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A NEW CANDONINAE GENUS (CRUSTACEA: OSTRACODA) FROM

SUBTERRANEAN WATERS OF QUEENSLAND, WITH A CLADISTIC ANALY SIS OF

THE TRIBE CANDONOPSINI
IVANA KARANOQVIC

Karanovic, 1. 2005 01 10: A new Candoninae genus (Crustacea: Ostracoda) from
subterranean waters of Queensland, with a cladistic analysis of the tribe Candonopsini.
Memoirs of the Queensland Museum 50(2): 303-319. Brisbane. ISSN 0079-8835.

Pioneercandonopsis hancocki gen. nov., sp. nov. was collected from subterranean waters of
Pioneer Valley, Queendand, and it isthefirst subterranean ostracod from this state. The new
genus belongs to the tribe Candonopsini Karanovic, in press b, which also includes
Candonopsis Vévra, 1891, Caribecandona Broodbakker, 1983, and Cubacandona
Broodbakker, 1983. Characteristics of the hemipenis and prehensile palps suggest that
Pioneercandonopsis ismore closely related to the latter two generathan to Candonopsis. A
cladistic analysis based on two sets of morphological characters was performed on al 32
species of the tribe Candonopsini, with Cryptocandona dudichi (Klie, 1930) chosen as
outgroup taxon. Resulting cladograms support amonophyletic origin for the Candonopsini
and close phylogenetic relationship between the new genus and Caribecandona and
Cubacandona. A Pioneercandonopsis, new genus, Candonopsini, Candoninae, cladistic
analysis.

Ivana Karanovic, Western Australian Museum, Francis Street, Perth 6000 WA, Australia

(e-mail: karanovic@museum.wa.gov.au); 13 September 2004.

A tota of 19 freshwater free-living ostracods
are known from Queensland (Sars, 1889; De
Deckker, 1978, 1979, 1981, 1983; DeDeckker &
McKenzie, 1981) and all are surface water
inhabitants. The subterranean ostracod fauna of
Queensland is completely unexplored. Recently,
the Queensland Department of Natural
Resources and Mines started an extensive
sampling of the subterranean waters of Pioneer
Valley. | had the opportunity to examine these
samples and discovered the new ostracod
described in this paper. This is the first sub-
terranean ostracod recorded from Queensland
and is also the 10th ostracod genus described
from Australian subterranean waters. The other 9
genera are from groundwaters of Western
Australia (Karanovic & Marmonier, 2003;
Karanovic, 2003a, b, inpressa, b). All 10 genera
belong to the Candoninae Kaufmann, 1900. This
subfamily has 11 extant generain Australia (10
endemic, plus Candonopsis Véavra, 1891), with
an additional 20 genera worldwide.

Initialy, the Candoninae was divided into
tribes Namibcypridini Martens, 1992 with two
genera, and Candonini Kaufamnn, 1900
containing 16 genera (Martens, 1992). However,
discovery of ahighly diverse Candoninae fauna
in WA, with striking morphological features,
necessitated revision of the Candoninae with the
aim of better understanding the phylogenetic

relationships between genera. Karanovic (in
press a, b) described the Humphreyscandonini
Karanovic, in press a, and Candonopsini
Karanovic, inpressbh. Theformer tribeincludes7
genera known only from subterranean waters of
thePilbararegion (WA), whilethe Candonopsini
encompasses Candonopsis, Caribecandona
Broodbakker, 1983, and Cubacandona
Broodbakker, 1983. The new genus from
Queensland is assigned to thistribe.

The Candonopsini contains 32 Recent species.
Candonopsis isthe largest, with 24 species, and
is divided (Karanovic, in press b) into
Candonopsis s. str. and Abcandonopsis
Karanovic, in press b. The latter subgenus is an
Australian endemic with 3 subterranean species:
2 from Kimberley and one from the Murchison
Region (Karanovic, in press b). Candonopsis s.
str. has 5 species in Australia, 4 endemic to
subterranean waters of the Murchison Region
(Karanovic & Marmonier, 2002). The remaining
Candonopsis species are in Europe, South
America and Africa. Cubacandona and
Caribecandona are less diverse and have more
restricted distributions. Cubacandona was
represented only by the type species, C. cubensis
(Danielopol, 1978), from Cuba (Danielopol,
1978, 1980), but Karanovic (in pressb) assigned
Candonopsis speciesfrom South Americato that
genus. All 3 speciesof Caribecandona arefound
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in subterranean waters of the West Indies
(Broodbakker, 1983).

Cubacandona and Caribecandona share 3
very important morphological characteristics: 2
extensions of the lateral lobe of hemipenis,
almost symmetrical prehensile palps and a very
short terminal segment of the mandibular palp. In
contrast, Candonopsis hasonly 1 extension of the
lateral lobe, extremely asymmetrical prehensile
palps and a long terminal segment of the
mandibular palp. With respect to these
characteristics, the new genus is more closely
related to the Central and South American genera
thanitisto Candonopsis, but shares several setal
reductionswith the subgenus 4bcandonopsis and
someother Candonopsis s. str. Species. Totest the
phylogenetic rel ationshipsin the Candonopsini, a
cladistic analysis was performed. This analysis
was based on species-level taxonomy, because
this is more likely to represent evolutionary
relationships (Walker-Smith & Poore, 2001) and
included all 32 species of the tribe.

MATERIAL AND METHODS

TAXONOMIC METHODS. Samples were
collected with haul-nets (mesh size 250 or 350
pum) from bores. Haul-nets are actually smple
plankton nets of a different size suitable for the
bore, which can range from 30-180 mm in
diameter. Weighed nets were lowered down into
the bore with one bottle screwed onitsdistal part
then hauled through the water column, usually a
number of times. Animals were stained with the
‘Rose Bengal’ dye, for easier sorting.

