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apstrace The freshwater halacarid genus Limnohalacarus is spread world-wide and includes
slightly more than a dozen named species. In the course of studies of Limnohalacarus
doubt appeared about the correct status of some of the species. Of all species diag-
noses are given, prepared with help of the original and supplementary descriptions.
On the basis of material from Madagascar and an aquarium in Germany, three species
are described, two of which, Limnohalacarus dentatus and L. novus, are new to science.
A parsimony analysis reveals the existence of distinct lineages but also confirms the
presumption of synonyms. With help of additional external characters, the status of
each Limnohalacarus species is evaluated. One of the species from Madagascar, as well
as L. kakinadus CHATTERJEE & CHANG, 2005 proved to be conspecific with L. cultellatus
VIeTs, 1940. The morphological differences between L. australis BArRTscH, 1999, L. ino-
pinatus FAIN & LAMBRECHTS, 1987 and L. cultellatus are small and the two first-men-
tioned species may merely be ecotypes of L. cultellatus. Limnohalacarus billabongis
BARTSCH, 1999 is a junior synonym of L. mamillatus FAIN & LAMBRECHTS, 1987. The spe-
cies once described as Soldanellonyx marlieri BAper is moved to Limnohalacarus;

assumedly it is synonymous with L. portmanni BADER.
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Introduction

Halacaridae, from Greek, halos = sea and acari = mite, are primarily marine, but about
50 species are found in continental and coastal fresh or slightly saline waters. Limno-
halacarus is one of the freshwater genera. It includes the 13 species mentioned in
BartscH (2009) and L. marlieri (BADER, 1968) which has to be moved to Limnohala-
carus (see below). Five of the 14 species have records from Africa, four from the
Palaearctic region, two from Australia, and a single species each from India, Java and
America. The species from Africa are L. africanus WALTER, 1935, L. fontinalis WALTER
& BADER, 1952, L. major BADER, 1968, L. marlieri (BADER, 1968), and L. portmanni BADER,
1967, those from Europe and Siberia are L. wackeri (WALTER, 1914) and L. cultellatus
(BARTSCH 2009; ZANKAI 2005; ToLsTIKOV et al. 2005) as well as L. inopinatus and L.
mamillatus. The two latter species are from aquaria in Belgium (FAIN & LAMBRECHTS
1987). Limnohalacarus lanae GREEN, 1976 and L. kakinadus are known from the Orien-
tal Region (GREEN 1976; CHATTERJEE & CHANG 2005), L. australis BaArTscH, 1999 and L.
billabongis from Australia (BartscH 1999) and L. cultellatus from both North and
South America (BARTscH 2011b).

Recently, BArRTscH (2011b) raised doubt about the correct status of named Limno-
halacarus species. This paper presents diagnoses of all Limnohalacarus species and
descriptions of two species from Madagascar and a species from an aquarium in Ger-
many. Similar and distinguishing characters are outlined and supplemented with a

cladistic analysis of relationships within the genus.

Material and methods

The diagnoses of the species are prepared with help of original and supplementary
descriptions; in addition slides have been studied of species housed in the Natural His-
tory Museum in Basel (NMB). Two of the species described are from Madagascar,
achieved by digging pits into the sandy deposits at the bank of small streams and
creeks and filtering the seeped water (Karaman-Chappuis Method). Collectors are Drs
R. Gereckk and T. GoLpscHMIDT. A third species from a freshwater aquarium, depos-
ited in the Zoological Museum in Hamburg, was collected by Dr. D.L. BURKEL. Deposi-
tory of the holotypes, paratypes and/or voucher specimens of the three species
described is the Zoological Museum, Hamburg (ZMH).

Abbreviations used in the descriptions are: AD, anterior dorsal plate; AE, anterior
epimeral plate; AP, anal plate; ds-1 to ds-6, first to sixth pair of dorsal idiosomatic
setae; GA, genitoanal plate; gac, genital acetabula; glp-1 to glp-5, first to fifth pair of
gland pores, from anterior to posterior; GO, genital opening; GP, genital plate; mxs-2,

apical pair of maxillary setae; OC, ocular plate(s); P-2 to P-4, second to fourth palpal
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segment; pas, parambulacral seta(e); PD, posterior dorsal plate; PE, posterior epimeral
plate(s); pgs, perigenital setae; sgs, subgenital seta(e). The legs, their segments and
claws are numbered I to IV, the leg segments 1 to 6 are trochanter, basifemur, telofe-
mur, genu, tibia, and tarsus. Rare numbers of setae are in parentheses. Data presented
with a question mark (?) are in need of verification.

The parsimony analysis is based on 27 external morphological characters of adult
specimens, treated as unordered and including both binary and multistate characters.
PHYLIP version 3.6. (Phylogeny Inference Package) (FELSENSTEIN 2005) is used in the
analysis and TREEVIEW (PAack 1996) for illustrating the results.

Systematics

Family Halacaridae Murray, 1877

Genus Limnohalacarus WALTER, 1917
Halacarus wackeri WALTER, 1914.

Adults: Dorsum with AD, pair of OC and PD; OC often fused with a gland pore-bearing
sclerite. Dorsum with (two?) three or four (five?) pairs of very short dorsal setae and
five pairs of gland pores. Pair of ds-3 absent, ds-2 either present or absent, ds-6 (adanal
setae) on anal plate in ventromarginal position. Pair of glp-1 in anterior margin of AD,
glp-2 marginally between AE and PE, glp-3 either on separate sclerite or within elon-
gate OC, glp-4 and glp-5 in striated integument lateral to PD. Pair of canaliculi in ante-
rior part of OC. Ventral plates AE, pair of PE, GP, and AP either separated or joined to
a shield. AE with three pairs of setae, PE with a dorsal, lateral and ventral seta. Genital
acetabula arranged along lateral margins of GP (or part corresponding to GP); several
of acetabula anterior to the level of GO. Females with 3—10 pairs of pgs, males with lar-
ger number of pgs. Female GO near posterior margin of GP and covered by large geni-
tal sclerites. Male GO smaller and in ventral position. Anal sclerites very small. Base of
gnathosoma wide, rostrum conical. Palps four-segmented, attached dorsally. Apical
pair of maxillary setae (mxs-2) in dorsal position. Rostral setae papilliform. P-2 with
short basal spur and long distal seta. P-3 with large ventral spine, P-4 with six setae
and a spine. Leg segments slender, in general bearing conspicuously long, slender
setae. Genua I and II shorter than these legs’ telofemora. Tibia III with four ventral
setae, (one or) two of them bipectinate. Tarsi I to IV with pair of basal lamellae which
may be fused to a ventral knob, tarsi with 1, o, 0, o ventral, 4, 4, 4, 3 dorsal setae and
pairs of slender pas. Tarsi I to III with solenidia in dorsolateral position. Paired claws
of tarsi with pectines. Arrangement and size of tines on claw I different from those on

claws of following tarsi.
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Except for Antarctica, the genus in spread on all continents (BARTSCH 2009). Apart
from fresh water habitats, where Limnohalacarus lives amongst the vegetation and
sediment but also has been extracted from gill chambers of crayfish, there are records
from coastal and inland saline waters, and from fish aquaria (Viers 1927, 1940, PET-
ROVA 1966, FAIN & LAMBRECHTS 1987, CHATTERJEE & CHANG 2005). Limnohalacarus spe-
cies run through a larval and two nymphal stages (protonymph, deutonymph) during
the development. Females attach the eggs to the basis of tibia IV (VIETs 1940; BARTsCH
2011b). The idiosoma of adults often contains an ovoid, stratified body consisting of

accumulated excretory material.

Diagnoses of the Limnohalacarus species

Despite the vague descriptions of several of the species, diagnoses of all presently
described species are summarized in order to use these data for the identification of
species (Table 3) and their phylogenetic relationships (Table 2). Also included is a diag-
nosis of a species collected on a beach on Moreton Island, off Brisbane, Queensland,

Australia.

