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Research Article

Phylogeny and diversity of Timiriaseviinae ostracods (Podocopida,
Cytheroidea) with description of one new species from arid Western
Australia
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3School of Earth and Environmental Sciences, The University of Adelaide, South Australia 5005
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(Received 23 February 2013; revised 1 July 2013; accepted 8 January 2014; first published online 14 February 2014)

Gomphodella De Deckker, 1981 belongs to the subfamily Timiriaseviinae, and it inhabits almost exclusively subterranean
waters of Western Australia. We describe the ninth species of the genus, G. alexanderi sp. nov., from bore-holes in the
Pilbara region. The species is closely related to G. yandii Karanovic, 2009 and G. quasihirsuta Karanovic, 2009, but can be
distinguished by its shell morphology, appearance of the hemipenis, and chaetotaxy of the antenna. We also report on G.
yandii and G. cf. martensi Karanovic, 2009, collected sympatrically with the new species, indicating some new characters
not mentioned in the original descriptions. We show for the first time that Gomphodella has an inverse lophodont hinge,
instead of a lophodont one as previously believed. The significance of the hinge structure, sulci, and other shell characters
in the systematics of Timiriaseviinae are discussed. In addition, the posterior extension on the female body, the so-called
‘forked organ’, is here reported for the first time in the genus Gomphodella. Because these characters provide a new insight
into the phylogenetic relationships of Timiriaseviinae we performed two cladistic analyses: one including only nine genera
with living representatives, the other including 17 genera. They resulted in one and 23 equally parsimonious trees
respectively. Inclusion of the fossil taxa significantly changes the tree topology, but on both trees the Gondwanan lineage,
Cytheridella Daday, 1905/Gomphocythere Sars, 1924/Gomphodella is strongly supported, as well as a close connection
between the South American semi-terrestrial and some fossil genera. Another well-supported clade is formed by the genera
Kovalevskiella Klein, 1963, Frambocythere Colin, 1980 and Rosacythere Colin, 1980. Maps of distribution of Recent
genera and geological age of Timiriaseviinae are also presented here.

http://zoobank.org/urn:lsid:zoobank.org:pub:E3041FDD-7233-4733-841C-98549108FE61
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Introduction
Timiriaseviinae is the most adaptable non-marine subfam-

ily of the superfamily Cytheroidea, although the super-

family itself is not very successful in non-marine

ecosystems in comparison to other ostracods. Today, there

are around 2000 Recent non-marine ostracods described

(Karanovic, 2012), and they are divided into three main

superfamilies: Cypridoidea, Darwinuloidea and Cytheroi-

dea. Whereas Darwinuloidea are exclusively freshwater

organisms, of the other two Cytheroidea is by far more

successful in marine environments and is much less

diverse in fresh water than Cypridoidea. Cytheroidea has

only about 400 species in continental waters, compared

with more than 4000 in the sea (Horne et al., 2002). Of

these 400 species about 140 belong to the family Limno-

cytharidae (which includes Timiriaseviinae), and the rest

to the families Cytherideidae, Entocytheridae, Kliellidae,

Leptocytheridae and Loxoconchidae. Today, they inhabit

a different range of non-marine habitats (Table 1).

Ancient lakes are generally known to hold 25% of the

entire freshwater ostracod diversity (Martens et al., 2008),

but in the case of cytherids, the percentage is much higher

(Table 1). While Cytherideidae, Leptocytheridae and Lox-

oconchidae are much more diverse in marine waters, the
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other three are distributed almost exclusively in fresh

water, with Limnocytheridae occasionally found in brack-

ish waters.

Limnocytheridae is by far the most successful of the six

non-marine cytheroid families. It lives in all types of

freshwater ecosystems, and it is the only one with several

representatives in semi-terrestrial habitats, such as leaf lit-

ter and bromeliad cups (Danielopol, 1975; Pinto et al.,

2008). It is divided in two subfamilies: Limnocytherinae

and Timiriaseviinae. Timiriaseviinae is more ecologically

diverse than Limnocytherinae and it has 51 living species

in nine genera: Afrocythere Klie, 1935, Cytheridella

Daday, 1905, and Metacypris Brady & Roberston, 1870

live mostly in open freshwater bodies; Gomphocythere

Sars, 1924 is today almost exclusively found in the Afri-

can Rift Lakes, with a couple of exceptions known from

other lake-type ecosystems; Dolekiella Gid�o, Artheau,

Colin, Danielopol & Marmonier, 2007, Gomphodella De

Deckker, 1981, and Kovalevskiella Klein, 1963 are subter-

ranean taxa (with only one Gomphodella species found in

surface waters, see Karanovic, 2006); while Elpidium

M€uller, 1880 and Intrepidocythere Pinto, Rocha &

Martens, 2008 are found in semi-terrestrial environments.

Until Martens (1995) showed their phylogenetic relation-

ship, it was thought that Cytheridella, Gomphocythere

and Gomphodella did not belong to the subfamily Timir-

iaseviinae (see Colin & Danielopol, 1980), but rather to

the tribe Cytheridellini of the subfamily Limnocytherinae

(Danielopol et al., 1990).

Timiriaseviinae are distinguished by the swollen shell

shape which is due to the brooding chamber developed in

the posterior part of the female carapace. Park & Martens

(2001) cite the brooding as one of the factors affecting

the success of this lineage in Lake Tanganyika. Another

shell character which is present in almost all genera is a

dorso-ventral sulcus. It gives the shell a medially con-

stricted appearance when seen from dorsal view, and it

clearly marks the start of the brooding pouch in females.

The sulcus can be a ‘true’ one, clearly visible from the

inside of the shell, or ‘false’ (or pseudosulcus, Colin

et al, 2000) when it is not reflected on the inside of the

shell. Timiriaseviinae have three different hinge types:

adont, lophodont and inverse lophodont. The lophodont

hinge is probably a plesiomorphic character, based on the

result of the 18S analysis of 16 cytheroid families (Yama-

guchi, 2003), and several hinge types evolved from it.

The oldest fossil record attributed to this subfamily

dates back from the Late Triassic (Colin & Carbonel,

1996; Gid�o et al., 2007) and belongs to the genus Timiria-

sevia Mandelstam, 1947. Beside Timiriasevia another

eight exclusively fossil genera have been assigned to

Timiriaseviinae: Abrotocythere Zhao, 1987, Frambocy-

there Colin, 1980, Progomphocythere McKenzie, Engel-

bresten, Archer & Price, 2004, Rosacythere Colin, 1980,

Sinometacypris Yu, 1978, Sinuocythere Colin, Cabral,

D�epêche & Mette, 2000, Theriosynoecum Branson, 1936

and Vecticypris Keen, 1972. More than 400 fossil species

of Timiriaseviinae have been named so far (see lists in

Kempf, 1980, 1997). With the exception of Dolekiella,

Gomphodella, Elpidium and Intrepidocythere, other

Recent genera also have some fossil record. The ecology

of the fossil genera was largely the same as today, with

the exception of Timiriasevia which could have been

found in marine environments (Colin & Danielopol,

1980). According to Gid�o et al. (2007) it is possible that

Abrotocythere even inhabited caves.

