversity in the Pilbara
and a context for assessing the significance of
localised occurrences of surface and groundwater
species. Stygofauna has not previously been
included in broadscale biological survey programs
in Western Australia (Burbidge et al. 2000) but the
lack of information about stygofauna and its
distribution in the Pilbara was making it difficult to
assess the likely environmental impacts of
economically important natural resource
development projects. While identifying copepods
collected during this survey, I have also taken the
opportunity to review all samples of unidentified
copepods collected previously by the Western
Australian Museum, mining companies and
environmental consultants from the region. The
total number of samples available to me was 160,
collected between 1997 and 2003 from all over the
Pilbara. This is very similar to the number of
samples (164) I had previously studied from the
neighbouring Murchison region of Western
Australia (Karanovic 2004a). I have compared
results from the Pilbara with those from the
Murchison, even though the biological survey in the
former is far from complete. Nevertheless, I believe
a significant proportion of the subterranean
copepod diversity (at least on generic level) from
the region has now been documented, because
collecting has occurred across the region and all
major calcrete bodies have been sampled. Surface
water habitats are scheduled for sampling later
during the biological survey and descriptions of
new surface water copepods may be presented in
the future.

Bordered by the Indian Ocean to the west, the

Ashburton River to the south and sandy deserts to
the east and north, the Pilbara natural region
(Figure 116) has a total area of almost 185,000 km?
It is also recognised as one of the regions of the
Eremaean Botanical Province and sometimes is
called the Fortescue Botanical District (Beard 1975).
For the purpose of this study the entire Ashburton
River catchment was included with the Pilbara, as
well as the area to the east around Lake
Disappointment (which is the only part of the area
investigated with internal drainage). Geologically,
the Pilbara region is situated on the Pilbara Craton,
which together with Yilgarn Craton forms the
Western Shield (Beard 1998), an area that has been
emergent since the Precambrian. The Pilbara Craton
is part of the oldest non-marine landscape on Earth
(Bird and Chivas 1988), and consists mostly of
Proterozoic and Archaean rocks (with the exception
of some minor superficial sediments). It lies
between two sedimentary basins: the Canning Basin
to the northeast and the Carnavon Basin to the
southwest (Beard 1975). The region is everywhere
arid, with average rainfall varying from 180 to 300
mm per annum. The highest rainfall is around the
mountain massif of the Hamersley Range, where
many summits exceed 900 m in altitude and one (Mt
Meharry) reaches 1235 m to be the highest peak in
Western Australia. Climatic conditions in the Pilbara
are dominated to a greater degree than in any other
part of Western Australia by tropical cyclones during
summer months and predominantly from January to
March (Beard 1975). The drainages of most major
rivers were formed during the Late Cretaceous to
Early Tertiary and are very well preserved because
of the tectonic stability of the area and because a
change from a humid to an arid climate during the
Tertiary slowed down erosion and sedimentation
(Van de Graaff et al. 1977). This Early Tertiary
climatic change was probably due to changes in
oceanic circulation caused by the drifting apart of
Australia and Antarctica.



Subterranean Copepoda from Pilbara

The Pilbara region can be physiographically
divided into four major types: 1) the coastal plains;
2) the moderately elevated interior; 3) the broad
valleys of the larger rivers (e.g. the De Grey,
Fortescue and Ashburton); and 4) sandstone
islands (namely the Montebello Group, Barrow
Island, Dampier Archipelago and their satellites)
(Storr 1984). Because of the low rainfall and brief
wet season, watercourses flow for only short
periods but surface water is fairly plentiful (for an
arid zone) owing to the frequency of river pools
and waterholes. In this dry region there is
frequently very little soil in the ordinary sense,
and in the explanatory notes to the soil maps there
is a common expression “extensive areas in this
unit without soil cover”. Groundwater and soil
calcrete (terrestrial limestone) is a habitat for
stygofauna in the Pilbara (Humphreys 1999, 2001),
just as it is in the neighbouring Murchison region
(Karanovic 2004a) but the narrow coastal strip of
sandstone (soft dune limestone) and alluvium are
also very important. In Aboriginal times the
region, except for offshore islands that were
uninhabited, was thinly populated (Beard 1975),
with very reduced intensity of occupation during
the Last Glacial Maximum (Marwick 2002).
European settlers gradually occupied the region
with flocks of sheep and cattle and to mine
minerals from the 1860s onwards but the area has
remained sparsely populated and only about
40,000 people (39,676 estimated by the Australian
Bureau of Statistics for 2000/2001) live in the
Pilbara. Today, large areas have been protected in
three major national parks: Millstream-Chichester,
Karijini and Rudall River.

The Pilbara was recognised as one of the major
Australian centres of biological endemism (Cracraft
1991, Crisp et al. 1999), even before the
investigation of stygofauna in Western Australia
started. It was not until the last decade or so that
Australian subterranean waters started to be
investigated systematically (Humphreys 1993).
Now, the Western Australian arid zone is
recognised to include one of the world’s more
diverse and notable subterranean faunas, including
a number of higher order taxa variously new to
science (e.g. Wilson and Ponder 1992, Poore and
Humphreys 1992, 1998, Yager and Humphreys
1996, Danielopol et al. 2000, Jaume and Humphreys
2001, Jaume et al. 2001). Also, a number of stygal
copepods have been described from ancient
freshwater as well as from anchialine waters (see
Karanovic 2004a). The first published records of the
Pilbara copepods are those by Pesce et al. (1996a),
who described Metacyclops mortoni and
Mesocyclops brooksi as new species from the
Ashburton River catchment and also reported
Microcyclops varicans (Sars, 1863) from the same
area. At the same time Pesce and De Laurentiis
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(1996) described Diacyclops humphreysi from a
number of localities near Exmouth (Cape Range
region) and also from two localities near Onslow in
the Pilbara. Subsequently the same authors (De
Laurentiis et al. 1999) described one species of the
genus Halicyclops Norman, 1903 (H. rochai) and
two species of the genus Diacyclops Kiefer, 1927 (D.
reidae and D. einslei). They also emended and
corrected the description of Diacyclops humphreysi
Pesce and De Laurentiis, 1996, based on wider

. collecting in the Pilbara, and reported Microcyclops

varicans, Metacyclops mortoni Pesce, De Laurentiis
and Humphreys, 1996 and Mesocyclops brooksi
from some additional localities in the region. Lee
and Huys (2002) reported the first harpacticoid
from the Pilbara, as a new genus and new species in
the family Ameiridae Monard, 1927 (Inermipes
humphreysi), from Barrow Island. The same island
yielded the first representative of the genus
Allocyclops Kiefer, 1932 from Australia, which I
described (Karanovic 2003) as a new species, A.
(Psammocyclops) consensus. Holyriska and Brown
(2003) reported Mesocyclops brooksi and two
previously unrecorded species of Mesocyclops Sars,
1914 (M. notius Kiefer, 1981 and M. darwini
Dussart and Fernando, 1988) for this region — from
the Fortescue Marsh, a very large, episodically
flooded water body. Halse et al. (2002b) listed
several copepod taxa from five springs in the
Pilbara, mostly identified to the generic level.
Finally, one new species of the genus Mefacyclops
(M. pilbaricus) was described by Karanovic (2004b)
from the Newman Borefield. Altogether 11 species
of copepods are known from the Pilbara, 10 of
which are cyclopoids and only one a harpacticoid.
All these species are listed in this monograph, some
are redescribed and some reported from new
localities.

The fragmentary preliminary research suggested
a very rich copepod stygofauna in the Pilbara, and
stygofauna in general, and this was one of the main
reasons for CALM undertaking the current regional
biological survey. Results to date from the
additional sampling confirm early impressions and
additional 31 species of copepods are reported for
the Pilbara in this monograph, most of them new to
science. Five new genera and two new subgenera
are also described.

MATERIAL AND METHODS

The approximate surface of the area investigated
is 185,000 km?, which is only slightly more than the
area of the Murchison region, presented in my
previous monograph (Karanovic 2004a). In total 160
samples containing copepods, from around 150
different localities, were studied. Locality data and
number of specimens are listed and numbered for
every species separately and all the material is
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deposited in the Western Australian Museum,
Perth. Localities are only mentioned by their
number from the list in the Discussion section for
each species (for example: “one female from locality
8 has ...”).

Samples were collected with haul-nets (mesh size
50, 150, 250 or 350 um) from bores and wells. Bores
are holes mainly made by mining companies in the
purpose of water monitoring and abstractions or
mineral exploration. They are usually 10 to 20 cm in
diameter-and-may-be lined-entirely, or in part, by

T. Karanovic

medium, ready for a long term depositing. All
drawings were prepared using a drawing tube
attached to a Leica-DMLS brighfield compound
microscope, with C-PLAN achromatic objectives.
Specimens that were not drawn were examined in a
mixture of equal parts of distilled water and
glycerol and, after examination, were again
preserved in 70% ethanol.

Morphological terminology follows Huys and
Boxshall (1991), except for small differences in the
spelling of some appendages (antennula,

PVC tubing (the casing). This tubing may be open
only at the bottom, or it may be pierced at one or
more levels by holes of various sizes (“slots”). The
top may be securely capped or entirely open to the
elements. Some bores record the water pressure at a
given level in the aquifer (piezometers), while
others, together with hand dug wells (ca. 1 X 1.5 m)
equipped with windmills, provide water for
pastoral use. Many of these features are derelict.
Haul-nets are actually simple plankton nets of a
different size suitable for the bore; collar can range
from 30 to 200 mm in diameter and is made of
stainless steel. Weighed nets (using simple fishing
leads, or more complicated brass intermediate
collars) were lowered down into the bore with one
bottle screwed on its distal part then hauled
through the water column, usually a number of
times. The Bou-Rouch pump and Karaman-
Chappuis methods were used for sampling
stygofauna from the interstitial habitats (mostly
near permanent springs). Water chemistry was
analysed both in the field (using Yeo-Kal 611 water
quality analyser) and in the laboratory (using many
different techniques) and will be presented
elsewhere, after completion of the survey. The
samples were sorted live under a dissecting
microscope and the copepods picked out and fixed
in 70% or 100% ethanol and assigned a field number
(Prefix BES for the Museum samples). Many bores
established for hydrogeological work, mineral
exploration and water monitoring have prefixes or
suffixes of relevance only to that drilling program.
These codes are cited in the examined material for
each species to aid specification of the location.
Specimens were dissected and mounted on
microscope slides in Faure’s medium, which was
prepared following the procedure discussed by
Stock and Vaupel Klein (1996), and dissected
appendages were then covered by a coverslip. For
the urosome or the entire animal two human hairs
were mounted between the slide and coverslip, so
the parts could not be compressed. By manipulating
the coverslip carefully by hand, the whole animal
or a particular appendage could be positioned in
different aspects, making possible the observation
of morphological details. During the examination
water slowly evaporated and appendages
eventually remained in completely dry Faure’s

mandibula, maxillula instead of antennule,
mandible, maxillule), as an attempt to standardise
the terminology for homologue appendages in
different crustacean groups. Also, for the armature
formula of swimming legs a much simplified
version is used. The only reason for this is that there
are a number of transitional forms between spine
and seta in copepods. To avoid possible confusion
in some descriptions I sometimes use the term
“armature element” (or just “element”) instead of
spine or seta. When a particular appendage or a
structure is not mentioned in the description
(usually paragnaths) it means it was not observed,
but when a drawing is missing and the appendage
is described in the text it means that it was observed
but it was not drawn, either because it was very
badly mounted or it is almost identical to the same
appendage of another species from the same genus
in the monograph. Biospeleological terminology
follows Humphreys (2000b).

SYSTEMATICS
Order Cyclopoida Sars, 1886
Family Cyclopidae Burmeister, 1834
Subfamily Halicyclopinae Kiefer, 1927
Genus Halicyclops Norman, 1903
Subgenus Rochacyclops subgen. nov.

Diagnosis

Moderately large Halicyclopinae, with robust
habitus and greatest width near posterior end of
cephalothorax. First pedigerous somite completely
incorporated into cephalothorax. Hyaline fringes
of prosomites narrow and smooth, and somites
without pronounced lateral expansions. Genital
double somite in female without ventrolateral
cuticular windows or recesses, with sharply or
bluntly serrated hyaline fringe; copulatory pore
small and seminal receptacle very small, heart
shaped. Abdominal somites (except anal one) with
serrated hyaline fringe, both in female and male;
pseudoperculum not well developed. Caudal rami
short, 0.7 to 1.3 times as long as wide; innermost
apical seta well developed, considerably longer
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than ramus; lateral seta arising from proximal part
of ramus. Antennula six-segmented in female and
12- or 13-segmented in male. Antenna four-
segmented, with or without short seta
representing exopod and with five lateral elements
on second endopodal segment, one of which
extremely long. Mandibula with palp reduced to
small protuberance, which bears two setae; distal
seta much longer than proximal. Maxillula
composed of well developed praecoxa and two-
segmented palp (endopod sometimes partly or
completely fused). Maxilla four-segmented, not
prehensile. Maxilliped two segmented; armed with
three setae on protopod and five setae on
endopod. All swimming legs with three-
segmented exopod and endopod; third exopodal
segment spine formula 3.4.4.3 or 3.4.3.3; second
endopodal segment of first leg with one inner seta
and on other legs with two inner setae; all
armature elements on third endopodal segment of
fourth leg spiniform, inner apical spine somewhat
longer than outer. Sexual dimorphism in armature
of swimming legs not unusual. Seta at inner-distal
corner of coxa of fourth leg much smaller than
same seta on other swimming legs. Fifth leg with
basis and endopod fused to somite; exopod one-
segmented and armed with three strong spines
and one apical seta in female, three spines and
three setae (two additional setae along inner
margin) in male. Sixth leg in male armed with
three or two elements.

Type species
Halicyclops rochai De Laurentiis, Pesce and
Humphreys, 1999

Other species

Halicyclops caridophilus Humes, 1947,
Halicyclops tetracanthus Rocha, 1995, Halicyclops
cenoticola Rocha, Iliffe, Reid and Suarez-Morales,
1998 and Halicyclops calm sp. nov.

Etymology

The subgenus is named in honour of Dr Carlos
Eduardo Falavinga da Rocha, from the University
of Sdo Paulo, in recognition of his numerous recent
contributions to the knowledge of the
halicyclopinae copepods. His family name is
prefixed to the existing generic name Cyclops.
Gender masculine.

Halicyclops (Rochacyclops) rochai De Laurentiis,
Pesce and Humphreys, 1999
Figures 14

Synonymy
Halicyclops rochai sp. nov. — De Laurentiis et al.,
1999: 245, Figures 1-21.