Limnohalacarus africanus WALTER, 1935

Female (according to WALTER 1935; GREEN 1984; re-examination of the type (NMB)):
Length of idiosoma 330 pum. Dorsal plates uniformly reticulated. AD slightly wider
than long (1.1 times), its length:width ratio 0.9. OC separated from slender triangular
sclerite with gland pore; OC slightly oblong, 1.1 times longer than wide, bearing a cor-
nea (not illustrated in WALTER 1935: fig. 1). PD 1.8 times longer than wide and 3.1
times longer than AD. A pair of dorsal setae in striated integument between AD and
OC, two pairs on PD. Ventral plates separated. GP with 8-12 pairs of gac, arranged
along lateral margins, and three pairs of pgs; each genital sclerite with two sgs.
Gnathosoma 1.4 times longer than wide. Rostrum elongate. P-2 highest in its basal
third, rectangular in lateral aspect, followed by a straight dorsal margin. Number and
shape of setae on legs not described. Claws with about 12 tines, basalmost two or three
tines slightly larger than the others. Claws II to IV apically with minute accessory pro-
cess, basally with lamellar process.
Male: Not known.

According to WALTER (1935: fig. 1), there are two pairs of dorsal idiosomatic setae on
the PD. Together with the pairs of setae in the anterior part of the AD, in the striated
integument between the AD and OC, and on the anal sclerites there are five pairs of
dorsal setae. The presence of two pairs of setae on the PD, and hence five pairs in all,
is unusual within the genus Limnohalacarus.

The water mite collection of the NMB houses two slides labelled ‘Typus’. One of the
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Morphological characters and their states used in the parsimony analysis

Gland pore 2: (0) on separate sclerite; (1) included in OC.

Pair of ds-2: (0) present; (1) absent.

Pair of ds-3: (0) present; (1) absent.

Ventral plates: (0) separated; (1) fused.

GO of female and male: (0) subequal in size and arrangement; (1) female GO large, male GO much smaller and in ventral position.

Female GO: (0) in ventral position; (1) in posterior position, genital sclerites adjacent to anal cone.

Arrangement of acetabula on female genital plate: (0) posterolateral to genital opening; (1) along lateral margins of genital plate.

Number of pairs of perigenital setae on female genital plate: (0) 3-4 setae; (1) 5 or more setae.

Number of pairs of subgenital setae on female genital sclerites: (0) 0-1; (1) 2 or more.

Size of anal sclerites: (0) almost as large as female genital sclerites; (1) much smaller than female genital sclerites.

Gnathosoma, length:width ratio: (0) 1.0-1.2; (1) 1.3-1.7.

Size of dorsal pair of maxillary setae (mxs-2): (0) slender; (1) wide.

Shape of P-2 in lateral aspect: (0) dorsal margin arched; (1) rectangular, i.e. basally abruptly widened, then in about 90° angle turning
into almost straight dorsal margin.

Setae on P-2: (0) similar-sized; (1) basal seta less than half the length of apical seta.

Basis of tarsus I: (0) ventral margin smooth; (1) ventral margin with basal knob or pair of spiniform lamellae.

Number of setae on trochanter IV: (0) 0; (1) 1.

Number of setae on basifemur I: (0) 3; (1) 4.

Number of setae on basifemur II: (0) 3; (1) 4.

Number of setae on basifemur IV: (0) 1; (1) 2 or more.

Number of setae on genu III: (0) 3; (1) 4 or more.

Tibia I, number of pectinate or spiniform ventral setae: (0) 0; (1) 1; (2) 2 or more.

Tibia III, number and shape of ventral setae: (0) 2 similar-sized setae; (1) 3 similar-sized setae; (2) 4 ventral setae, 2 of setae slender
and smooth, (1-)2 wide, distinctly bipectinate setae.

Tibia IV, number of pectinate (barbed) or spiniform ventral setae: (0) 0; (1) 1; (2) 2 or more.

Parambulacral setae on tarsus I (and II): (0) pair of singlets; (1) one or both pas doubled.

Parambulacral setae on tarsus IV: (0) lateral and medial pas setiform; (1) lateral pas wide, spiniform or flattened, medial pas setiform
(single or doubled).

Pectines of claws on tarsus I: (0) with numerous tines longer and more slender than on tarsus III; (1) tines in umbrella-shaped arrange-
ment and larger than on following tarsi; (2) pecten short, with delicate apical tines and a few ones on a lamellar process near basis of
claw.

Shaft of claws IIT and IV: (0) without lamellar process; (1) with lamellar basal process.

Morphological characters (according to Table 1) and their states in Soldanellonyx and
Limnohalacarus species. The characters of Limnohalacarus cultellatus from America
(cultellatus (Am)) and Madagascar (cultellatus (Mad)) are listed separately.

Rare variants are in parentheses (), doubtful character states marked with a ques-
tion mark (?) and unknown with an m-dash ().

Abbreviations: gac, acetabula; GO, genital opening; GP, genital plate; mxs-2, apical
pair of maxillary setae; OC, ocular plate; P-2, second palpal segment; pas, parambula-
cral setae; pgs, perigenital setae; sgs, subgenital setae. I-2, I-5, trochanter and tibia of
leg I; II-2, basifemur of leg II; I1I-4, III-5, genu and tibia of leg III; IV-1, IV-2, IV-5, tro-

chanter, basifemur and tibia of leg I'V.
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slides contains a damaged idiosoma with two legs (leg I and II), the other idiosoma
and legs of a deutonymph. Both specimens are in a poor condition, the integument is
overcleared and idiosoma and legs are covered with dark particles (drawing ink?). As
described by WALTER (1935), the claws (of the deutonymph) have numerous tines. The
tines on claw I are longer than on the following tarsi; claws II to IV bear lamellar ven-
tral processes. The telofemora are described to be rather plump (WAaLTER 1935, p.15:
‘plumper gebaut als bei L wackeri’); the length:height ratio of the deutonymphal telofe-
mur I is 1.9. In halacarids this ratio may change (increase) from the juvenile to the
adult stage (cf. BARTscH 20074, 2011a). The tarsi bear delicate spiniform basal lamellae;

tarsi I and II doubled pas, tarsi I1I and IV setiform pas.

Africa, Cameroon, Burkina Faso, South Sudan; lakes and wells (WALTER 1935; GREEN

1984; GREEN et al. 1974).

Limnohalacarus australis BARTSCH, 1999

Female (according to BArRTscH 1999): Length 288 pum. Surface of dorsal plates reticu-
lated. AD rectangular, 1.2 times longer than wide. OC 1.1-1.2 times longer than wide;
separated from triangular sclerite with gland pore. Neither cornea nor eye pigment
present. PD 1.9 times longer than wide and 2.3 times longer than AD. With pair of ds-2
between AD and OC, in all with four pairs of dorsal setae. AE, PE and GA separated.
GP with three pairs of pgs and eight to nine pairs of gac along its lateral margins. Each
genital sclerite with two sgs. Gnathosoma 1.6 times longer than wide; rostrum slender.
Both pairs of maxillary setae slender. Distance between posterior margins of pharyn-
geal plate and gnathosomal base more than half the length of pharyngeal plate. Basal
part of P-2 rapidly enlarged, highest in segment's basal third, in lateral aspect rectan-
gular and with straight dorsal margin. Telofemur I 1.8 times longer than wide. Tarsi
basally with pair of spiniform lamellae. Trochanters and basifemora I to IV with 1, 1,
1, 1 and 4, 3, 2, 1 setae, respectively. Genu III with four setae. Tibiae I to IV with 7, 6,
7, 6 setae, tibia I and II each with a bipectinate ventromedial seta, tibia III with two of
four ventral setae bipectinate; all ventral setae on tibia IV slender. All tarsi with pair
of pas singlets. Claws on tarsus I slender, with lamellar basal process; apex of claw
with two to three tines. Claws on tarsi II to IV somewhat more robust than on tarsus
I; claws with lamellar basal process and 10-12 tines extending along accessory process
and shaft of claws.

Male: Not known.

