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Notes on morphology and taxonomic status of some 
North American species of the genus Alona Baird, 
1843 (Cladocera: Anomopoda: Chydoridae)
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With 8 fi gures

Abstract: Detailed morphology of three North American species of the genus Alona Baird, 1843: A. bicolor Frey, 
1965, A. circumfi mbriata Megard, 1967 and A. setulosa Megard, 1967 was studied for the fi rst time. The taxonomic 
status of these species is now clarifi ed. A. bicolor belongs to the costata-group. Unlike to other species of the group, 
it demonstrates strong adaptation to benthic habitats – incl. thick carapace, a elongated rostrum and reduced eye. 
A. circumfi mbriata is a member of rectangula-group, and its closest relative is the tropical A. monacantha Sars,
1901, differing in morphology of postero-ventral angle of valves and exopodite of limb III. A. setulosa has numer-
ous characters in common with the species of the pulchella-group, but the relationship is more distant than in two 
other discussed species.
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America.
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Introduction

The genus Alona is the one of the largest genera of 
Cladocera, and also one of least studied. According to 
modern views, it is a large, partially artifi cial assem-
blage, including several clear groups of related species 
and a number species of unclear affi nities (Sinev et 
al. 2005a). During the last fi fteen years the taxonomi-
cal and morphological studies of the genus have been 
signifi cantly intensifi ed. The taxonomic status of two 
tropical groups of species was re-evaluated, and they 
were elevated to the genus level (Dumont & Silva-Bri-
ano 2000, Sinev 2004a), several species were translo-
cated to other genera (Sinev & Hollwedel 2005, Sinev 
et al. 2005b, Van Damme et al. 2003).

The recent publications mostly deal with species 
from Eurasia (Brancelj 1990, 1992, 1998, Alonso 
1996, Flössner 2000, Sinev 1997, 1999a,b, 2001a, 
Sinev & Kotov 2000, 2001), South and Central Amer-
ica (Hudec 1998, Smirnov 1988, 1996, Sinev, 1998, 
2001b, c, 2002a, 2004b, Sinev & Hollwedel 2002, 
Sinev & Coronel 2006, Sinev et al. 2004) and Australia 
(Sinev 1997, 1999b, 2001a, 2002b). The investigation 
of North American species of the genus has come to 
an almost complete standstill during the last decades. 
The taxonomical studies on the North American spe-
cies of Alona (Frey 1965, 1969, Flössner & Frey 1970, 
Megard 1967, Chengalath & Hann 1981) revealed six 
endemic species and one endemic subspecies in the 
region, several of them were previously synonimised 
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60 Artem Y. Sinev

with European species. However, all above men-
tioned authors studied only external morphology of 
specimens and no detailed studies of appendages were 
conducted for any of these species. As a result, their 
taxonomic status within the genus remains obscure, 
except for A. bicolor Frey, 1967 and A. rustica ameri-
cana Flössner & Frey, 1970, which clearly belong to 
the costata-group (Sinev 1999b, 2001b).

The present study is aimed at the investigation of 
a detailed morphology of three endemic North Ameri-
can species – A. bicolor Frey, 1965, A. circumfi m-
briata Megard, 1967 and A. setulosa Megard, 1967 
and to clarify their affi nities and position within the 
genus. Korovchinsky (1996) lists these species among 
the doubtless valid, but not fully described species, but 
from the modern point of view the taxonomic status 
of A. circumfi mbriata is somewhat doubtful. Accord-
ing to the published description (Megard 1967), A.
circumfi mbriata is quite similar to the pan-Tropic spe-
cies A. monacantha Sars, 1901. The main difference 
between them is the armament of the posteroventral 
angle of valves. In A. monacantha there are 1–3 large 
denticles, while in A. circumfi mbriata there are several 
groups of setules; the last setula in each group being 
signifi cantly bigger than the others. The morphology 
of the posteroventral angle can be very variable even 
within a species. Specimens with and without denti-
cles are recorded within several species of Aloninae 
(Smirnov 1971, Sinev 1997, 2004a), so from a modern 
point of view this difference alone is not suffi cient for 
the species separation.

Material and methods

This work is based on the samples and slides collected and 
identifi ed by Prof. D. G. Frey and now deposited at the National 
Museum of Natural History, Washington D. C., USA. Animals 
were selected from the sample under a binocular stereoscopic 
microscope, placed on slides (in a drop of a glycerol-ethanol 
mixture) and studied under an optical microscope. Several 
specimens from each sample were dissected for the analysis of 
appendages. All specimens in studied samples were measured 
using an eyepiece-micrometer. Drawings were made by means 
of camera lucida.

Abbreviations

In the list of material

NMNH – National Museum of Natural History, Washington D. 
C., USA.

In illustrations and text

I-VI – thoracic limbs I-VI; as – accessory seta of limb I; cbs 
– copulatory brush seta of male limb I; e1-3 – endites 1-3 of 

limb I; end – endopodites, ep – epipodites, ex – exopodites of 
limbs; IDL – inner distal lobe of limb I; IP – interpore distance 
(distance between anterior and posterior major head pores); ms 
– male seta; ODL – outer distal lobe of limb I; PP – postpore 
distance (distance between posterior head pore and posterior 
corner of head shield); s – sensillum. Numeration of limb set-
ules given from epipodite to gnathobase, without any notion of 
gomology.

Alona bicolor Frey, 1965

Frey 1965: 169–170, fi gs 23–29; 1969: 380–386, fi gs 1–6; 
Smirnov 1971: 363–365, fi g. 421.
Type locality: Goodwill Pond, Barnstable County, Massachu-
setts, U. S.A.
Holotype: parthenogenetic female; British Museum (Nat. 
Hist.), London, 1963.6.24.1.
Material studied: 8 parthenogenetic females and 3 ephippial 
females from Little Sebago Lake, Maine, USA, 11.07.1966., 
coll. D. G. Frey, NMNH, Frey’s collection sample 1922; single 
male from the same location, NMNH, Frey’s collection, perma-
nent slide; single male from Big Squam Lake, New Hampshire, 
10.08.1966, coll. D. G. Frey, NMNH, Frey’s collection.