For observation under the light microscope,
ostracods were dissected in amixture of distilled
water and glycerol (1:1) with fine entomological
needles (mark 000). Dissected appendages were
mounted in Faure’smedium and observed using a
Leica DMLS brightfield compound microscope
with C-plan achromatic objectives. All drawings
were prepared using a drawing tube attachment
on the same microscope. For the Scanning
Electron Microscopy (SEM), soft parts were
taken from their valves and then dehydrated in a
graded series of ethanol: 70%, 80%, 95% and
100%. In each of the grades, soft parts were | eft
for about 15 minutes. The carapace was kept in
the 100% ethanol for only a few minutes. After
that, the soft partsand carapace were mounted on
aSEM stub using double-sided adhesivetape. All
samples were sputter coated with gold and
observed under the LEO FEG VPSEM micro-
scope with in-lens detectors, working distance
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between 2-6mm, and accelerating voltage
between 2-5kV.

In the systematics, the length of all segments
was measured along the midline, and length
ratios are presented beginning with the proximal
segment. Appendage terminology follows
Martens (1998), while chaetotaxy of al limbs
follows Broodbakker & Danielopol (1982),
revised for the antenna by Martens (1987). |
follow Martens' (1987) terminology except that
the shortest claw on the maleterminal segment is
considered homologous with the female GM
claw, while the longest one is homologous with
the female Gm claw. Setae on the third
thoracopod are labeled according to Meisch
(1996), while setae on the antennula are labeled
according to Karanovic (in pressc). Lobeson the
hemipenis are designated according to
Danielopol (1969). In front of the abbreviations
for the setae on the endopodal segments of the
3rd thoracopod and setae on the 1st thoracopod,
the letter ‘T’ was added so that they are not
confused with abbreviations for the hemipenis
given below.

ABBREVIATIONS. a - lateral lobe on
hemipenis; Al - antennula; A2 - antenna; CB1,
CB2 - setae on the antennular coxobasis; b -
medial lobe on hemipenis; d1, d2, dp - setae on
the basal segment of the third thoracopod; Enl1-6
- endopodal segmentsof theantennula; Ena, b, c,
d - endopodal setae on the antennula; Ex1, 2 -
exopodal setae on the antennula; Fu - furca; G1,
G2, G3, GM, Gm - antennal claws; H - height; L -
length; LV - left valve; Md - mandibula; MxI
-maxillula; QM - Queensland Museum; RV -
right valve; Ta, Ta, Th, Td - setae on the first
thoracopod; Te, Tf, Tg, Thl, Th2, Th3 - setae on
endopodal segments of the third thoracopod; T1,
T2, T3-first, second and third thoracopods; t1, t2
- medial setae on the second endopodal segment
of the antenna; W - width; WAM - Western
Australian Museum; Y, vya, y1, y2, y3 -
aesthetascs; 71, 72, z3 - apical setae on the second
endopodal segment of the antenna.

CLADISTIC METHODS. A total of 32 species
of the Candonopsini areincluded in the cladistic
analysis, while Cryptocandona dudichi (Klie,
1930) was chosen as an outgroup taxon.
According to Baltanas et al. (2000),
Cryptocandona Kaufmann, 1900 represents a
primitive lineage in the Candoninae. All known
species of Cryptocandona have the highest
number of setae found in the Candoninae on the
A1, A2, and al thoracopods, which makes them
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closely related to the Candonopsini. However,
the characteristics of Md, the prehensile palps,
furca and hemipenis exclude Cryptocandona
fromthe Candonopsini and thegenusisplacedin
the Candonini (Martens, 1992). Cryptocandona
dudichi was chosen because it was recently
redescribed in detail (Namiotko et al., 2001) and
both sexes are known.

The morphological characters used in this
analysis were selected from information in the
literature. Characters were polarised so that the
outgroup taxon values all remained zero. This
givestheleast increaseinthelength of theoverall
cladogram (Kitching et a., 1998). The ‘0’ state
also meansaplesiomorphic character state, while
‘1’ means an apomorphy. Unknown or missing
valuesare coded ‘-'. Only the carapace shapeand
the total number of the A1l segments were
multistate characters (with states 0, 1, and 2); all
other charactersused in thisanalysiswerebinary.
Carapace shape was coded as a non-additive
(representing unordered multistate character asa
linked seriesof binary character) character, while
thetotal number of segmentson A1 was coded as
additive (representing ordered multistate
character asalinked seriesof binary characters).

Two data matrices were created, characters
coded, optimised and weighted using the
computer program WinClada, version 1.00.08
(Nixon, 2002), and then analyzed using NONA,
version 2 (Goloboff, 1999). All 24 characters
from the first data matrix were analyzed as
equally weighted, using the heuristic and the
Rachet Island Hopper searches with the
WinClada default parameters. For the heuristic
search the default parameters are: hold 100;
mult*1; hold/1 (hold 100 trees in memory,
perform tree bisection and reconstruction (TRB)
branch swapping on 1 random additional
replicates and hold 1 starting tree in memory).
For the Rachet Island Hopper search the default
parametersare: 200 replications; 1 treeto hold; 3
charactersto sample; 10 random constraint level
and amb-poly= ( amb- collapses a branch if the
ancestor and descendant have different states
under same resolutions of multistate characters
or of ‘-’; poly=treats trees as collapsed).
Characters in the second data matrix were
weighted so that the highest weight (1) wasgiven
to the characters from 0-15. Those were
characters of the tribe, genera, subgenera, and
some characters of the species groups.
Characters 16-27 were weighted 0.75, majority
of these are homoplastic. The lowest value (0.5)
was given to the charactersfrom 28-33, i.e. to the
carapace shape and to the almost all ambiguous
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characters. When analysing with the Rachet
Island search the same default parameters were
used, whilefor the Heuristic search thefollowing
options were chosen: hold 10000; mult*100;
hold/10. On dl trees obtained unsupported branches
were collapsed and characters were optimised
using the fast optimisation option in WinClada.

REFERENCE SOURCESFOR THE OUTGROUP

AND INGROUP TAXA (*indicates original

paper is a reference source).