Australia, Western Australia; ground water (BARTSCH 1999).
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Limnohalacarus billabongis BARTscH, 1999

Female (according to BARTSCH 1999): Length 297-342 pum. Dorsal plates delicately reti-
culated. OC with spots of eye pigment. AD slightly wider than long (1.1 times)
(length:width ratio 0.9). OC elongate, 1.8 times longer than wide and including sclerite
with gland pore; delicate cornea near anterior part of OC. PD 1.8 times longer than
wide and 2.8 times longer than AD. Pair of ds-2 lacking. Ventral plates fused to ventral
shield. Area representing GP with three pairs of pgs and five to eight pairs of gac. Gen-
ital sclerites with single pair of sgs. Gnathosoma 1.1 times longer than wide; rostrum
short. Pharyngeal plate in middle of gnathosomal base, distance between their poste-
rior margins less than half the length of pharyngeal plate. Dorsal pair of maxillary
setae wide. Arched dorsal margin of P-2 with slight depression between dorsal setae.
Telofemur I slender, 2.5 times longer than wide. Tarsi with pairs of spiniform lamellae
near their bases. Trochanters and basifemora I to IV with 1, 1, 1, 0 and 4, 4, 2, 1 setae,
respectively. Genu III with four setae. Tibiae I to IV with 9, 7, 7, 6 setae. On tibia III
two of ventral setae slender and smooth, two spiniform and bipectinate, on tibiae I, II
and IV all setae slender though seta on tibia II delicately barbed. Tarsi I and II each
with pair of pas doublets, tarsi III and IV with singlets. Claws on tarsus I with numer-
ous long tines, tines on following claws shorter than on tarsus I and claws with lamel-
lar basal process.

Male: Not known.

Australia, New Territory; inland fresh water (BarTtscu 1999). The individuals recorded
from Queensland (Bartscu 2008b) do not belong to L. billabongis, they lack the ventro-

basal seta on tibia I. A diagnosis of that species (Limnohalacarus sp.) is given below.

Morphological characters of Limnohalacarus species. Specimens of L. cultellatus from
America (cultellatus (Am)) and Madagascar (cultellatus (Mad)) are listed separately.

Rare variants are in parentheses (), characters in need of verification marked with a
question mark (?) and unknown characters with an m-dash (-).

Abbreviations: abs, absent; AD, anterior dorsal plate; arch, arched; doub, doubled;
ds-2, second dorsal seta; incl, included; OC, ocular plate; P-2, second palpal segment;
PD, posterior dorsal plate; pres, present; rect, rectangular; remov, removed; sep, sepa-
rate; sing, single; slen, slender. I-3, I-5, I-6, telofemur, tibia and tarsus of leg I; II-2, II-
5, basifemur and tibia of leg II; I11-6, tarsus of leg III; IV-1, IV-5, IV-6, trochanter, tibia
and tarsus of leg IV.
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Limnohalacarus capernaumi PETROVA, 1966

Adults (according to PETROvA 1966): Length of both female and male 360 pm. Dorsal
plates reticulated. AD 0.8-0.9 times longer than wide. Anterior margin truncate. OC
0.7-0.9 times longer than wide; no cornea mentioned. OC separated from wide poster-
ior sclerite with gland pore. PD 1.7-2.0 times longer than wide and 3.0-3.1 times
longer than AD. With pair of ds-2 between AD and OC. Ventral plates separated.
Female GP with five pairs of pgs and four pairs of sgs, male GA with about 8o pgs and
three pairs of sgs. Both female and male with five pairs of gac. Gnathosoma 1.2 times
longer than wide; rostrum short. Dorsal pair of maxillary setae wider than ventral
pair. Pharyngeal plate extending towards basal margin of gnathosoma, distance to
margin less than half the length of pharyngeal plate. Dorsal margin of P-2 arched. Telo-
femur I 2.3 times longer than wide. Ventral margin of tarsi with distinct basal knob.
Trochanters and basifemora I to IV with 1, 1, 1, 0 and 4, 4, 2, 1 setae, respectively.
Genu III with four setae. Tibiae I and II with eight and seven slender, smooth setae,
respectively. All ventral setae on tibia I slender, one of setae in basal position. Tibiae
IIT and IV with seven setae each; two of ventral setae on tibia III short, coarsely bipec-
tinate, two long and slender; one seta on tibia IV bipectinate. Tarsus I with pair of pas
doublets, tarsi III and IV with setiform singlets. Claws of all tarsi with long and slen-
der tines but no lamellar basal process; tines on claw I longer than those of following

tarsi.

Israel; hot brackish water springs near Lake Tiberias (PETROVA 1966).

Limnohalacarus cultellatus Viets, 1940

Female (according to VIETS 1940; BAaRTSCH 2011b): Length 272-325 pum. Dorsal plates
reticulated, except for smooth anteriormost part of AD. Length:width ratio of AD and
OC 1.0-1.2 and 1.1, respectively. OC not joined with narrow triangular sclerite with
gland pore; plate without distinct cornea. PD 1.9—2.1 times longer than wide and 2.5
times longer than AD. Pair of ds-2 minute, present between AD and OC. Ventral plates
separated. GP with four to nine pairs of gac, three, rarely four pairs of pgs and two
pairs of sgs. Gnathosoma 1.5 times longer than wide; rostrum slender. Both pairs of
maxillary setae slender. Pharyngeal plate removed from margin of gnathosomal base
by more than half its length. P-2 basally abruptly widened, in lateral aspect rectangular
and with straight dorsal margin. Telofemur I 1.6 times longer than wide. Tarsi with
spiniform lamellae near their bases. Trochanters I to IV with 1, 1, 1, 1 setae, basife-
mora with 4, 3, 2, 1 setae, genu IIT with four setae, and tibiae I to IV with 7, 6, 7, 6
setae. On tibiae I to III 1, 1, 2 of setae pectinate, on tibia IV all setae slender. Tibiae 111
and IV with four and three ventral setae, respectively. All tarsi with pairs of pas sing-

lets. Claws on tarsus I slender, claws with lamellar basal process and delicate apical



Distribution

Diagnosis

Fig.1

The freshwater halacarid genus Limnohalacarus (Acari: Halacaridae), diagnoses, distribution and relationships

tines. Claws of tarsi II to IV with series of tines from apical accessory process to basal
process.

Male: Not known.

North, Central and South America, Europe (Hungary) (BarRTscH 2011b; ZANKAI 2005).

Surface water (lakes, ditches) and wells.

Limnohalacarus fontinalis WALTER & BADER, 1952 (Fig.1a)

Adults (according to WALTER & BADER 1952; BADER 1968; re-examination of the types
(NMB)): Length of females 310-370 um, of males 330-365 pm. Dorsum without
marked pigment spots. Dorsal plates uniformly reticulated. AD with small frontal pro-
cess, outline of plate almost hexagonal, slightly wider than long (1.1 times), its
length:width ratio 0.9. OC elongate, 1.4-1.7 times longer than wide and including
sclerite with gland pore. PD 1.7-1.8 times longer than wide and 2.9—3.2 times longer

than AD. All ventral plates fused to a shield. Female GP with at least six pairs of gac

Limnohalacarus fontinalis WALTER & BADER, 1952 and Limnohalacarus cultellatus Viets, 1940, a. L. fontinalis
female, claw of tarsus III, lateral; b-i. L. cultellatus, female, b. idiosoma, dorsal; c. idiosoma, ventral; d.
gnathosoma, ventrolateral; e. palp, lateral; f. leg I, medial; g. leg 11, medial; h. leg III, medial; i. leg IV, med-
ial. (Scale = 50 pm) (ds-2, second dorsal seta; ph, pharyngeal plate; vkn, ventral knob.)
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and three (?) to six (?) pairs of pgs; its genital sclerites with four pairs of sgs. Male GA
with five to seven gac and about 17 pgs on either side. Gnathosoma 1.1 times longer
than wide; rostrum short. Pharyngeal plate in middle of gnathosomal base. Dorsal pair
of maxillary setae wide. P-2 in lateral aspect evenly arched. Telofemur I 2.0 (2.57)
times longer than high. Trochanters and basifemora I to IV with 1, 1, 1,0and 4, 4, 2, 1
setae, respectively. Genu III with four (five?) setae. Tibiae I to IV with 8 (6?), 7 (5?), 7
(57), 6 setae. Ventromedial setae of tibia III spiniform and bipectinate, ventrolateral
setae smooth and slender; ventral setae on tibiae I and IV slender. Tarsi I and II with
pair of pas doublets (singlets?). Claws on leg I with numerous long tines, claws on fol-

lowing tarsi with shorter tines and lamellar basal process.