Until now, no fossilized soft parts of any Timiriasevii-

nae have been described, and we can only rely on what

can be observed in the living species. Based on this, it can

be concluded that there is very little variability within spe-

cies and that genera are well-defined and very conserva-

tive. Palaeontologists face a number of difficulties in the

taxonomy of the group. The most obvious one is that

the shell shape and ornamentation of Recent genera can

be very variable. Gomphodella is a good example of how

ornamentation can strongly vary within one genus of

Timiriaseviinae with the shell of some species being

almost smooth while others are strongly ornamented with

deep and shallow pits, etc. (Karanovic, 2006, 2009). Simi-

larly with Gomphocythere although there are no smooth

shells and often strong protuberances occur especially

amongst the Lake Tanganyika species flock (see Park &

Martens, 2001). On the other hand, all living Kovalev-

skiella have the same, rosette type of ornamentation,

Table 1. Number of living species in cytherid families in different freshwater ecosystems (some species inhabit multiple ecosystems)

Family Ancient lakes
Subterranean

waters
Other lakes and
freshwater bodies Semi-terrestrial

Commensal on
freshwater crustaceans

Cytherideidae 71 � 2 � �
Enthocytheridae � � � � 200
Kliellidae � � 2 � �
Leptocytheridae 3 � 4 � �
Limnocytheridae 32 14 84 7 �
Loxoconchidae � 2 4 � �
TOTAL 106 16 96 7 200

Grand total 425
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Cytheridella has more or less developed pits, Elpidium

and Metacypris species are smooth to lightly pitted (see

Colin & Danielopol, 1980). Amongst exclusively fossil

genera, Theriosynoecum seems to have the most variable

shell ornamentation, and some species have prominent lat-

eral protuberances (see Pinto & Sanguinetti, 1962) like

Gomphocythere. Rosacythere also shows a great variabil-

ity, from smooth shells to ‘raspberry-type’ ornamentation

(see Colin & Carbonel, 1996) and clear fossae. Colin &

Carbonel (1996) consider raspberry-type shell ornamenta-

tion as ancestral to rosette-type, found in most Frambocy-

there and Kovalevskiella. Although the hinge type does

not seem to vary amongst the Recent species of one genus,

often fossil species with different hinge types have been

assigned to the same genus (see discussion in this paper).

There have been several attempts to resolve the phyloge-

netic relationships of Timiriaseviinae using modern meth-

ods such as cladistics. Park et al. (2002) tested the

phylogenetic relationship amongst the Lake Tanganyika

Gomphocythere and found that the shell characters are far

more homoplastic than the soft parts characters. Although

not all branches were resolved, the authors were able to

define several small lineages within the lake. Gid�o et al.

(2007) tested phylogenetic relationships between nine gen-

era (they excluded Afrocythere, Gomphocythere, Gompho-

della, Elpidium, Progomphocythere, Sinometacypris and

Theriosynoecum) using 14 characters of the shell. The sin-

gle tree they presented clearly indicates two main lineages,

one supporting the close relationships between Kovalev-

skiella, Frambocythere and Rosacythere, and of their

newly described genus Dolekiella and Abrotocythere. The

other clade supports a close relationship between Metacyp-

ris and other fossil genera included in the analysis. Savate-

nalinton et al. (2008) tested phylogenetic relationships

amongst Recent genera, each genus represented with one

or two species. The result of their analysis supported a

close relationship between Afrocythere, Gomphocythere

and Cytheridella. A previously postulated (Colin & Danie-

lopol, 1980) close relationship between Afrocythere and

Elpidium was not supported, while the position of Gom-

phodella remained questionable. Finally, Karanovic (2009)

performed a cladistic analysis of all described living Timir-

iaseviinae using mostly characters of soft parts. The tree

presented in that paper has two major clades, one compris-

ing only Gomphocythere. Karanovic (2009) also performed

a cladistic analysis of the genus Gomphodella, but this tree

was largely unresolved.

Gomphodella was originally monospecific, with Gom-

phodella maia De Deckker, 1981 distributed in south

and south-west Australia. Seven species belonging to

Gomphodella have been described from arid Western

Australia (Karanovic, 2006, 2009) together with a high

diversity of Candoninae (see Karanovic, 2007). In the

present paper we describe another species collected from

the subterranean waters of the Pilbara region. Study of

the details of its shell and soft parts revealed some inter-

esting characters previously overlooked, or misinter-

preted both in the original description (De Deckker,

1981) and subsequently (Karanovic, 2006, 2009). These

characters shed a new light on the relationships between

Gomphodella and other living and fossil genera. They

also raise the question of how to use some shell charac-

ters in ostracod palaeontology. We here discuss this and

perform two cladistic analyses, one comprising only the

Recent genera and another including the fossil ones, in

order to assess affinities between living and fossil

Timiriaseviinae.

Materials and methods

Collecting methods

Sampling of groundwater sites through bores followed

EPA Guidance Statements 54 and 54a (EPA 2003, 2007).

Modified weighted plankton nets of 70 mm mesh with

mouth diameters of 50 mm or 100 mm were hauled

through the full length of the water column multiple times

and also after gently agitating the bottom of the bore.

Samples were sorted under a dissecting microscope

(Olympus SZ40 and SZ61, magnification up to 40�) in

the field and preserved in 100% ethanol.

Taxonomic methods

Specimens were dissected and mounted on microscope

glass slides in CS-10 medium. The dissected appendages

were then covered with a coverslip and the valves of each

specimen were transferred to a micropalaeontological slide.

The dissection was done under a Leica L2 stereoscopic

microscope, and the appendages were observed under a

Leica DM 2500 compound microscope equipped with N-

Plan objectives. The line drawings were prepared with the

aid of the drawing tube attachment. Scanning Electron

Micrographs (SEM) were taken with a Hitachi S-4700 scan-

ning electron microscope at Eulji University (Seoul).

The examined material is deposited at the Western Aus-

tralian Museum (WAM), Perth. Abbreviations used in text

and figures: A1, antennula; A2, antenna; UR, uropodal

ramus; H, height; L, length; LV, left valve; Md, mandible;

Mx, maxillula; RV, right valve; L5, L6, L7, first, second

and third thoracopods; W, width.

Cladistic methods

Two analyses of the subfamily Timiriaseviinae based on

19 morphological characters were performed; one with

only nine Recent Timiriaseviinae genera and the other

with 17 genera using an heuristic search. The matrix

(Appendix 1, see online supplemental material, which is

available from the article’s Taylor & Francis Online page
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at http://dx.doi.org/10.1080/14772000.2014.882870) was

created using WinClada, version 1.00.08 (Nixon, 2002)

and then analysed using NONA, version 2 (Goloboff,

1999). All characters were equally weighted in both anal-

yses. In both analyses the fossil genus Sinometacypris Yu,

1978 was excluded because of an insufficient description.