1. Cryptocandona dudichi (Klie, 1930): Namiotko et
al. (2001);

2. Candonopsis (Abcandonopsis) aula Karanovic, in
press b*;

3. C. (4.) indoles Karanovic, in press b*;

4. C. (A.) williami Karanovic & Marmonier, 2002*:
Karanovic (in press b);

5. C. (Candonopsis) africana Klie, 1944*: Rome
(1962); Martens (1984);

6. C (C.) anteroarcuata Rome, 1962*;

7. C. (C.) boui Danielopal, 1978*: Danielopal (1980);

8. C. (C.) bujukuensis Loffler, 1968*

9. C. (C.) dani Karanovic & Marmonier, 2002*;

10. C. (C.) hummelincki Broodbakker, 1983*;

11. C. (C.) kingsleii (Brady and Roberston, 1870):
Petkovski (1977)

12. C. (C.) kimberleyi Karanovic & Marmonier, 2002*;

13. C. (C.) mareza Karanovic & Petkovski, 1999*;

14. C. (C.) murchisoni Karanovic & Marmonier,
2002*;

15. C. (C.) nama Daday, 1913*;

16. C. (C.) navicula Daday, 1910*: Klie (1935); Rome
(1962); Karanovic (in press b);

17. C. (C.) putealis Klie, 1932*;

18. C. (C.) scourfieldi Brady, 1910: Petkovski &
Meisch (1995);

19. C. (C.) solitaria Véavra, 1895*: Klie (1936)

20. C. (C.) sumatrana Klie, 1932*: Harding (1962);
Victor & Fernando (1978); Karanovic (in press b);

21. C. (C.) tenuis (Brady, 1886)*: Sars (1896);
Karanovic and Marmonier (2002);

22. C. (C.) thienemanni Schéfer, 1945*;

23. C. (C.) trichota Schéfer, 1945*;

24. C. (C.) urmilae Gupta, 1988*;

25. C. (C.) westaustraliensis Karanovic & Marmonier,
2002*;

26. Cubacandona cubensis (Danielopol, 1978%):
Danielopol (1980); Broodbakker (1983);

27. C. anisitsi (Daday, 1905)*: Klie (1930);

28. C. columbiensis (Méhes, 1913)*;

29. C. falclandica (Vévra, 1898)*;

30. Caribecandona trapezoidea Broodbakker, 1983*;

31. C. auricularia Broodbakker, 1983*;

32. C. ansa Broodbakker, 1983*.
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FIG 1. Pioneercandonopsis hancocki gen. et sp. nov. A, G H, Holotype (J8); B-F, Allotype (?). A, carapace,
lateral view fromtheleft side; B, carapace, lateral view fromtheleft side; C, LV, internal view; D, MxI palp and
three endites; E, T1; F, rake-like organ; G, left prehensile palp; H, right prehensile palp. Scales=0.1mm.
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SYSTEMATICS

Family CANDONIDAE Kaufmann, 1900
Subfamily CANDONINAE Kaufmann, 1900
Tribe CANDONOPSINI Karanovic, in press b

Pioneercandonopsis gen. nov.

TYPE SPECIES Pioneercandonopsis hancocki Sp. nov.

ETYMOLOGY. Prefix Pioneer (after the Pioneer Valley,
Queendand where the species was collected) and the

genus name Candonopsis. Gender feminine.

DIAGNOSIS. Carapace subreniform, surface
smooth (Fig. 5A,B). Calcified inner lamella
narrow posteriorly, wider anteriorly. Muscle scar
imprintstypical for Candoninae, although poorly
visible. A1 4-segmented. Segments En2, En3,
En4 and En5 fused. Small suture and seta En3a
between En3 and En4. A2 in females with
4-segmented endopod, while 5-segmented in
males. Malesexual bristles (t2 and t3). Claws G1
and G3 male A2 reduced into setae; z1 and z2
transformed into claws, former one considerably
shorter; z3 seta-like (Fig. 5C). Md with 6 raysin
vibratory plate. Md-palp 4-segmented; second
segment with 1 seta externally, 3+2 setae in
bunch internally; penultimate segment with 3
setae extero-distally. Terminal segment of
Md-palp with broadly fused central claw (Fig.
5D); L:W of same segment equals 1.1:1. MxI
palp with rectangul ar terminal segment, and with
6 appendages. T1 with symmetrical palps,
subterminal sclerified structuresthin, only 1well
developed, another 1 very small and hardly
visible(Fig. 2D). T2 5-segmented, basal segment
without any seta. T3 5-segmented; basal segment
with all setae (dp, d1 and d2); setae Te and Tg
present, while seta Tf missing; terminal segment
with 2 long (Th2 and Th3) and 1 short seta(Th1).
Fu without posterior seta, anterior setae present
(Fig. 5F), both claws present and long.
Hemipenis with all lobes developed. Lobe ‘&
with 2 extensions: 1 dorsal and 1 distal; dorsal
much smaller than distal. Lobe ‘h’ small and
rounded; lobe ‘b’ with 1 ventral, finger like part.
Part ‘g’ very poorly sclerified. Zenker’'s organ
with 7 whorls of spines. Genital field rounded,
without extensions.

Pioneercandonopsis hancocki gen. et sp. nov.
(Figs 1-5)

ETYMOLOGY. For Peter Hancock, Department of
Natura Resourcesand Mineswho collected thematerial.

MATERIAL. Holotype & (dissected on dide, QM
W27255), dlotype ¢ (dissected on dide, QM W27256);
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paratype & (dissected on dide, WAM C33460); paratype
& and 2 paratype @ (al on SEM stub, WAM C33461); 1
paraype &, 3 paratype ¢ and 15 juveniles (nauplius
larvae) (al in atest tube in 70% ethanol, QM W27257); 1
paraype &, 2 paratype ¢ and 15 juveniles (nauplius
larvae) (dl inatest tubein 70% ethanol, WAM C33462).

TYPE LOCALITY. Australia, Queensland, Pioneer
Valey, BoreNo. 125004B, 148°35' 24"E ; 21°08'39"S; 26
June 2003; collector P Hancock.

DESCRIPTION. Holotype (&). Carapace sub-
reniform in laterd view (Fig. 1A). L of cargpace
0.69mm. Dorsal margin evenly arched with
greatest H slightly behind middle, equaling
46.5% of L. Posterior and anterior margins
broadly rounded, frontal slightly wider. Ventral
margin straight. Inner calcified lamellaanteriorly
=26% of total L, while posteriorly =12% of total
L. Margina pore canals short, straight, dense.
Valve surface smooth, covered only with long
sparse hairs (small pits visible on Fig. 5B are
caused by the SEM, and they are not characters of
the species). Carapace decalcified due to poor
conservation.