Material Examined

1) Australia, Pilbara, Little George River, bore
NWCHSLK1180, 15 November 2002, leg. J. Cocking
and M. Scanlon (CALM), 20°58'14"S 117°05'30"E:
two males + one female in alcohol (WAM C25060)

2) Australia, Pilbara, Eramura Creek, bore
NWCHSLK1033, 13 November 2002, leg. J. Cocking
and M. Scanlon (CALM), 21°03'31"S 116°15'42E: one
male + one copepodid in alcohol (WAM C25061)

3) Australia, Pilbara, Barrow Island, bore L8, 11
August 2002,  leg. G. Humphreys (BIOTA)
20°49'04"S 115°23'35"E: one female (CY 308)
dissected by Jane McRae on one slide (WAM
C25062)

4) Australia, Pilbara, Robe River, bore G70730101,
17 June 2003, leg. J. Cocking and M. Scanlon
(CALM), 21°34'32"S 115°52'58"E: one copepodid in
alcohol (WAM C25063)

5) Australia, Pilbara, Barrow Island, bore L8, 22
October 1998, leg. W.F. Humphreys and S.M.
Eberhard (BES: 3405), 20°49'01"S 115°23'40"E: two
females in alcohol (WAM C25064)

6) Australia, Pilbara, Barrow Island, bore L8
(taken at midpoint, old water supply well, 150 mm
casing), 13 January 1999, leg. K. Hallett (BES: 6971),
20°49'02"S 115°23'42"E: one female in alcohol
(WAM C25065)

7) Australia, Pilbara, Barrow Island, Bore M5N
(taken at midpoint, new unused well, 100 mm
casing), 13 January 1999, leg. K. Hallett (BES: 6997),
20°48'37"S 115°24'36"E: one male + one copepodid
in alcohol (WAM C25066)

8) Australia, Pilbara, Barrow Island, bore C65
(deep south), 24 October 1998, leg. W.F. Humphreys
and S.M. Eberhard (BES: 3447), 20°52'56"S
115°23'06"E: one male dissected on one slide (WAM
C25067) + one female dissected on two slides
(WAM C25068)

9) Australia, Pilbara, Barrow Island, bore C77], 24
October 1998, leg. W.F. Humphreys and S.M.
Eberhard (BES: 3453), 20°52'58"S 115°23'44"E: one
female dissected on two slides (WAM C25069)

10) Australia, Pilbara, Robe River, bore
(G70730103, 14 November 2002, leg. J. Cocking and
M. Scanlon (CALM), 21°32'59"S 115°51'50"E: three
females in alcohol (WAM C25070)

11) Australia, Pilbara, Robe River, bore
G70730104, post-purge, 14 November 2002, leg. J.
Cocking and M. Scanlon (CALM), 21°34'53"S
115°52'14"E: two males + three females + one
copepodid in alcohol (WAM C25071)

12) Australia, Pilbara, Robe River, bore
(70730104, pre-purge, 14 November 2002, leg. J.
Cocking and M. Scanlon (CALM), 21°34'53"S
114°52'14"E: two males + one female + one
copepodid in alcohol (WAM C25072)

13) Australia, Pilbara, Robe River, bore
G70730104, post-purge II, 14 November 2002, leg. J.
Cocking and M. Scanlon (CALM), 21°34'53"S
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114°52'14"E: one male + three females in alcohol
(WAM C25073)

14) Australia, Pilbara, Ord Ranges, bore
GNHSLK1664, 17 November 2002, leg. ]J. Cocking
and M. Scanlon (CALM), 20°20'20"S 119°07'26"E: 16
males + 14 females + eight copepodids in alcohol
(WAM C25074)

15) Australia, Pilbara, Robe River, bore
(G70730101, 14 November 2002, leg. J. Cocking and
M. Scanlon (CALM), 21°34'32"S 115°52'58"E: one
female in.alcohol (WAM C25075)
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narrow and short, rigidly sclerotized. Seminal
receptacle very small, heart-shaped (Figure 1E).
Ovipores situated dorsolaterally, covered by
reduced sixth legs, bearing two minute spines and
one smooth seta (Figure 1B). Third urosomite with
pair of dorsal sensilla near posterior margin. Fourth
urosomite without ornamentation. Anal somite
with smooth, broad and almost straight anal
operculum, which represents 57% of somite’s
width; ornamented with two large sensilla dorsally
and transverse row of spinules on posterior margin.

16) Australia, Pilbara, Barrow Island, bore MW17,
10 August 2002, leg. G. Humphreys (BIOTA)
20°46'S 115°28'E: one copepodid (CY 306) dissected
on one slide by Jane McRae (WAM C25076)

17) Australia, Pilbara, Barrow Island, bore
AMW?20, 10 August 2002, leg. G. Humphreys
(BIOTA): one female (CY 307) dissected on one
slide by Jane McRae (WAM C 28635)

18) Australia, Pilbara, Robe River, bore
G70730101, 4 April 2003, leg. J. Cocking and M.
Scanlon (CALM), 21°34'32"S 115°52'58"E: one male
+ one female in alcohol (WAM C 28636)

19) Australia, Pilbara, Robe River, Yarraloola
Station, bore PANNASLK4, 5 April 2003, leg. J.
Cocking and M. Scanlon (CALM), 21°37'569"S
115°57'41"E: two copepodids in alcohol (WAM C
28637)

20) Australia, Pilbara, Barrow Island, bore F11, 25
October 1998, leg. W.F. Humphreys and S.M.
Eberhard (BES: 3463), 20°50'46"S 115°2223"E: one
male dissected on two slides (WAM C 28638)

Redescription

Female. Habitus robust (Figure 1A), with
prosome/urosome ratio 1.72 and greatest width at
2/3 of cephalothorax length. Body length/width
ratio about two; cephalothorax about three times as
wide as genital double somite. Free pedigerous
somites without pronounced lateral expansions.
Colour of preserved specimen yellowish. Nauplius
eye not visible. Rostrum well developed,
membranous, broadly rounded and furnished with
two large sensilla.

Cephalothorax 0.9 times as long as its greatest
width; represents 46% of total body length. Surface
of cephalic shield with few large sensilla; no other
ornamentation visible. Hyaline fringe of prosomites
narrow and smooth. Fifth pedigerous somite with
two large dorsal sensilla and with smooth fringe
dorsally and ventrally (Figure 1B).

Genital double somite (Figure 1B, E) 0.9 times as
long as wide, ornamented with four large sensilla
dorsally (two at middle, two near posterior margin).
Hyaline fringe of genital double and two
subsequent somites frilled and bluntly serrated. No
cuticular recesses ventrolaterally on posterior half
of genital double somite or spiniform processes
laterally. Copulatory pore small; copulatory duct

Anal sinus widely opened, ornamented with two
diagonal rows of minute spinules (Figure 1B).

Caudal rami (Figure 1B and 2G) 1.3 times as long
as wide, parallel, with space between them about
one half of ramus’ width. Distal margin ventrally
with small protuberance medially, which seems to
be a cuticular tube pore. One arched row of large
spinules present ventrolaterally near posterior
margin; another row of somewhat smaller spinules
dorsally, at base of dorsal seta (Figure 1B). Dorsal
seta very long, about six times as long as ramus,
inserted on protuberance overreaching border of
ramus, uniarticulate at base and plumose distally.
Lateral seta arising at distal end of proximal fourth,
positioned dorsolaterally, uniplumose and shorter
than ramus. Outermost apical seta slender, about
1.7 times as long as ramus, pinnate distally.
Innermost apical seta also slender, about 1.2 times
as long as outermost apical one, pinnate along inner
margin. Principal apical setae with breaking plane;
inner seta about 1.9 times as long as outer one, and
0.68 times as long as body.

Antennula (Figure 2D) slightly shorter than
cephalothorax length, six-segmented, with slender
aesthetascs on fourth and sixth segments and setal
formula: 8.12.5.6.2.9. One stout seta at distal outer
corner of first segment and one on sixth segment
articulating on basal part; no setae with breaking
plane and all setae slerider (no spiniform or very
short setae). Most setae smooth, only nine setae
(21%) plumose or pinnate at their distal parts. Length
ratio of antennular segments, from proximal end and
along caudal margins, 1:1.3:0.7:2.2:1.3: 1.8.

Antenna (Figure 2C) four-segmented, comprising
very reduced and unarmed coxa (mostly fused with
basis), basis and two-segmented endopod. Basis
ornamented with short row of spinules at proximal
inner part; armed with two pinnate setae at distal
inner corner and with smooth seta representing
exopod; exopodal seta just over half the length of
basis, while other two setae only slightly shorter
than basis. First endopodal segment armed with one
pinnate seta at middle. Second endopodal segment
about twice as long as first, ornamented with two
longitudinal rows of spinules along caudal surface
(some very long) and armed with five lateral and
seven apical setae; one lateral seta extremely long,
about 1.4 times as long as segment.
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Figure 1  Halicvclops (Rochacyclops) rochai De Laurentiis, Pesce and Humphreys, 1999, female (0.558 mm) from
locality 8 (WAM C25068): A, habitus, dorsal view; B, urosome, dorsal view; C, maxilliped; D, maxillula; E,
genital double somite, ventral view. Scales = 0.1 mm.
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Figure 2 Halicyclops (Rochacyclops) rochai De Laurentiis, Pesce and Humphreys, 1999, A-F, female (0.558 mm) from
locality 8 (WAM C25068); G, female (0.608 mm) from locality 9 (WAM C25069): A, labrum; B, mandibula; C,
antenna; D, antennula; E, fifth leg; F, maxillular palp; G, right caudal ramus, ventral view. Scale = 0.1 mm.
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Labrum (Figure 2A) trapezoidal, ornamented
with short row of eight long, slender spinules on
ventral surface, with short row of minute spinules
along lateral sides and with finely serrated
distolateral margin. Cutting edge shlightly concave,
with 13 blunt teeth. No other ornamentation
visible.

Mandibula (Figure 2B) with palp reduced to small
protuberance, which bears two setae; distal seta
pinnate distally, almost 2.2 times as long as
proximal smooth seta but not reaching gnathobasal
teeth. Coxal gnathobase cutting edge clearly
divided into three regions: inner group of four
complex smooth teeth, innermost tooth strongest,
outermost sharpest; middle group of four simple
smooth teeth and two spinules; outer group of two
strongly pinnate teeth and outermost pinnate seta.
Gnathobasal seta about 1.4 times as long as
proximal seta on reduced palp.

Maxillula (Figure 1D and 2F) composed of well
developed praecoxa and one-segmented palp.
Arthrite of praecoxa with four apical, strong, short
and smooth spines. Praecoxa armed with seven
armature elements along inner margin, longest one
plumose. Palp with completely or only partly fused
endopod, bearing two apical and one lateral pinnate
setag; armed laterally with one exopodal pinnate
seta and apicallv with two slender, pinnate setae
and one robust, strongly bipinnate spine.

Maxilla (Figure 3F) four-segmented but praecoxa
fused to coxa on posterior surface. Proximal endite
of praecoxa armed with two setae (one plumose,
other pinnate distally); distal endite very small,
unarmed. Proximal endite of coxa with one short
pinnate seta; distal endite highly mobile and
bearing one proximal, completely fused and very
stout seta and one distal, smaller seta. Seta fused to
endite ornamented with three elongated spinules.
Basis expanded into spinulose claw and armed with
two setae; strong seta longer than claw. Endopod
armed with two spinulose and two smooth setae.
Longer endopodal spinulose seta about as long as
strong seta on basis; shorter endopodal spinulose
seta about 2.2 times as long as longer endopodal
smooth seta. Both endopodal spinulose setae, as
well as claw and strong seta on basis, with most
proximal spinules longer than subsequent spinules
inrow.

Maxilliped (Figure 1C) two-segmented, armed
with three setae on protopod and five setae on
endopod, and ornamented with bunch of spinules
near distal margin of protopod. Proximal
protopodal seta smooth; middle seta strong, pinnate
and about 1.5 times as long as proximal one; distal
protopodal seta about as long as proximal one,
ornamented with three long spinules. Two lateral
and innermost apical endopodal setae very stout
and with several very long spinules. Middle apical
seta longest one, pinnate, and about 1.4 times as
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long as outermost, smooth, apical seta. Protopod
about 2.3 times as long as endopod.

All swimming legs with three-segmented exopod
and endopod (Figure 3A, B, C, D). Armature
formula (legend: inner/outer spine or seta; inner/
terminal/outer):

Exopod Endopod
Segments 12 3 1 2 3
First leg 1/1 1/1 3/2/3 1/0 1/0 3/2/1

Second leg  1/1 1/1 4/2/3 1/0 2/0 3/2/1
Third leg 171 1/1 4/2/3 1/0 2/0 3/2/1
Fourthleg  1/1 1/1 4/2/2 10 2/0 2/2/1

Third exopodal segment spine formula: 3.4.4.3.
Intercoxal sclerite of first swimming leg with two
bunches of delicate hairs; all other intercoxal
sclerites without visible ornamentation. Coxae
unornamented (except on first leg, where coxa bears
short row of spinules along posterior margin) but
armed with pinnate seta at inner distal corner;
pinnate seta very short on fourth leg (Figure 3D).
Spine inserted at inner, protruded corner of basis of
first leg reaching halfway of second endopodal
segment (Figure 3A). All setae slender and
plumose, except for two modified setae on fourth
leg endopod. Third endopodal segment of fourth
swimming leg about 2.5 times as long as wide; inner
apical spine about 1.3 times as long as outer one;
two inner setae spiniform, bipinnate and with three
very long spinules proximally (Figure 3D).

Fifth leg (Figures 2 E and 3E) with basis and
endopod completely fused to somite; outer basal
seta inserted on elongate basal protuberance (about
twice as long as wide) and pinnate distally. Exopod
about 1.5 times as long as wide, with smooth inner
margin and a few small spinules along outer
margin; several small spinules present at base of
outer spines. Armature consists of three strong
spines and one apical seta; inner apical spine
slightly shorter than segment, about 1.5 times as
long as outer apical spine and 1.6 times as long as
outer proximal spine. Exopodal apical seta plumose
at distal end, about 1.5 times as long as segment
and 0.9 times as long as basal seta.

Sixth leg indistinct triangular plate, armed with
two almost equal, smooth spines fused to plate, and
one smooth, much longer seta.

Male. Habitus robust, with prosome/urosome
ratio 1.9 and greatest width at posterior end of
cephalothorax. Body length/width ratio about 2.3;
cephalothorax about 2.5 times as wide as genital
somite.

Cephalothorax as long as its greatest width.
Ornamentation of prosomites, colour and nauplius
eve similar to those of female. Fifth pedigerous
somite ornamented with five sensilla dorsally
(Figure 4B). Hyaline fringe of fifth pedigerous
somite smooth; that of genital somite bluntly
serrated and frilled dorsally; those of other
urosomites (except anal one) bluntly serrated and
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Figure 3  Halicyclops (Rochacyclops) rochai De Laurentiis, Pesce and Humphreys, 1999, A-D and F, female (0.558
mm) from locality 8 (WAM C25068); E, female (0.608 mm) from locality 9 (WAM C25069): A, first swimming
leg; B, second swimming leg; C, third endopodal segment of third swimming leg; D, fourth swimming leg; E,
fifth leg; F, maxilla. Scale = 0.1 mm.
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Halicyclops (Rochacvclops) rochai De Laurentiis, Pesce and Humphreys, 1999, A, B and D-F, male (0.467
mm) from locality 20 (WAM C28638); C, male (0.538 mm) from locality 7 (WAM C25066); G and H, male
(0.463 mm) from locality 8 (WAM C25067): A, urosome, ventral view; B, urosome, dorsal view; C, third
endopodal segment of first swimming leg; D, antennula; E, fifth and sixth legs; F, third exopodal segment of
third swimming leg; G, third endopodal segment of second swimming leg; H, fifth leg. Scale = 0.1 mm.

Figure 4
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frilled both dorsally and ventrally. Dorsal hyaline
fringe of preanal somite slightly produced
posteriorly in form of pseudo-operculum, and more
strongly serrated (Figure 4B).