Limnocythere Brady, 1867 (subfamily Limnocytherinae)

was used as an outgroup taxon.

The list of characters used in the analysis were: 0.

Brood chamber in females: absent (0), present (1); 1.

Hinge: adont (0), lophodont (1), inverse lophodont (2);

2. Dorso-ventral sulcus: absent (0), present (1); 3. Addi-

tional anterior sulcus: absent (0), present (1); 4. Pseudo-

sulcus: absent (0); present (1); 5. Sieve pores: absent (0),

reduced (1), present (2); 6. Surface of the shell: mostly

smooth, or poorly ornamented (0); mostly harshly orna-

mented (1); 7. Ventral ridges on the shell: absent (0),

present (1); 8. Rosette/Raspberry type of ornamentation:

absent (0), present (1); 9. Shell in lateral outline: more

or less elliptical (0), more globular to angular (1); 10.

Ventro-lateral expansion (alar prolongation): absent (0),

present (1); 11. Lateral alae or tubercles: absent (0), pres-

ent (1); 12. Seta on the second segment of A1: apically

positioned (0), medially positioned (1), missing (2); 13.

Md-palp: with clearly divided segments (0); with partly

fused segment (1), with completely fused segments,

except the terminal (2); 14. Penultimate segment of Md-

palp: normal (0), dilated (1); 15. Mxl-palp: with clearly

separated segments (0), with segments fused but still dis-

tinguishable (1), no remnant of the second segment

remaining (2); 16. Extension on the distal lobe of hemi-

penis: absent (0), present (1); 17. Distal lobe of the hemi-

penis: wide (0), elongated (1); 18. Forked organ: absent

(0), present (1).

Results

Order Podocopida Sars, 1899

Superfamily Cytheroidea Baird, 1850

Family Limnocytheridae Klie, 1938

Subfamily Timiriaseviinae Mandelstam, 1960

Genus Gomphodella De Deckker, 1981

Amended diagnosis (modified after Karanovic, 2006).

Hinge inverse lophodont. Surface often harshly orna-

mented. Sieve pores present. Sexual dimorphism pro-

nounced, with females having posteriorly enlarged

carapace with brooding pouch. A1 5- or 6-segmented, no

seta on second segment. A2 with three distal claws. Md

with all segments separated, and with setae on last two

segments transformed into enlarged claws. Mxl palp with

second segment fused with first. No sexual dimorphism in

thoracopods. Female with forked organ. Hemipenis with

trunk-like extension on distal lobe.

Gomphodella alexanderi sp. nov.

(Figs 1–5)

HOLOTYPE. male (dissected on one slide – WAM

C51867).

ALLOTYPE. female (dissected on one slide – WAM

C51868).

PARATYPES. male (in alcohol – WAM C51869), one

RV of a female (on SEM stub).

TYPE LOCALITY. Australia, Western Australia, Pil-

bara region, 85.5 km NW of Newman, stygofauna haul

net, borehole Mar01-0611-02, 22�4605000S, 119�1004700E,
23 June 2011, collector J. Alexander (BES: 17009).

ADDITIONAL MATERIAL. One male (dissected on

one slide – WAM C51870), 1 female (dissected on one

slide – WAM C51871), from Australia, Western Aus-

tralia, Pilbara region, 85.5 km NW of Newman, stygo-

fauna haul net, borehole Marillana01–504, 22�4605000S,
119�1004700E, 23 August 2011, collector J. Alexander

(BES: 17001); one juvenile (in alcohol – WAM C51872),

from Australia, Western Australia, Pilbara region, 75 km

NW of Newman, stygofauna haul net, borehole YMCCA-

502, 22�4602200S, 119�1203000E, 24 August 2011, collector

J. Alexander (BES: 17007).

ETYMOLOGY. The species is named after Mr Jason

Alexander from the BIOTA Environmental Sciences

Company Pty Ltd., who collected the material. The name

is to be treated as a noun in the genitive singular.

DIAGNOSIS. Carapace with brooding chamber present

(Fig. 1). Marginal pore canals straight and relatively dense

anteriorly (Fig. 2). Ventral margin with unequally long

longitudinal ridges (Fig. 3). Surface covered with very

shallow pits (Fig. 4) and small bumps (Fig. 5). Sieve pores

present (Fig. 5). Adductor muscle scar with vertical row

of four scars (Fig. 6). Two types of surface setae present:

one shorter and exiting from hemmed-like area, and other

longer and stiff, exiting from normal pore-holes (Fig. 7)

Hinge inverse lophodont (Figs 8–10) with medial bar pres-

ent on the RV and negative parts anteriorly and posteri-

orly. LV with a medial groove, and poorly developed

cardinal and caudal teeth. A1 clearly 6-segmented. One

long, postero-medial seta present on second segment of

A2. Md and Mxl typical for the genus. L5 and L6 without

setae on second segment. Hemipenis with proximal

(basal) part of distal lobe subdivided in two long triangular

processes. UR with two hirsute lobes. FO organ present.

Description

MALE. Carapace almost rectangular in lateral view

(Fig. 11). L ¼ 0.43 mm. Dorsal margin very slightly

curved and gently sloping towards posterior end. Anterior

and posterior margins rounded, posterior slightly narrower

than anterior one. Flange wide on the posterior end. Ante-

riorly selvage wide. Greatest H situated frontally and

96 I. Karanovic and W. F. Humphreys
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equalling 58% of L. Inner calcified lamella narrow. In

dorsal view (Fig. 14) anterior end cuneiform and protrud-

ing, posterior end rounded. Generally, shell ball-like in

dorsal view. Greatest width situated around middle and

equalling 70% of L. Dorsally and ventrally, LV overlaps

RV. Ventral surface covered with few unequally long lon-

gitudinal ridges. Surface of the carapace roughly orna-

mented but without any prominent pits, only small

bumps. Sieve pore canals present. Some patchy

colouration present on the carapace. Surface also covered

with long stiff setae. Two types of surface setae present:

one shorter and exiting from hemmed-like area; other

exiting from normal pore-holes.

A1: 6-segmented (Fig. 18), each segment clearly sepa-

rated from neighbouring ones. First and second segments

without any seta. Second segment with fringe of hair-like.