The four females and one male of the type series (NMB) are somewhat smaller than
described, the idiosoma of females 310-334 um in length, that of the male 330 pm,
instead of 370 um and 365 pm, respectively. There are at least six pairs of gac on the
female GP (instead of five), but the number of pgs seems to be restricted to three pairs
(instead of six pairs) (integument overcleared, hence pgs hardly recognizable). The
pharyngeal plate extends almost to the posterior margin of the gnathosomal base.
Telofemur I is less slender, length:height ratio 2.0 (instead of 2.5). Tibiae I to III bear
8, 7, 7 setae (instead of 6, 5, 5 setae), genu III four setae. One of the ventral setae on
tibia II is pectinate and both ventromedial setae on tibia III are wide and distinctly
bipectinate; the ventromedial seta on tibia I is rather wide. The tarsi bear pairs of
basal lamellae, tarsi I and II pas doublets (instead of singlets), tarsi IIT and IV setiform
singlets. The tines on the claws III and IV are very stout, the lamellar ventral process

long (Fig.1a).

Africa, Kenya, South Sudan; lake and brackish water well (WALTER & BADER 1952;

GREEN 1984).

Limnohalacarus inopinatus FAIN & LAMBRECHTS, 1987

Female (according to FAIN & LaMBRECHTs 1987): Length 285-308 pm. Dorsal plates
reticulated. AD rectangular, about as long as wide. OC sub-circular, 0.9-1.1 times
longer than wide (according to FAIN & LAMBRECHTs 1987: p.113 and fig. 13), separated
from sclerite with gland pore. Cornea lacking. PD 1.6 times longer than wide and 2.5
times longer than AD. Pair of ds-2 in striated integument between AD and OC. AE, PE
and GA separated. GP with seven pairs of gac and three pairs of pgs, each genital scle-
rite with two sgs. Gnathosoma 1.4 times longer than wide. P-2 highest in its basal
third, rectangular in lateral aspect, with straight dorsal margin. Dorsal pair of maxil-
lary setae slender. Trochanters and basifemora I to IV with 1, 1, 1, 1 and 4, 3, 2, 1
setae, respectively. Genu III with four setae. Tibiae I to IV with 67, 6, 7, 6 setae. Tibia

I and II each with a bipectinate seta, tibia III with four ventral setae, two smooth and
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two bipectinate, tibia IV with pectinate (barbed) seta. Tarsi with ventral knob and all
tarsi with pairs of pas singlets. Claws on tarsus I more slender than claws on following
legs, apex of claw with four to six tines, basis of claw with lamellar ventral process.
Claws on tarsi II to IV with accessory process, tines of pectines extending from apical
accessory process to lamellar basal process.

Male: Not known.

Europe, aquaria in Belgium (Fain & LAMBRECHTs 1987); area of origin not known.

Limnohalacarus kakinadus CHATTERJEE & CHANG, 2005

Female (according to CHATTERJEE & CHANG 2005): Length 277-285 um. Dorsal plates
with reticulate ornamentation. AD 1.1 times longer than wide. OC circular to ovate,
1.0-1.1 times longer than wide, separated from sclerite with gland pore; without cor-
nea. PD 1.7-1.9 times longer than wide and 2.5 times longer than AD. Pair of ds-2 in
striated integument between AD and OC. AE, PE and GP separated. GP with three
pairs of pgs and four to five pairs of gac arranged along lateral margins of plate; each
genital sclerite with two, rarely one, sgs. Gnathosoma 1.4 times longer than wide; ros-
trum slender. Pharyngeal plate removed from margin of gnathosomal base by more
than half the length of pharyngeal plate. Both pairs of maxillary setae slender. Basal
part of P-2 enlarged, dorsal margin of P-2 straight. Telofemur I 1.6 times longer than
wide. Tarsi with ventral knob near their bases. Trochanters I to IV with 1, 1, 1, 1 setae,
basifemora with 4, 3, 2, 1 setae. Genu III with four setae. Tibiae I to IV with 7, 6, 7, 6
setae; tibiae I and II each with a bipectinate ventromedial seta; tibia III ventrally with
two bipectinate and two smooth setae; all ventral setae on tibia IV slender. All tarsi
with pairs of pas singlets. Claws on tarsus I slender, with basal process and approxi-
mately eight tines in apical third of claw. Pectines of claws II to IV with 10-13 tines
extending from accessory process to lamellar basal process,

Male: Not known.

Southeastern India, Andhra Pradesh; tidal brackish water (CHATTERJEE & CHANG 2005).

Limnohalacarus lanae GREEN, 1976

Female (according to GREEN 1976): Length 308 um. Dorsal plates reticulated. AD about
as long as wide. OC, with sclerite including gland pore, 1.6 times longer than wide;
without cornea. PD almost 1.5 times longer than wide and 2.6 times longer than AD.
All ventral plates fused to a shield. Area of GA with six pairs of gac and three pairs of
pgs. Genital sclerites with single pair of sgs. Gnathosoma 1.1 times longer than wide;
rostrum short. Dorsal pair of maxillary seta wide. Pharyngeal plate reaching close to
margin of gnathosomal base, distance less than half the length of pharyngeal plate.

Dorsal margin of P-2 arched. Spine on P-3 rather slender. Trochanters I to IV with 1, 1,
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1, 1 setae, basifemora with 4, 4, 1, 1 setae. Genu III with five setae. Tibiae I to IV with
7,7, 7, 6 setae; on tibia III two of ventral setae short and spiniform, two long and slen-
der, on tibiae [, II and IV all setae setiform. Tarsus I with pair of pas doublets (?). Tar-
sus III with pair of spiniform basal lamellae; pas setiform. Claws on tarsus I with
numerous long tines, claws on following tarsi with lamellar basal process, tines of
claws II to IV shorter than those of claw I.

Male: Not known.

In GREEN (1976: fig. 5) two small setae are shown at the basis of tarsus III, these, most
likely, are no setae but the small spiniform lamellae present on the tarsi of Limnohala-

carus species.

Java; crater lake (GREEN 1976).

Limnohalacarus major BADER, 1968

Female (according to Baper 1968): Length 465 pm. Colour pale, without pigment
spots. Surface of dorsal plates uniformly reticulated. AD 1.2 times wider than long
(length:width ratio 0.8). OC 1.8 times longer than wide, including sclerite with gland
pore; each plate with transverse lateral suture. PD 1.7 times longer than wide and 1.9
times longer than AD. All ventral plates joined to a shield. No information given on
number of gac, pgs and sgs. Gnathosoma 1.6 times longer than wide; rostrum slender.
Pharyngeal plate removed from margin of gnathosomal base by more than half its
length. Dorsal pair of maxillary setae wide. Second palpal segment conspicuously
widened, bulbous, in lateral aspect rectangular with straight dorsal margin. Tibia IIT
with two spiniform setae.

Male: Not known.

Africa, DR Congo (Zaire); Lake Tanganyika (BADER 1968).

Limnohalacarus mamillatus FAIN & LAMBRECHTS, 1987

Female (according to FAIN & LAMBRECHTS 1987): Length 295-310 pm. Parts of dorsal
plates reticulated. AD 1.2 times wider than long (length:width ratio 0.8). OC including
sclerite with gland pore. OC almost 1.9 times longer than wide; each plate with spot of
eye pigment. PD 1.7 times longer than wide and 2.9 times longer than AD. Setae corre-
sponding to ds-2 lacking. All ventral plates fused to a shield. Female GP with five to
eight pairs of gac and three pairs of pgs. Genital sclerites with single pair of sgs.
Gnathosoma 1.2 times longer than wide. Both pairs of maxillary setae slender. P-2
arched, with notch between short basal and long distal seta. Trochanters I to IV with
1, 1, 1, O setae, basifemora with 4, 4, 2, 1 setae. Genu III with four setae. Tibiae I to IV
with 9, 6-7, 7, 6 setae; none of setae on tibiae I and II barbed; two of setae on tibia III

spiniform. Tarsus I with spiniform basal lamellae. Tarsi I and II with pairs of pas
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doublets, tarsi III and IV with singlets. Claws on tarsus I with long, slender tines.
Claws II to IV with accessory process and numerous tines.