Genital somite ornamented with two dorsal
sensilla; third wurosomite without any
ornamentation; fourth urosomite with two dorsal
sensilla; fifth somite unornamented. Anal somite
with smooth, somewhat concave and very broad
anal operculum, which represents 54% of somite’s
width; ornamented with two sensilla dorsally and
transverse row of spinules on posterior margin.
Anal sinus widely opened, without surface
ornamentation.

Caudal rami (Figure 4A, B) about 1.2 times as
long as wide, almost parallel, with little space
between them. Armature and ornamentation similar
to female.

Antennula (Figure 4D) of almost equal length to
cephalothorax, 12-segmented, geniculate, with
geniculation between eleventh and twelfth segments.
Aesthetasc formula: 2.0.0.0.0.1.0.1.0.0.1.3. All
aesthetascs slender and long. Setal formula:
9.454.2222272.0.11. Setae on ninth and tenth
segments characteristically modified, spiniform. Only
seven setae pinnate distally (four on twelfth segment
and three of the spiniform setae), and only five setae
on twelfth segment articulating on basal part.

Antenna, labrum, mandibula, maxillula, maxilla,
maxilliped and swimming legs (Figure 4C, F)
similar to female.

Fifth leg (Figure 4E, H) exopod about 1.2 times as
long as wide, ornamented with two short rows of
small spinules on outer margin, and with several
small spinules at base of spines. Armature consists
of three spines and three setae. Inner apical spine as
long as segment, about 1.5 times as long as outer
apical spine and 1.8 times as long as outer proximal
spine. Exopodal proximal inner seta about 1.2 times
as long as distal inner seta, which is slightly longer
or as long as exopodal apical seta. Exopodal apical
seta about as long as basal one. All setae pinnate.

Sixth leg (Figure 4A, E) distinct large plate, armed
with one spine and two pinnate setae; ornamented
with short row of spinules at base of spine. Outer
seta 1.4 times as long as inner seta and about 1.3
times as long as spine.

Variability

Body length of females ranges from 0.51 mm to
0.808 mm (0.629 mm average; n = 12), while in
males it ranges from 0.463 mm to 0.538 mm (0.489
mm average; n = 7). Innermost spine on the female
fifth leg can be somewhat longer or shorter (Figure
2E and 3E), as can the innermost apical seta on the
caudal rami (Figure 1B and 2G). One male from
locality 8 has all armature elements on the outer
margin of the third endopodal segment of second
leg spiniform (Figure 4G) and the fifth leg with less
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ornamentation than usual (Figure 4H). No other
type of variability was observed.

Discussion

The subfamily Halicyclopinae Kiefer, 1927
currentlv encompasses more than 90 valid species
and subspecies, classified into six genera (Boxshall
and Halsey 2004; Karanovic 2004a). They mostly
inhabit interstitial water of beaches, anchialine
caves, coastal lagoons and estuaries (Rocha et al.
2000), although some are known to be comensal on
lobsters (Humes 1947) or to inhabit inland waters
with increased salinity (Karanovic 2004a). The
subfamily is clearly divided into two groups: one
encompassing the genera Neocyclops Gurney, 1927
and Troglocyclops Rocha and lliffe, 1994 and the
other encompassing the genera Halicyclops
Norman, 1903, Colpocyclops Monchenko, 1977,
Smirnoviella Monchenko, 1977 and
Prehendocyclops Rocha, lliffe, Reid and Sudarez-
Morales, 2000. The first group is characterised by a
number of symplesiomorphies, including the first
pedigerous somite partly distinct, the female
antennula composed of more than six segments, the
antenna five-segmented, the maxilliped four- or
five-segmented, the fifth leg of the female three-
segmented and the lateral seta on caudal rami
arising distally on the ramus. The genus
Troglocyclops is represented by a single species,
described from an anchialine cave in the Bahamas
(Rocha and lIliffe 1994) and is the most primitive
genus of Halicyclopinae. Petkovski (1986b) divided
the genus Neocyclops into two subgenera, on the
base of the segmentation of male fifth leg alone. His
new subgenus, Protoneocyclops Petkovski, 1986,
encompasses seven species with four-segmented
male fifth legs, while Neocyclops s. str. has six
species with the same appendage three-segmented.
However, three species of Neocyclops remain
unascribed to either of the two subgenera, because
their males are unknown (De Laurentiis et al. 1997,
Rocha et al. 2000). It should be mentioned here that
the armature of the male fifth leg is exactly the same
in both Neocyclops s. . subgenera.

The other four Halicyclopinae genera are more
derived and very closely related. For example, they
all have exactly the same shape of the female fifth
leg. Halicyclops is a cosmopolitan genus, with more
than 70 species and subspecies described
(Karanovic 2004a), and is the most primitive of the
four. Prehendocyclops, with three species, is
nowadays apparently confined to Mexican cenotes
(Rocha et al. 2000) and it can be distinguished from
Halicyclops by modifications of antenna and mouth
parts, as well as by differently shaped caudal rami.
Modifications of antenna and mouth parts are the
only characters that separate Smirnoviella and
Colpocyclops from Halicyclops. These two genera,
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with two species each (Monchenko 1974, 19974, b,
1978, 1982), probably evolved from one or two
Halicyclops-like ancestral forms in estuaries
connected to the Caspian and Black Sea. However,
because the original descriptions of many
Halicyclops species are verv basic and lack details
of mouth parts or/and antenna, one should not be
surprised if detailed redescription of some species
reveal their close relationship with Smirnoviella or
Colpocyclops. Even Monchenko (1978) admitted
that he left Colpocyclops longispinosus
(Monchenko, 1974) for some time in the genus
Halicyclops, because he believed that the
maxillipeds were lost and maxillae deformed
during the dissection of the type material.
Prehendocyclops and Colpocyclops both have male
fitth legs with one additional seta on the inner
margin (compared with the female), as do the
majority of Halicvclops species (males of
Smirnoviella are vet to be found). The seta is
reduced in some species of Halicyclops, so their
fifth legs lack sexual dimorphism. However, several
Halicvclops species have two setae on the inner
margin of the male fifth leg, a plesiomorphy shared
only with the genus Troglocyclops, the most
primitive Halicvclopinae genus (Rocha and lliffe,
1994). The Tethyan character of this group with two
inner setae was recognised both by Rocha et al
(1998) and De Laurentiis at al. (1999) and it is even
named the “caridophilus’-group by the latter
authors. Both Halicyclops species presented in this
monograph belong to this group and a detailed
study of their morphology leads into the
recognition of Rochacyclops subgen. nov. | believe
it deserves generic status; certainly no less than
Colpocyclops or Smirnoviella do. Unfortunately,
incomplete original descriptions of many
Halicvclops species and undiscovered males in
quite a few representatives are the main reasons
why I elevated this group only to the subgeneric
rank of the genus Halicyclops.

Although the character that easiest distinguishes
Rochacyclops subgen. nov. from Halicyclops s. str.
(armature of the male fifth leg) is a plesiomorphy,
several other characters may prove to be
apomorphic and useful in further separating the
two, including sexual dimorphism in the armature
of the swimming legs, length of the innermost
apical seta on the caudal rami and presence or
absence of ventrolateral cuticular recesses on the
urosome. For example, very short innermost apical
setae on the caudal rami and cuticular recesses on
the genital double somite of Halicvclops
longiturcatus Pesce, De Laurentiis and Humphrevs,
1996 strongly suggest that this species does not
belong to the subgenus Rochacyclops, although
males of this Australian representative are vet to be
discovered (Pesce et al. 1996b).

I here redescribe the relativelv well described
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Halicyclops (R.) rochai De Laurentiis, Pesce and
Humphreys, 1999 only to point out some characters,
including the habitus and ornamentation of
urosomites, that can be used to distinguish it from
the new species described below. De Laurentiis et
al. (1999) described H. (R.) rochai from three bores
at Yarraloola Station (Robe River catchment) and
two localities (one bore and one well) at Mardie
Station (Fortescue River catchment). I have found
this species in 20 samples from the Pilbara, which
makes it the second most commonly found
groundwater cyclopoid in this region.

Halicyclops (Rochacyclops) calm sp. nov.
Figures 5-8 and 109A-C

Material Examined

Holotype

Female (WAM (C28639), Australia, Pilbara, De
Grey Station, bore GNHSLK1696, 17 November
2002, teg. J. Cocking and M. Scanlon (CALM),
20°18'59"5 119°25'35"E: dissected on two slides.

Allotype

Male (WAM (C28640), Australia, Pilbara, De Grey
Station, bore GNHSLK1696, 17 November 2002, leg.
J. Cocking and M. Scanlon (CALM), 20°18'59"S
119°25'35"E: dissected on two slides.

Paratypes

Australia, Pilbara, De Grey Station, bore
GNHSLK1696, 17 November 2002, leg. J. Cocking
and M. Scanlon (CALM), 20°1859"S 119°25'35"E: 18
males + 22 females (one ovigerous) + 16 copepodids
(one male (WAM (C28640) and two females (WAM
C 28641 and 28642) dissected on one slide each;
others in alcohol (WAM (C28643))

Other material

Australia, Pilbara, Six Mile Well, 4 August 1996,
leg. W.F. Humphreys (BES: 4946), 21°49'S 116°19°E:
one male + one ovigerous female in alcohol (WAM
C28644)

Description

Female (holotvpe). Body length, excluding caudal
setae, 0.652 mm. Habitus robust (Figure 5C) but
much less than in previous species, with prosome/
urosome ratio 1.6 and greatest width at 2/3 of
cephalothorax length. Bodv length/width ratio
about 2.6; cephalothorax about 3.3 times as wide as
genital double somite. Free pedigerous somites
without pronounced lateral expansions. Colour of
preserved specimen vyellowish. Nauplius eve not
visible., Rostrum well developed, membranous,
broadly rounded and furnished with two large
sensilla.
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Halicyclops (Rochacyclops) calm sp. nov., holotype (female): A, urosome, ventral view; B, urosome, dorsal

view; C, habitus, dorsal view; D, labrum. Scales = 0.1 mm.
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Cephalothorax almost as long as its greatest
width; represents 38% of total body length. Surface
of cephalic shield with few large sensilla; no other
ornamentation visible. Hyaline fringe of prosomites
narrow and smooth. Fifth pedigerous somite with
four large dorsal sensilla and with smooth fringe
dorsally and ventrally (Figure 5B).

Genital double somite (Figure 5A, B) 1.1 times as
long as wide, ornamented with two large sensilla
dorsally in middle. Hyaline fringe of genital double
and two subsequent somites frilled and sharply
serrated. No cuticular recesses ventrolaterally in
posterior half of genital double somite or spiniform
processes laterally. Copulatory pore small;
copulatory duct narrow and short, rigidly
sclerotized. Seminal receptacle very small, heart-
shaped (Figure 5A). Ovipores situated
dorsolaterally, covered by reduced sixth legs,
bearing two minute spines and one smooth seta
(Figure 5B). Third and fourth urosomites without
ornamentation. Dorsal hyaline fringe of fourth
somite slightly produced posteriorly in form of
pseudo-operculum, and more strongly serrated.
Anal somite with smooth, broad and slightly
concave anal operculum, which represents 65% of
somite’s width; ornamented with two large sensilla
dorsally and transverse row of spinules on posterior
margin. Anal sinus widely opened, smooth (Figure
5B).

Caudal rami (Figure 5A, B) 1.2 times as long as
wide, parallel, with space between them about one
half of ramus’ width. Distal margin ventrally with
small protuberance medially, which seems to be
cuticular tube pore (Figure 5A). One arched row of
large spinules present ventrolaterally near posterior
margin; one row along posterior margin laterally;
other row of few large spinules dorsally, at base of
dorsal seta. Dorsal seta very long, about four times
as long as ramus, inserted on protuberance
overreaching border of ramus, uniarticulate at base
and plumose distally. Lateral seta arising at 1/4,
positioned dorsolaterally, uniplumose and shorter
than ramus. Outermost apical seta slender, about
1.2 times as long as ramus, pinnate distally.
Innermost apical seta also slender, about as long as
outermost apical one, pinnate along inner margin.
Principal apical setae with breaking planes; inner
seta about 1.7 times as long as outer one and 0.46
times as long as body.

Antennula (Figure 6A) reaching just bevond
middle of cephalothorax, six-segmented, with
slender aesthetascs on fourth and sixth segments
and setal formula: 8.12.5.6.2.10. One stout seta on
distal outer corner of first segment and one on
second segment articulating on basal part; one seta
on second segment, one on fifth and two setae on
sixth segment with breaking planes; one seta on
distal outer corner of third segment spiniform and
short. Most setae smooth, onlyv 13 setae (30%)
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plumose or pinnate at their distal parts. Length
ratio of antennular segments, from proximal end
and along caudal margins, 1:1.8:1.1:32:1.9:28.

Antenna (Figure 6D) four-segmented, comprising
very reduced and unarmed coxa (mostly fused with
next segment), basis and two-segmented endopod.
Basis ornamented with short row of spinules at
proximal inner part and few spinules along
proximal part of outer margin; armed with two
pinnate setae at distal inner corner and with smooth
seta representing exopod; all setae about as long as
basis. First endopodal segment armed with one
smooth seta at middle. Second endopodal segment
almost twice as long as first one, ornamented with
two longitudinal rows of spinules along caudal
surface (some very long), and armed with five
lateral and seven apical setae; one lateral seta long
and strong, although shorter than segment.

Labrum (Figure 5D) trapezoidal, ornamented
with short row of 12 long and slender spinules on
ventral surface and with finely serrated distolateral
margin. Cutting edge slightly concave, with 11
more or less sharp teeth. No other ornamentation
visible.

Mandibula (Figure 7G) with palp reduced to
small protuberance, which bears two setae; distal
seta pinnate distally, almost four times as long as
proximal smooth seta but not reaching gnathobasal
teeth. Coxal gnathobase cutting edge clearly
divided into three regions: inner group of four
complex smooth teeth, innermost tooth strongest,
outermost sharpest; middle group of two simple
smooth teeth and three spinules; outer group of two
strongly pinnate teeth and outermost pinnate seta.
Gnathobasal seta about 1.3 times as long as
proximal seta on reduced palp.

Maxillula composed of well developed praecoxa
and two-segmented palp (Figure 7H). Arthrite of
praecoxa with four apical, strong, short and smooth
spines. Praecoxa armed with seven armature
elements along inner margin, longest one plumose.
Palp with completely divided endopod, which
bears two apical and one lateral pinnate setae, and
armed laterally with one exopodal pinnate seta and
apically with two slender and pinnate setae and one
robust, strongly bipinnate spine.

Maxilla (Figure 6C) four-segmented but praecoxa
fused to coxa on posterior surface. Proximal endite
of praecoxa armed with two setae (one plumose,
other pinnate distally); distal endite very small,
unarmed. Proximal endite of coxa with one short
pinnate seta; distal endite highly mobile and
bearing one proximal, completely fused and very
stout seta and one distal, smaller seta. Seta fused to
endite ornamented with four elongated spinules.
Basis expanded into spinulose claw and armed with
two setae; strong seta slightly longer than claw.
Endopod armed with two spinulose and three
smooth setae. Longer endopodal spinulose seta
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C A,B,D,E, F

Figure 6 Halicyclops (Rochacyclops) calm sp. nov., holotype (female): A, antennula; B, third exopodal segment of
third swimming leg; C, maxilla; D, antenna; E, first swimming leg; F, third endopodal segment of third
swimming leg. Scales = 0.1 mm.
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Figure 7 Halicvclops (Rochacyclops) calm sp. nov., holotvpe (female): A, second swimming leg; B, fourth swimming

leg: C, third exopodal segment of first swimming leg: D, fifth leg; E, maxilliped; F, left caudal ramus, lateral

view; G, mandibula; H, maxillular palp. Scales = 0.1 mm.
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about 1.2 times as long as strong seta on basis;
shorter endopodal spinulose seta about twice as
long as longest endopodal smooth seta. Both
endopodal spinulose setae, as well as claw and
strong seta on basis, with most proximal spinules
longer than subsequent spinules in row.