Third segment with one serrulate seta, not reaching distal

end of fifth segment. Fourth segment with two short

Figs 1–6. Gomphodella alexanderi sp. nov. SEM photographs. 1, 3–6: paratype female; 2: allotype female: 1: RV, lateral view from the
outside; 2: RV, inside view of the anterior margin; 3: RV, part of the ventro-lateral margin, outside view; 4: RV, part of the anterior mar-
gin, outside view; 5: details of the surface with sieve-pore canals; 6: muscular scar imprints.
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serrulate setae, both slightly exceeding distal end of penul-

timate segment. Fifth segment with three anterior setae,

one serrulate (and being the shortest of the three) and two

apparently smooth setae; one of the smooth setae slightly

longer than the serrulate seta of the same segment, other

smooth seta at least two times longer and exceeding distal

end of terminal segment. Fifth segment posteriorly with

one seta, serrulate around middle and almost as long as,

smooth seta situated anteriorly. Terminal segment with

total of four setae: one representing aesthetasc, and proxi-

mally fused with one smooth setae, which is longer than

aesthetasc. Fusion very short. Other two setae on terminal

segment, both apparently smooth, one situated more ante-

riorly and shorter than other situated more centrally.

Length ratio between five segments: 3.3 : 1.7 : 1 : 1.5 : 3.3.

A2: 4-segmented (Fig. 23). First segment bare. Second

segment short and with one posteriorly situated serrulate

seta (reaching middle of following segment). Same seg-

ment with tuffs of hair-like setulae. Third segment long

proximally with tuffs of setulae. Two (or one) setae situ-

ated around middle of third segment posteriorly, one nor-

mal smooth seta not reaching distal margin of third

segment, other aesthetasc and just reaching distal margin.

Third segment postero-distally with one plump, serrulate

seta, which reaching first one third of terminal claws.

Finally, third segment with smooth and thin seta situated

posteriorly, below middle L of the segment and slightly

exceeding distal margin of the segment. Terminal segment

short and with three curved, slender claws, all equally

long. Exopod rod-like (exit of excretory gland), with

apparently two ‘segments’: first long and reaching middle

of terminal segment, second short and reaching until mid-

dle of distal claws. Length ratio between second, third and

fourth segments equalling: 1 : 4.5 : 1.

MXL: Vibratory plate with one recurved seta. Palp with

not well-defined segment (Fig. 25). Proximal part longer

than distal. Palp with three long pappose setae situated lat-

erally on first segment. Second segment with three pap-

pose setae distally, and one short, smooth seta medially.

All endites on Mxl long, and each carrying 3–4 strong

setae, some being serrulate, some smooth. The shortest

endite with one smooth seta situated medially.

MD: Palp 4-segmented (Fig. 24). First segment with

two setae internally on the appendage, one very short and

smooth, other longer and serrulate. Second segment with

two smooth setae situated internally, one shorter than the

other. Following segment with three equally long, serru-

late setae externally, and two setae internally; one of the

Figs 7–10. Gomphodella alexanderi sp. nov. SEM photographs. 7: paratype female; 8–10: allotype female: 7: detail of the surface show-
ing two types of setae; 8: RV, anterior part of the hinge; 9: medial part of the hinge; 10: posterior part of the hinge.
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internal setae transformed into distally curved and serrate

claw. Terminal segment with two claws, both distally

curved and serrate. Vibratory plate with four almost

equally long setae.

L5: 4-segmented (Fig. 26). First segment dorsally with

total of four serrulate setae. Two proximal setae longer

and both slightly exceeding distal end of same segment.

Two other setae short, also serrulate and situated apically

on the segment. First segment with one long, ventral ser-

rulate seta. Second segment with one short, serrulate seta

situated anteriorly. Third segment without any seta. Ter-

minal segment with short, smooth, relatively thick claw.

Length ratio between last three segments 1.5 : 1 : 1.1.

Tuffs of hair-like setulae present on borders between sec-

ond and third, and third and fourth segments.

L6: 4-segmented (Fig. 27). First segment with three dor-

sal setae, all serrulate, distal one being the shortest. Same

segment with one ventral, serrulate seta. Other segments

without any setae, and only with rows of short hair-like

setulae along margins. Distal segment with one claw,

which more slender than on L5. Length ratio between sec-

ond, third and fourth segments equalling 2.2 : 1 : 1.25.

L7: 4-segmented (Fig. 28). Leg similar to L6 except

more densely covered with tuffs of hair-like setulae and

terminal claw very slender compared with both L5 and L6

terminal claws. Length ratio between second, third and

fourth segments equalling 2.5 : 1 : 1.1.

HEMIPENIS. Body not very muscular, but distal lobe

prominent and articulated (Figs 30, 31). Distal lobe trian-

gular, pointed distally. Dorsal margin sinusoid with square

basal part. Ventral margin also sinusoid but basal part sub-

divided in two long triangular parts. Copulatory process

straight and relatively short.

FEMALE. In lateral view (Figs. 12, 13) with brooding

chamber prominently overhanging valve margins. L (mea-

sured together with the overhanging part) ¼ 0.53 mm. In

dorsal view (Fig. 15) much wider than males, with promi-

nent brooding chamber, greatest W ¼ 90% of total L. Eggs

visible inside the chamber. Other details of the shell (orna-

mentation and calcified inner lamella) similar to male.

A1: Similar to male, but fourth segment with only one

seta (Figs 20, 21).

A2: Similar to male, but exopod with more pointed tip,

and terminal claws less curved (Fig. 22).

Figs 11–17. Gomphodella alexanderi sp. nov. 11 & 14: holotype
male; 12, 13 & 15: allotype female; 16, 17: juvenile (WAM
C51872): 11 & 12: LV, lateral view from the inside; 13: RV, lat-
eral view from the outside; 14–16: carapace, dorsal view; 17:
carapace, ventral view. Scale ¼ 0.1 mm.

Figs 18–25. Gomphodella alexanderi sp. nov. 18, 23–25: holo-
type male; 19: male (WAM C51870); 20–22: allotype, female:
A–A1; 19: last three distal segments of A1; 20: terminal segment
of A1; 21: A1 without apical setae; 22 & 23: A2; G, Md; 25:
Mxl-palp and endites. Scales ¼ 0.1 mm.
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GENITAL FIELD AND UR. Genital field rounded and

sclerotized along margins, UR with two lobes represented

by thick, pappose setae (Fig. 34).

END OF THE BODY. Caudal seta, short and appose.

Entire caudal end covered with rows of spinules or fine

setulae. Some longer hair-like setae also present. FO

organ cylindrical (Fig. 35).

JUVENILE. In dorsal and ventral views with more

angular margins (Figs 16, 17).

VARIABILITY. The fourth segment of the A1 can be

posteriorly armed with one seta, or rarely two setae. The

case of two setae was noticed only on one A1 in the holo-

type male, while allotype female and all other observed

specimens have one seta at that position. Another

observed variability concerns the proximal end of ventral

margin of the distal lobe of hemipenis. One male (WAM

C51870) from the same area, but not the type locality, has

slightly different morphology of this part (Figs 29, 32).

Namely one of the long triangular processes may be addi-

tionally subdivided distally.