Al. 4-segmented. Exopod reduced in 2 very long
setae (Ex1 and Ex2) both longer than L of all
endopodal segments combined. Only CB1 seta
present, while CB2 absent. Endopod of 3
segments. SegmentsE2, En3, End and En5 fused.
Enl with setaEnla. On fused segmentsonly seta
En3a. Segment En5 with 1 long seta (En5a) 2
short setae (Enbb, Enbc). Externa a-seta very
short. Terminal segment with long seta En6b,
while both En6c and Enéd short. Aesthetasc ya
3.38 times longer than terminal segment. L ratio
of endopodal segments 1.4:2.6:1.

A2 (Fig. 2C). Endopod 5-segmented. Exopod of
plate with 1long and 2 short setae. Males bristles
(t2 and t3). Claws G1 and G3 reduced into setae:
former one 3.45 times longer than terminal
segment, latter one 2.6 times longer than same
segment. Claw G2 1.56 times longer than first
endopodal segment. Setae z1 and z2 transformed
into claws: z1 0.8, whilez2 1.55 timeslonger than
first endopodal segment; z3 seta-like and 2 times
longer than terminal segment. Claw Gm very
long, 1.44 times longer than first endopodal
segment, GM only as long as terminal segment.
Aesthetasc Y 0.5 times longer than first
endopodal segment.

Md. Vibratory plate with 6 rays. Palp
4-segmented. First segment internally with 2
long and 1 short plumed setae. Alpha seta not
observed. Second segment internally with 3 setae
in bunch, plus 1 additional seta, while beta seta
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FIG 2. Pioneercandonopsis hancocki gen. et sp. nov. A, B, Allotype (?); C, Holotype (J); D, Paratype (J,
0.72mm, WAM C33460). A, A2; B, Al; C, 3 distal segments of A2; D, left prehensile palp. Scale=0.1mm.
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not observed. Externally same segment with
1seta not reaching distal end of penultimate
segment. Third segment of Md-palp
extero-distally with 3 subequally long setae;
distaly with 2 setae (1of which being gamma
seta) and 2 setae intero-distally. Terminal
segment almost aslong aswide. Terminal, central
claw broadly fused with segment and distally
plumed. Terminal segment with one additional
weak claw externally and one setainternally.

MxI. Palp 2-segmented. First segment only
dlightly dilated distally, and with 4 setae, all
plumed. Terminal segment rectangular, with 6
appendages. 2 claws and 4 setae.

T1. Palps symmetrical (Fig. 1G, H); fingers long
and slightly hook-shaped.

72 (Fig. 4C). 5-segmented. Basal segment
without any seta. First endopodal segment with 1
very short seta, 2nd segment bare, penultimate
segment with only 1 seta. Terminal segment with
2 short setae and claw which 1.2 times longer
than 3 distal segmentscombined. Claw serrated.

73. 5-segmented. Basal segment with dp, d1 and
d2 setae. Seta Te present, while seta Tf absent.
Penultimate segment with seta Tg. Terminal
segment with 2 long and 1 short seta, L ratiosof 3
setae equal 1:1.7:2.4. All setae terminally
plumed. Endopodal segments2 and 3 eachwith 3
rows of fine setae.

Fu (Fig. 3A). Posterior setaabsent. Anterior seta
very small and hardly visible. L ratios of anterior
furcal margin, anterior and posterior claws equal
1.2:1:1. Claws serrated, ramus curved. Furca
attachment (Fig. 4D).

Hemipenis (Fig. 4A). Lobe ' & with 2 extensions:
dorsal 1, finger-like and small, dista 1 big,
rounded and chitinised around margin. Lobe ‘b’
small and rounded. Lobe ‘b’ rounded dorsally,
ventrally with small, finger-like part. Part ‘¢’
very poorly sclerified. Inner tube coiled 2 times,
gjaculatory process indistinct.

Zenker s organ (Fig. 4B). Of 5+2whorlsof spines.

Allotype (?). Carapace L=0.7mm. Very similar
to male, subreniform but with more pronounced
point of the greatest H, which equals 0.48% of L
(Fig. 1B, C)

A2 (Fig. 2A). Endopod 4-segmented. Three
t-setae present. Setaz1 absent. ClawsG1, G2 and
G3 long, 1.4 times longer than first endopodal
segment; GM 1.3 times longer than first
endopodal segment, while Gm 5 times longer
than terminal segment.
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Rake-like organ (Fig. 1F). With numerous (17
and 18) small teeth.

T1 (Fig. 1E). With Tb and Td setae and 3 setaein
vibratory plate. Setae Ta and Ta not observed.

Fu and genital field (Fig. 3B). L ratios of anterior
furcal margin, anterior and posterior claws egqual
1.3:1.26:1. Claws serrated. Genital field rounded
and without any extensions.

Al (Fig. 2B); Md (Fig. 3C); MxI (Fig. 1D); T2
and T3 (Fig. 4E) sameasin male.

Variability. Except a small variation in the
carapacelength, no other variability wasnoticed.

CLADISTIC ANALYSIS

Using the heuristic search, the computer
program NONA produced 5 equally parsimon-
ioustreesafter theanalysisof thefirst datamatrix
(Table 1). The same results were obtained with
the Rachet Island Hopper search. All trees were
43 stepslong with the consistency index, Ci=60,
and retentionindex, Ri=79. On 3 cladograms, the
Candonopsini was subdivided into 2 clades: one
containing Cubacandona, Caribecandona and
Pioneercandonopsis, and supported with
synapomorphies of characters 12 and 23; the
other containing all 24 species of Candonopsis
and defined by the synapomorphy of character
11. Onesuchtree (Fig. 6) isalso aconsensustree.
The strict consensus of all 5 trees was 53 steps
long, with Ci=49 and Ri = 67, and it was less
informative. The tree in Fig. 6 clearly defined
Candonopsis (with both subgenera) and
Caribecandona as monophyletic groups.
Pioneercandonopsis and each of the
Cubacandona species appeared as separate
branches (clades) in the Candonopsini.