Maxilliped (Figure 7E) two-segmented, armed
with three setae on protopod and five setae on
endopod, and ornamented with bunch of spinules
near distal margin of protopod. Proximal
protopodal seta bipinnate; middle seta strong,
unipinnate and about 1.5 times as long as proximal
one; distal protopodal seta somewhat shorter than
proximal one, ornamented with several long
spinules. Two lateral and innermost apical
endopodal setae very stout and with several very
long spinules. Middle apical seta longest one,
unipinnate, and about 1.3 times as long as
outermost, also unipinnate, apical seta. Protopod
about 1.9 times as long as endopod.

All swimming legs with three-segmented exopod
and endopod (Figure 6B, E, F and 7A, B, C).
Armature formula of swimming legs as follows
(legend: inner/outer spine or seta; inner/terminal/
outer):

Exopod Endopod
Segments 1 2 3 1 2 3
First leg /1 1/1 3/2/(2)3 1/0 1/0 3/2/1
Secondleg  1/1 1/1 4/2/2 1/0 2/0 3/2/1
Third leg /1 1/1 4/2/2 1/0 2/0 3/221
Fourthleg  1/1 1/1 4/2/2 1/0 2/0 2/2/1

Third exopodal segment spine formula: 3(2).3.3.3.
All intercoxal sclerites without ornamentation and
with rounded protrusions at both sides of distal
margin. Coxae unornamented, except for coxa of
first leg, which bears short row of spinules along
posterior margin, and several spinules on coxa of
second leg; armed with pinnate seta at inner distal
corner; this seta very short on fourth leg (Figure
7B). Spine inserted at inner, protruded corner of
basis of first leg reaching halfway of second
endopodal segment (Figure 6E). All setae slender
and plumose, except for two modified setae on
fourth leg endopod. Third endopodal segment of
fourth swimming leg about 1.5 times as long as
wide; inner apical spine about 1.4 times as long as
outer one; two inner setae spiniform, bipinnate and
with two very long spinules proximally (Figure 7B).

Fifth leg (Figure 5A and 7D) with basis and
endopod completely fused to somite; outer basal
seta inserted on short basal protuberance (which
about as long as wide) and pinnate distally. Exopod
about 1.4 times as long as wide, ornamented with
several large spinules along both outer and inner
margins. Armature consists of three strong spines
and one apical seta; inner apical (or subapical) spine
0.6 times as long as segment, about 1.6 times as
long as outer apical spine and 1.4 times as long as
outer proximal spine. Exopodal apical seta plumose
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at distal end, about 1.3 times as long as segment
and 0.6 times as long as basal seta.

Sixth leg indistinct triangular plate, armed with
two almost equal, smooth spines, which are fused
to plate, and one smooth, much longer seta.

Male (allotype). Body length, excluding caudal
setae, 0.523 mm. Habitus (Figure 8A) robust, with
prosome/urosome ratio 1.6 and greatest width at
posterior end of cephalothorax. Body length/width
ratio about 2.8; cephalothorax about 2.6 times as
wide as genital somite.

Cephalothorax as long as its greatest width.
Ornamentation of prosomites, colour and nauplius
eye similar to those of female. Fifth pedigerous
somite ornamented with four sensilla dorsally
(Figure 8E). Hyaline fringe of fifth pedigerous
somite smooth; that of genital somite sharply
serrated and frilled dorsally; those of other
urosomites (except anal one) sharply serrated and
frilled both dorsally and ventrally (Figure 8E, F).

Genital somite ornamented with two dorsal
sensilla; third urosomite without any
ornamentation; fourth urosomite with two dorsal
sensilla; fifth somite unornamented. Anal somite
with smooth, almost straight and very broad anal
operculum, which represents 56% of somite’s
width; ornamented with two sensilla dorsally and
transverse row of spinules on posterior margin.
Anal sinus widely opened, ornamented with two
diagonal rows of minute spinules (Figure 8E).

Caudal rami (Figure 8E, F) about as long as wide,
almost parallel, with space between them about half
of ramus’ width. Armature and ornamentation
similar to female.

Antennula (Figure 8B) of almost equal length to
cephalothorax, 13-segmented, geniculate, with
geniculation between eleventh and twelfth
segments. Aesthetasc formula:
2.0.1.0.0.0.0.1.0.0.1.1.2. All aesthetascs slender and
long. Setal formula: 9.4.5.4.1.1.2.2.2.3.0.1.10. Setae
on ninth and tenth segments characteristically
modified, spiniform. Only three spiniform setae
pinnate at their distal ends and only four setae on
thirteenth segment articulating on basal part.

Antenna, labrum, mandibula, maxillula, maxilla,
maxilliped and swimming legs similar to female.

Third endopodal segment of second swimming leg
with most distal inner seta spiniform (Figure 8D).

Fifth leg (Figure 8G) exopod about 1.2 times as
long as wide, ornamented with two short rows of
spinules on outer margin, and with several small
spinules at base of spines. Armature consists of
three spines and three setae. Inner apical spine
almost as long as segment, about 1.4 times as long
as outer apical spine and 1.6 times as long as outer
proximal spine. Exopodal inner setae of about same
length and only slightly longer than exopodal apical
seta. Exopodal apical seta about 0.8 times as long as
basal one. All setae plumose.
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Figure 8

Halicvclops (Rochacyclops) calm sp. nov, allotype (male): A, habitus, dorsal view; B, antennula; C, third
endopodal segment of fourth swimming leg: D, third endopodal segment of second swimming leg; E,
urosome, dorsal view; F, abdomen, ventral view; G, fifth and sixth legs. Scales = 0.1 mm.
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Sixth leg (Figure 8F, G) distinct large plate, armed
with one spine and two pinnate setae; ornamented
with short row of spinules at base of spine. Both
setae plumose, of about same length and 1.2 times
as long as spine.

Variability

Body length of females ranges from 0.544 mm to
0.652 mm (0.6 mm average; n =9), while in males it
ranges from 0.45 mm to 0.523 mm (0.477 mm
average; n = 7). No other type of variability was
observed.

Etymology
The species name is the official acronym for the

Department of Conservation and Land
Management (CALM), a Western Australian
Government organisation that funded the two vears
of taxonomic research on which this monograph is
based. The name should be treated as a noun in
apposition.

Discussion

The two inner setae on the male fifth leg clearly
put Halicyclops (R.) calm sp. nov. into the
subgenus Rochacyclops. The long innermost apical
setae of the caudal rami and the absence of
cuticular recesses on the urosome further support
its close relationship with other members of the
newly established subgenus. At present four other
species are included in the subgenus
Rochacyclops: Halicyclops (R.) caridophilus
Humes, 1947 from the gill chambers of a lobster
from Borneo (Humes 1947), H. (R.) tetracanthus
Rocha, 1995 from an estuary in Belize (Rocha
1995), H. (R.) cenoticola Rocha, lllife, Reid and
Sudrez-Morales, 1998 from cenotes of the Yucatan
Peninsula (Rocha et al. 1998) and H. (R.) rochai De
Laurentiis, Pesce and Humphreys, 1999 from
numerous bores and wells from the Pilbara (De
Laurentiis et al. 1999, and this monograph).
Unfortunately, the description of H. (R.)
caridophilus is quite short and the drawings are
pretty schematic but it may be easily distinguished
from the new species by a different armature of
the swimming legs (its spine formula is 3.4.4.3)
and by the presence of only one seta on the
mandibular palp. It seems that Humes (1947) was
not quite able to distinguish dorsal from innermost
apical setae on the caudal rami of H. (R.)
caridophilus, as it appears that this species has
somewhat shorter innermost setae than the other
members of the subgenus. A complete
redescription of this species would certainly be
very welcome, as would be redescriptions of many
Halicyclops species. My very limited time for this
project did not allow for anything like that,
unfortunately. Halicyclops (R.) tetracanthus differs
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from H. (R.) calm by much shorter caudal rami,
more robust habitus, different armature of the
swimming legs (its spine formula is 3.4.3.3),
absence of the seta representing the exopod on the
antenna, as well as by many other microcharacters,
especially regarding ornamentation of some
appendages or armature elements (see Rocha
1995). A number of characters may also be used to
distinguish H. (R.) cenoticola from the new
species, including the relative length of the caudal
rami armature (H. (R.) cenoticola has much longer
outermost apical and dorsal setae), different
armature of the swimming legs (spine formula
3.4.43) and only two armature elements on the
male sixth leg (Rocha et al. 1998). Halicyclops (R.)
rochai is probably the closest relative of H. (R.)
calm, as it is morphologically the most similar.
However, they can be readily distinguished by the
different spine formulae of the swimming legs.
Halicyclops (R.) calm has also much more slender
habitus than H. (R.) rochai, shorter third
endopodal segment of the fourth swimming leg,
sharply serrated hyaline fringe of the abdominal
somites, more rounded exopod of the fifth leg,
endopod of the maxilla armed with five elements,
and clearly divided last two segments of the male
antennula. As these differences are actually a
mixture of plesiomorphies and apomorphies, it
seems that H. (R.) rochai and H. (R.) calm
originated from a common ancestor, rather than
one from the other. Halicyclops (R.) calm appears
to be much less common than H. (R.) rochai, and
to date has been found at two localities in the
Pilbara.

All other Australian representatives of the genus
Halicyclops belong to the nominotypical subgenus.
Below is a key to aid in their identification:

1. Innermost apical seta on caudal rami very short;
cuticular recesses on urosome present; fifth leg
in male with single inner seta .............ccccueienuu. 3

- Innermost apical seta longer than caudal rami;
cuticular recesses on urosome absent; fifth leg
in male with two inner setae .........ccvcvinennns 2

2. Third exopodal segment of second and third leg
with four outer spines.........coeirnceinincnniin,
............ H. (R.) rochai De Laurentiis et al., 1999

- Same segment with three outer spines .................
............................................. H. (R) calm sp. nov.

3. Genital double somite without spiniform
processes laterally ..., 4

- Same somite with spiniform processes..................
............................... H. (H.) spinifer Kiefer, 1935

4. Caudal rami not more than two times as long a

-

WIAE 1 )

- Rami more than four times as long as wide .........
............. H. (H.) longifurcatus Pesce et al., 1996
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Ut

. Cuticular tube on caudal ramus present............ 6

— That tube absent ... 7

6. Integumental window on cephalothorax absent;
caudal rami less than 1.5 times as long as wide
......................... H. (H.) ambiguus Kiefer, 1967

- Integumental window on cephalothorax present;
caudal rami about 1.7 times as long as wide ...
.......................... H. (H.) pescei Karanovic, 2004

7. Caudal rami very short, about 1.2 times as long
as wideH. (H.) eberhardi Laurentiis et al., 2001

Caudal rami almost twice as long as wide ..........
.......................... H. (H.) kieferi Karanovic, 2004

I

Subfamily Eucyclopinae Kiefer, 1927
Genus Tropocyclops Kiefer, 1927

Tropocyclops prasinus (Fischer, 1860)
Figures 109D and E

Synonymy

Cyclops prasinus n.sp. - Fischer, 1860: 652, plate 20,
Figures 19-26a (fide Kiefer, 1929a).

Cyclops prasinus Fischer — Marsh, 1910: 1097, plate
78, Figures 1-3 and 10.

Eucyclops prasinus (Fischer) - Wilson, 1932: 339,
Figure 202.

Cyclops (Eucyclops - Tropocyclops) prasinus
Fischer - Pesta, 1928: 111, Figure 93.

Cyclops (Tropocyclops) prasinus Fischer -
Stephanides, 1948: 38, plate 15, Figures 141-144.

Eucyclops (Tropocyclops) prasinus (Fischer) -
Kiefer, 1929a: 39, Figure 13; Kiefer, 1931: 506,
Figures 1-2; Kiefer, 1933: 559.

Tropocyclops prasinus (Fischer) — Rylov, 1948: 151,
Figure 26; Kiefer, 1948; 69, Figures 3-6; Sramek-
Husek, 1953: 36, Figures 62-65; Ito, 1954: 383,
Figures 42-47; Kiefer, 1956: 246, Figures 30-34;
Sramek-Hugek, 1957: 159, Figures 1-8; Kiefer,
1960a: 36, Figures 85-86;, Dussart, 1968: 130,
Figures 1a, b, ¢; Dussart, 1969: 52, Figure 17;
Monchenko, 1974: 107, Figures 45-46; Kiefer,
1978: 214; Kiefer and Fryer, 1978: 167, Figure 78;
Dussart and Defaye, 1985: 42; Defaye, 1988: 128,
Figures 70-72.

Tropocyclops prasinus prasinus (Jurine) - Damian-
Georgescu, 1963: 88, Figure 47.

Tropocyclops prasinus prasinus (Fischer) - Plesa,
1956: 364, Figs1-7; Kiefer, 1962: 319, Figures 1-3;
Shen et al, 1979: 333, Figure 190; Dussart, 1982:
319, Figure 3A; Reid, 1985: 102, Figures 89-91.

Tropocyclops cf. prasinus (Fischer) - Kiefer, 1938b:
277, Figures 10-17.
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Tropocvelops prasinus (Fischer) s. lat. - Reid, 1991b:
6, Figures 5-12; Ueda et al,, 1996: 53, Figures 42—
52.

Tropocyclops sp. 1, sp. 2 and sp. 3 - Ishida, 2002b:
49, Figure 15.

Leptocaris viridis n.sp. — Henry, 1919: 40.
Leptocaris viridis Henry - Henry, 1923: 564.

Material Examined

1) Australia, Pilbara, Mulga Downs Station,
Pipally Well, 3 September 2000, leg. W.F.
Humphreys (BES: 8459), 22914'07"S 118°36'52"E:
eight males + seven females (two ovigerous) + one
copepodid in alcohol (WAM (C28645)

2) Australia, Pilbara, Newman Borefield, bore
WB23/1, 22 July 1997, leg. W.F. Humphreys and
S.M. Eberhard (BES: 4803), 23°19'30"S 119°50'51"E:
one female in alcohol (WAM (C28646)

Discussion

Tropocyclops prasinus (Fischer, 1860) is one of
those cosmopolitan species that has been reported
or described countless times, either as a new
species, subspecies, variety or a form. The
synonymy presented here is far from complete and
for a more comprehensive list one should consult
Dussart and Defaye (1985). Besides the material
presented in this monograph, I had an opportunity
to examine a few samples containing T. prasinus
from New South Wales, provided by Jane Gough
(NSW National Parks and Wildlife Service), and 1
could not find any significant morphological
difference between it and T. prasinus from my
European samples (unpublished data).
Additionally, I have nine specimens of this species
from the Kimberley region in Western Australia
and it appears to be widely distributed in
Australia. | also have to agree with Lindberg
(1953) that Leptocaris viridis, described from New
South Wales by Henry (1919) and additionally
mentioned in Henry (1923), probably is
Tropocyclops prasinus. In the Pilbara, T. prasinus
is probably a stygophile.

Genus Ectocyclops Brady, 1904
Ectocyclops phaleratus (Koch, 1838)
Synonymy

Cyclops phaleratus n.sp. — Koch, 1838: 21, Figure 9
(fide Wilson, 1932).