REMARKS AND AFFINITIES. Majority of Gompho-

della species were described from both sexes, the only

exceptions being G. aura Karanovic, 2009 known after

females, and G. martensi known after males. The former

species can be easily distinguished from G. alexanderi

sp. nov. by a characteristic appearance of the shell, which

in dorsal view has a translucent fringe. Females of this

species also have three hirsute lobes on the UR, contrary

to the new species which has only two. The morphology

of the hemipenis seems to be one of the most important

features for discrimination between species. This mostly

concerns the appearance of the distal lobe of the hemipe-

nis with its characteristically shaped, usually tapering

ventro-proximal (basal) part. The new species is in this

regard most closely related to G. quasihirsuta Karanovic,

2009 and G. yandii Karanovic, 2006. Both species have

this part of the hemipenis subdivided in two of three long

processes. Interestingly, in all three species there seems

to be a small variability in the number of processes (two

or three) and the depth of the incisures. In other species

this part is very poorly divided (G. glomerosa Karanovic,

2006), not divided by an incisure (G. hirsuta Karanovic,

2006), the tapering process is very short (G. martensi), or

it is very complex with an additional hanging structure

(G. maia De Deckker, 1981). The second very important

characteristic is the shape and ornamentation of the shell.

Each of the described Gomphodella species has a distinc-

tive shape and ornamentation. The shell of the new spe-

cies is most similar to G. quasihirsuta, both having a

relatively simple shell compared with other species, and

they also have some colour pigmentation. Gomphodella

quasihirsuta has more prominent brooding chamber and

a more cuneiform anterior end when seen from dorsal

view. In addition, G. quasihirsuta has narrower posterior

margin, and has more prominent pits on the surface

(especially around the muscle scar imprints). Gompho-

della alexanderi is obviously most closely related to G.

quasihirsuta, but beside a similar shell shape and the

hemipenis morphology they can be distinguished also

based on chaetotaxy: the antero-medial seta on the penul-

timate segment of A2 is very short in G. quasihirsuta

(even hardly visible), while in the new species it reaches

distal margin of the same segment. In addition, all thora-

copods of G. quasihirsuta are armed with one seta on the

second segment, while this seta is only present on L5 in

G. alexanderi.

Gomphodella cf. martensi Karanovic, 2006

(Fig. 6A, B)

MATERIAL EXAMINED. Two valves from Australia,

Western Australia, Pilbara region, 55.1 km NW of New-

man, stygofauna haul net, borehole WW3-0611-01,

22�4904500S, 119�1602600E, 21 June 2011, collector J.

Alexander (BES: 17005).

Figs 26–35. Gomphodella alexanderi sp. nov. 26–28, 30, 31 &
33: holotype male; 29 & 32: male (WAM C51870); 34 & 35:
allotype, female: 26: L5; B, L6; C, L7; 29: distal lobe of hemipe-
nis; 30: hemipenis; 31: distal lobe of hemipenis; 32: distal part of
hemipenis; 33: connecting part between two hemipenis; 34: gen-
ital lobe with UR setae; 35: distal end of the body with caudal
seta and FO-organ. Scales ¼ 0.1 mm.
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REMARKS. The present finding is identified as G. cf.

martensi because only empty valves were collected, and

because there are some differences in the ornamentation of

the shell between it and the original description. Namely,

the surface fossae are much deeper in the original descrip-

tion, but the protuberances from which surface setae exit

are less developed. This species also has two types of sur-

face setae like G. alexanderi. Two types of setae were not

mentioned in the original description (Karanovic, 2009).

Gomphodella yandii Karanovic, 2006

(Fig. 6C, D)

Gomphodella yandii sp. nov. – Karanovic (2006), p. 125,

Figs 72–91; 94B–D.

MATERIAL EXAMINED. Nine females, 1 male from

Australia, Western Australia, Pilbara region, 85.5 km NW

of Newman, stygofauna haul net, borehole Mar01-0611-

02, 22�4605000S, 119�1004700E, 23 June 2011, collector J.

Alexander (BES: 17009); 10 females, 1 male, 1 juvenile

from Australia, Western Australia, Pilbara region,

85.5 km NW of Newman, stygofauna haul net, borehole

Marillana01–504, 22�4605000S, 119�1004700E, 23 August

2011, collector J. Alexander (BES: 17001).

REMARKS. This finding is almost identical with the

original description, both regarding the shell ornamentation

and shape and the soft part morphology. The only difference

noticed are the two peculiar ocular buds (Fig. 38), clearly

seen from the view. These buds were not mentioned in the

original description. Each of the two buds carries only one

small seta (Fig. 39), maybe having a sensory function.

Discussion

Morphology of Timiriaseviinae

De Deckker (1981) labelled the hinge of Gomphodella as

lophodont, stating that the cardinal and caudal teeth are

on the left valve, which is in fact the characteristic of the

inverse lophodont hinge type. Study of the new material

proves that Gomphodella indeed has an inverse lophodont

hinge. This puts the genus much closer to Gomphocythere.

Other Timiriaseviinae genera with the inverse lophodont

Figs 36–39. SEM photographs. 36 & 37: Gomphodella martensi Karanovic, 2008; 38 & 39: Gomphodella yandii Karanovic, 2006: 36:
RV, lateral view from the outside; 37: detail of the surface; 38: carapace, dorsal view from the outside; 39: detail of the ocular part of
the carapace.
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hinge are: Frambocythere, Rosacythere, Kovalevskiella

and Progomphocythere. According to Martens (1995),

inverse lophodont is only a variation of the lophodont

hinge type and in some other Timiriaseviinae genera, such

as Metacypris (see the cladistic analysis in Gid�o et al.,

2007) both hinge types can be found. According to Colin

& Danielopol (1980), inversion from lophodont to inverse

lophodont can be found in fossil species of Theriosynoe-

cum, Timiriasevia, Frambocythere and Kovalevskiella. A

reversal of the hinge type has also been recorded in the

living species Elpidium purperi Danielopol, 1980 (in

Colin & Danielopol, 1980), which seems to have a lopho-

dont hinge, in contrast to its congeners where it is adont.

Elpidium purperi has a very distinct hemipenis compared

with other species of the same genus (very elongated,

compared with more robust in other species), which may

indicate that it belongs to a different lineage, but Elpidium

is relatively briefly described, so this would need to be

studied further. It is interesting to note that the lophodont

hinge, with all elements clearly developed, is found

almost exclusively in fossil Timiriaseviinae species. The

only exceptions are the two living species of Metacypris

and a monospecific genus Dolekiella. Also, it seems that

amongst living species there are no cases of variability in

the hinge type, only in the level of development of cardi-

nal and/or posterior teeth, such as in some Gomphocythere

(see Martens, 2003).The monospecific genus Intrepidocy-

there has more or less adont to lophodont hinge type, with

a medial bar on the LV and posterior tooth on the RV.