Parthenogenetic female. General: Specimens in-
tensively colored, yellow-brown to dark brown. In 
lateral view, body suboval, of moderate height (body 
height/body length about 0.65–0.72 in adults), with 
maximum height at the middle (Figs 1A–B). Many 
adult specimens retain one, or, rarely, two valves 
from previous molt, like the species of Alonopsis
(Fig. 1B). In dorsal view, body only weakly com-
pressed laterally (Fig. 1C). Dorsal margin evenly 
curved. Posterio-dorsal and posterio-ventral angles 
broadly rounded, posterior margin weakly convex. 
A row of about 80 very short setules along pos-
terior margin on inner side of carapace (Fig. 1E). 
Ventral margin almost straight, with about 60 setae 
(Fig. 1D); 12–15 anterior-most setae long, next 10–12 
setae short, posterior-most 35 setae of same length as 
anterior-most setae. Anterio-ventral angle rounded. 
Valves without prominent sculpture, cuticle of both, 
carapace and head shield, signifi cantly thicker than 
in other species of Alona.

Head in lateral view appears narrow, rostrum elon-
gated, slightly curved, protruding downwards. Ocel-
lus large, almost twice as big as eye. Distance from 
tip of rostrum to ocellus 2 times longer than that be-
tween ocellus and eye. Head shield of moderate width, 
with maximum width behind mandibular articulation 
(Fig. 1F). In dorsal view, rostrum triangular, with 
rounded apex. Posterior part of head shield triangular, 
with slightly wavy margins and rounded posterior an-
gle (Figs 2A–B). Three major head pores with narrow 
connection between them. Central pore located signif-
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61Morphology and taxonomy of Alona Baird, 1843

Fig. 1. Alona bicolor Frey, 1965 from Little Sebago Lake, Maine, USA. A–J – adult parthenogenetic female: A–B – lateral view, 
C – dorsal view, D – ventral margin of valves, E – posterioventral angle and posterior margin of valves, F – head shield, G–H – 
postabdomen, I – postanal margin of postabdomen, J – postabdominal claw; K – ephippial female. Scale bars: 0.2 mm for A-B, F, 
K, 0.1 mm for D, G–H, 0.05 mm for E, I–J. 
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62 Artem Y. Sinev

icantly closer to posterior pore, all pores of same size 
(Fig. 2C). PP about 2 IP. Lateral head pores transverse, 
slit-like, less than 0.5 IP length, with shallow pocket-
like cavities below, located at about 0.8 IP distance 
from midline, at level of central major pore.

Labrum of moderate size, labral keel small, wide, 
with broadly rounded apex (Figs 3 A–C). Anterior 
margin of keel with 1–2 characteristic blunt denticles 
in upper half. One-two clusters of setules on the apex 
of keel.

Postabdomen short and wide, truncated, length less 
than 2.5 height (Figs 1G–H). Ventral margin almost 

straight. Basis of claws bordered from distal margin 
by a clear incision. Distal margin convex, distal an-
gle rounded. Dorsal margin weakly convex in preanal 
part, concave in anal part, and almost straight in pos-
tanal part. Distal part of dorsal margin 3 times longer 
than preanal one, with anal and preanal portions of 
similar length. Preanal and postanal angles weakly de-
fi ned. Postanal margin of postabdomen provided with 
6–7 long, single marginal denticles, with small setules 
close to their bases. (Fig. 1I). Anal margin with 3–4 
more slender denticles and 3–4 clusters of marginal 
setules; length of setules increase distally. 10–14 small 

Fig. 2. Alona bicolor Frey, 1965 from USA., A–C – adult parthenogenetic female from Little Sebago Lake, Maine: A–B – posterior 
portion of head shield, C – head pores. D–H – adult male. D–E – drawings from Frey, 1969, no specifi c location given: D – lateral 
view, E – postabdomen, F – from Big Squam Lake, New Hempshire, distal portion of postabdomen, G – from Little Sebago Lake, 
Maine, distal portion of postabdomen. Scale bars: 0.2 mm for D, 0.1 mm for A–B, E, 0.05 mm for C, F–G. 
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63Morphology and taxonomy of Alona Baird, 1843

Fig. 3. Alona bicolor Frey, 1965 from Little Sebago Lake, Maine, USA. Adult parthenogenetic female: A–C – labrum, D – anten-
nula, E – antenna, F – limb I in outer view, G – IDL and ODL of limb I, H – limb II, I – exopodite of limb III, J – inner portion of 
limb III, K – exopodite of limb IV, L – inner portion of limb IV, M – limb V, N – limb VI. Scale bar denotes 0.05 mm. 
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64 Artem Y. Sinev

lateral fascicles of short thin setules, central setules in 
fascicle being longest.

Postabdominal claw weakly curved, of moderate 
length, 1.5–1.7 times longer than preanal portion of 
postabdomen (Fig. 1J). Basal spine short, robust, about 
0.15 length of claw itself.

Antennule of moderate width, with 2 transverse 
rows of short setules at anterior face (Fig. 3D). Anten-
nular seta thin, of about 1/2 length of antennule, aris-
ing at 2/3 distance from the base. Nine terminal aes-
thetascs of different length, longest of them of longer 
than of antennule itself.

Antenna relatively short (Fig. 3E). Antennal for-
mula, setae 0-0-3/1-1-3, spines 1-0-1/0-0-1. Branches 
short, with numerous clusters of setules. Segments of 
both branches subequal in length. Seta arising from 
basal segment of endopodite thin, not reaching the end 
of endopodite. Seta arising from middle segment of 
endopodite of same size with apical setae. Apical se-
tae of both branches not differentiated. Spine on basal 
segment of exopodite of same length as middle seg-
ment. Apical spine of exopodite slightly longer than 
apical segment. Apical spine of endopodite thick, sig-
nifi cantly longer than apical segment.

Thoracic limbs: six pairs.
Limb I (Figs 3F–G). Epipodite oval, with fi nger-

like projection as long as epipodite itself. Accessory 
seta two times shorter than ODL seta. ODL seta long, 
naked. IDL with 3 setae and 2–3 clusters of setules on 
ventral face; 3rd seta longest, equal to ODL seta, 2nd

seta slightly shorter than 3rd, both with thin setules in 
distal part, 1st seta very short. Endite 3 with four setae 
subequal in length and robust denticles on its anterior 
face. Endite 2 with three setae setulated in distal part, 
longest of them subequal in length to ODL seta, and 
a small naked seta and a sensillum on anterior face of 
the limb. Endite 1 with two 2-segmented setae, short 
fl at seta setulated in distal part, and a naked setae on 
anterior face of limb. Six rows of long setules on ven-
tral face of limb. Two ejector hooks; one of them two 
times larger than other.