Cyclops phaleratus Koch - Fedchenko, 1875: 38,
plate 9, Figures 1-5; Sars, 1896: 76; Marsh, 1910:
1099, plate 79, Figure 9 and plate 80, Figures 1-
6.




22

Platycyclops phaleratus (Koch) — Sars, 1914: 78,
Figure 48; Henry, 1919: 41; Henry, 1923: 565,
plate 58, Figures 1-2.

Cyclops (Paracyclops) phaleratus Koch - Pesta,
1928: 113, Figure 95.

Cyclops (Ectocyclops) phaleratus Koch -
Stephanides, 1948: 42, plate 16, Figures 158-160.

Ectocyclops phaleratus (Koch) - Kiefer, 1929a: 43,
Figure 15; Wilson, 1932: 341, Figure 203; Rylov,
1948: 163, Figure 31; Comita, 1951: 371, plate 1,
Figures 12-13; Lindberg, 1953: 5; Sramek-Husek,
1953: 38, Figures 66—69; Kiefer, 1960a: 37, Figure
90; Damian-Georgescu, 1963: 101, Figure 54;
Dussart, 1969: 62, Figure 22; Monchenko, 1974:
132, Figures 54-55; Kiefer, 1978: 214; Shen et al.,
1979: 349, Figures 202-203; Yeatman, 1983: 72,
Figures 10a-10d; Dussart and Defave, 1985: 52;
Reid, 1985: 100, Figures 81-83; Defaye, 1988: 130,
Figure 85; Gaviria, 1994: 379, Figure 71F; Ishida,
2002b: 51, Figures 18a-18e.

Ectocyclops rubescens Brady — Morton, 1990: 670,
Figures 7a-7h.

Material Examined

Australia, Pilbara, Hamersley Range, Munjina
Creek, 5 September 2000, leg. W.F. Humphreys
(BES: 8473 and 8479): one copepodid in alcohol
(WAM (C28647)

Discussion

The cosmopolitan Ectocyclops phaleratus (Koch,
1838) was first reported in Australia by Sars (1896)
from a collection made at Centennial Park, Sydney.
Marsh (1919, 1923) found it at four other locations
in New South Wales, Brehm (1953) reported it from
Tasmania and Morton (1990) reported this species
(although as E. rubescens) from numerous locations
from all Australian states, except Western Australia.
It was reported from Western Australia by Halse et
al. (2000a) from the Mooka Ruin Spring in the
Carnavon Basin (also as E. rubescens) and from
several springs from the Pilbara by Halse et al.
(2002b).

Genus Australoeucyclops gen. nov.

Diagnosis

Moderately large Eucyclopinae, with relatively
slender habitus and not markedly flattened
dorsoventrally. Cephalothorax longer than wide;
surface of caphalothoracic shield with several large
sensilla and no other ornamentation. Free
pedigerous somites without pronounced lateral
expansions, with narrow and smooth hyaline fringe.
Fourth and fifth pedigerous somites with strong
fringes of elongate setules laterally. Genital double
somite and two subsequent somites sharply
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serrated ventrally and only wavy or finely serrated
dorsally; ornamentated with few sensilla and/or
small cuticular pores. Seminal receptacle with two
subequal expansions. Caudal rami parallel, with
smooth outer margins; lateral seta slightly longer
than ramus width; outermost apical seta stout,
spiniform; few spinules at base of lateral and
outermost apical setae but not extending any
further. Female antennula 12-segmented, slender
and long, usually reaching beyond 3/4 of
cephalothorax. Male antennula 16-segmented,
digeniculate; most aesthetascs with bunch of hairs
apically. All swimming legs with three-segmented
exopods and endopods; third exopodal segment
spine formula 3.4.3.3; inner spine on basis of first
leg longer than first two endopodal segments; first
exopodal segment of fourth leg without inner seta.
Fifth leg simple trapeziform cuticular plate, armed
with three elements, all on the same plane and each
on its own small protuberance; innermost spine
strong and significantly longer than segment. Spine
on male sixth leg longer than middle seta.

Type species
Australoeucyclops karaytugi sp. nov.

Other species

Paracyclops eucyclopoides Kiefer, 1927;
Eucyclops linderi Lindberg, 1948; Paracyclops
timmsi Kiefer, 1969; Paracyclops waiariki Lewis,
1974.

Etymology

The generic name is composed of the Latin
adjective “australis”, meaning “southern”, and the
existing generic name Eucyclops. Gender
masculine.

Australoeucyclops karaytugi sp. nov.
Figures 9-12

Material Examined

Holotype

Female (WAM (28648), Australia, Pilbara, Weeli
Wolli Spring, surface pool, 16 November 1998, leg.
S.M. Eberhard (BES: 3601 and 3608), 22°55'S
119°11'E: dissected on 2 slides.

Allotype

Male (WAM (28649), Australia, Pilbara, Weeli
Wolli Spring, surface pool, 16 November 1998, leg.
5.M. Eberhard (BES: 3601 and 3608), 22°55'S
119°11'E: dissected on 2 slides.

Paratypes
Australia, Pilbara, Weeli Wolli Spring, surface
pool, 16 November 1998, leg. S.M. Eberhard (BES:
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3601 and 3608), 22°55'S 119711'E: one female + one
copepodid in alcohol (WAM (28650)

Description

Female (holotype). Bodv length, excluding caudal
setae, 0.552 mm. Habitus (Figure 9A) not very
robust, with prosome/urosome ratio 1.5 and
greatest width at posterior end of cephalothorax.
Body length/width ratio about 3.2; cephalothorax
about 2.6 times as wide as genital double somite.
Free pedigerous somites without pronounced
lateral expansions, except in fifth pedigerous
somite, which has lateral corner slightly protruded.
Colour of preserved specimen vellowish. Nauplius
eve not visible. Rostrum well developed,
membranous, broadly rounded and furnished with
two large sensilla.

Cephalothorax 1.2 times as long as its greatest
width; represents 38% of total body length. Surface
of cephalic shield with few large sensilla; no other
ornamentation visible. Hvaline fringe of prosomites
narrow and smooth. Second and third pedigerous
somites (first and second free prosomites)
ornamented with few large sensilla. Fourth
pedigerous somite with two large dorsal sensilla
and with strong fringes of elongate setules at
posterior margin laterally (Figure 9A). Fifth
pedigerous somite with two large dorsal sensilla,
with smooth fringe dorsallv and ventrally, and two
rows of elongate setules on lateral protrusions
(Figure 10A and 11E).

Genital double somite (Figure 9B, 10A and 11E)
as long as wide (ventral view), ornamented with
two large sensilla dorsally in middle and with four
cuticular pores laterally at each side (Figure 10A).
Hyvaline fringe of genital double and two
subsequent somites sharply serrated ventrally and
only wavy (not serrated) dorsallyv. Copulatory pore
large, ovoid; copulatory duct short, rigidly
sclerotized. Seminal receptacle relatively small,
representing 52% of double somite width and 36%
of its length; anterior expansion about 1.5 times as
long as posterior one (Figure 9B). Parts of oviducts
rigidly sclerotized. Ovipores situated dorsolaterally,
covered by reduced sixth legs, bearing two minute
spines and one pinnate seta (Figure 10A and 11E).
Third urosomite ornamented with two ventral
cuticular pores; fourth somite with dorsal row of
minute spinules posteriorly. Anal somite with
smooth, broad and convex anal opercutum, which
represents 70% of somite’s width; ornamented with
two large sensilla dorsally and transverse row of
spinules on posterior margin ventrally (Figure 9B
and 10A). Anal sinus widely opened, ornamented
with two long diagonal rows of long spinules.

Caudal rami (Figure 9B and 10A) 3.8 times as long
as wide, parallel, with space between them about
one fourth of ramus’ width. Distal margin ventrally
with small protuberance mediallv, which seems to
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be cuticular tube pore (Figure 9B). Ornamentation
consists of two dorsal cuticular pores (one
proximal, one distal) and several spinules at base of
lateral and outermost apical setae. Dorsal seta about
0.9 times as long as ramus, inserted at 7/8 of ramus
length, uniarticulate at base and plumose distally.
Lateral seta arising at 3/4 of ramus length,
positioned somewhat dorsolaterally, uniplumose
and longer than ramus width. Outermost apical seta
stout, spiniform, about 0.9 times as long as ramus,
pinnate; spinules along inner margin hair-like, those
along outer margin stronger. Innermost apical seta
slender, plumose and about 0.8 times as long as
outermost apical one. Principal apical setae with
breaking planes; inner seta about 1.6 times as long
as outer one and half as long as body.

Antennula (Figure 9C) reaching just beyond 3/4
of cephalothorax, 12-segmented, with one slender
aesthetasc on ninth, eleventh and twelfth segments
each and setal formula: 8.4.2.6.42232227. No
setae with breaking planes or articulating on basal
part; one seta at distal outer corner of sixth segment
spiniform and very short. Most setae smooth, only
13 setae (30%) plumose or pinnate at their distal
parts. Length ratio of antennular segments, from
proximal end and along caudal margins, 1:0.5:0.3
206 :06:03:07:11:1:08:09:15. First
segment with transverse row of large spinules;
eleventh and twelfth segments with one smooth
and narrow longitudinal cuticular frill each; other
segments without visible ornamentation,

Antenna (Figure 11C) four-segmented,
comprising short coxobasis and three-segmented
endopod; all segments of about same length.
Coxobasis about 1.6 times as long as wide,
ornamented with row of spinules along external
margin and with two additional arched rows on
caudal surface, armed with two smooth setae at
distal inner corner and with pinnate seta
representing exopod, slightly reaching bevond tip
of appendage. First endopodal segment armed with
one smooth seta and ornamented with longitudinal
row of spinules along external margin. Second
endopodal segment about 1.6 times as long as wide,
ornamented with longitudinal row of spinules and
armed with nine smooth setae (seven lateral, two
subapical; one subapical seta longer and much
stronger than any other seta on that segment ).
Third endopodal segment 1.9 times as long as wide,
armed with seven apical setae (strongest one with
several pinnules; others smooth) and ornamented
as previous segment,

Labrum trapezoidal, ornamented with two
bunches of 10 long and slender spinules on ventral
surface. Cutting edge slightly concave, with 16
more or less blunt teeth between produced serrated
lateral corners. No other ornamentation visible.

Mandibula with small but distinct palp, armed
with two very long, finelv plumed setae and one
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B, urosome, ventral

Figure 9  Australoeucyclops karaytugi gen. et sp. nov., holotype (female): A, habitus dorsal view;
view; C, antennula. Scales = 0.1 mm.
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Figure 10 Australoeucyclops karaytugi gen. et sp. nov., holotvpe (female): A, urosome, dorsal view; B, third exopodal
segment of first swimming leg; C, first swimming leg; D, second swimming leg; E, maxilliped. Scales = 0.1
mm.
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short, smooth, seta on distal end. Coxal gnathobase
cutting edge with very strong teeth and outermost
pinnate seta, longer than short seta on palp.

Maxillula composed of well developed praecoxa
and two-segmented palp. Arthrite of praecoxa with
four strong apical spines; only one distinct and
ornamented with two setules; others smooth and
completely fused to praecoxa. Praecoxa armed with
seven armature elements along inner margin,
longest one plumose. Palp with distinct endopod,
which bearing three apical setae (outermost
strongest, longest and unipinnate; other two
smooth), and armed laterally with one exopodal
plumose seta and apically with two slender and
pinnate setae and one robust, strongly bipinnate,
spine. Palp somewhat shorter than arthrite of
praecoxa.

Maxilla (Figure 11F) five-segmented but praecoxa
fused to coxa on posterior surface and also partly
on anterior surface. No other ornamentation visible.
Proximal endite of praecoxa elongate, robust, armed
with two pinnate seta, distal endite small, unarmed.
Proximal endite of coxa with one strong, bipinnate
seta; distal endite highly mobile, elongate and
armed apically with proximal strong and pinnate
setae and distal smooth, slender and shorter one.
Basis expanded into robust claw, ornamented with
longitudinal row of strong spinules along concave
margin (most proximal spinules shortest) and
armed with two setae; strong seta as long as claw,
pinnate. Endopod two-segmented; proximal
segment armed with two robust setae; distal
segment with one robust apical seta and two
slender subapical setae; only one seta on first
segment pinnate, all other setae on endopod
smooth. Longest seta on distal endopodal segment
about 1.1 times as long as strong seta on basis.

Maxilliped (Figure 10E) four-segmented,
composed of syncoxa, basis and two-segmented
endopod. Syncoxa unornamented but armed with
three pinnate setae of subequal length. Basis almost
twice as long as wide, ornamented with several
short rows of spinules and armed with two smooth
setae; proximal seta almost twice as long as distal
one. First endopodal segment ornamented with one
arched row of strong spinules and armed with one
strong, unipinnate seta. Second endopodal segment
very small, unornamented but armed with two
smooth and one bipinnate seta; bipinnate seta
basaly completely fused to segment.

All swimming legs with three-segmented exopod
and endopod (Figure 10B, C, D and 11A, B, D).
Armature formula of swimming legs as follows
(legend: inner/outer spine or seta; inner/terminal/
outer):

Exopod Endopod
Segments 1 2 3 1 2 3
First leg /1 1/1 3/2/(2)3 10 1/0 3/2/1

Second leg  1/1 1/1 4/2/3 1/0 2/0 3/2/1
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Third leg /1 11 4/272 1/0 2/0 3/2/1
Fourthleg  0/1 1/1 4/2/2 1/0°2/0 2/2/1

Third exopodal segment spine formula: 3(2).4.3.3.
Intercoxal sclerite of first leg without ornamentation
and with rounded protrusion at each side of distal
margin; sclerites of other swimming legs armed
with arched rows of spinules. All coxae ornamented
with several rows of spinules and armed with one
pinnate seta at inner distal corner; this seta very
robust, almost spiniform, in fourth leg (Figure 11B).
Spine inserted at inner, protruded corner of basis of
first leg reaching halfway of third endopodal
segment (Figure 10C). All setae slender and
plumose. First and second segment of both exopod
and endopod of each leg with short row of spinules
along distal margin, sometimes on both sides. Third
endopodal segment of fourth swimming leg about
1.8 times as long as wide; inner apical spine about
2.5 times as long as outer one and about 1.9 times as
long as segment (Figure 11B).

Fifth leg (Figure 9B and 11E) simple quadrate (or
slightly trapeziform) small cuticular plate, without
any ornamentation and armed with three elements,
all on the same plane and each on its own small
protuberance. Outermost seta (probably ancestral
basal one) unipinnate along outer margin, about 2.5
times as long as segment. Middle seta plumose at
distal end, about as long as outermost one.
Innermost spine very strong, about 0.8 times as long
as middle seta and twice as long as segment.

Sixth leg (Figure 11E) distinct, more or less oval,
cuticular plate, armed with two almost equally long
minute smooth spines and one bipinnate and much
longer seta; median spine distinct, other one
completely fused to leg.

Male (allotype). Body length, excluding caudal
setae, 0.478 mm. Habitus (Figure 12D) relatively
slender, with prosome/urosome ratio 1.4 and
greatest width at posterior end of cephalothorax.
Body length/width ratio about 3.3; cephalothorax
about 2.8 times as wide as genital somite.