The presence of one or two true sulci has been tradition-

ally used to distinguish Rosacythere (one sulcus) from

Frambocythere (two sulci) (see Colin & Danielopol,

1980). However, some unnamed species of Rosacythere

[such as R. sp. 2 and R. sp. 3 from Colin & Carbonel

(1996)] and R. carpathica Pipik, S�ykora, Colin & Havrila,

2008 have been described without sulci. As for the Fram-

bocythere, at least one species (F. valeroni Tambareau,

1991 (in Tambareau et al., 1991)) has a single sulcus.

Colin & Carbonel (1996) consider shell without any sulcus

as a more primitive form, which is supported by the fact

that Rosacythere sp. 1. and R. sp. 2 are the oldest records

of the genus, dating from the Middle Jurassic, while one

sulcus forms of Rosacythere date from the Early Creta-

ceous. Metacypris-like forms without any sulci also have

one of the oldest records of all Timiriaseviinae (see Colin

& Danielopol, 1980), as does Timiriasevia Mandelstam,

1947. Some late (from the Early Eocene) Frambocythere

have one sulcus, which Colin & Carbonel (1996) also use

as an example of more advanced forms. Rosacythere car-

pathica is the most recent fossil record of the genus (Pipik

et al., 2008), and in this case sulci-less form appears again

in the Late Cretaceous, after it was lost in the Middle Cre-

taceous. Further on, the only living Frambocythere spe-

cies, F. relicta Smith, Lee, Choi, Chang & Colin, 2012,

recently described from South Korea (Smith et al., 2012),

has two sulci. Although Smith et al. (2012) recently

described the first living representative of Frambocythere

from South Korea, we strongly doubt this systematic

arrangement, because the soft part morphology is indistin-

guishable from Kovalevskiella. What is remarkable about

their discovery is the first description of the males, never

discovered before in Kovalevskiella. The morphology of

the hemipenis additionally supports the close relationship

of Kovalevskiella (or Frambocythere) with Timiriasevii-

nae. Smith et al. (2012) incorrectly use the term atavistic

instead of plesiomorphic when discussing the presence of

males and the presence of two sulci on the carapace as

reasons for describing the species in the genus Frambocy-

there, instead of Kovalevskiella, although they acknowl-

edge a strong similarity in the soft parts. Parthenogenesis

is a common way of reproduction in ostracods, and some

genera are known to have rare males. One of the most

drastic examples is the presence of extremely rare males

in ‘ancient asexuals’, such as Darwinulidae (Smith et al.,

2006). The variability of number of sulci has been con-

firmed both for Frambocythere and other Timiriaseviinae

(see above) and the two sulci seems in this case to be a

plesiomorphic character state contrary to Colin & Carbon-

el’s (1996) opinion (see above). Most Gomphocythere

have a true sulcus, and only in the two Middle East spe-

cies does it seem to be absent.

Another very important character of the shell is the

presence of sieve-pores in all Gomphodella, Gomphocy-

there and Cytheridella, and reduced ones in some Meta-

cypris (see Martens, 1995). None of the fossil records of

Timiriaseviinae mentions sieve pores, but this does not

necessarily mean that they are absent. Sieve pores are,

according to Park et al. (2002) sensory organs, and they

have occurred many times in different ostracod lineages.

Two types of the so-called trichoid sensilla (Hanai & Tab-

uki, 1995) are often found in cytherids but this is the first

record in Gomphodella (Figs 7, 37). Peculiar sensillae

were also observed at the apex of ocular protuberances in

G. yandii Karanovic, 2009 (Figs 38, 39) and they would

belong to the c-type sensillae of Hanai & Tabuki (1995).

McKenzie et al. (2004) mention two types of normal sur-

face pores in the monospecific fossil genus Progomphocy-

there which may indicate a presence of two types of

sensilae. This Mesozoic genus, described from Queensland,

Australia, is very similar to Gomphodella, as expressed in a

strongly developed ventro-lateral prolongation (alar pro-

longation) present in many Gomphodella species. In fact,

McKenzie et al. (2004) point out a different hinge type as

the major difference between the two genera, an observa-

tion attributable only to the erroneous description of this

character by De Deckker (1981) (see above). In our opin-

ion it is very likely that the two genera are synonyms.

A close relationship between Gomphocythere and Gom-

phodella is reflected in the similar soft part morphology,

especially the appearance of the hemipenis. It was not
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noticed previously that, like Gomphocythere, species of

Gomphodella also have a fork-like organ (Fig. 35). This

organ was thought to be the second UR in Gomphocythere

(see Park & Martens, 2001), which was later on clarified

when it was realized that the UR is paired in this genus

(Martens, 2003). If the observations are correct, Cytheri-

della tepida Victor, 1987, described from Nigeria (Victor,

1987) does not have the UR. It was also believed that

Cytheridella species lack the UR, and have a two-forked

organ instead (see Karanovic, 2007), which is not true.

Namely, Purper (1974) redescribed the type species of the

genus, C. illosvayi Daday, 1905 and clearly drew two UR,

both consisting of an elongated shaft and two basally

fused setae (which could have been confused with a

forked organ). The forked organ is in this species clearly

set dorsally to the caudal seta and easily distinguished

from the UR. Cytheridella also has similar hemipenis to

Gomphocythere and Gomphodella (see Karanovic, 2009),

and all three share quite similar Mxl palp, consisting of

two fused segments. Beside other distinguishing charac-

ters, Cytheridella has a peculiar L7 and a transformed

Md-palp, the latter it shares with a monospecific genus

Afrocythere Klie, 1935 and, to some extent, with Meta-

cypris (see fig. 3 in Smith & Hiruta, 2004). On the other

hand, and contrary to Gomphocythere, Gomphodella and

Cytheridella, Mxl palp in Metacypris, Kovalevskiella,

Dolekiella, Intrepidocythere and presumably Afrocythere,

does not have any trace of the second segment. Here we

point out that Intrepidocythere has a similar hemipenis to

Gomphodella and Cytheridella, with extended trunk on

the distal lobe of hemipenis, and although it has separated

segments on the Md palp, they are very wide and do

resemble the Md palp of Cytheridella.