Limb II subtriangular (Fig. 3G). Exopodite suboval, 
with slender seta two times shorter than exopodite it-
self. Inner portion of limb (“endopodite”) with eight 
scraping spines, increasing progressively in length dis-
tally. Scrapers 3 and 7 signifi cantly thicker than oth-
ers, armed with more robust denticles. Distal armature 
of gnathobase with four elements. Filter plate II with 
seven setae, the posteriormost member considerably 
shorter than others.

Limb III (Figs 3I–J). Epipodite oval, without pro-
jection. Exopodite with seven setae; seta 3 being the 

longest. Length of setae 6 and 7 about 2/3 and 1/2 
length of seta 3, respectively, other setae short. Setae 
1–5 fl at, plumose, setae 6–7 thin, with small setules at 
the middle. Distal endite with 3 setae and a small sen-
sillum (s1). Two distalmost setae curved, sharp, with 
strong in distal part; basalmost seta geniculated, with 
long thin setules. Basal endite with 4 stiff, feathered in 
distal part setae, increasing in size in basal direction. 
Gnathobase not clearly separated from basal endite. 
Four soft setae increasing in size basally, an elongated 
sensillum (s2) near the distalmost soft seta. Distal ar-
mature of gnathobase with 4 elements. The fi rst one an 
elongated, narrowing distally sensillum (s3), the sec-
ond geniculated seta, third and fourth two short spines. 
Filter plate III with seven setae.

Limb IV (Figs 3K–L). Epipodite oval, without pro-
jection. Exopodite subrectangular, with 6 setae; seta 3 
being the longest, setae 1–2 slightly shorter, setae 4–6 
subequal in length, about half length of seta 3. Setae 
1–4 fl at, plumose, setae 5–6 thin, with weak setulation 
in distal part. Inner portion of limb IV with four se-
tae. Scraping seta long, slender, armed with 4–6 strong 
spines distally; fi rst fl aming-torch seta broad, with 
5–6 very strong setules, two other fl aming-torch setae 
slender, with very thin setules. Large sensillum (s1) 
bottle-shaped A small sensillum (s2) between bases 
scraping and fi rst fl aming-torch setae. Three soft se-
tae increasing in size basally. Gnathobase with a long 
2-segmented seta and a small hillock distally. Filter 
plate with fi ve setae.

Limb V (Fig. 3M). Epipodite oval, with small pro-
jection. Exopodite not separated into two lobes, with 
four plumose setae, setae 1–3 subequal in length, seta 
4 three times shorter. Inner limb portion as wide oval 
lobe, with long setules on the inner margin. At inner 
face two setae, distally setulated; the distal one 3 times 
longer than proximal. Filter plate of three setae.

Limb VI (Fig. 3N). As oval lobe with a setulated 
margin.

Ephippial female. With higher body than parthe-
nogenetic female (Fig. 1K); dorsal margin of valves 
highly arched. Ephippium dark brown, almost black, 
without special sculpture.

Male. Only permanent slides were available for study, 
so information is not complete. General shape of adult 
male (Fig. 2D) similar to that of instar II of juvenile 
female. Body height/body length = 0.55–0.59. Ocel-
lus of the same size as in female. Postabdomen (Figs 
2E–G) truncated, two times narrower than in female, 
right to prominent, rounded. Both preanal and pos-
tanal angles not defi ned. Distal part of postabdomen 
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65Morphology and taxonomy of Alona Baird, 1843

3.5 times longer than preanal. Sperm duct openings 
located at the end of long process protruding above 
the base of postabdominal claws, length of process 
about 2/3–3/4 length of claw. Clusters of short set-
ules in place of marginal denticles, lateral fascicles 
of setules the same as in female. Postabdominal claw 
2 times shorter than that of female, basal spine very 
short, about 0.1 length of claw. Antennule shorter and 
broader than in female. Thoracic limb I with U-shaped 
copulatory hook, its free arm 1.5 times longer than 
basal one.

Size: length of adult female 0.50–0.62 mm, length of 
adult male 0.51–0.53 mm.
Distribution and ecology: Alona bicolor inhab-
its East Canada and North-East USA. According to 
Chengalath (1982), it is not found west of the Ontario-
Manitoba border. It is found only in areas with rocky 
or sandy bottom.
Taxonomic position: our data confi rm the position 
of Alona bicolor as a member of costata-group (Sinev 
1999b, 2001b, 2008). This well-defi ned group is char-
acterized by the unique slit-shaped lateral head pores 
with pocket-like cavities below, which is specifi c for 
the subfamily Aloninae, distally narrowing female 
postabdomen with well-developed single marginal 
denticles and weakly developed lateral fascicles of 
setules. The males have a characteristic postabdomen 
with a penis-like process.

Together with A. bicolor, the group includes ten 
species: A. costata Sars, 1862 and A. rustica Scott, 
1901 are distributed in the Holarctic, A. weltneri Keil-
hack, 1900 – in Europe, A. cheni Sinev, 1999 – in 
South and South-East Asia, A. setigera Brehm, 1931– 
in Indonesia, Australia, Tasmania and New Zealand, A.
iheringula Kotov et Sinev, 2004 (syn. A. iheringi Sars, 
1901) – in South America. A. hudeci Sinev, 1999 (syn. 
A. rusticoides Hudec, 1998) is known only from Ven-
ezuela, A. natalensis Sinev, 2008 – from Drakensberg 
mountains of South Africa, and A. bessei Dumont, 
1983 – from the subterranean waters of France. Unlike 
other “core” groups of the genus, the costata-group
can be separated into two subgroups (“costata-branch”
and “rustica-branch”) which differ by the shape of 
postabdomen and by the lateral head pores morphol-
ogy (Sinev 2008). Species of the rustica-branch (A.
rustica, A. iheringula, A. hudeci, and A. bessei) have 
a postabdomen with rounded dorso-distal angle and 
short lateral pores with shallow pockets, species of the 
costata-branch (A. costata, A. setigera, A. cheni and 
A. natalensis) have a postabdomen with acute dorso-
distal angle and long lateral pores with deep pockets. 

There is a great similarity in limb morphology within 
these subgroups.

In addition to the common group features – mor-
phology of lateral head pores, shape and armament of 
postabdomen of males and females, A. bicolor has all 
characteristic features of the thoracic limb morphol-
ogy – IDL with three setae, fi rst seta being very small, 
peculiar short fl at seta on endite 1 of limb I, exopodite 
III with seven setae, differentiated fl aming torch se-
tae of limb IV, presence of limb IV and fi lter plate V. 
A. bicolor has characteristic features of the rustica-
branch – short lateral pores with shallow pockets and 
a postabdomen with rounded dorso-distal angle. The 
exopodites of the limbs of A. bicolor, especially of the 
limb III, are very similar to those of the other species 
of the rustica-branch (for comparison see Hudec 1998, 
Sinev 1999b, 2001b), so its position within this sub-
group is confi rmed.