Characters and their coding corresponding to
the Table 1 matrix are as follows:

0, surface: smooth (0), ornamented (1); 1, lateral
view: symmetrical (0), asymmetrical (1); 2, dorsa
view: LV=RV (0), LV>RV (1); 3, total number of
segments on Al: seven (0), six (1), four (2); 4, En2a
seta: present (0), absent (1); 5, male sexual bristles:
present (0), absent (1); 6, z1 setain males: long (0),
short (1); 7, G2 claw in females: shorter than G1 (0), as
long as G1 (1); 8, number of setae on second segment
of Md-palp: two (0), one(1); 9, number of strong claws
on terminal segment of Md-palp: two (0), one (1); 10,
type of fusion of terminal claw on Md-palp: narrow
(0), broad (1); 11, L:W ratio of terminal segment of
Md-palp: less than 3:1 (0), more than 3:1 (1); 12,
prehensile palps. asymmetrical (0), symmetrical (1);
13, subterminal sclerified structures on prehensile
palps: both well developed (0), only one well
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FIG 3. Pioneercandonopsis hancocki gen. et sp. nov. A, Holotype (8); B, C, Allotype (). A, Fu; B, Fu and
genital lobe; C, Md. Scale=0.1mm.
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FIG. 4. Pioneercandonopsis hancocki gen. et sp. nov. A-D, Holotype (3); E-F, Allotype (?). A, hemipenis; B,
Zenker's organ; C, T2; D, Furcal attachment; E, T3; F, Furcal attachment. Scales=0.1mm.
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FIG. 5. Scanning Electron Microphotographs. Pioneercandonopsis hancocki gen. et sp. nov. A, B, E, Paratype
(2, 0.68mm, WAMC33461); C, D, F, Paratype (&, 0.72mm, WAMC33461). A, carapace surface, frontal part;
B, setaon the carapace surface; C, detail of A2; D, detail of terminal segment of Md palp; E, rake-like organ; F,
detail of Fu. Scales: A=11.2pm; B=666.6nm; C=4.9.m; D=3.2pm; E=3.69u.m; F=5.6.m.

developed (1); 14, basal setaon T2: present (0), absent
(2); 15, setaon second segment T2: present (0), absent
(2); 16, Td2 seta: present (0), absent (1); 17, Te seta:
present (0), absent (1); 18, Tf seta: present (0), absent
(2); 19, number of short setae on terminal segment T3:
two (0), one (1); 20, posterior furcal seta: present (0),
absent (1); 21, posterior furcal claw: well developed

(0), reduced (1); 22, spineson furcal claws: absent (0),
present (1); 23, number of ‘a |obe extensions: one (0),
two (1); 24, interna hemipenis ducts: not coiled (0),
coiled (1).

The heurisitc analysis of the weighed
characters from the second data matrix (Table 2)
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TABLE 1. Data matrix for the species of the tribe Candonopsini

outgroup. Characters correspond to the Fig. 6.
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and the wide (1); 3, z1 setain males: long
(0), short (1); 4, number of short
setae on terminal segment T3:
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two (0), one (1); 5, number of ‘&

palps: asymmetrical (0),
symmetrical (1); 24, internal

e obe extensions: one (0), two (1);
b bUe 6 number of segmentson T3: five
Lo w0t 0) four (1); 7, subterminal
b b glerified structureson prehensile
i palps: both well developed (0),
b am b onlyonewell developed (1); 8,L :
bbb W ratio of terminal segment of
v Md-pap: less than 3:1 (0), more
bbb b than 3:1 (1); 9, dorsal view:
01101 LV=RV (0), LV>RV (1); 10, total
011 0w oo 1 number of segmentson Al: seven
o w (0), six (1), four (2); 11, number
@11 ww o0 of setae on second segment of
@1 v o101 Mdpap: two (0), one (1); 12,
w11 e 1 o1 lateral view: symmetrical (0),
oo 1. . asymmetrica (1); 13, spines on
ot o1t furcal claws: absent (0), present
o1 1o oo (1); 14, En2a seta: present (0),
G 1101001 absent (1), 15, G2 claw in
W 1o o femaes shorter than G1 (0), as
w1t 101wy longasGl(1); 16, basa setaon
o1 11 0w 1 T2 present (0), absent (1); 17,
01100 seta on second endopodal
Wi 1o ooou | Segmentof T2: present (0), absent
g1 11 ooy (D18, Td2 seta present (0),
011w o dosent(l); 19, Tf seta present (0),
01 1 oo o absent(l); 20, Te seta present
o e 1 o (0), absent (1); 21, Ta' seta
Wit w o bPresent (0), absent (1); 22,
o1 K% 04 b number of setae on A2
ol 1k 6ol B penultimate segment externally:
R - two (0), one (1); 23, prehensile
I

revealed 8849 equally parsimonious trees with
L=21, Ci=80 and Ri=90. The strict consensus of
al treeshad the samelength, Ci and Ri values. On
the other hand, the Rachet 1 sland Hopper analysis
found only one most parsimonious tree,
presented in the Fig. 7. Thistree also had L=21,
Ci=80 and Ri=90, and it is very similar to the
strict consensus of 8849 trees except that it better
resolves the relationships in the Candonopsis
clades.

Characters and their coding corresponding to
the Table 2 matrix are as follows:

0, Posterior furcal seta: present (0), absent (1); 1,
number of strong claws on terminal segment of
Md-palp: two (0), one (1); 2, type of fusion of strong
claws on termina segment of Md-palp: narrow (0),

hemipenis ducts: not coiled (0),
coiled (1); 25, posterior furcal claw: well developed
(0), reduced (1); 26, male sexual bristles: present (0),
absent (1); 27, surface: smooth (0), ornamented (1); 28,
carapace shape: subtriangular (0), subreniform (1),
subtrapezoidal (2); 29, posterior margin: narrower
than anterior (0), wider or equal to anterior (1); 30,
CB2 seta: present (0), absent (1); 31, En2d seta:
present (0), absent (1); 32, En3b seta: present (0),
absent (1); 33, Endb seta: present (0), absent.