Adaptations to subterranean waters

Contrary to the subfamily Candoninae, which is the most

dominant ostracod group in subterranean water, Timiria-

seviinae do not have prominent adaptations to life in sub-

terranean waters, such as elongated segments, long claws,

very long sensory organs on appendages (see Danielopol,

1978). In subterranean Gomphodella species even the eye

is fully developed as well as the shell pigmentation. The

only, potentially indicative, adaptation is a slightly longer

aesthetasc on the second antenna in the subterranean spe-

cies compared with the only surface water representative,

G. maia De Deckker, 1981. The lack of elaborate adapta-

tion in Gomphodella may indicate a relatively recent colo-

nization of the subterranean waters, probably since

Pliocene, timing coinciding with a period of aridity in

Australia. Kovalevskiella and Dolekiella are two exclu-

sively subterranean genera. They have completely lost

their eyes and pigmentation, and often display a loss of

segments on the antennula, and in the latter genus the loss

of a claw on the antenna. This may indicate a longer

period of time since these lineages colonized subterranean

waters. According to Gid�o et al. (2007), Sinuocythere,

which is apparently closely related to Dollekiella, may

have been living in the subterranean waters of China since

Middle Jurassic or Late Cretaceous. Kovalevskiella is a

much younger genus (Eocene/Oligocene), and there is no

indication that the fossil species may have been living in

subterranean waters. However, the fact that Gomphodella

still has a representative which is common in open water

bodies, while Kovalevskiella is rarely to be found in phre-

atic waters (see Colin & Danielopol 1980), may indicate a

much more prolonged occupation of subterranean waters

of the latter genus.

Diversity, distribution, and age

of Timiriaseviinae

Of living genera the most diverse timiriaseviin is Gompho-

cythere, with 24 Recent species described (see Karanovic,

2012). Most of these species are from Africa, with signifi-

cant species flocks in the Great Rift Valley lakes (Park &

Martens, 2001; Martens, 2003 (Fig. 40). The northern-most

record of the genus is from the Middle East (Martens,

1993; Boomer & Gearey, 2011), and one species is known

from New Zealand and Australia (Hornibrook, 1955; Bar-

klay, 1968; Hussainy, 1969).With the exception of G. gear-

eyi Boomer & Gearey, 2011, which is very similar to the

recent G. ortali Martens, 1993, it is hard to tell if other

Gomphocythere-like forms do belong to this genus or to

Cytheridella. Whatley et al. (2003) acknowledge this diffi-

culty, but they also say that: ‘The former (Gomphocythere)

has a reversed lophodont hinge, with the terminal bars in

the LV, while the latter (Cytheridella) has normal lopho-

dont hingement.’ This, according to the definition of

Cytheridella based on the soft parts as well, is not correct,

because Recent Cytheridella have an adont hinge, although

one may observe some remnants of lophodont hinge (such

as very small teeth posteriorly on the RV) in the illustra-

tions of some Recent species. The authors further state

that: ‘There is something of a convention that, with fossil

taxa, Mesozoic species are usually referred to Gomphocy-

there, while Cenozoic species are placed in Cytheridella.’

This is also not completely correct, because some authors

(Bhandari, 1998; Sharma et al., 2008) place species recov-

ered from the Palaeocene and even Eocene to Gomphocy-

there. Therefore, the real known diversity, as well as the

age of Gomphocythere is not certain. Since some fossil

species assigned to Gomphocythere can be found in India,

and today only one species can be found as far north as the

Middle East, we can assume that the genus never had a

wider distribution, in contrast to Cytheridella where fossils

can be found in Europe but from where the genus disap-

peared in the Miocene.
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Cytheridella has four recent species distributed in

Africa and Central and South America (Fig. 40). Park

et al. (2002) mentioned that it can also be found in Aus-

tralia, although there are no published records to support

this. There are three fossils assigned to Cytheridella spe-

cies reported from the Palaeogene of Europe and India

(Monostori, 1993). Colin et al. (1997) reported C. sp.

from the Late Cretaceous from Mali (Africa), indicating

this as the oldest record of the genus and a proof that the

genus originated in Africa. The Late Cretaceous record is

considered to belong to Gomphocythere by Whatley et al.

(2003), and both Gomphocythere and Cytheridella are

indicated to have started from the Late Cretaceous

(Fig. 41).

Elpidium has six and Metacypris three Recent species.

The latter genus dates back to the Early Cretaceous

(Fig. 41). It is very hard to say if all species described in

this genus really belong there. According to Kempf (1980,

1997) Metacypris has around 170 named species and sub-

species. A very similar fossil genus, Vecticypris Keen,

1972 has been described from the Oligocene of Great

Britain (Keen, 1972), but Colin et al. (2000) consider

some Cretaceous ‘primitive’ Metacypris from Europe,

Africa and South America to belong to this genus as well,

which, considering the geological age from which Vecti-

cypris was described, is a rather long stretch in time and

space. If we accept the present systematics, then Metacyp-

ris was known from the Palaeocene to Recent, and today

three species are distributed in Japan (Smith & Hiruta,

2004), Thailand (Savatenalinton et al., 2008) and Europe

(Meisch, 2000) (Figs 40, 41).

The second largest Recent genus is Gomphodella, with

nine species, all endemic to Australia (Karanovic, 2006,

2009) (Fig. 40). So far, there is no fossil record of this

genus, although the Miocene Progomphocythere is very

closely related and may even be its junior synonym. Kova-

levskiella fossils are known from the Oligocene of Europe

(Fig. 40) and today the genus has five Recent species in

Europe, Central Asia and, if one accepts that the record

from Korea is actually Kovalevskiella, one representative

from the Far East. Afrocythere, Dolekiella and Intrepido-

cythere are monospecific and so far known only from their

type localities: Senegal (Klie, 1935), France (Gido et al.,

2007) and Brazil (Pinto et al., 2008) respectively

(Fig. 40).

All other genera of the subfamily are known only as

fossils, and of these Theriosynoecum is the most diverse.

It has 100 species and subspecies (Kempf, 1980, 1997)

and a fossil record dating from the Middle Jurassic to the

Late Cretaceous (Fig. 41), and an almost worldwide distri-

bution. The oldest of all genera is Timiriasevia, with the

earliest record from the Late Triassic and includes 88

named species (Kempf, 1980, 1997). Rosacythere, with

seven species, and Sinuocythere with three species, also

date from the Middle Jurassic, being lost from the fossil

record by the Late Cretaceous and the end of Jurassic

Fig. 40. Distribution of the genera of the subfamily Timiriaseviinae with living representatives of: 1. Afrocythere Klie, 1935; 2. Cytheri-
della Daday, 1905; 3. Dolekiella Gid�o, Artheau, Colin, Danielopol & Marmonier, 2007; 4. Elpidium M€uller, 1880; 5. Frambocythere
Colin, 1980; 6. Gomphocythere Sars, 1924; 7. Gomphodella De Deckker, 1981; 8. Intrepidocythere Pinto, Rocha & Martens, 2008; 9.
Kovalevskiella Klein, 1963; 10. Metacypris Brady & Robertson, 1880. Stars refer to the Recent species, circles to the fossil finding.
Note that geographically very close localities of Kovalevskiella are not included on the map.
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respectively (Fig. 40). Species of Sinuocythere are known

from the southern Tethyan Realm – Tunisia, Morocco and

Portugal (Colin et al. 2000). Rosacythere was distributed

in Europe.