On the other hand, A. bicolor differs from all other 
species of the group by a number of distinctive charac-
ters: A) strong sclerotization of valves and head shield, 
B) retained valves from the old molts (this character 
is also present in A. iheringula), C) elongated rostrum 
and elongated antennules, D) ocellus larger than eye, 
E) robust scrapers 3 and 7 of limb II, and F) long ter-
minal clusters of setules on the male postabdomen. 
According to Kotov (2006), a thick cuticle, retained 
old valves and an elongated rostrum are adaptations to 
the benthic dwelling, protecting the animal from abra-
sive damage, which can be especially severe on the 
open sand or rocky littoral during wave action. Reduc-
tion of the eye and enlargement of the ocellus also is 
adaptation for the benthic habitats. The elongation of 
antennule and its aesthetascs clearly correlate with the 
elongation of rostrum. Thickened scrapers of limb II 
can be especially useful for scraping off attached al-
gae from hard substrata, like rocks (Fryer 1968). It can 
be concluded that unlike other species of the group, 
which are quite similar to each other in most adaptive 
characters (see Sinev 1999b, 2001b), A. bicolor has 
strong morphological adaptations to specifi c ecologi-
cal conditions – open sand or rocky littoral.

Alona circumfi mbriata Megard, 1967

Megard 1967: 37–40, fi gs 1–7, pl. I, fi gs 1–6; Smirnov 1971: 
359, fi g. 414.
Type locality: Lake Itasca, Clearwater County, Minnesota, U. 
S.A.
Holotype: parthenogenetic female; British Museum (Nat. 
Hist.), London, 1966.3.21.3.

eschweizerbartxxx author



66 Artem Y. Sinev

Material studied: over 60 juvenile and parthenogenetic fe-
males from Orange Lake, Marjorie Kinnan Rawlings Historic 
State Park, Alachua County, Florida, USA, 04.03.1979 coll. 
D. G. Frey, NMNH, Frey’s collection sample 5027; male from 
Martin-Oliver Channel, LaGrange County, Indiana, USA, 
12.11.1967., coll. D. G. Frey, NMNH, Frey’s collection slide 
2515.

Parthenogenetic female. General: Color (after 
preservation) transparent. In lateral view, body oval, of 
moderate height in adults (Fig. 4C), but lower in juve-
niles (Figs 4A–B), with maximum height at the middle 
of the body. Body height/body length = 0.60–0.63 in 
adults. In dorsal view, body strongly bilaterally com-
pressed. Dorsal margin evenly curved. Posteriodorsal 
and posterioventral angles broadly rounded. Posterior 
margin convex. Posterioventral angle with 4–5 groups 
of 10–15 small setules, distal-most setula in each group 
larger than others (Figs 4E–F). A row of about 90 set-
ules along posterior margin on inner side of carapace. 
Ventral margin straight, with about 35–40 setae. Ante-
rioventral angle rounded. Carapace with longitudinal 
lines in posterioventral part (Fig. 4D).

Head in lateral view appears wide, triangular, ros-
trum short, protruding downwards. In lateral view 
rostrum short, protruding downwards. Ocellus small-
er than eye. Distance from tip of rostrum to ocellus 
larger than that between ocellus and eye. Head shield 
with maximum width behind mandibular articulation 
(Fig. 4G). Rostrum short, broadly rounded. Posterior 
margin of head shield broadly rounded. Three major 
narrowly connected head pores, central one slightly 
smaller than other (Figs 4H–J). PP = 0.5–0.6 IP. Lat-
eral head pores located at about 0.7 IP distance from 
midline, at level between anterior and central pore.

Labrum with keel of moderate width, subtriangular 
in lower part, width about 1/2 height (Fig. 5A–C). An-
terior margin convex, apex rounded or sharp, posterior 
margin straight, without clusters of setules.

Postabdomen of moderate length and width, 
weakly truncated (Figs 4K–L), length about 2.5–2.6 
height. Ventral margin weakly convex. Distal margin 
straight, distal angle blunt, rounded. Dorsal margin 
almost straight in preanal part, unevenly concave in 
anal part, and convex to straight in postanal part. Dis-
tal part of dorsal margin 1.5 times longer than preanal 
part, preanal portion 1.5 times longer than anal por-
tion. Preanal angle well-defi ned, postanal angle not 
defi ned. Postabdomen provided with 3–4 large single 
marginal denticles and 6–8 clusters of marginal denti-
cles and setules. 7–9 wide lateral fascicles of setules, 
with distalmost setules longer than marginal denticles. 
Numerous smaller fascicles of short setules present in 

basal half of postanal part. Postabdominal claw weakly 
curved, shorter than preanal portion of postabdomen. 
Basal spine long and narrow, almost straight, above 
1/3 length of the claw itself.

Antenna I (Fig. 5D) of moderate width, with length 
about 2.3 maximum width, with 3 transverse rows of 
long setules at anterior face. Antennular seta thin, less 
than half length of antenna I, arising at 2/3 distance 
from the base. Nine terminal aesthetascs, longest of 
them of about 2/3 length of antenna I.

Antenna II of moderate size (Fig. 5E). Antennal for-
mula, setae 0-0-3/1-1-3, spines 1-0-1/0-0-1. Branches 
with basal segment 1.5 times longer than others. Seta 
arising from basal segment of endopodite thin, reach-
ing to the end of endopodite. Seta arising from middle 
segment of endopodite of the same size with apical 
setae. Apical setae of both branches weakly differenti-
ated. Spine on basal segment of exopodite longer than 
middle segment. Spines on apical segments longer 
than segments bearing them.

Thoracic limbs: fi ve pairs, limb VI absent.
Limb I: epipodite oval, without projection (Figs 

5F–G). Accessory seta very short, about 1/5 length of 
ODL seta. ODL seta without setules. IDL with 2 setae 
(1st seta absent) and 2–3 clusters of setules on ventral 
face, 3rd seta subequal to ODL seta, 2nd seta slightly 
shorter than 3rd, both setae robust, with long thick set-
ules in distal part. Endite 3 with four setae subequal 
in length. Endite 2 with three setae setulated in distal 
part, longest of them longer than ODL seta. Endite 1 
with two 2-segmented setae, both setulated in distal 
part, and a long plumose seta shifted to the limb base. 
Ventral face of limb with 5–6 clusters of long setules. 
Two ejector hooks, one slightly bigger than other.