DISCUSSION

The Candonopsini has at least 2 evolutionary
branches: 1 with Candonopsis Vévra, 1891, and
the other with Caribecandona, Cubacandona
and Pioneercandonopsis. The first branch,
presented as a separate clade in all cladograms
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TABLE 2. Datamatrix for the species of the tribe Candonopsini and the outgroup. Characters correspond to the

Fig. 7.
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(Figs 6, 7), is defined with a long terminal
segment on the Md-palp, a synapomorphy of all
24 Recent species of Candonopsis. In addition,
all species are characterised with 2 sym-
plesiomorphies: the asymmetrical prehensile
palps, and only 1 extension of thelobe ‘a on the
hemipenis. However, compared with other
Candoninae the palps and the hemipenis in
Candonopsis are very characteristic and have
littlein common with other Candoninae. Within
Candonopsis several distinct clades occur on al
resulting cladograms. The largest is defined by
one synapomorphic character (presence of a
spine on the furcal claws), and it includes almost

all African, the only Central American and
almost all Australian species of Candonopsis s.
str. This correlates with Klie's (1932)
zoogeographical groupings of the species based
on the appearance of the furcal claws, in which
almost all speciesfromthetropicsand subtropics
have a spine at least on one of the furcal claws,
while European species have both claws
spineless. Theexceptionsare 1speciesfromLake
Tanganyika (C. anteroarcuata Rome, 1962) and
1 from the Murchison Region (C.
westaustraliensis Karanovic & Marmonier,
2002). The Australian species has, in addition, a
reduced posterior furcal claw. Abcandonopsis
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Karanovic, in pressbisaclade defined by only 1
autapomorphic character - asymmetrical valves
indorsal view. All other features of thissubgenus
are homoplastic. For example, the 3 known
species of Abcandonopsis have many setal
reductions that are also recorded in Pioneer-
candonopsis hancocki sp. nov., C. (C.)
thienemanni Schafer, 1945 and C. (C.)
kimberleyi Karanovic & Marmonier, 2002.
Because all these species are subterranean
inhabitants, some of the setal reductions may
well be stygomorphies. A clade containing
Candonopsis (C.) scourfieldi Brady, 1910; C.
(C.) boui Danielopol, 1978, C. (C.) urmilae
Gupta, 1988; and C. (C.) mareza Karanovic &
Petkovski, 1999 is supported with the
symplesiomorphic state of the character number
7, i.e. ashort claw G2 on the female A2. This
claw is long in all other representatives of the
tribe. The smallest clade in Candonopsis
includes Australian C. (C.) murchisoni
Karanovic & Marmonier, 2002 and C. (C.) dani
Karanovic & Marmonier, 2002. Although, the
connecting character (asymmetry of thevalvesin
thelatera view) ishomoplasticinthetribe, and it
isfound in all Caribecandona species, and in C.
(C.) urmilae Gupta, 1988, the two Australian
species are indeed more closely related to each
other than either isto any other representative of
Candonopsis (Karanovic & Marmonier, 2002).

The second branch in Candonopsini is
supported with 2 synapomorphic characters: 2
extensions of the lobe ‘a on the hemipenis, and
almost symmetrical prehensile paps. Also, all
species have a small terminal segment of the
Md-palp. Pioneercandonopsis is aclade defined
by 2 autapomorphies: 4-segmented A1 and only
1 seta externally on the second segment of the
Md-palp. The reduction of A1 segments more
closely relates Pioneercandonopsis to Caribe-
candona than to Cubacandona. However, in the
former genus, Al is 6-segmented, the posterior
furcal claw is reduced and the valves are
asymmetrical in the lateral view. The new genus
and two generafrom South and Central America
occur as a monophyletic clade in Fig. 6, but in
Fig. 7, the clade does not include Cubacandona
cubensis (Méhes, 1913) or C. anisitsi (Daday,
1905). According to Méhes' (1913) drawings, C.
cubensis has 2 strong claws on the terminal
segment of the Md-palp, which gives it an
isolated position in the tribe. Cubacandona
anisitsi stands apart because it has both
subterminal sclerified structures well developed
(Daday, 105).
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Cubacandona columbiensis and C. anisitsi,
together with about a dozen other species of the
Candonopsini, are insufficiently described.
Because of this, many characters are unknown
(and coded ‘-") in the second data matrix (Table
2) and in the cladistic analysis treated as
ambiguous. Many ambiguous characters and a
great number of homoplasies in the tribe
Candonopsini produced confusing cladograms.
Therefore, characters from the second data
matrix (Table 2) were weighted in accordance to
their taxonomic importance. The resulting
cladogram (Fig. 7) is very similar to the one
obtained after the analysis of the first data set
(Fig. 6). The difference is that some newly
introduced characters (chaetotaxy of the A1, A2
and T1) better resolve phylogenetical
relationships in the Candonopsis clades. This
suggests that a better understanding of the
morphology of the insufficiently described taxa
would certainly contribute to the cladogram
resolution. However, both treescorrelatewith the
present systematics of the tribe Candonopsini
with the exception of the genus Cubacandona,
which seemsto be a polyphyletic genus,

ACKNOWLEDGEMENTS

The paper was written during tenure of an
Australian Biological Resources Study grant to
work on the revision of the Candoninae.

LITERATURE CITED

BALTANAS, A., NAMITKO, T. & DANIELOPOL,
D.L. 2000. Biogeography and disparity withinthe
genus Cryptocandona (Crustacea, Ostracoda).
Vie et Milieu 50: 297-310.

BROODBAKKER, N.W. 1983. The subfamily
Candoninae (Crustacea, Ostracod) in the West
Indies. Bijdragen tot de Dierkunde 53: 287-326.

BROODBAKKER, N.W. & DANIELOPOL, D.L.
1982. The chaetotaxy of Cypridacea (Crustacea,
Ostracoda) limbs: proposal for a descriptive
model. Bijdragen tot de Dierkunde 52: 103-120.