Male: Not known.

pistribution  Europe, aquaria in Belgium (Fain & LAMBRECHTs 1987); area of origin not known.

Limnohalacarus marlieri (BADER, 1968)

piagnosis Adults (according to BADER 1968): Length of female 305 pum, of male 350 pm. Colour
indistinct, slightly yellow; without pigment spots. Dorsal plates faintly reticulated. AD
1.4 times wider than long (length:width ratio 0.7). OC including sclerite with gland
pore; OC 1.4 times longer than wide. PD 2.1 times longer than wide and 3.4 times
longer than AD. Ventral plates fused to a shield. Female GP with eight pairs of gac lat-
eral to GO or on genital sclerites. Anal sclerites small. Gnathosoma short, 1.2 times
longer than wide; rostrum short. Second palpal segment not conspicuously bulging,
its dorsal margin arched rather than being straight. Telofemur I very slender, 2.7 times

longer than wide. Claws on leg I with long tines.

Remarks BADER (1968) described the species under the name Soldanellonyx marlieri, but
BARTSCH (2009) proposed to transfer it to Limnohalacarus. Limnohalacarus marlieri has
very small anal sclerites, much smaller than the genital sclerites, the anal cone is more
or less obscured in dorsal aspect, in the genus Soldanellonyx the anal sclerites are large.
The female GO is in the posterior part of the idiosoma, the male GO seems to be dis-
tinctly smaller than that of the female and is in a more ventral position. In Soldanello-
nyx the GO is in a ventral position in both females and males. The arrangement of the
acetabula and subgenital setae is not clear, BADER (1968) did not mention any aceta-
bula of the male GA. In females the acetabula are posterolateral to the GO (BADEr
1968: fig. 2b), in an area which may represent the genital sclerites or the marginal
parts of the GP. In Limnohalacarus most of the acetabula are anterior to the GO,
arranged along the lateral margins of the GP, in Soldanellonyx the acetabula are poster-
olateral to the GO. The gut content of the specimens studied by Baper had not been
removed and accordingly the acetabula may have been concealed by particles in the
gut. The acetabula mentioned by BADER (1968: p.8 and fig. 2b) are expected to repre-
sent other structures. BADER presented an illustration of a tarsus (BADER 1968: fig. 2f),
unfortunately without a note which of the tarsi is shown. Unusual are the two spurlike
setae; two such setae are else not known, neither in Limnohalacarus nor in Soldanello-

nyx.

pistribution  Africa, DR Congo (Zaire); Lake Tanganyika (BADER 1968).
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Limnohalacarus portmanni BADER, 1967

Adults (according to BADER 1967; re-examination of the types (NMB)): Length of
females 224—250 pm, of males 217-289 um. Colour of idiosoma pale, without marked
pigment spots. Dorsal plates lack distinct ornamentation. AD hexagonal, 1.5 times
wider than long (length:width ratio 0.7). OC including sclerite with gland pore; plate
1.2-1.3 times longer than wide. PD 2.1 times longer than wide and 3.1-3.3 times
longer than AD. All ventral plates joined to a shield. Female with two (?) to four pairs
of sgs, seven pairs of gac and three pairs of pgs. Male with three pairs of sgs; number
of gac and pgs not known. Gnathosoma 1.2 times longer than wide; rostrum short.
Dorsal pair of maxillary setae wide. According to BaDper (1967: fig. e), P-2 in lateral
aspect basally rectangular, though dorsal margin assumedly arched rather than
straight. Setation on legs sparse. Length of telofemur I 2.0-2.1 times the height. Tarsus
I with spiniform basal lamellae. All claws with tines arranged along shaft of claw.

Claws on leg I with long, slender tines.

The type series contains four females and three males. The idiosomal length of the
females is 224-228 pum, of the males 217-289 um (instead of 225-250 pm and 230
pm, respectively). The female GP bears seven pairs of gac, three pairs of pgs, the geni-
tal sclerites four pairs of sgs (instead of two pairs of sgs). The pharyngeal plate extends
almost to the basal margin of the gnathosoma; the dorsal maxillary setae are distinctly
wider than the basal setae. P-2 seems to be arched rather than rectangular (in none of
the specimens gnathosoma in lateral aspect). There is no seta on trochanter IV; basife-
mora I and IT and genu III each bear four setae, tibia I seven to eight setae, tibia III
two pairs of ventral setae, the two ventrolateral setae are slender, the basal one of the
ventromedial setae is stout and bipectinate, the distal one slender. All setae on tibia IV
are slender. The pas of tarsi I and II are doublets, on tarsi III and IV singlets. The
claws on tarsus I have long, slender tines, the claws on tarsi III and IV a lamellar basal

process.

Africa, DR Congo (Zaire) (?); Lake Tanganyika (BADER 1967).

Limnohalacarus wackeri (WALTER, 1914)

Adults (according to WALTER 1914; BARTScH 2006): Length of females 300-424 um, of
males 300406 pm. Dorsal plates evenly reticulated. AD with minute frontal spinelet;
AD 0.8 times longer than wide. OC not including sclerite with gland pore, OC wider
than long (length:width ratio 0.8); with cornea and eye pigment. PD 1.8 times longer
than wide and 3.1-3.2 times longer than AD. Pair of ds2 in striated integument
between AD and OC. Ventral plates separated. Female GP with six to nine pairs of pgs,
genital sclerites with four pairs of sgs; males with 5060 pgs and three to four pairs of
sgs. Six to eight pairs of gac in both female and male. Gnathosoma 1.2 times longer

than wide. Rostrum short, triangular. Dorsal pair of maxillary setae wider than ventral
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pair. Pharyngeal plate extending close to margin of gnathosomal base, distance less
than half the length of pharyngeal plate. P-2 with evenly arched dorsal margin. Telofe-
mur I slender, 2.4 times longer than wide. Ventral margin of tarsi with distinct basal
knob. Trochanters I to IV with 1, 1, 1, o setae, basifemora with 4, 4, 2(-3), 1 setae, genu
II1 with four setae, and tibiae I to IV with 8, 7, 7, 6 setae. Tibia III ventrally with two
short, coarsely bipectinate and two long and smooth setae; ventral setae on tibiae I, I
and IV slender and smooth. Tarsi I and II with pairs of pas doublets, tarsi III and IV
with singlets. All claws with pectines extending from apex to basis of claw; all tines of
claw I long, apical tines of claws II to IV shorter than those in middle of claw shaft.

Claws without lamellar ventral process.

Europe, Asia (Kamchatka); surface water (BarTscH 2006; ToLsTIKOV et al. 2005).

Limnohalacarus sp. from Moreton Island, Queensland, Australia

Female (according to BArRTscH 2008b and supplementary examination): Length 262—
300 pm. AD slightly wider than long, length:width ratio 0.8. OC including sclerite with
gland pore; length of OC 1.7 times the width. Neither cornea nor pigment spots pre-
sent. PD 2.0 times longer than wide and 2.8 times longer than AD. Setae correspond-
ing to ds-2 absent. All ventral plates fused. Area representing GP with four to six gac
and three (rarely four) pgs in either half. Each genital sclerite with two (rarely one or
three) sgs. Gnathosoma almost as long as wide, length:width ratio 1.0. Pharyngeal
plate extending close to posterior margin of gnathosoma, distance less than half the
length of pharyngeal plate. Dorsal maxillary setae wider than basal setae. P-2 with
evenly arched dorsal margin. Telofemur I 2.1 times longer than high. Trochanters I to
IV with 1, 1, 1, o setae; basifemora I to IV with 4, 4, 2, 1 setae. Genu III with four
setae. Tibiae I to IV with 8, 7, 7, 6 setae. Ventral setae on tibiae I and IV smooth, ven-
tromedial seta on tibia II slightly barbed; both ventromedial setae on tibia III bipecti-
nate. Bases of tarsi with spiniform lamellae. Parambulacral setae on tarsi I and II
doubled, those on tarsi III and IV single. Claws with distinct pectines. Tines on claw I
long, slender, on tarsi II to IV shorter, basal tines on small lamellar process.