Limb II: exopodite as narrow elongated lobe with 
slender setae of 1/3 length of exopodite (Fig. 5H). In-
ner portion of limb (“endopodite”) with eight scraping 
spines, scrapers 1–5 long, increasing progressively in 
length distally, scrapers 6–8 short, subequal in length. 
Distal armature of gnathobase with four elements. Fil-
ter plate II with seven setae, the posteriormost member 
considerably shorter than others.

Limb III: epipodite oval, without projection 
(Fig. 5I). Exopodite with six setae, seta 3 being long-
est, length of seta 5 about 1/4 length of seta 3, other 
setae short. Distal endite with 3 setae and a small sen-
sillum (s1), distalmost and middle setae of the same 
size, slender and sharp, with denticles in distal part, 
basalmost seta short, with thin setules (Fig. 5J). Ba-
sal endite with 4 stiff, feathered in distal part setae, 
increasing in size in basal direction. Gnathobase not 
clearly separated from basal endite. Four soft setae in-
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Fig. 4. Alona circumfi mbriata Megard, 1967 from USA. A–L – females from Orange Lake, Marjorie Kinnan Rawlings Historic 
State Park, Alachua County, Florida: A – juvenile female of instar I, B – juvenile female of instar II, C–J – adult parthenogenetic 
female: C – lateral view, D – valve, E–F – posterioventral angle and posterior margin of valves, G – head shield, H–J – head pores, 
K–L – postabdomen; M–N – adult male from Martin-Oliver Channel, LaGrange County, Indiana, (permanent slide): M – lateral 
view, N – postabdomen. Scale bars denote 0.1 mm for A–D, G, M and D, 0.05 mm for F–E, H–J and K–L, N. 
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Fig. 5. Alona circumfi mbriata Megard, 1967 USA. A–N – adult parthenogenetic female from Orange Lake, Marjorie Kinnan Rawl-
ings Historic State Park, Alachua County, Florida: A–C – labrum, D – antennula, E – antenna, F – limb I in outer view, G – IDL and 
ODL of limb I, H – limb II, I – exopodite of limb III, J–K – inner portion of limb III, L – exopodite of limb IV, M – inner portion 
of limb IV (fi lter plate is omitted), N – limb V; O – adult male from Martin-Oliver Channel, LaGrange County, Indiana, details of 
limb I. Scale bar: 0.05 mm. 
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creasing in size basally, an elongated sensillum (s2) 
near the basalmost soft seta (Fig. 5K). Distal armature 
of gnathobase with 3 elements. The fi rst one an elon-
gated, narrowing distally sensillum (s3), the second 
geniculated seta, the third – short spine. Filter plate 
with seven setae.

Limb IV: epipodite oval, with small projection 
(Fig. 5 L). Exopodite rounded, with 6 long setae, seta 
3 being the longest. Setae 1–4 plumose, setae 5–6 na-
ked. Inner portion of limb IV with four hard setae and 
an elongated sensillum (s1) (Fig. 5M). Scraping seta 
long, slender, with denticles in distal part, 1st fl aming-
torch setae larger than two others. Three soft setae 
increasing in size basally. Gnathobase with a short 
2-segmented seta and a curved projection distally. Fil-
ter plate with fi ve setae.

Limb V (Fig. 5N): epipodite oval, with small pro-
jection. Exopodite not separated into two lobes, with 
four plumose setae, setae 1–3 subequal in length, 
seta 4 three times shorter. Inner limb portion as 
wide oval lobe, with long setules on the inner mar-
gin. At inner face, two setulated distally setae, the 
distal one 1.5 times longer than proximal. Filter plate 
absent.

Ephippial female. Unknown. 

Male. Only permanent slides were available for study, 
so information is not complete. General shape of adult 
male (Fig. 4M) similar to that of instar II juvenile 
female, body height/body length about 0.50–0.53. 
Ocellus of same size as in female. Postabdomen (Fig. 
4N) shorter than in female, in distal portion margins 
almost parallel, dorso-distal angle broadly rounded. 
Preanal angle not defi ned, postanal angle prominent. 
Distal part of postabdomen 1.25 times longer than pre-
anal. Sperm duct openings located almost at the end 
of postabdomen. Clusters of short setules in place of 
marginal denticles, lateral fascicles of setules same 
as in female. Postabdominal claw 2 times shorter and 
more robust than that of female, basal spine strongly 
curved, about half length of claw. 

Antennule shorter and broader than in female. 
Thoracic limb I with U-shaped copulatory hook, its 
free arm little longer than basal one (Fig. 5O). Row of 
14–16 characteristic short and broad setules with blunt 
ends on ventral face of limb under copulatory brush. 
1st IDL seta absent as in female, 2nd and 3rd setae of 
same length, 2–2.5 times shorter and thinner than in 
female, male seta 1.5 times longer than 2nd seta. 

Size: length of juvenile female of instar I 0.24–
0.26 mm, length of juvenile female of instar II 0.28–

0.31 mm, length of adult female 0.31–0.41 mm, length 
of adult male 0.29–0.3 mm. 
Distribution and ecology: From North Canada 
(Chengalath 1982) to North Mexico (Elías-Gutiérrez et 
al. 1997). According to Chengalath (1982), it is a eury-
biotic species, distributed in different types of lakes, 
including those with brackish water. An interesting 
feature of A. circumfi mbriata is its ability to inhabit 
streams. In Indiana it is one of four most common spe-
cies of Cladocera in such habitats (Vila 1989).
Taxonomic position: our data confi rm the opinion of 
Megard (1967), who placed this species into the rec-
tangula-group. Close affi nities between A. rectangula
and A. circumfi mbriata were also revealed by molec-
ular studies of both mitochondrial and nuclear DNA 
(Sacherova & Herbert 2003). The morphology of the 
limbs of A. circumfi mbriata leaves no doubts about the 
position of the species. 