DADAY, J. 1905. Untersuchungen iber die
Slsswasser-Mikrofauna Paraguays. Zoologica
44: 1-374.

1910. Die Sisswasser-Mikrofauna Deutsch-Ost-
Afrikas. Zoologica 59: 1-314.

1913. Cladoceren und Ostracoden aus Sud- und
Sudwestafrika. Denkschriften der Medizinisch-
Nnaturwissenschaftlichen Gesellschaft zu Jena
17: 92-102.

DANIELOPOL, D.L. 1969. Recherches sur la
morphologie de I’organe copulateur méle chez
quelques ostracodes du genre Candona Baird
(fam. Cyprididae Baird). Pp. 136-153. In Nedle,



316 MEMOIRS OF THE QUEENSLAND MUSEUM

Crvprrocandona dudichi
PR 4324 . <
Pioneer, hancocks

- Carib. trapezeidea

O Ceirib., quricularic

Clarilr, ansa

Cub. falelandica

it 217

=) oo— Culs. cubensis

n
o Crtlr. canisirsi

¢ 10NN
Ceortrmo— Citls. cofumbicnsis
C.(C. ) anreraarciala
C.(C. ) kingsleii
A & T U JOIE RN I0
IRAEER AR C(C.) trichara

C.(C. ) baui

WO, ) marezea

OO ) seonrfieldi

O ) ermilae

L) wesranstraliensis

O ) enemanni

AL ) e
(AL fndolex

(A ) willlicomi

C. (C.) africearic
C. () bujukuensis

(O ) frrnemnelinekid
C

A CL ) Eimberlevi

CL (. ) nerrnet

= C. (C.) navicula
C (O ) prrealis
C.(C.) sealitaria

C. (C. ) sumneatran

C(C.) renuis

' C.(C.) dani
[}

. (C, ) murchisoni

FIG. 6. Cladogram of the tribe Candonopsini based on 24 characters. Number above the hash-marks correspond
to the character, numbers below are character states. Black dots are apomorpies, white dots are homoplasies.



A NEW OSTRACOD GENUS FROM QUEENSLAND 317

Cr.

soo— Cub. columbiensis

dwelichi

o— Cub. anisitsi

‘.":‘f‘:"ff"fl"_ Cub. fafclandica
5'?*;00— Cub, culrensiy
_“_. . —°°_,H.” —“Ijlm:”,' :MII:IJ?— Pioneer. hancocki
; Car, trapezoidea
i L Pl

C.

* 8 3¥ia P I

e il e |

N

isn

M

C.
[
iz C-u

; o— C.

M "
———<o— Car. auricularic

£, - c..‘ﬂl'. TP FIRTE

(C. ) anteroarendata

L C.) rrichota
) wesraustraliensis
ANC ) kingsleid

L) thienemanni

(AL} anla

(AL indoles
(AL williarn

L C.) maireza

(C. ) scourfieldi

. C.) boui

ANC ) wrmilae

. NC. ) africana
NG ) kimberleyi
ANC ) nama

AC ) bujrukuensis
CNC ) hemmelineki
(O ) navicila
(C.) putealis

(G ) soefitaria

(€. ) sumatrana
() renuis

{C.) dani

{(C. ) murchisoni

FIG. 7. Cladogram of the tribe Candonopsini based on 33 weighted characters. Number above the hash-marks
correspond to the character, numbers below are character states. Black dots are apomorpies, white dots are

homoplasies.



318

JW. (ed.) The taxonomy, morphology and
ecology of recent Ostracoda. (Oliver & Boyd Ltd:
Edinbourgh).

1978. Uber Herkunft und Morphologie der
Slisswasser-hypogaischen Candoninae
(Crustacea, Ostracoda). Sitzungsberichten der
Osterrei chischen Akademie der Wissenschaften,
M athematisch-naturwissenschaftliche Klasse,
Abteilung | 187: 1-162.

1980. Deux especeshypogées du genre Candonopsis
(Ostracoda, Candoninae) du Sud de la France et
de Cuba. Vie et Milieu 30: 315-323.

DE DECKKER, P. 1976. Trigonocypris anew ostracod
genus from Queendland. Australian Journa of
Zoology 24: 145-157.

1978. Comparative morphology and review of
Mytilocyprinid Ostracods (Family Cypridae).
Australian Journal of Zoology, Suppl. Series 58:
1-61.

1981. Taxonomy and ecological notes of some
ostracods from Australian inland waters.
Transactions of the Royal Society of South
Australia 105: 91-138.

1982. On Bennelongia tunta De Deckker sp. nov.
Stereo-Atlas of Ostracod Shells 9: 117-124.

1983. Terrestrial ostracodsin Australia. Pp. 87-100.
InLowry, JK. (ed.) Paper fromthe conference of
the biology and evolution of Crustacea.
Australian Museum Memoir 180.

DE DECKKER, P. & McKENZIE, K.G. 1981.
Bennelongia, anew Cypridid ostracod genusfrom
Australasia. Transactions of the Royal Society of
South Australia 105: 53-58.

GOLOBOFF, P. 1999. NONA (NO NAME) version 2.
(Published by the author: Tucuman, Argentina).

GUPTA, L.P. 1988. Candonopsis urmilae anew species
of subterranean Crustacea (Ostracoda:
Candonidae) from India. Records of the
Zoologica Survey of India 85: 419-427.

HARDING, JP. 1962. Mungava munda and four other
new species of Ostracod Crustaceans from fish
stomachs. The Natural History of Rennell I1sland,
British Solomon Islands 4: 51-62.

KARANOVIC, I. 2003a. Towards a revision of
Candoninae (Crustacea: Ostracoda): Description
of two new generafrom Australian groundwaters.
Species Diversity 8: 352-383.

2003b. A new genus of Candoninae (Crustacesa,
Ostracoda, Candonidae) from the subterranean
waters of southwestern Western Australia.
Records of the Western Australian Museum 21
315-332.

In press a. Towards a revision of Candoninae
(Crustace, Ostracoda): Australian representatives
of the subfamily, with descriptions of three new
genera and seven new species. New Zeaand
Journal of Marine and Freshwater Research.