Male: Not known.

The specimens from Moreton Island, once thought to represent a variant of L. billa-
bongis (Bartsca 2008b) proved to be distinct from that species. An important differ-
ence between this and L. billabongis is, tibia I of the specimens from Moreton Island
have no more than eight setae, the tibia I of L. billabongis bears nine setae, with one
ventral seta in a basal position. As long as there is no report on any variability in this

character, it is used for discrimination between species.

Australia, Queensland (Moreton Island); tidal flat, sediment in brackish subsurface

creek (BarTscH 2008b).
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Description of three Limnohalacarus species

Limnohalacarus cultellatus Viets, 1940 (Figs 1b-h, 2a-h)

One female, one protonymph, ZMH A6/12; Madagascar, Antisiranana, Antalaha, Mar-
ofinaritra, River Andranomenaheli, upstream confluence with River Ankavia (right
affluent below MD 135), 70 m, 22.3°C, 0.009 mS/cm, ritfle, 04.11.2001; coll. R. GERECKE
and T. GoLpscHMIDT. One deutonymph, protonymph, larva, author's collection; collec-

tion data same as above.

Female: Length of idiosoma 274 pm. Dorsal plates with polygonal ornamentation
(Fig.1b), delicate porosity in margins of polygons coarser than within polygons. AD
almost rectangular, its length 77 pm, width 70 pm, accordingly slightly (1.1 times)
longer than wide. Anteriormost 12-um long part of AD smooth, distinctly separated
from reticulated major part of plate. OC without spots of eye pigment or cornea; not
fused with sclerite with gland pore. OC sub-circular, length 42 pm, width 37 pm, 1.1
times longer than wide. Separate sclerite with gland pore triangular, its length 27-30
pm, width 12 pm. PD elongate, length 182 pm, width 107 pm; 1.7 times longer than
wide and 2.4 times longer than AD. Pair of ds-1 on AD, inserted close together, pair of
ds-2 in striated integument between AD and OC, one pair of setae on PD slightly pos-
terior to level with insertion of leg III. Adanal setae on anal plate, in ventral position,
in Fig. 1c partly obscured by genital sclerites.

Ventral plates AE, pair of PE and GP separated (Fig.1c). AE with two anterior pairs
of setae in almost marginal position. GP in either half with three pgs and four to five
gac. Genital sclerites large, with two pairs of sgs.

Length of gnathosoma 95 pm, width 55 pm, 1.7 times longer than wide. Rostrum
slender (Fig.1d), its margins turned dorsad and fused. Both pairs of maxillary setae
slender. Interval between posterior margin of pharyngeal plate and that of gnatho-
soma almost same as length of pharyngeal plate. P-2 abruptly increased in height,
highest in basal third; following dorsal margin straight (Fig.1e).

All legs shorter than idiosoma. Legs IIT and IV inserted at about 0.5 and 0.7 relative
to length of idiosoma. Legs slender, telofemora I and II 1.8-1.9 times longer than high.
Telofemora III and IV short, shorter than these legs tibiae, length:height ratio of telo-
femur III about 1.8. Leg chaetotaxy, from trochanter to tibia: leg I, 1, 4, 4, 6, 7; leg II,
1,3, 4,6 6;legIll, 1,2, 3, 4,7; legIV, 1, 1, 3, 3, 6. Ventromedial setae on tibiae I and
IT and both ventromedial setae on tibia III bipectinate, all other setae smooth. All tarsi
basally with pair of small, spiniform lamellae. Tarsi I to IV with 4/1, 4/o, 4/0, 3/o dor-
sal/ventral setae (solenidia included), all tarsi with pairs of pas singlets (Figs 1f-i). Sole-
nidia on tarsi I to III in dorsolateral position, solenidia of tarsi I and II about 14 and
24 pm long, respectively. Tarsus I with delicate porus (famulus) immediately adjacent

to solenidion. All paired claws with lamellar ventral process, process on claws I and II



The freshwater halacarid genus Limnohalacarus (Acari: Halacaridae), diagnoses, distribution and relationships 205

Fig.2 Limnohalacarus cultellatus VIETs, 1940, a. tarsus I, lateral (medial fossary seta, claw and pas omitted), female;
b. tarsus II, lateral (medial fossary seta, pas and claw omitted), female; c. tarsus III, lateral (medial fossary
seta and pas in broken line, medial claw omitted), female; d. posterior part of idiosoma, ventral, deuto-
nymph; e. idiosoma, dorsal, larva; f. idiosoma, ventral, larva; g. idiosoma, dorsal, protonymph; h. idiosoma,
ventral, protonymph. (Scale = 50 um) (ep, epimeral pore; lpr, lamellar basal process)

2 um wide, on claws III and IV about 3 pm, process of the latter with six to seven tines
(Fig.2c). Paired claws of tarsus I with about eight delicate tines near apex (Fig.2a),
claws of following tarsi with accessory process and J-shaped arranged pecten (Figs 2b,
2c). Claws III and IV with 15-18 tines arranged along apex and claw shaft.

Male: Not known.

Deutonymph: Length of idiosoma 240 pm. Dorsal aspect similar to that of adult.
Plates AE, PE, GP, and AP separated. AE with three pairs of setae, PE with a dorsal, lat-
eral and ventral seta, GP with two pairs of pgs and five pairs of gac (Fig.2d). Leg chae-
totaxy same as in female; both tibiae I and II with a bipectinate ventromedial seta.

Protonymph: Length of idiosoma 200 um. PE with a dorsal and lateral seta (Figs 2g,
2h). GP with three pairs of gac but no pgs. Leg chaetotaxy from trochanter to tibia: leg
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[,1,3,3,6,6;legll, 1,3,3,6,5;legIl], 1, 2, 2, 4, 7; leg IV, 1, o+2 (basi- + telofemur), 3,
5. Tibia III as in female with two bipectinate and two slender ventral setae.

Larva: Length of idiosoma 155 pm. AE long, extending posteriad beyond pair of
ventral sclerites (Fig.2f). AE with two pairs of setae and pair of acetabula-like epimeral
pores, 5 um in diameter. PE with pair of lateral but no dorsal setae (Fig.2e). Leg chae-
totaxy, from trochanter to tibia: leg I, 1, 1+3 (basi- + telofemur), 4, 5; leg II, 1, 1+3, 4, 5;
leg 111, 1, 1+2, 3, 5. Tibia III with three dorsal and pair of ventral setae, basal pair of

ventral setae lacking; ventromedial seta slightly bipectinate.

These specimens from Madagascar seem to be conspecific with L. cultellatus. The reti-
culation of the dorsal plates is more delicate than that of the American L. cultellatus,

but this difference is expected to lie within the range of variability.

Limnohalacarus novus sp. nov. (Figs. 3a-h, 4a-h)

Holotype and paratype female, ZMH A7/12; Madagascar, Fianarantsoa, Ionilahy, small
stream crossing the railroad east from village, 200 m, 15.08.2001; coll. R. GERECKE and
T. GorpscHMIDT. One paratype female, one deutonymph, ZMH A8/12; collection data
same as above.

Two females, one deutonymph, one larva, author's collection; Madagascar, Antisira-
nana, Antalaha, Marofinaritra, River Andranomenaheli, upstream confluence with
River Ankavia (right affluent below MD 135), 70 m, 22.3°C, 0.009 mS/cm, riffle,

04.11.2001; coll. R. GEReckE and T. GOLDSCHMIDT.
The species name is derived from Latin novus, new.

Female: Length 260-289 pm. AD o.9 times longer than wide. OC 1.4 times longer than
wide and including gland pore. PD 1.9 times longer than wide and 2.7 times longer
than AD. Setae corresponding to ds-2 lacking. Ventral plates fused. Female GP with
three pairs of pgs, five to six pairs of gac and two, rarely three pairs of sgs. Gnatho-
soma 1.2 times longer than wide. Dorsal pair of maxillary setae wider than ventral
pair. Pharyngeal plate close to margin of gnathosomal base. Dorsal margin of P-2
arched, with small notch between setae. Telofemur I 2.3 times longer than high. Tro-
chanters I to IV with 1, 1, 1, 0 setae, basifemora with 4, 4, 2, 1 setae. Genu III with four
setae. Tibiae I to IV with 8, 7, 7, 6 setae; ventromedial setae on tibiae I and IV smooth,
on tibia II pectinate. Tibia III with four ventral setae, two of setae bipectinate. Tarsi
basally with spiniform lamellae. Tarsi I and II with pairs of pas doublets, tarsi III and
IV with singlets. Claw I with numerous slender tines. Claws II to IV with ventral
lamellae.