The rectangula-group includes Palearctic species 
A. rectangula Sars, 1862, Pantropical A. monacantha
Sars, 1901 (both these taxa are quite polymorphic and 
could be a complex of related species), and African 
A. bukobensis. Main characters of the group include 
small to moderate size (up to 0.5 mm), IDL with only 
two setae, armed with strong setules, exopodite of 
limb III with six setae, lack of limb IV and fi lter plate 
V (see Frey 1988, Alonso 1996, Sinev 2004b). Also, 
all these species have three head pores, antenna armed 
with long spines, a short, moderately wide postabdo-
men with small denticles and moderately to well de-
veloped lateral setae. Frey (1988) suggested a close 
relationship between A. rectangula and A. weinecki
Studer, 1878, inhabiting subantarctic islands and also 
recorded on Easter Island. But he did not compare the 
thoracic limb morphology of these species. According 
to Dumont & Martens (1996), A. weineki from Easter 
Island has three setae on IDL and seven setae on ex-
podite III and so does not belong to the rectangula-
group. On the other hand, the body length of specimens 
of the Easter Island population studied by Dumont & 
Martens (1996) is signifi cantly smaller than that of 
the subantarctic populations studied by Frey (1988), 
so the identity of the Easter Island population with A.
weinecki s. str. is not confi rmed. 

According to our data, A. circumfi mbriata is es-
pecially close to A. monacantha, recently redescribed 
by Sinev (2004b). Both the outer and inner morphol-
ogy of these species is very close, the main difference 
between them is the armament of the posterioventral 
angle of valves. In A. monacantha it is armed with 1–3 
large denticles. The morphology of posterioventral 
angle can be very variable within the species. Speci-

eschweizerbartxxx author



70 Artem Y. Sinev

mens with and without denticles are recorded within 
the several species of Aloninae (Smirnov 1971, Sinev 
1997, 2004a), so from a modern point of view this dif-
ference alone is not suffi cient for a species separation. 
The study of thoracic limbs revealed another signifi -
cant character separating these species – the morphol-
ogy of exopodite III. Seta 4 is quite short, about 1/5 
length of seta 3, in A. circumfi mbriata, and is long, 
about 1/2 length of seta 3 and longer than seta 5, in A.
monacantha (see Sinev 2004b). Such distinction was 
observed in material from Lake Orange, where these 
two species coexist. 

Alona setulosa Megard, 1967 

Megard 1967: 44–47, fi gs 23–28, pl. I, fi gs 3a, b; Smirnov 1971: 
376, fi g. 443; Chengalath & Hann 1981: 386, fi gs 33–39. 
Type locality: a pond on the crest of Chuska Mountains, New 
Mexico, about 5 miles N of Washington Pass, U.S.A. 
Holotype: parthenogenetic female; British Museum (Nat. 
Hist.), London, 1966.3.21.7. 
Material studied: over 75 juvenile and parthenogenetic fe-
males, 2 adult males from Lake Sirena, Highlands County, 
Florida, USA, 05.03.1979, coll. D.G. Frey, NMNH, Frey’s col-
lection sample 5028. 

Parthenogenetic female. General: Color (after 
preservation) transparent to weak yellow-brown. In 
lateral view, body oval, of moderate height in adults, 
(body height/body length = 0.64–0.67) (Fig. 6D), low-
er in juveniles (Figs 6A–B), with maximum height at 
the middle of the body. In dorsal view, body strongly 
bilaterally compressed. Dorsal margin evenly curved, 
depression between head and rest of body absent. Pos-
teriodorsal and posterioventral angles broadly round-
ed. Posterior margin convex. Posterioventral angle 
with about hundred short setules not organized into 
groups (Fig. 6F). A row of about 80 setules along pos-
terior margin on inner side of carapace. Ventral margin 
straight, with about 35–45 setae (Fig. 6E). Anterioven-
tral angle rounded. Carapace without prominent sculp-
ture.

Head in lateral view appears narrow, rostrum short, 
protruding downwards. Ocellus two times smaller 
than eye. Distance from tip of rostrum to ocellus little 
larger than that between ocellus and eye. Head shield 
(Fig. 6G) usual for the genus shape, with maximum 
width behind mandibular articulation. Rostrum short 
and blunt. Posterior margin of head shield broadly 
rounded, with a notch at midline. 

Three major head pores, central one slightly small-
er than the others (Figs 6C, I–H). Connection between 
pores narrow, broken in several places. PP = 0.3–0.4 

IP. Lateral head pores located at about 1.2 IP distance 
from midline, at level of anterior pore. 

Labrum: distal labral plate without setulation. La-
bral keel of moderate width, width about 2/3 height 
(Figs 7C–D). Anterior margin convex, apex rounded 
or blunt, posterior margin convex, with two clusters of 
short setules.

Postabdomen short and wide, truncated (Figs 
7A–B, E), length about 2.2–2.4 height. Ventral mar-
gin straight. Distal margin straight, distal angle right, 
slightly rounded. Dorsal margin sinuous in preanal 
part, concave in anal part, and straight in postanal part. 
Distal part of dorsal margin 1.5 times longer than pre-
anal part, anal and preanal portions subequal in length. 
Preanal angle well-defi ned, postanal angle weakly de-
fi ned. Postabdomen provided with 6–8 small marginal 
denticles on postanal margin, most of them with ad-
ditional small denticle near base and with 5–6 clusters 
of marginal denticles and setules on anal margin. 5–6 
wide lateral fascicles of setules, with distalmost set-
ules longer than marginal denticles. Numerous smaller 
fascicles of short setules present in basal half of pos-
tanal part. Postabdominal claw weakly curved (Fig. 
7F), equal in length to preanal portion of postabdo-
men. Basal spine of moderate length, about 1/4 length 
of claw itself. 

Antenna I long and narrow (Fig. 6J), with length 
about 3 maximum width, with 3 transverse rows of short 
setules at anterior face. Antennular seta thin, of about 
half length of antenna I, arising at 2/3 distance from 
the base. Nine terminal aesthetascs of different length, 
longest of them of about half length of antenna I. 

Antenna II of moderate size (Fig. 6K). Anten-
nal formula, setae 0-0-3/1-1-3, spines 1-0-1/0-0-1. 
Branches with length of segment decreasing distally. 
Seta arising from basal segment of endopodite thin, 
reaching to the end of endopodite. Seta arising from 
middle segment of endopodite of same size with apical 
setae. Apical setae of both branches weakly differenti-
ated. Spine on basal segment of exopodite shorter than 
middle segment. Spines on apical segments of same 
length as segments bearing them. 