Cephalothorax 1.2 times as long as its greatest
width. Ornamentation of prosomites, colour and
nauplius eye similar to those of female. Fourth and
fifth pedigerous somites lack elongated setules on
lateral margins and fifth somite also with less
protruded lateral corners than in female. Hyaline
fringe of fifth pedigerous somite smooth; that of
genital somite sharply serrated and frilled dorsally;
that of other urosomites (except anal one) sharply
serrated and frilled both dorsally and ventrally
(Figure 12A).

Genital somite ornamented with two dorsal
sensilla;  third urosomite without any
ornamentation; fourth and fifth urosomites with
two cuticular pores ventrally each (Figure 12A).
Anal somite with smooth, concave and very broad
anal operculum, which represents 62% of somite’s
width; ornamented with two sensilla dorsally,
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Figure 11 Australoeucvclops karavtugi gen. et sp. nov., holotype {female): A, third swimming leg; B, fourth swimming
leg; €, antenna; D, inner distal corner of basis of fourth swimming leg; E, first urosomite and genital double
somite, lateral view; F, maxilla. Scales =0.1 mm.
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transverse row of spinules on posterior margin
ventrally and two cuticular pores ventrally. Anal
sinus widely opened, ornamented with two
diagonal rows of minute spinules.

Caudal rami (Figure 12A) about three times as
long as wide, parallel, with very small space
between them. Armature and ornamentation similar
to female, except innermost apical setae almost as
long as outermost ones.

Antennula (Figure 12B) of almost equal length as
cephalothorax, 16-segmented, digeniculate, with
geniculations between ninth and tenth and between
fourteenth and fifteenth segments. First segment
with short, diagonal row of spinules; other
segments without ornamentation. Fourteenth and
fifteenth segments with characteristic cuticular
structures (geniculation blades). Aesthetasc
formula: 2.1.1.1.1.1.1.0.1.0.0.0.0.0.0.1. All aesthetascs
slender and all, except that on sixteenth segment,
with bunch of hairs apically. Setal formula:
6.3.1.1.1.1.1.2.2.2.3.1.1.0.1.11. Setae on eleventh,
twelfth and thirteenth segments characteristically
modified, spiniform. Only three spiniform setae and
single seta on fifteenth segment pinnate at their
distal ends and only two setae (one on fifteenth and
one on sixteenth segments) articulating on basal
part.

Antenna, labrum, mandibula, maxillula, maxilla,
maxilliped and swimming legs (Figure 12E) similar
to female.

Fifth leg (Figure 12A, C) also similar to female,
except innermost spine slightly less robust.

Sixth leg (Figure 12A, C) distinct large plate,
armed with one spine and two pinnate setae;
ornamented with one cuticular pore proximally and
with short row of spinules at base of spine.
Outermost seta about as long as spine and 1.5 times
as long as middle seta. Spine on sixth leg longer
and more robust than that on fifth leg.

Variability

Unfortunately, besides the holotype and allotype,
only one paratype adult female was collected and
studied, although not dissected. It was somewhat
shorter {0.508 mm) than the holotype but no other
type of variability was observed.

Etymology
The species is named in honour of Dr Siliphan

Karaytug from the Balikesir University (Turkey), in
recognition of his numerous recent contributions to
the knowledge of the eucyclopinid copepods and
especially the genus Paracyclops. The name is a
noun in the genitive singular.

Discussion
The subfamily Eucyclopinae Kiefer, 1927
presently encompasses about 185 species and
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subspecies, which are mostly benthic in freshwater
habitats and classified into nine valid genera
(Dussart and Defaye 1985, Pospisil and Stoch 1997).
Among other characters, Kiefer (1927) defined this
subfamily by the possession of three armature
elements on the terminal (or only) segment of the
fifth leg. However, he (Kiefer 1930a, 1933)
recognised Eucyclops teras (Graeter, 1907) (later
redescribed and transferred into a separate
subgenus Stygocyclops by Plesa, 1971) and
Thaumasiocyclops insulanus Kiefer, 1930 also as
members of the subfamily Eucyclopinae, although
they have only two armature elements on the fifth
leg. Heberer and Kiefer (1932) even reported one
aberrant female of Eucyclops serrulatus (Fishcher,
1851) with only two armature elements on the fifth
leg. There are only two other species of
Eucyclopinae with fewer than three armature
elements on the fifth leg. The first one is
Austriocyclops vindobonae Kiefer, 1964, which was
recently rediscovered, redescribed and transferred
from Cyclopinae to Eucyclopinae by Pospisil and
Stoch (1997). It has a completely reduced fifth leg,
with only one or two setae as its remnants. It should
be said that the genus Ectocyclops Brady, 1904 also
has a completely reduced fifth leg but in this genus
all 17 species and subspecies have retained
complete armature. Tropocyclops jamaicensis Reid
and Janetzky, 1996 constitutes the fifth known case
(including the earlier mentioned aberrant specimen
of Eucyclops serrulatus) of reduction of the number
of fifth leg setae in Eucyclopinae. It was described
from phytotelmata in leaf axils of Jamaican
bromeliads (Reid and Janetzky 1996) and, in my
opinion, represents a separate genus. It seems to me
that Reid and Janetzky (1996) went to unnecessary
trouble trying to widen the generic diagnosis of
Tropocyclops Kiefer, 1927 but, perhaps, things will
be easier to comprehend when more species are
described from tropical phytotelmata or other
habitats. The genera Thaumasiocyclops,
Austriocyclops and the subgenus Stygocyclops are
also still monospecific.

The genus Macrocyclops Claus, 1893 is the only
one in the subfamily with a two-segmented fifth
leg. Its nine species and subspecies have an isolated
position within the Eucyclopinae also because of
the nature of the outermost armature element on
the apical segment (spine in Macrocyclops; outer
basal seta in other genera) and probably deserves a
separate subfamily status. Unfortunately, that is
well beyond the scope of this monograph and a
proper revision of the subfamily Eucyclopinae, not
based solely on morphology, is certainly needed.

Australoeucyclops gen. nov. has an one-
segmented fifth leg, with three armature elements
(innermost spine and two setae), like the majority
of Eucyclopinae, which are classified into the
following five genera: Afrocyclops Sars, 1927 (with
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11 species and subspecies), Eucyclops Claus, 1893
(over 80 species), Ochridacyclops Kiefer, 1937 (four
described species and one subspecies), Paracyclops
Claus, 1893 (with nearly 30 taxa) and Tropocyclops
Kiefer, 1927 (containing around 30 species and
subspecies). Afrocyclops is an endemic African
(including Madagascar) genus (A. gibsoni
abbreviatus (Kiefer, 1933) is found additionally in
Java and Bali). It is close to Eucyclops but clearly
distinguished by the position of a lateral seta on the
terminal segment of the female antennula, an
exceptionally long spine on the sixth leg in male, a
smooth outer margin of the caudal rami and the
spine formula of the swimming legs 2(3).3.3.3 (see
Einsle 1971). Tropocyclops is the only genus in the
subfamily without characteristic aesthetascs on the
male antennulae (they are smooth, like in
Cyclopinae); it also has a very characteristic seminal
receptacle and an exceptionally long inner apical
spine on the third endopodal segment of the fourth
swimming leg.

Ochridacyclops was described from a freshwater
sponge from Lake Ohrid (Macedonia) by Kiefer
(1937). Petkovski (1954) described a separate
subspecies of the type species from another sponge
from Lake Prespa (also Macedonia) and another
new species was later described from streams in
Kwangtung (China) by Shen and Tai (1964) (see also
Shen et al. 1979). Two species described from Japan
by Karaytug et al. (1996) and Ishida (2002a) in the
genus Ochridacyclops are obvious members of
Eucyclops, from which the former can be
distinguished by the 11-segmented female
antennulae. A few species of Eucyclops have also
been reported with 11-segmented antennulae but
they are most probably aberrant specimens (or they
had partly fused segments). My examination of E.
inarmatus Kiefer, 1932 from Montenegro
(unpublished data) showed clearly 12-segmented
antennulae, unlike those in the original description
(see Kiefer, 1932), although all specimens had a
very characteristic enormous transformed seta on
the fourth segment.

Australoeucyclops gen. nov. is most closely
related to the genera Eucyclops and Paracyclops.
Australoeucyclops karaytugi sp. nov. is chosen as
the type species, because it has the most complete
description, but the oldest known species is
Paracyclops eucyclopoides Kiefer, 1929. The latter
species was described from Lombok (near Java) by
Kiefer (1929¢) and later reported and redescribed
from Sumatra, Java and Bali (Heberer and Kiefer
1932, Kiefer, 1933). Heberer and Kiefer (1932) and
Kiefer (1933) noted mixed characters of Paracyclops
and Eucyclops in this species (a factor reflected also
in Kiefer's (1929¢) choice of specific name) but it
was not until much later (Kiefer 1969) that its spine
formula was corrected (3.4.3.3 instead of 3.4.4.3).
The second species, now in my new genus, was
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described from South Australia by Lindberg (1948),
as Eucyclops linderi, and included with the same
name in his list of Australian cyclopoids (Lindberg
1953). Morton (1990) formally transferred this
species into the genus Paracyclops, which also
reflects its quite unsettled position. The third
species included in the genus Australoeucyclops
was described from New South Wales as
Paracyclops timmsi by Kiefer (1969), who also
noted its very close relationship with P.
eucyclopoides but failed to recognise its similarity
with Lindberg’s Eucyclops linderi. Finally, Lewis
(1974) described Paracyclops waiariki from New
Zealand and noted that “it does not conform
precisely to the generic description”. This species
was redescribed in detail by Karaytug and Boxshall
(1998a), although without any mention of its
questionable position in the genus Paracyclops. In
addition to Australoeucyclops karaytugi sp. nov. |
have examined another new species from this genus
from the Margaret River region of Western
Australia, which will be published elsewhere.

The genus Paracyclops was recently partly
revised (Karaytug and Boxshall 1998a, b) and
studied extensively (Karaytug and Boxshall 1996,
1998¢, 1999, Karaytug et al. 1998). Although
Karaytug and Boxshall (1998b) redescribed the type
species and designated a neotype, they failed to
revise the generic diagnosis and its relationships
with the other Eucyclopinae. In fact, not a single
species was synonymized for the first time in this
revision nor was its taxonomic status within the
genus questioned. Consequently, species described
in other genera (like Eucyclops linderi) were not
discussed or transferred into Paracyclops. Karaytug
and Boxshall (1998b) merely found it “interesting to
note” that a 0.5 m deep puddle near St Petersburg
(Russia) contained three almost indistinguishable
“species” (something that would be very surprising
even in tropical rainforést), which they redescribed
without questioning their validity. However, the
abovementioned publications by Karaytug and
Boxshall have made an enormous contribution to
the knowledge of the Eucyclopinae, especially
through very detailed redescriptions and drawings
of many species. Besides Paracyclops waiariki,
which is now included in the genus
Australoeucyclops, Karaytug and Boxshall (1998a)
redescribed two other species with 12-segmented
antennulae, neither of which I would include into
the new genus: Paracyclops yeatmani Daggett and
Davis, 1974 is either a member of Eucyclops or a
new genus; and P. smileyi Strayer, 1988 is only
partly redescribed and has a different spine
formula, much shorter antennula and caudal rami,
as well as some other reductions of the mouth parts
and swimming legs.

The genus Australoeucyclops is well defined by
its slender habitus, caudal rami shape, 12-
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segmented antennulae, spine formula, absence of
inner seta on the first exopodal segment of the
fourth leg and its fifth leg shape. Although, it
combines characteristics of Paracyclops and
Eucvclops this is not to suggest a need for fusion of
these two genera, since the tyvpe species of each
genus is associated with a large flock of
morphologically and ecologically very similar
species. Australoeucyclops is also very well defined
zoogeographically, containing species from only
Australia, New Zealand and Indonesia. As | already
have one new species in preparation (other than A.
karaytugi), 1 suspect many more species will be
described from the Australian and New Zealand
subterranean and surface waters. Also many
Western Australian species preliminary identified
as “Paracyclops sp.”, by Jane McRae and Stuart
Halse from the CALM may prove to be members of
this genus. As Australoeucyclops already numbers
five described species, it is reasonable to present
below a key to aid in their identification.
1. Innemost apical seta on caudal rami longer
than outermost one ... 2

- Innermost seta shorter...............o
........... Australoeucvclops karaytugi sp. nov.

2. Caudal rami with smooth surface .................... 3

- Caudal rami ornamented with numerous
minute spinules both ventrally and dorsally
.... Australoeucyclops waiariki (Lewis, 1974)
comb. nov.

3. Inner apical spine on third endopodal segment
of fourth leg longer than semgent............. 4

- Same spine about as long as segment ...............
... Australoeucyclops lingeri (Lindberg, 1948)
comb. nov.

4. Spine on fifth leg about as long as two setae ...
..... Australoeucyclops eucvclopoides (Kiefer,
1929) com. nov.

- Same spine much shorter.... Australoeucyclops
timmsi (Kiefer, 1969) comb. nov.

Subfamily Cyclopinae Kiefer, 1927
Genus Thermocyclops Kiefer, 1937
Thermocyclops aberrans Lindberg, 1952
Figures 13-15
Synonymy

Thermocyclops operculatus aberrans subsp. nov. -
Lindberg, 1952: 12, Figures 3a-d.

Thermocvclops operculifer aberrans Lindberg —
Lindberg, 1954: 6; Dussart and Defave, 1985: 130;
Herbst, 1986: 173.

Thermocyclops cf. schmeili (Poppe and Mrazek) -
Fernando and Ponvi, 1981: 119, Figures 17-21.
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Thermocyclops operculifer Kiefer — Defaye et al,
1987: 3150, Figures 35—42.

{non] Mesocyclops (Thermocyclops) operculifer
n.sp. — Kiefer, 1930b: 187, Figures 6-10.

[non} Mesocyclops (Thermocyclops) operculiter
Kiefer — Heberer and Kiefer, 1932: 252, Figures
35-38.

fnon] Thermocyclops operculifer (Kiefer) -
Lindberg, 1954: 6, Figure 2; Dussart and Defaye,
1985: 130; Herbst, 1986: 173.

Material Examined

1) Australia, Pilbara, Ore Body 23, about 4.5 km
north of Ophthalmia Dam, bore W004, sample 58.1,
February 2001, leg. G. Humphreys, J. Bradbury and
K. Armstrong (BES: 5595), 23°20'16"S 119°50'11"E:
four females + one copepodid (one female dissected
on two slides (WAM (34227); one female dissected
on one slide (WAM (C28651); others in alcohol
(WAM (C28652))

2) Australia, Pilbara, Mulga Downs Station, Salt
Well, 5 September 2000, leg. W.F. Humphreys (BES:
8477), 22°17'42"S 118°4722"E: one copepodid in
alcohol (WAM C 28653)

Redescription of female

Body length, excluding caudal setae, 0.85 mm.
Habitus (Figure 13A) robust, with prosome/
urosome ratio 1.3 and greatest width at posterior
end of cephalothorax. Body length/width ratio
about 2.7; cephalothorax 2.7 times as wide as genital
double somite. Free pedigerous somites without
pronounced lateral expansions, except in fourth
pedigerous somites, which lateral corner slightly
protruded. Colour of preserved specimen
vellowish. Nauplius eye not visible. Rostrum well
developed, membranous, very broad and furnished
with two large sensilla.

Cephalothorax slightly shorter than its greatest
width; represents 36% of total body length. Surface
of cephalic shield with large sensilla; no other
ornamentation visible. Hyaline fringe of prosomites
narrow and smooth. All free pedigerous somites
ornamented dorsally with four sensiila. Fifth
pedigerous somite with smooth fringe dorsally and
ventrally (Figure 13A, B).