Male: Not known.
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Fig.3 Limnohalacarus novus sp. nov., female, a. idiosoma, dorsal; b. idiosoma, ventral; c. gnathosoma, lateral, and
palp, medial (basal segment of lateral palp in broken line, lateral P-2 to P-4 omitted); d. gnathosoma, ventral;
e.leg I, ventral; f. leg II, ventromedial; g. leg 111, ventral; h. leg IV, ventral. (Scale = 50 pum)

Description Female: Length of idiosoma 260-289 pm, of holotype 264 pm, its width 167 pm. Dor-
sal plates reticulated, with two faintly delimited longitudinal costae, two polygons
wide. AD hexagonal, slightly wider than long, length 67 pm, width 77 pm,
length:width ratio 0.9 (Fig.3a). OC triangular, elongate, length 68 pm, width 47 pm,
1.4 times longer than wide; with canaliculus in anterior and gland pore in posterior
half. Neither cornea nor eye pigment seen. PD elongate, length 180 pm, width 95 pum,
1.9 times longer than wide and 2.7 times longer than AD. Pair of ds-1 close together

on AD level with insertion of leg I, one pair of setae on PD level with insertion of leg
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IIT; adanal setae in marginal position on anal plate; setae between AD and OC lacking.
Ventral plates fused (Fig.3b). Area representing GP with three pairs of pgs and five to
six pairs of gac. Acetabula almost 5 pm in diameter. Each genital sclerite with two,
rarely three sgs.

Gnathosoma slightly (1.1 times) longer than wide. Rostrum short, conical in ventral
aspect, its margins extending dorsad, forming an almost closed rostral trough. Dorsal
pair of maxillary setae wider than ventral pair of setae. Interval between posterior
margin of pharyngeal plate and gnathosomal base less than half the pharyngeal plate's
length (Fig.3d). Dorsal margin of P-2 rather evenly arched, though small notch
between setae present (Fig. 3c). Chelicerae ending with stylet-shaped claw.

All legs shorter than idiosoma; all bearing long setae (Figs 3e-h). Legs III and IV
inserted at about o.5 and 0.7, relative to length of idiosoma. Legs slender, length of
telofemora I and II 2.3 and 2.0 times their height, respectively; length of telofemora
IIT and IV 1.8 times the height. Telofemora I and II about as long as tibiae, telofemora
IIT and IV shorter than these legs tibiae. Leg chaetotaxy, from trochanter to tibia: leg I,
1,4,4,6 8 legll, 1,4,4,6,7;leg1ll, 1, 2,3, 4,7; leg IV, 0, 1, 3, 3, 6. Ventromedial seta
on tibia II and both ventromedial setae on tibia III bipectinate, all other setae smooth.
All tarsi basally with a small lateral and medial spiniform lamella. Tarsi I to IV with 4/
1, 4/0, 4/0, 3/o dorsal/ventral setae (solenidia included), tarsi I and II with pairs of pas
doublets, tarsi III and IV with pairs of singlets. Solenidia on tarsi I to III in dorsolat-
eral position, about 12, 16 and 19 pm long, respectively. Famulus of tarsus I repre-
sented by minute porus immediately lateral to solenidion (Fig.4b). Claws I with about
17 tines arranged along apex and shaft of claw (Fig.4a). Shafts of claws III (Fig.4d)
and IV with lamellar ventral processes, each process with about four tines. Process on
claw II faintly developed (Fig. 4c). Pectines on claws II to IV J-shaped, each with about
22 tines (tines on lamellar processes included).

Male: Not known.

Deutonymph: Length of idiosoma 250-272 pm. OC by transverse striae divided into
part with canaliculus and sclerite with gland pore. Venter with separate plates, with
AE, pair of PE, GP, and pair of platelets anterior to GP; GP and AP separated (Fig.4e).
AE with three pairs of setae, each PE with a dorsal, lateral and ventral seta, GP with
two pairs of pgs, six to seven pairs of gac. Primordial genital opening near posterior
margin of plate and with a single pair of sgs.

Chaetotaxy of legs I to III the same as in female. Number and arrangement of setae
on leg IV the same (deutonymph from Ionilahy with six setae on tibia IV) or slightly
reduced (deutonymph from Marofinaritra with five setae on tibia IV, basal seta lack-
ing).

Protonymph: Not seen.

Larva: Length of idiosoma 142 pm. AE with two pairs of setae and pair of large

epimeral pores; PE with pair of lateral setae. Leg chaetotaxy, from trochanter to tibia:
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Fig.4 Limnohalacarus novus sp. nov., a. tip of tibia and tarsus I, dorsolateral (pair of pas omitted), female; b. tip of
tarsus I, lateral (medial fossary seta, claw and pas omitted, lateral tines on claw illustrated, ventral tines
omitted), female; c. tarsus II, lateral (medial fossary seta, claw and pas omitted), female; d. tarsus III, lateral
(medial fossary seta in broken line, medial pas and claw omitted), female; e. posterior part of idiosoma, ven-
tral, deutonymph; f. leg I, medial, larva; g. leg II, medial, larva; h. leg I1I, medial, larva. (Scale = 50 um) (fa,
famulus; pas, parambulacral setae; so, solenidion)

leg I, 1, 1+3 (basi- + telofemur), 4, 5; leg II, 1, 1+3, 4, 5; leg III, 1, 1+2, 3, 5 (Figs 4f-h).
On tibia III basal pair of setae lacking. Tarsi I to III with pas singlets, else number of

dorsal and ventral setae same as in female.

variants The position of the pair of setae on the PD differs from level with insertion of leg III
(Fig.3a) to posterior to that level, or from 0.3 to o.4 relative to the length of PD (from

anterior to posterior margin).

rRemarks Limnohalacarus novus is charactertized by its elongate OC and fused ventral plates,
rather short gnathosoma, eight setae on tibia I and seven on tibia II, doubled pas on
tarsi I and II, long tines on the claws of tarsus I and lamellar processes on the claws of
tarsi II to IV. The same character combination is found in L. fontinalis, L. portmanni,
and a species collected on a beach on Moreton Island, off Brisbane, Australia, and erro-

neously reported as L. billabongis. Limnohalacarus lanae and L. marlieri may have to
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be added to this list but the descriptions are not detailed enough. Limnohalacarus fon-
tinalis is larger than L. novus (cf. Table 3); L. marlieri and L. portmanni have a longer
and more slender PD and a length ratio of PD to AD of 3.1-3.4, in contrast to 2.7 in L.
novus. L. portmanni, as well as L. fontinalis, has four pairs of sgs on the female genital
sclerites, L. novus two (rarely three) pairs of sgs. Limnohalacarus lanae has a wider PD
(length:width 1.5), a single pair of sgs and only seven setae on tibia I. The individuals
collected on Moreton Island are expected to be conspecific with L. novus. Amongst the
individuals from Moreton Island a protonymph was present; 182 um long. Its leg
chaetotaxy (from trochanter to tibia): leg I, 1, 3, 3, 5, 6; leg 11, 1, 3, 3, 5, 5; leg 111, 1, 2,
2,4, 6;leg IV, 0,0, 2, 3, 5. Tibia III bears three ventral setae, two bipectinate, one slen-
der, and tarsi I and II pas singlets.

Two species are at present known from Madagascar, this and the above mentioned
L. cultellatus. Adults can easily be separated because of the shape of the OC (including
or excluding the sclerite with the gland pore), the ventral plates (separated or joined to
a shield) and the claws on tarsus I (either with numerous long tines or with a few deli-
cate ones). The latter character can be used to separate the nymphal and larval stage

of these species.

Madagascar, small river, and Australia (Queensland, Moreton Island), tidal flat.