Thoracic limbs: fi ve pairs, limb VI absent. 
Limb I: epipodite oval, with short fi nger-like pro-

jection (Fig. 8A). Accessory seta very short, plumose, 
about 1/4 length of ODL seta. ODL seta without set-
ules (Fig. 8B). IDL with 3 setae and 4–5 clusters of 
setules on ventral face, 3rd seta longest, subequal to 
ODL seta, 2nd seta slightly shorter than 3rd, both setae 
robust, with strong setules in distal part. 1st IDL seta 
slender and sharp, three times shorter than 3rd. Endite 3 
with four setae subequal in length. Endite 2 with three 
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Fig. 6. Alona setulosa Megard, 1967 from Lake Sirena, Highlands County, Florida, USA. A – juvenile female of instar I, lateral 
view; B–C – juvenile female of instar II: B – lateral view, C – head pores; D–K – adult parthenogenetic female: D – lateral view, 
E – ventral margin of valves, F – posterioventral angle and posterior margin of valves, G – head shield, H–I – head pores, I – anten-
nula, K – antenna; L – adult male, lateral view. Scale bars: 0.1 mm for A–B, D, G, L and E, 0.05 mm for C, F, H–J. 
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setae setulated in distal part, longest of them longer 
than ODL seta. Endite 1 with two 2-segmented setae, 
both setulated in distal part, without a fl at plumose 
seta shifted to the limb base. Ventral face of limb with 
5–6 clusters of long setules. Two ejector hooks, one 
little larger than other. 

Limb II: exopodite narrow elongated lobe with 
slender setae of half length of exopodite f (Fig. 8C). In-
ner portion of limb (“endopodite”) with eight scraping 
spines, scrapers 1–5 long, increasing progressively in 
length distally, scrapers 6–8 short, subequal in length. 
Distal armature of gnathobase with four elements. Fil-
ter plate II with seven setae, the posteriormost member 
considerably shorter than others. 

Limb III: epipodite oval, without projection (Fig. 
8D). Exopodite with seven setae, seta 3 being longest, 
length of seta 6 about 1/3 length of seta 3, other se-
tae short. Distal endite with 3 setae, sensillum(s1) not 
found (Fig. 8E), distalmost and middle setae of same 
size, slender and sharp, with denticles in distal part, 
basalmost seta short, geniculated, with thin setules. 
Basal endite with 4 stiff, feathered in distal part setae, 
increasing in size in basal direction. Gnathobase not 
clearly separated from basal endite (Fig. 8F). Four soft 
setae increasing in size basally, an elongated sensil-
lum (s2) near the basalmost soft seta. Distal armature 
of gnathobase with 3 elements. The fi rst one an elon-
gated, narrowing distally sensillum (s3), the second 

Fig. 7. Alona setulosa Megard, 1967 from Lake Sirena, Highlands County, Florida, USA. A – juvenile female of instar I, postab-
domen; B – juvenile female of instar II, postabdomen; C–F – adult parthenogenetic female: C–D – labrum, E – postabdomen, F
– postabdominal claw; G–H – adult male, G – antennula, H – postabdomen. Scale bar: 0.05 mm. 
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Fig. 8. Alona setulosa Megard, 1967 from Lake Sirena, Highlands County, Florida, USA. A–I – adult parthenogenetic female: 
A – limb I in outer view, B – IDL and ODL of limb I, C – limb II, D – exopodite of limb III, E–F – inner portion of limb III, G – 
exopodite of limb IV, I–H – inner portion of limb IV, J – limb V; K–L – adult male, details of limb I. Scale bar: 0.05 mm.
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geniculated seta, the third – short spine. Filter plate 
with seven setae. 

Limb IV: epipodite oval, with fi nger-like projection 
two times shorter than exopodite itself (Fig. 8G). Ex-
opodite of irregular shape, with 6 long plumose setae, 
seta 3 being longest. plumose. Inner portion of limb IV 
with four hard setae and a bottle-shaped sensillum (s1) 
(Fig. 8H–I). Scraping seta long, slender, with denti-
cles in distal part, fl aming-torch setae of similar shape, 
decreasing in size basally. Three soft setae of same 
size. Gnathobase with a short 2-segmented seta and a 
curved projection distally. Filter plate with fi ve setae. 

Limb V (Fig. 8J): epipodite oval, with small pro-
jection. Exopodite not separated into two lobes, with 
four plumose setae, setae 1–3 subequal in length, seta 
4 three times shorter. Inner limb portion as wide oval 
lobe, with long setules on the inner margin. At inner 
face, two setulated distally setae, the distal one 1.5 
times longer than proximal. Filter plate absent. 

Ephippial female. Unknown. 

Male. General shape of adult male (Fig. 6L) similar 
to that of instar II juvenile female, body height/body 
length = 0.57–0.59. Ocellus signifi cantly larger than 
in female, but smaller than eye. Postabdomen (Fig. 
7H) short, narrowing distally, subrectangular in distal 
portion, dorso-distal angle broadly rounded. Preanal 
angle not defi ned, postanal angle well-defi ned. Dis-
tal part of postabdomens 1.3 times longer than pre-
anal. Sperm duct openings located almost at the end 
of postabdomen. Clusters of short setules in place of 
marginal denticles, lateral fascicles of setules same as 
in female. Postabdominal claw 1.5 times shorter and 
more robust that of female, basal spine of same size 
as in female. 

Antennule (Fig. 7G) shorter and broader than in 
female, with 12 terminal aesthetascs of similar length. 
Male seta arising at 1/4 length from tip, about 1/4 of 
antennule length. Thoracic limb I (Fig. 8K–L) with U-
shaped copulatory hook, its free arm little longer than 
basal one. Row of 14–17 short setules on ventral face 
of limb under copulatory brush. 1st IDL seta absent, 
2nd and 3rd setae subequal in length, 2 times shorter 
and thinner than in female, male seta of same size as 
2nd seta. 