Genital double somite (Figure 13B) about as long
as wide, ornamented with two large sensilla
dorsally at middle and with two sensilla and two
cuticular pores ventrally near posterior end.
Hvaline fringe of genital double and two
subsequent somites sharply serrated both ventrally
and dorsally. Copulatory pore small, ovoid;
copulatory duct short, rigidly sclerotized. Seminal
receptacle relatively large, representing 77% of
double somite width and 51% of its length; anterior
expansion about 0.4 times as long as posterior one
but much broader and arched in ventral vew;
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D . A B, C

Figure 13 Thermocyclops aberrans Lindberg, 1952, female: A, habitus, dorsal view; B, urosome, ventral view; C,
antenna; D, basis and endopod of maxilla. Scales = 0.1 mm.
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posterior expansion ovoid (Figure 13B) . Parts of
oviducts rigidly sclerotized. Ovipores situated
dorsolaterally, covered by reduced sixth legs,
bearing two minute spines and one pinnate seta.
Third urosomite ornamented with two ventral
cuticular pores and two sensilla; fourth somite
without any ornamentation. Anal somite with
smooth, broad, short and slightly convex anal
operculum, which represents 52% of somite’s width
and not extending beyond posterior margin of
somite (Figure 14C); ornamented with two large
sensilla dorsally and very short transverse row of
spinules on posterior margin ventrally and two
cuticular pores also ventrally (Figure 13B). Anal
sinus not widelv opened, without visible
ornamentation.

Caudal rami (Figure 13B and 14C) 3.1 times as
long as wide, slightly divergent, without any visible
ornamentation, with space between them about one
third of ramus” width. Dorsal seta about 0.7 times
as long as ramus, inserted at 6/7 of ramus length,
uniarticulate at base and uniplumose distally.
l.ateral seta arising at 2/3 of ramus length,
uniplumose and longer than ramus width.
Outermost apical seta stout, spiniform, about 0.7
times as long as ramus, bipinnate. Innermost apical
seta also bipinnate and stout but not as much as
outermost apical one, and only slightlv longer than
outermost apical or dorsal. Principal apical setae
with breaking planes; inner seta about 1.2 times as
long as outer one and 0.3 times as long as body.

Antennula (Figure 14D) reaching posterior
margin of cephalothorax, 17-segmented, with one
slender aesthetasc on twelfth and seventeenth
segments each and setal formula:
8.4.2.6.3.1.1.1.1.0.1.1.0.1.2.2.7. No setae with
breaking planes or articulating on basal part. All
setae slender and most setae smooth, only 7 setae
{17%) plumose or pinnate at their distal parts.
Ornamentation consists of short transverse row of
spinules and three rows of cuticular pits on first
segment, one row of cuticular pits on fourth
segment and several minute spinules at base of seta
on eleventh segment. Length ratio of antennular
segments, from proximal end and along caudal
margins, 1:03:02:05:03:02:06:03:03:03
103:04:02:03:04:06:07.

Antenna (Figure 13C) five-segmented, comprising
short coxa, basis and three-segmented endopod.
Coxa partly fused to basis on frontal surface. Basis
about three times as long as wide, ornamented with
short longitudinal row of spinules on frontal
surface; armed with two smooth setae at distal
inner corner and with pinnate seta representing
exopod, which slightly reaches bevond tip of
appendage. First endopodal segment armed with
one smooth seta, ornamented with longitudinal row
of spinules along external margin. Second
endopodal segment about twice as long as wide,
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also ornamented with longitudinal row of spinules,
armed with nine smooth setae (seven lateral, two
subapical; one subapical seta much stronger than
any other seta on that segment and about twice as
long as segment). Third endopodal segment 3.2
times as long as wide, armed with seven apical
setae (strongest one with several pinnules; others
smooth) and ornamented as previous segment.

Labrum (Figure 14A) trapezoidal, ornamented
with two bunches of 11 long and slender spinules
on ventral surface. Cutting edge slightly concave,
with 11 sharp teeth between produced and serrated
lateral corners. No other ornamentation visible.

Mandibula with small but distinct palp, armed
with two very long, finely plumed setae and one
short, smooth, seta on distal end (Figure 15D).
Coxal gnathobase cutting edge with very strong
teeth and outermost pinnate seta, which longer than
short seta on palp.

Maxillula composed of well developed praecoxa
and two-segmented palp. Arthrite of praecoxa with
four strong apical spines; only one distinct and
ornamented with two setules; others smooth and
completely fused to praecoxa. Praecoxa armed with
seven armature elements along inner margin,
longest one plumose. Palp (Figure 14B) with
distinct endopod, which bearing three smooth setae
(outermost longest), and armed laterally with one
exopodal smooth seta and apically with two slender
setae (one smooth, other unipinnate) and one
robust, strongly bipinnate spine. Palp somewhat
shorter than arthrite of praecoxa.

Maxilla (Figure 13D) unornamented and five-
segmented but praecoxa fused to coxa on posterior
surface and also partly on anterior surface. Proximal
endite of praecoxa elongate, robust, armed with two
pinnate setae, distal endite small, unarmed.
Proximal endite of coxa with one strong, bipinnate
seta; distal endite highly mobile, elongate and
armed apically with proximal strong and pinnate
setae and distal smooth, slender and shorter one.
Basis expanded into robust claw, ornamented with
longitudinal row of strong spinules along concave
margin and armed with two setae; strong seta as
long as claw, bipinnate. Endopod two-segmented;
proximal segment armed with two robust, pinnate
setae; distal segment with one robust, pinnate,
apical seta and two slender, smooth, subapical
setae. Longest seta on distal endopodal segment
about 1.1 times as long as strong seta on basis.

Maxilliped (Figure 15E) four-segmented,
composed of syncoxa, basis and two-segmented
endopod. Syncoxa unornamented but armed with
three setae; middle seta strongest, bipinnate, about
as long as segment and almost twice as long as most
proximal, bipinnate seta or most distal, smooth one.
Basis 1.3 times as long as wide, ornamented with
several short rows of spinules and armed with two
bipinnate setae; proximal seta 1.8 times as long as
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g, 1952, female: A, first swimming leg; B, third swimming leg; C, fourth

swimming leg; D, mandibular palp; E, maxilliped. Scales = 0.1 mm.

T

Thermocyclops aberrans Lindbe

Figure 15
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distal one. First endopodal segment ornamented
with one arched row of strong spinules and armed
with one strong, bipinnate seta. Second endopodal
segment very small, unornamented but armed with
two smooth and one bipinnate seta; bipinnate seta
innermost, about 1.7 times as long as middle one
and almost 2.3 times as outermost seta. All pinnate
setae with very long pinnules.

All swimming legs with three-segmented exopod
and endopod (Figure 15A, B, C). Armature formula
of swimming legs as follows (legend: inner/outer
spine or seta; inner/terminal/outer):

Exopod Endopod
Segments 1 2 3 1 2 3
First leg 1/1 1/1 2/2/2 1/0 2/0 3/2/1
Second leg  1/1 1/1 3/2/2 1/0 2/0 3/2/1
Third leg 1/1 1/1 3/2/2 1/0 2/0 3/2/1
Fourthleg  1/1 1/1 3/2/2 /0 2/0 2/2/1

Third exopodal segment spine formula: 2.3.3.3.
Intercoxal sclerites of all swimming legs with
sharply serrated rounded protrusions at both
sides of distal margin, ornamented additionally
with one interrupted row of spinules each. All
coxae ornamented with several rows of spinules
and armed with plumose seta at inner distal
corner. Spine inserted at inner, protruded corner
of basis of first leg reaching halfway of second
endopodal segment (Figure 15A). All setae
slender and plumose. First and second segment
of both exopod and endopod of each leg with
short row of spinules along distal margin,
sometimes on both sides. Basis with one row of
spinules at base of each endopod; basis of first
leg with aditional row of spinules at base of inner
spine and one row of hair-like spinules along
inner margin. Third endopodal segment of fourth
swimming leg about 2.6 times as long as wide;
inner apical spine about 1.6 times as long as outer
one and about 0.8 times as long as segment
(Figure 15C).

Fifth leg (Figure 13B and 14E) two-segmented,
unornamented, with membranous joint with fifth
pedigerous somite. Basal segment almost twice as
wide as long, armed with lateral uniplumose seta
inserted on elongated setophore. Distal segment
much narrower, about 2.7 times as long as wide,
armed apically with inner spine and outer seta,
which subequal and slightly more than 2.5 times as
long as segment.

Sixth leg distinct, more or less oval, cuticular
plate, armed with two almost equally long minute
smooth spines and one bipinnate and much longer
seta; median spine distinct, other one completely
fused to leg.

Variability

Body length of females ranges from 0.792 mm to
0.885 mm (0.85 mm average; n = 4). No other type
of variability was observed.
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Discussion

The genus Thermocyclops Kiefer, 1927 today
comprises more than fifty valid species and
subspecies (Defaye et al. 1987, Baribwegure et al.
2000, Boxshall and Halsey 2004), distributed mainly
in tropical areas, with the centre of diversity in
Africa south of the Sahara. Herbst (1986) reviewed
world records and provided a key to females for 50
species and subspecies recognised by him at the
time, none of them from Australia. So far only two
widely distributed (possibly cosmopolitan) species
have been reported, although not illustrated, from
this continent (Tait et al. 1984, Timms and Morton
1988, Halse et al. 2000b): Thermocyclops decipiens
(Kiefer, 1929) and T. crassus (Fischer, 1853). The
former species was actually reported as
Mesocyclops decipiens by Tait et al. (1984) and the
latter one as Mesocyclops hyalinus. Timms and
Morton (1988) found T. decipiens to be very
frequent throughout tropical Australia, while T.
crassus seemed to have a restricted distribution in
the tropics but was widespread in temperate
Australia. Thermocyclops aberrans Lindberg, 1952
stat. nov. is the third named Australian
representative of this genus, although an
undescribed species of Thermocyclops has been
recorded in Western Australia by Pinder et al.
(2004). The diversity of the genus seems to be
constrained in Australia by a relatively long period
of arid climate, even in the tropical and subtropical
regions. The taxonomy of T. aberrans is somewhat
confused, even in the light of the recent discovery,
and deserves to be further discussed.

Kiefer (1930b) described one new species of
Thermocyclops (in those days only a subgenus of
Mesocyclops) from Lombok Island (Indonesia) as
Mesocyclops (Thermocyclops) operculifer (see
Synonymy). Its very unusual long anal operculum
clearly separated it from other members of the
genus, a fact reflected also in Kiefer’s (1930b) choice
of specific name. Heberer and Kiefer (1932)
redescribed this species after collecting additional
material, also from Lombok Island. Two decades
later Lindberg (1954) found morphologically almost
identical population of this species on one of the
Gilbert Islands (Kiribati) and described the male for
the first time. However, two years earlier (Lindberg,
1952) he had described a new subspecies of
Thermocyclops operculifer from Cambodia, as T.
operculatus aberrans. This obvious misspelling of
the specific name was latter corrected (Lindberg,
1954), although he did not further discuss
differences between the two subspecies. This
probably encouraged Defaye et al. (1987) to believe
that the differences between the two are not
significant, as they described one population with a
short anal operculum from Java as T. operculifer,
although their drawings agreed completely with the
description of T. operculifer aberrans. One of the
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possible motivations for this could be a close
proximity of their population to the type locality of
the nominotypical subspecies, as the subspecies
aberrans was known at that time only from
Cambodia. However, they (Defaye et al, 1987)
failed to recognise the similarity of their material
with a population from an unspecified locality in
Malaysia, which Fernando and Ponyi (1981) had
shortly beforehand described and illustrated and
tentatively assigned as Thermocyclops cf. schmeili.
Fernando and Ponyi (1981) did not compare their
material with either T. operculifer or T. operculifer
aberrans but they suggested that their population
might represent a new species.

After examining material from the Pilbara, which
is morphologically very similar to T. operculifer
aberrans, and assessing all the abovementioned
literature, 1 strongly believe that the two forms are
actually two distinct species. Although all
published descriptions and illustrations are
incomplete, they are adequate enough to permit a
clear distinction between these two species. Not
only has T. aberrans a much shorter anal operculum
than T. operculifer (which is an autapomorphy of
the latter species) but they can be distinguished by
at least three other morphological characters: the
absence of cuticular pits on the urosomites
(probably a plesiomorphy of T. operculifer, since T.
aberrans has retained some cuticular pits on
proximal segments of the antennula), a shorter
inner apical spine on the third endopodal segment
of the fourth swimming leg and a somewhat shorter
inner apical seta on the caudal rami. The last two
characters are also probably plesiomorphies of T.
operculifer, since the majority of Thermocyclops
species have a very long inner spine on the fourth
leg endopod and also have the inner apical seta on
the caudal rami significantly longer than the
outermost one.

In fact, an innermost apical seta shorter than the
caudal ramus is so rare in the genus Thermocyclops
that only two other taxa, besides T. operculifer and
T. aberrans, have been recorded with the
characteristic: T. hastatus antillensis Herbst, 1986,
from Guadeloupe (West Indies) (Herbst 1986) and
T. hooki Loffler, 1968, from Kenva and Uganda
(Loffler 1968, Einsle 1970). It is likely the latter
species does not belong to the genus
Thermocyvclops, since it has a 15-segmented
antennula, and may be related to the North
American Mesocyclops bernardi Petkovski, 1986.
Mesocyclops bernardi was transferred to the genus
Diacyclops by Reid (1993a), although she admits
that “this species combines morphological features
of several genera”. T. hastatus antillensis can be
distinguished from both T. operculifer and T.
aberrans by the complete absence of cuticular pits,
non-serrated hvaline fringe of the abdominal
somites, different ornamentation of the intercoxal
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sclerite of the fourth swimming leg, equally long
apical spines on the third endopodal segment of the
fourth leg and some other, less important,
characters.

Genus Mesocyclops Sars, 1914

Mesocyclops brooksi Pesce, De Laurentiis and
Humphreys, 1996

Synonymy

Mesocyclops brooksi sp. nov. — Pesce et al., 1996a:
71, Figures 16-28.

Mesocyclops brooksi Pesce, De Laurentiis and
Humphreys, 1996 - De Laurentiis et al, 1999:
256; Hotyrska and Brown, 2003: 1328;
Karanovic, 2004a: 58, Figures 27-29.