Frambocythere has four fossil species: F. tumiensis

Helmdach, 1978, F. pustuosa (Grekoff, 1957), F. valeroni

Tambareau, 1991, and F. colini Bhandari, 1998. The earli-

est record is of F. pustulosa from the Early Cretaceous of

Chad, and Colin (2011) states that it had a Gondwana dis-

tribution, although it has never been reported from its

other parts. Other species are known from the Late Creta-

ceous to Eocene in Europe, China, India and Iran (Colin

& Danielopol, 1980; Bhandari, 1998, Whatley et al.,

2003; Colin, 2011; Colin et al., 2012). Although the genus

is sometimes hard to distinguish from Rosacythere (see

above), authors working on this genus have a tendency to

describe several subspecies of the same species, with very

clear differences in the morphology, distribution and age.

There are five or six subspecies of F. tumiensis, with dis-

tribution range from India, Iran and Europe and ages from

the Late Cretaceous to the Palaeocene. The differences

reported sometimes concern even a different valve over-

lap (see the comment on the difference between Frambo-

cythere tumiensis anjarensis Bhandari & Colin, 1999 and

Frambocythere tumiensis lakshmiae Whatley & Bajpai,

2000 in Whatley et al. 2003).

Two youngest exclusively fossil genera are the mono-

specific Sinometacypris Ye, 1978 from the Eocene and

Abrotocythere with two Oligocene/Miocene species from

China (Fig. 41).

Phylogenetic relationships

The first cladistic analysis resulted in one tree (Fig. 42),

28 steps long, with the consistency index (Ci) of 71 and

the retention index (Ri) of 71. The tree is divided into two

major clades: one consisting of Gomphodella, Gomphocy-

there, Afrocythere and Cytheridella. The other comprises

Kovalevskiella, Dolekiella, Metacypris, Elpidium and

Intrepidocythere. In comparison to the phylogenetic tree

in Karanovic (2009) and Savatenalinton et al. (2008),

Fig. 41. Geological age of Timiriaseviinae.
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Gomphodella is now much more closely related to Gom-

phocythere, which is supported by the newly discovered

characters (see above). These genera and Cytheridella

clearly form a lineage, defined as the tribe Cytheridellini

(Danielopol et al., 1990). This group has an obvious

Gondwana distribution. In contrast to Colin & Danielopol

(1980) and Savatenalinton et al. (2008) and in accordance

with Karanovic (2009), Afrocythere and Cytheridella

seem to be closely related; this can be supported with sim-

ilar morphology of the mandibular palp, but not with other

details of their morphology. Colin & Danielopol (1980)

postulate a close relationship between Elpidium and Afro-

cythere, while the cladistic tree of Savatenalinton et al.

(2008) supports the clade Afrocythere and Gomphocy-

there. The topology of Afrocythere on our tree can be mis-

leading, because many characters are still unknown for the

genus, such as hemipenis and morphology of the posterior

end of the body in females.

Elpidium and Intrepidocythere form the most terminal

clade on the tree, with Metacypris being basal to it. A

close phylogenetic relationship between the two genera as

well as between Metacypris and Elpidium has been

reported elsewhere (see Colin & Danielopol, 1980; Pinto

et al., 2008; Karanovic, 2009).

The second tree (Fig. 43) is the majority rule of 23

equally parsimonious trees (40 steps, Ci¼64, Ri¼72),

and it is 40 steps long, with Ci¼55 and Ri ¼ 59. The

major difference in the topology between the previous

tree and this one is that it is much less resolved and that

the grouping of Afrocythere with the Gondwana lineage

is not supported on the second tree. The first difference

can be explained with the fact that the soft part morphol-

ogy is not known in the fossil genera, and that fossil

taxa display an intrageneric variability in characters

such as hinge type and number of sulci, this is also

reflected in the very low Ci and Ri values for the major-

ity rule. The position of Afrocythere is not resolved and

this can only be explained by the lack of known charac-

ters. The Gondwana lineage Cytheridella, Gomphocy-

there and Gomphodella is well supported on the second

cladogram and here it is joined by Progomphocythere, a

genus very similar to Gomphodella. It is interesting to

note that Cytheridella is basal on the Gondwana clade,

supported by a primitive character such as the adont

hinge. The clade Elpidium/Intrepidocythere is also well

supported, but it is interesting that Metacypris is not part

of this clade, in contrast to the first tree (Fig. 42). This

is not surprising, since the fossils of Metacypris are

Fig. 42. Cladistic tree resulting from the analysis of 19 morphological characters, scored for nine genera of the Recent Timiriaseviinae
and Limnocythere as an outgroup. Unsupported nodes had collapsed. Nodes labelled with characters (above node number corresponds to
the character number, number below to its state). Black squares indicate apomorphic characters, white ones either plesiomorphic or
homoplastic characters.
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variable in many regards, one being the hinge (see

above). In our opinion, there may have been two line-

ages of Metacypris: one giving rise to Elpidium and

Intrepidocythere in South America, and the other to the

present day Metacypris. In fact, the Late Cretaceous fos-

sils assigned to Vecticypris found in South America

(Carignano & Varela, 2011) may be ancestral to this

lineage, and this genus indeed forms a clade with Elpi-

dium and Intrepidocythere. It is hard to tell if Vecticyp-

ris from South America are the same as the one found

in the Oligocene of Europe. Soft part morphology indi-

cates that Elpidium and Intrepidocythere have more

Fig. 43. Majority rule consensus of 23 equally parsimonious cladograms resulting from the analysis of 19 morphological characters,
scored for 17 genera of the subfamily Timiriaseviinae and Limnocythere as an outgroup. Unsupported nodes had collapsed. Support for
each branch shown as a percentage.
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characters in common (including a peculiar seta on A1,

see Pinto et al., 2008), than each does with Metacypris.

The position of Theriosynoecum, in our opinion, does

not indicate a true phylogeny. Since there are some cases

of variability in the hinge, it may be that the lineage with

the inverse lophodont type gave rise to Cytheridella/

Gomphocythere/Gomphodella. Sinuocythere–Timiriasevia

lineage is characterized by an ellipsoidal shape and this

lineage does not seem to have descendants today. On the

cladistic tree of Gid�o et al. (2007), the two genera form a

clade with Metacypris and Vecticypris, both having dis-

tinctly globular shell shape. Abrotocythere is, according to

Gid�o et al. (2007), closely related to Dolekiella but this is

not supported on our cladogram. However, it must be

pointed out that amongst all Timiriaseviinae genera Dole-

kiella is indeed most closely related to Abrotocythere

because they share very similar shell ornamentation and

the hinge structure, while the main difference is that the

fossil genus has a sulcus, while Dolekiella does not.

This paper is one of the first attempts to resolve the

phylogeny of Timiriaseviinae, and we believe that a rigor-

ous revision of described fossil taxa is necessary to its suc-

cess. That revision should bear in mind the following: the

soft part morphology is very conservative amongst gen-

era; the shape and ornamentation varies to a certain

degree; and there are practically no hinge inversions in

the hinge type amongst the living taxa.
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