Size: length of juvenile female of instar I 0.26–
0.29 mm, length of juvenile female of instar II 0.31–
0.34 mm, length of adult female 0.33–0.44 mm, length 
of adult male 0.29–0.32 mm. 
Distribution and ecology: From North Canada 
(Chengalath 1982) to North Mexico (Elías-Gutiérrez 

et al. 1997). According to Chengalath (1982), it is a 
eurybiotic species, distributed in different types of 
lakes, which can inhabit brackish waters, like A. cir-
cumfi mbriata.
Taxonomic position: Frey (1982, 1986) stated that 
A. setulosa, together with A. circumfi mbriata, substi-
tute A. rectangula in North America, so close relation-
ship between these species was expected. However, 
the present study reveals that A. setulosa, having three 
IDL setae and exopodite III with seven setae, clearly 
does not belong to the rectangula-group. On the other 
hand, Megard (1967) stated that “Alona setulosa ap-
pears to be most closely related to A. pulchella King, 
1853”. The analysis of the morphology reveals addi-
tional similarities between A. setulosa and species of 
pulchella-group, confi rming Megard’s (1967) opinion, 
but the relationship appears not as close as he sug-
gested. The pulchella-group, recently revised by Sinev 
(2001a,c, 2002a,b), includes three closely related spe-
cies: Australian A. pulchella King, 1853, American A.
glabra Sars, 1901, and A. cambouei Guerne & Rich-
ard, 1893, inhabiting subtropical and tropical Eurasia 
and Africa. In addition, there are two more distinctive 
species – Australian A. archeri Sars, 1988 and Central 
American A. bromelicola Smirnov, 1988. North Euro-
pean A. karelica Stenroos, 1987 also may be a possible 
member of the group (Sinev 2001a), but this species is 
not yet fully studied, and its position remains unclear. 
Common features between these species and A. setu-
losa include: 

Exopodite IV with plumose setae 5–6. These se-
tae are characteristic to the pulchella-group (Sinev 
2001a). In most species of the genus, those seta are 
thin, naked or with short setules (for comparison, see 
Figs 3K, 5L). The proportions of setae in A. setulosa
and species of the pulchella-group are quite similar – 
setae 1–3 are long, setae 4–6 are signifi cantly shorter, 
seta 5 always longer than setae 4 and 6. 

Morphology of exopodite III. The shape, morphol-
ogy and proportions of setae of exopodite III of A.
setulosa is very similar to these of A. cambouei and A.
glabra (see Sinev 2001a, c), the geniculated seta 4 is 
especially characteristic. 

Postabdomen of the pulchella-group species is 
armed with long, broad lateral fascicles of setules and 
moderately developed, decreasing basally in size of 
the marginal denticles, the same armament is present 
in A. setulosa.

It should be noted that one of the species of the 
pulchella-group, A. cambouei, lacks connections be-
tween major head pores, and broken connections, 
present in A. setulosa, can be interpreted as intermedi-
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ate between connected and disconnected pores. Also, 
both A. setulosa and species of the pulchella-group
have three IDL setae, endite 1 of limb I lacking fl at 
seta pointed to the limb base, posterioventral angle of 
valves with numerous short setules not organized into 
groups, short, semirectangular male’s postabdomen, 
lack of fi lter plate and limb VI, but these characters are 
present in many other species of the genus. 

On the other hand, A. setulosa differs from species 
of pulchella-group by several characters. Species of 
the group have a long, narrow postabdomen with paral-
lel margins and prominent, acute distal angle, while A.
setulosa has a more wide, narrowing distally, postab-
domen with right distal angle. The labral keel of A.
setulosa bears two clusters of setules on the posterior 
margin, such clusters are present in costata, affi nis and 
guttata-groups, but are absent in the pulchella-group.
The second and third IDL setae of A. setulosa are sig-
nifi cantly thicker and more robust than these of the 
pulchella-group, and armed with more coarse setules. 
It can be concluded that while the affi nities between 
A. setulosa and pulchella-group are numerous, the 
abovementioned differences do not allow placement 
of A. setulosa within the group. In my opinion, the nu-
merous connections between the pulchella-group and 
A. setulosa confi rm it position as a “true” member of 
the genus Alona, in spite of its unique structure of head 
pores.

Conclusion

According to Sinev et al. (2005a) the genus Alona
consists of three unequal portions. The main portion, 
“Alona s. str.”, includes fi ve so-called “core” groups – 
affi nis, costata, guttata, pulchella, and rectangula, and 
several well-known Holarctic species, like A. quad-
rangularis and A. intermedia. All these species share 
numerous common features and form a more or less 
consistent groups of true congeners. The second por-
tion includes several groups of species, such as her-
cegovinae, phreatica, and verrucosa, which are mark-
edly different from “core” groups and from each other 
and are placed within the group artifi cially. Due the re-
cent activity of taxonomists (Dumont & Silva-Briano 
2000, Sinev 2004a, Sinev et al. 2005b, Van Damme 
et al. 2003), this portion dwindles rapidly, and mem-
bers of the genus Alona are now translocated to new or 
already existing genera. The third portion consists of 
so-called “marginal” species, which have no clear af-
fi nities to any other species of the genus and are mark-
edly different from all “core” species. These species 

are either poorly studied or allocated to the genus just 
because they did not fi t any other genus of Aloninae, 
which all are much more defi ned than poorly defi ned, 
rapidly expanding Alona. Examples of such species 
are A. macrocopa and A. dentifera.

This study confi rms the position of all three studied 
species within the “core” portion of the genus. A. bi-
color and A. circumfi mbriata belong to “core” groups, 
and A. setulosa demonstrates clear affi nities with 
pulchella-group and shows no outstanding features 
which contradict its position within the genus. Three 
other North American endemics – A. barbulata Meg-
ard 1967, A. lapidicopa Chengalath & Hann, 1981, 
Alona borealis Chengalath & Hann, 1981 are not com-
pletely studied, but they also appear to be “typical” 
species of Alona.

With half of the American endemics revised, it be-
comes possible to speculate on the zoogeography of 
Alona s. str. and related groups. All “core” groups of 
Alona appear to have very wide distributions. Four of 
them – affi nis, costata, rectangula, and guttata are cos-
mopolitan, being present on all continents, including 
cold and temperate regions of Eurasia and North Amer-
ica. Several more species of the “core” portion, includ-
ing A. quadrangularis, A. intermedia and A. setulosa,
are also present in these regions. The pulchella-group
in its present composition (as defi ned by Sinev 2002a, 
b) is one which includes only tropical and subtropical 
species, but there is a possibility that poorly-studied 
North European species A. karelica Stenroos, 1895 
is also a member of the pulchella-group. In contrast, 
groups which were placed within the genus artifi cially, 
are distributed either only in tropical and subtropical 
regions, or inhabit limited areas. The fi rst includes the 
karua-group (now the genus Karualona), diaphana-
group (now part of genus Leberis) and verrucosa-
groups. The second includes the macrocopa-group
(now the genus Armatalona), distributed in Australia 
and New Zealand, the phreatica-group, distributed in 
Europe and Lake Baikal, and the hercegovinae-group,
known from the caves of the Balkan Peninsula. All 
“marginal” species are also known from subtropical 
and tropical regions. 
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