Material Examined

1) Australia, Pilbara, Lake Disappointment,
ligarari Creek, Bulloo Downs Station, well (site
number 31), 7 September 2000, leg. W.F.
Humphreys (BES: 8485), 24°19'40"S 119°40'22"E:
two females (one ovigerous) in alcohol (WAM
C28654)

2) Australia, Pilbara, Lake Disappointment,
llgarari Creek, Bulloo Downs Station, Old Ilgarari
Well, 7 September 2000, leg. W.F. Humphreys (BES:
8489), 24°20'03"S 119°40'48"E: one female in alcohol
(WAM (C28655)

3) Australia, Pilbara, Mulga Downs Station,
Munjong Well, 2 September 2000, leg. W.F.
Humphreys (BES: 8445), 22°13'20"S5 118°42'20"E: one
female dissected on one slide (WAM C28656)

4) Australia, Pilbara, Mulga Downs Station, Silver
Grass Well, 3 September 2000, leg. W.F. Humphreys
(BES: 8464), 22°15'24"S 118°39'23"E: one female +
one copepodid in alcohol (WAM (C28657)

5) Australia, Pilbara, Lake Disappointment,
llgarari Creek, Bulloo Downs Station, No 37
Government Well, 7 September 2000, leg. W.F.
Humphreys (BES: 8484), 24°18'49"S 119°41'51"E:
seven females + 16 copepodids in alcohol (WAM
C28658)

6) Australia, Pilbara, Newman, bore W244, 12
November 1998, leg. S.M. Eberhard (BES: 3533),
23°13'S 119°55'E: one copepodid in alcohol (WAM
(C28659)

7y Australia, Pilbara, Mulga Downs Station,
Calamina Well, 3 September 2000, leg. W.F.
Humphreys (BES: 8453), 22°11'39"5 118°28'02"E: six
females + one copepodid in alcohol (WAM C28660)

Discussion

Mesocyclops brooksi was originally described
from Bobs Well, near the Ashburton River, just
south of the Pilbara region, by Pesce et al. (1996a).
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De Laurentiis et al. (1999) reported this species from
another four localities in the Pilbara. Holynska and
Brown (2003) reported it from the Fortescue Marsh
(in the Pilbara) but also from several localities in
south-western Western Australia, based on the
material of Stuart Halse and others, who have
shown the species to be widely distributed through
the southern half of Western Australia (Halse et al.
2000a, 2002a). There is also a single record from
Townsville, Queensland (Holyniska and Brown
2003). Here, I report M. brooksi from another seven
localities (six wells and one bore) in the Pilbara. The
species is known as stygophile only from more arid
parts of Western Australia but there has been little
sampling of groundwater further south. In the
Murchison region M. brooksi was found (Karanovic
2004a) in 19 out of 164 samples (12%), while in the
Pilbara region I have found it only in seven out of
160 samples (4.5%), which suggests its more scarce
occurrence towards the northern part of Western
Australia. The isolated (and intriguing) record from
Townswille (Holyriska and Brown 2003) is the most
northern and the only one from the East Coast of
Australia.

Mesocyclops darwini Dussart and Fernando, 1988
Synonymy

Mesocyclops darwini nov. sp. — Dussart and
Fernando, 1988: 259, Figures 71-78.

Mesocyclops darwini Dussart and Fernando -
Holyriska, 2000: 371, Figures 6-8 and 9C, F, G;
Holyniska and Brown, 2003: 1328.

Mesocyclops rarus Kiefer - Dussart and Fernando,
1986: 291.

Discussion

I have not found any specimens of this species in
subterranean waters of the Pilbara region. However,
it was reported from the Fortescue Marsh in the
Pilbara by Holyriska and Brown (2003), where it
apparently lives sympatrically with two other
congeners: M. brooksi Pesce, De Laurentiis and
Humpbhreys, 1996 and M. notius Kiefer, 1981. Halse
et al. (2002b) also listed this species for two springs
in the Pilbara. It should be mentioned here that
Moonjari Well (reported as a locality for M. darwini
by Holyriska and Brown (2003)) is a locality (closest
site) not a real well (Stuart Halse, pers. comm.).

Mesocyclops darwini is a stygoxene species,
originally described by Dussart and Fernando
(1988) from the inundation area of Adelaide River,
near Darwin, Northern Territory. Holyniska (2000)
redescribed this species and reported it from several
localities from both sides of New Guinea.
Unfortunately, she did not comment on small
differences between the original description and her
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material (the length of dorsal seta on the caudal
ramus, for example), although she gave very nice
comparative drawings of the closely related M.
rarus Kiefer, 1981. Holyriska and Brown (2003)
additionally reported M. darwini from one locality
in Queensland.

Mesocyclops notius Kiefer, 1981
Synonymy

Mesocyclops notius n. sp. — Kiefer, 1981: 165,
Figures 5-8.

Mesocyclops notius Kiefer — Dussart and Defaye,
1985: 122; Dussart and Fernando, 1988: 259,
Figures 79-85; Holyriska, 2000: 437; Holyriska
and Brown, 2003: 1328.

Mesocyclops leuckarti (Claus) - [partim.] Timms,
1970: 22 (fide Kiefer, 1981)

Discussion

This species was also absent from the samples I
have examined but Holyriska and Brown (2003)
reported it from the Fortescue Marsh in the Pilbara.
Mesocyclops notius seems to be relatively rare in
Western Australia and some of the early records of
the species are perhaps doubtful. Confirmed
records come from Lake Gregory in the southern
Kimberley (Halse et al. 1998) and Fortescue Marsh
(Holyriska and Brown 2003)

Kiefer (1981) described M. notius from a number
of localities in New South Wales. Dussart and
Fernando (1988) redescribed it from the inundation
area of Adelaide River, near Darwin, Northern
Territory, where it also lives sympatrically with M.
darwini. Finally Holyriska and Brown (2003)
reported M. notius from two localities in
Queensland and two localities in Western Australia
(abovementioned Fortescue Marsh and Lake
Gregory). It is a stygoxene element in the copepod
fauna of the Pilbara.

Mesocyclops holynskae sp. nov.
Figures 16-19

Material Examined

Holotype

Female (WAM (C28661), Australia, Pilbara, Weeli
Wolli Spring, surface pool, 16 November 1998, leg.
S5.M. Eberhard (BES: 3601 and 3608), 22°55'S
119°11'E: dissected on two slides

Paratypes

Australia, Pilbara, Weeli Wolli Spring, surface
pool, 16 November 1998, leg. S.M. Eberhard (BES:
3601 and 3608), 22°55'S 119°11'E: one female (WAM
(C28662) + one copepodid (WAM C28663)
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Other material

Australia, Pilbara, Mulga Downs Station,
Mamamoonah Well, 2 September 2000, leg. W.F.
Humphreys (BES: 8442), 22°07°28"5 118°17'16"E: one
female dissected on one slide (WAM (C28664)

Description

Female (holotype). Body length, excluding caudal
setae, 1.13 mm. Habitus (Figure 16B) robust, with
prosome/urosome ratio 1.7 and greatest width at 2/
3 of cephalothorax length. Body length/width ratio
about 2.9; cephalothorax three times as wide as
genital double somite. Free pedigerous somites
without pronounced lateral expansions, except in
fifth pedigerous somite, which lateral corner
slightly protruded. Colour of preserved specimen
light brown. Nauplius eye visible. Rostrum well
developed, membranous, very broad and furnished
with two large sensilla.

Cephalothorax about 1.2 times as long as its
greatest width (Figure 16B); represents 41% of total
body length. Surface of cephalic shield (Figure 19C)
and tergites and pleurites of prosomites with many
small sensilla and cuticular pores. Hyaline fringe of
prosomites narrow and smooth. Fifth pedigerous
somite with smooth fringe dorsally and ventrally,
ornamented with four sensilla dorsally and without
any ornamentation laterally and verntrally (Figure
16C and 19E).

Genital double somite (Figure 16A) slightly
longer than wide, ornamented with two large
sensilla dorsally at middle and with two cuticular
pores ventrally near posterior end. Hyaline fringe
of genital double and two subsequent somites
smooth both ventrally and dorsally. Copulatory
pore small, ovoid; copulatory duct short, straight,
rigidly sclerotized. Central part of seminal
receptacle relatively large, ovoid, representing 33%
of double somite width and 58% of its length;
lateral arms of receptacle very narrow, connecting
in straight line with oviducts, parts of which rigidly
sclerotized. Ovipores situated dorsolaterally,
covered by reduced sixth legs, bearing two minute
spines and one plumose seta. Third urosomite
ornamented with two ventral cuticular pores; fourth
somite without any ornamentation. Anal somite
with smooth, narrow, very short and slightly
convex anal operculum, which represents 51% of
somite’s width and not extending beyond anterior
half of somite’s length (Figure 18C); ornamented
with two short sensilla dorsally and transverse row
of spinules on posterior margin ventrally and two
cuticular pores also ventrally (Figure 16A). Anal
sinus  widely opened, without visible
ornamentation.

Caudal rami (Figure 16A) three times as long as
wide, parallel, with little space between them;
ornamented with single cuticular pore ventrally.
Dorsal seta about 1.2 times as long as ramus,
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inserted at 6/7 of ramus length, uniarticulate at base
and plumose distally. Lateral seta arising at 3/5 of
ramus’ length, uniplumose, much longer than
ramus’ width and 0.6 times as long as ramus.
Outermost apical seta stout, spiniform, slightly
longer than ramus, bipinnate. Innermost apical seta
plumose, about 2.9 times longer than outermost
apical seta. Principal apical setae plumose and with
breaking planes; inner seta about 1.4 times as long
as outer one and 0.47 times as long as body.

Antennula (Figure 16B and 19B, D) reaching
bevond posterior margin of cephalothorax, 17-
segmented, with one slender aesthetasc on twelfth
and seventeenth segments each (latter one sharing
common base with one terminal seta) and setal
formula: 8.4.2.6.3.2.2.1.1.0.1.1.0.1.1.3.7. No setae
with breaking planes or articulating on basal part.
One seta on sixth segment short, all other setae
slender; one seta on sixteenth segment minute
(Figure 19B). Ornamentation consists of short
transverse row of spinules on first segment, and
finely serrated hyaline lamella on last two
segments.

Antenna (Figure 19A) four-segmented,
comprising coxobasis and three-segmented
endopod; all segments of about same length.
Coxobasis about 2.4 times as long as wide,
ornamented on frontal surface with three rows of
spinules near external margin (middle row with
strongest spinules) and with two diagonal rows of
minute spinules proximally near internal margin;
caudal surface with two longitudinal rows of
spinules along external margin; additional row of
minute spinules proximally along internal margin.
Coxobasis armed with two smooth setae at distal
inner corner and with pinnate seta representing
exopod, which slightly reaches beyond tip of
appendage. First endopodal segment armed with
one smooth seta, ornamented with longitudinal row
of spinules along external margin. Second
endopodal segment about 1.8 times as long as wide,
also ornamented with longitudinal row of spinules,
armed with nine smooth setae (seven lateral, two
subapical; one subapical seta longer and much
stronger than any other seta on that segment). Third
endopodal segment 2.3 times as long as wide,
armed with seven apical setae and ornamented as
previous segment.

Labrum (Figure 18D) trapezoidal, ornamented
with two bunches of 15 long and slender spinules
on ventral surface. Cutting edge short and concave,
with 10 blunt teeth between produced and rounded
lateral corners. No other ornamentation visible.

Mandibula (Figure 17B) ornamented with three
short rows of small spinules near small but distinct
palp, which armed with two very long, finely
plumed setae and one short, smooth, seta on distal
end. Coxal gnathobase cutting edge with eight
strong smooth teeth, four long spinules at base of
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C,D B A

Figure 16 Mesocyclops holynskae sp. nov., holotype (female): A, abdomen, ventral view; B, habitus, dorsal view; C,
fifth leg, ventral view; D, sixth leg. Scales = 0.1 mm.
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Figure 17 Mesocyclops holvnskae sp. nov., holotype {female): A, first swimming leg, without second and third
endopodal and exopodal segments; B, mandibula; C, third endopodal segment of fourth swimming leg; D,

basis and endopod of maxilla. Scale = 0.1 mm.
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fourth spine, and outermost bipinnate seta, which
shorter than short seta on palp. First, second, fourth
and eighth spines (from inner side) complex; other
four spines simple.

Maxillula composed of well developed praecoxa
and two-segmented palp. Arthrite of praecoxa with
four strong apical spines; praecoxa armed
additionally with seven armature elements along
inner margin, longest one plumose. Palp (Figure
19F) with distinct endopod, which bearing two
apical and one lateral setae (outermost apical seta
longest and strongest), and armed laterally with one
exopodal smooth seta and apically with two slender
setae (one smooth, other unipinnate) and one
robust, bipinnate spine. Palp somewhat shorter than
arthrite of praecoxa.

Maxilla (Figure 17D) unornamented and five-
segmented but praecoxa fused to coxa on posterior
surface and also partly on anterior surface. Proximal
endite of praecoxa elongate, robust, armed with two
pinnate setae, distal endite small, unarmed.
Proximal endite of coxa with one strong, bipinnate
seta; distal endite highly mobile, elongate and
armed apically with proximal strong and pinnate
seta and distal smooth, slender and shorter one.
Basis expanded into robust claw, ornamented with
longitudinal row of strong spinules along concave
margin (middle spinules strongest) and armed with
two setae; strong seta as long as claw, bipinnate.
Endopod two-segmented; proximal segment armed
with two robust, pinnate setae; distal segment very
small, with one robust, pinnate, apical seta and two
slender, smooth, subapical setae; part of distal
segment fused with base of apical robust seta.
Longest seta on distal endopodal segment about as
long as strong seta on basis.

Maxilliped (Figure 18B) four-segmented,
composed of syncoxa, basis and two-segmented
endopod. Syncoxa unornamented but armed with
three strongly pinnate setae; middle seta
strongest, about as long as segment, twice as long
as most proximal one and 1.5 times as long as
most distal seta. Basis 2.4 times as long as wide,
ornamented with one arched row of very long
spinules along inner margin and two fields of
shorter spinules near outer margin; armed with
two pinnate setae, proximal seta 1.4 times as long
as distal one. First endopodal segment
unornamented and armed with one strong,
bipinnate seta. Second endopodal segment small,
unornamented but armed with three setae;
innermost seta bipinnate and strongest, about 1.6
times as long as middle, unipinnate seta and
almost 4.2 times as outermost, smooth one. All
pinnate setae with very long pinnules; that on
first endopodal segment and innermost seta on
second endopodal segment with additional row
of short spinules along convex margin distally.

All swimming legs with three-segmented
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exopods and endopods. Armature formula of
swimming legs as follows (legend: inner/outer
spine or seta; inner/terminal/outer):

Exopod Endopod
Segments 1 2 3 12 3
First leg 1/1 1/1 2/2/2 1/0 2/0 3/2/1
Second leg  1/1 1/1 3/2/2 1/02/0 3/2/1
Third leg 1/1 1/1 3/2/2 1/0 2/0 3/2/1
Fourthleg  1/1 1/1 3/2/2 /0 2/0 2/2/1

Third exopodal segment spine formula: 2.3.3.3.
Intercoxal sclerite of first swimming leg with
smooth rounded protrusion at each side of distal
margin; other swimming legs with sharply pointed
and very long protrusions; no other ornamentation
visible. All coxae ornamented with several rows of
spinules and armed with plumose seta at inner
distal corner; coxa of fourth leg (Figure 18A) with
only two rows of spinules on frontal surface along
posterior margin, while caudal surface ornamented
with five rows of spinules. Spine inserted at inner,
protruded corner of basis of first leg very slender,
reaching halfway of second endopodal segment
(Figure 17A). All setae slender and plumose. First
and second segment of both exopod and endopod
of each leg with short row of spinules along distal
margin, sometimes on both sides. Basis with one
row of spinules at base of each endopod; basis of
first leg with additional field of spinules at middle
and one row of hair-like spinules along inner
margin. Third endopodal segment of fourth
swimming leg (Figure 17C) about 3.2 times as long
as wide, with well produced latero-distal corners
and ornamented with one row of spinules at base of
apical spines, one row of hairs along proximal part
of outer margin and one cuticular pore distally;
both apical spines of almost same length, about 0.7
times as long as segment.

Fifth leg (Figure 16C and 19E) two-segmented.
Basal segment wider than long, with single
cuticular pore near proximal outer