MEMOIRS OF THE QUEENSLAND MUSEUM

In press b. Towards a revision of Candoninae
(Crustacea, Ostracoda): On the genus
Candonopsis \/&vra, with descriptions of new
taxa. Subterranean Biology 2.

In press c. Comparative morphology of the
Candoninae antennula, with remarks on the
ancestral state in ostracods (Crustacea,
Ostracoda) and proposed new terminology.
Crustaceana

KARANOVIC, I. & MARMONIER, P. 2002. On the
genus Candonopis (Crustacea: Ostracoda:
Candoninae) in Australia, with akey to theworld
recent representatives. Annales de Limnologie
38: 199-240.

2003. Three new generaand nine new speciesof the
subfamily Candoninae (Crustacea, Ostracoda,
Podocopida) from the Pilbara Region (Western
Australia). Beaufortia 53: 1-51.

KARANOVIC, |. & PETKOVSKI, T. 1999. Two new
species of the subfamily Candoninae (Ostracoda)
from Montenegro (SE Europe). Crustaceana 72:
603-616.

KITCHING I.J, FOREY, P L.,HUMPHRIES, C.J &
WILLIAMS, D. M. 1998. Cladistics, the theory
and practice of parsimony analysis. Second
edition. (Oxford University Press. Oxford).

KLIE, W. 1930. Ostracoden aus dem paraguayischen
Teile des Gran-Chaco. Archiv fir Hydrobiologie
22: 221-258.

1932. Die Ostracoden der Deutschen Limnol ogischen
Sunda-Expedition. Archiv fir Hydrobiologie,
Suppl. 9: Tropische Binnengewasser 3: 447-502.

1935. Ostracoda aus dem tropischen Westafrika.
Archiv fur Hydrobiologie 27: 35-68.

1936. Ostracoden aus Kamerun. Revuede Zoologie
et de Botanique Africaines 27: 287-3009.

1944. Ostracoda. Exploration du Parc National
Albert, Mission H. Damas. Ingtitut des Parcs

_Nationaux du Congo Belge 12: 1-62.

LOFFLER, H. 1968. Die Crustaceenfauna der
Binnengewasser Ostafrikanischer Hochberge.
Hochgebirgsforschung 1: 107-170.

MARTENS, K. 1984. On the freshwater ostracods
(Crustacea, Ostracoda) of the Sudan, with special
reference to the Red Sea Hills, including a
description of anew species. Hydrobiologia 110:
137-161.

1987. Homology and functional morphology of the
sexual dimorphism in the antenna of
Sclerocypris Sars, 1924 (Crustacea, Ostracoda,
Megalocypridinae). Bijdragen tot de Dierkunde
57: 183-190.

1992. On Namibcypris costata n. gen., n. sp.
(Crustacea, Ostracoda, Candoninae) from a
spring in Northern Namibia, with the description
of a new tribe and a discussion on the
classification of the Podocopina. Stygologia 7:
27-42.



A NEW OSTRACOD GENUS FROM QUEENSLAND

1998. General morphology of non-marine
Ostracods. Pp. 57-75. In Martens, K. (ed.) Sex
and Partehnogenesis: evolutionary ecology of
reproductive modes in non-marine ostracods.

_ (BackhuysPublishers: Leiden, TheNetherlands).

MEHES, G 1913. Slisswasser-Ostracoden aus Columbien
und Argentinien. Mémoires de la Société
neuchatel oi se des Sciencesnaturelles5: 639-663.

MEISCH, C. 1996. Contirbution to the taxonomy of
Pseudocandona and four related genera, with the
description of Schellencandona nov. gen., alist of
the Candoninae genera, and the key to the
European genera of the subfamily (Crustaces,
Ostracoda). Bulletin delaSociété desNaturalistes
luxembourgeois 97: 211-237. i

NAMIOTKO, T., MEISCH, C., GIDO, Z. &
DANIELOPOL, D. L. 2001. Redescription,
taxonomy and ecology of Cryptocandona dudichi
(Klie, 1930) (Crustacea, Ostracoda). Bulletin de
la Société des Naturalistes luxembourgeois 102:
109-130.

NIXON, K.C. 2002. WinClada version 1.00.08.
(Published by the author: Ithaca, New York).

PETKOVSKI, T.K. 1977. Ostracoden fauna des
Mindelsees (S. W. Deutschland). Acta Musei
Macedonici Scientarum Naturalium 15: 49-94.

PETKOVSKI, TK. & MEISCH, C. 1995. Interesting
freshwater Ostracoda (Crustacea) from
Macedonia. Bulletin de la Société des

Naturalistes luxembourgeois 96: 167-183.

319

ROME, R. 1962. Ostracodes. Exploration Hydro-
biologique du Lac Tanganika (1946-1947).
Résultats Scientifiques 3: 1-305.

SARS, GO. 1896. On fresh-water Entomostraca from
the neighbourhood of Sydney, partly raised from
dried mud. Archiv for Mathematik og

Naturvidenskab 18: 1-81.
1889. On some freshwater Ostracoda and

Copepoda, raised from dried Australian mud.
Christiania Videnskabs-Selskabs Forhandlinger

8: 1-79.
SCHAFER, H.W. 1945. Grundwésser-Ostracoden aus
Griechenland. Archiv fir Hydrobiol ogie40: 847-866.
VAVRA, V. 1895. Dievon Dr F. Stuhlmann gesammelten.

Slisswasser-Ostracoden Zanzibar's. Jahrbuch der
Hamburgischen Wissenschaftlichen Anstalten

12: 1-23.
1898. Sisswasser-Ostracoden. Hamburger
Magalhaensische Sammelreise: 1-25.
VICTOR, R. & FERNANDO, C.H. 1978. Systematics

and ecol ogical notes on Ostracodafrom container
habitats of some South Pacific |slands. Canadian

Journd of Zoology 56: 414-422.
WALKER-SMITH, GK. & POORE, GC.B. 2001. A

phylogeny of the Leptostraca (Crustacea) with
keysto families and genera. Memoirs of Museum

Victoria 58: 383-410.






	Webcover_50-2.pdf
	Mem50_2-Karanovic.pdf