Limnohalacarus dentatus sp. nov. (Figs 5a-k, 6a—e)

Holotype and paratype female, ZMH Ag/12; Germany, Hamburg, aquarium, February
1999; coll. D.L. BUrRkEL. In the passed decade the aquarium contained Indian loaches
(Botia, Cobitidae) and long-whiskered catfish (Pimelodidae), home of the former is
south-east Asia, of the latter South America. Eleven paratype females, ZMH A10/12;
collection data same as above. Three females, one deutonymph, author's collection;

collection data same as above.

The name is derived from Latin dentatus, which means toothed, as the species bears

conspicuously coarse tines on the posterior claws.

Female: Length 325-359 um. Dorsal plates reticulated. Length:width ratio of AD 0.8.
OC including sclerite with gland pore, length:width ratio 1.4-1.5. Length of PD 1.9
times its width and 2.8 times length of AD. Setae ds-2 lacking. GP with five to six pairs
of pgs, 610 pairs of gac and four (rarely two) pairs of sgs. Gnathosoma 1.0-1.1 times
longer than wide. Dorsal pair of maxillary setae wider than ventral pair. Pharyngeal
plate close to margin of gnathosomal base. P-2 arched, no notch between setae present.
Length of telofemur I 2.3 times its height. Trochanters I to IV with 1, 1, 1, o setae, basi-
femora with 4, 4, 2, 1 setae, genu III with four setae, and tibiae I to IV with 8, 7, 7, 6
setae. Ventromedial seta of tibia I smooth, of tibia II pectinate. Both ventromedial

setae of tibia III bipectinate, both ventrolateral setae smooth. Tarsi basally with spini-
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form lamellae. Parambulacral setae of tarsi I and II doubled, of tarsi III and IV single.
Claw I with several slender tines. Tines of claw III wide, lamellar basal process very
faintly developed.

Male: Not known.

Female: Length of idiosoma 325-359 um, of holotype 330 pm, its width 220 pm. Dor-
sal plates reticulated; PD with pair of delicately raised longitudinal costae (Fig.5a). AD
hexagonal, length (holotype) 8o pm, width 103 pum, length:width ratio 0.8. A small
knob, but no spinelet, near middle of anterior margin of AD. OC triangular, length 72—
78 pm, width 52 pm, 1.4-1.5 times longer than wide; with canaliculus in lateral mar-
gin and gland pore in posterior half. Neither cornea nor eye pigment seen. PD elon-
gate, 227 pm long, 118 pum wide, 1.9 times longer than wide and 2.8 times longer than

AD. Pair of ds-1 on AD level with insertion of leg I, one pair of setae on PD level with

Limnohalacarus dentatus sp. nov., female, a. idiosoma, dorsal; b. idiosoma, ventral; c. gnathosoma, lateral; d.
gnathosoma, ventral; e. rostrum and part of gnathosomal base, dorsal (palps removed); f. left OC; g. claws of
tarsus I, ventral; h. tip of tarsus II, lateral (medial fossary seta, claw and pas omitted); i. tip of tarsus III, med-
ial (lateral fossary seta, pas and claw omitted); j. tarsus IV, medial (lateral fossary seta, claw and pas
omitted); k. claw of tarsus IV. (Scale = 50 pm) (ch, tip of chelicerae; mxs, maxillary setae; rs, rostral setae)
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Fig.6 Limnohalacarus dentatus sp. nov., a. leg I, medial, female; b. leg II, medial, female; c. leg 111, medial, female;
d. leg IV, medial, female; e. posterior part of idiosoma, ventral, deutonymph. (Scale = 50 um)

insertion of leg III and one pair (adanal setae) in ventromarginal position on anal
plate. Ventral plates AE, pairs of PE and GP joined to a shield (Fig.5b). GP with five to
six pairs of pgs and 6-10 pairs of gac. Genital opening in posterior part of ventral
shield. Genital sclerites large, with four (rarely two) pairs of short sgs.

Length of gnathosoma 87 pm, width slightly less, gnathosoma 1.0-1.1 times longer
than wide. Rostrum short, its margins extending dorsad; rostral trough almost closed.
Dorsal pair of maxillary setae stout, basal pair slender (Fig.5d). Rostral setae papilli-
form (Fig.5e). Pharyngeal plate in middle of gnathosomal base, extending close to
margin of the base. Dorsal margin of P-2 arched, no notch between setae present
(Fig.5c¢).

Legs slender, length of telofemora I and II 2.3 and 2.2 times the height, respectively,
length of telofemora III and IV 1.8-1.9 times the height. Telofemur I longer than tibia
I, telofemur II slightly shorter and telofemora IIT and IV distinctly shorter than these
legs tibiae. Leg chaetotaxy, from trochanter to tibia: leg I, 1, 4, 4, 6, 8; leg 11, 1, 4, 4, 6,
7; leg 111, 1, 2, 3, 4, 7; leg IV, o, 1, 3, 3, 6. Tibia II with faintly pectinate ventromedial

seta (Fig.6b), tibia III with two wide, bipectinate ventromedial and two slender and
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smooth ventrolateral setae (Fig.6c). Setae on tibiae I and IV smooth (Figs 6a, 6d). Tarsi
basally with lateral and medial spiniform lamellae, apically with lateral and medial
membranes of claw fossa. Tarsi [ to IV with 4/1, 4/0, 4/0, 3/0 dorsal/ventral setae (sole-
nidia included, pas excluded). Each of tarsi I to III with solenidion in dorsolateral posi-
tion, length of solenidia 13, 17 and 30-40 pm, respectively. Tarsus I with porus of
famulus immediately lateral to solenidion. Tarsi I and II (Fig.5h) with pairs of pas
doublets, tarsi III and IV with singlets (Figs 5i, 5j).

Claw I with slender, long tines arranged along inner flank and apex of claw (Fig.5g).
Claws on tarsi II to IV with apical accessory process and J-shaped pectines; on claw II
tines shorter than on claw I; tines on claws III (Fig.51) wider than on the other claws
(Figs 5h, 5, 5k). Two, rarely three, basal tines slightly joined to a lamellar process.

Male. Not known.

Deutonymph. Length 290 um. OC sub-circular, separated from triangular sclerite
with gland pore. Ventral plates separated. GP with two pairs of pgs, two pairs of sgs
and eight pairs of gac (Fig.6¢). Leg chaetotaxy, from trochanter to tibia: leg I, 1, 4, 4, 6,
8;legll, 1,4,4,6,7;leglll 1,2,3,4,7; leg IV, 0, 1, 3, 3, 6. Tibia III with four ventral
setae, two slender and two bipectinate. Tarsi I and II with pas doublets. Tines of claw

II1 wide, two basal tines hardly joined to a process.

In one of the females the OC has a small lateral wedge (Fig.5f) and one of 16 females

bears two instead of four pairs of sgs.

Limnohalacarus dentatus is a rather large-sized species. With its elongate OC, fused
ventral plates, and eight and seven setae on the tibiae I and II, respectively, it comes
close to L. fontinalis, L. novus and L. portmanni. The new species is separated from
these, as well as from all the other Limnohalacarus species, because of its claws. The
lamellar basal process on claws III and IV is present but faintly delimited, it bears two
strong tines, instead of at least four small tines as in the other species; the tines on
claws III are much wider than in any of the other Limnohalacarus species.

This is not the first record of a Limnohalacarus species from an aquarium. UNTER-
GASSER (1985) presented pictures of an unknown Limnohalacarus, FAIN & LAMBRECHTS
(1987) described two species. The mites have generally been found in the course of
microscopical examinations of debris from the bottom or the aquarium filters. No
mutual relation between fish and mite has been described. Limnohalacarus has been
found in the gut of small fish (GReEeNn 1984) and accordingly, aquaria fish may feed on
halacarids together with other similar-sized prey items (e.g. copepods, ostracods).
Aside from Limnohalacarus, the freshwater halacarid mite Porohalacarus alpinus
(THOR, 1910) has been extracted from aquaria (personal observation, cf. BarTscH
2006). Contamination of the aquaria may have been via fish but, according to the

author's opinion, the mites most likely have been introduced into the aquaria with life
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or dead aquaria accessories, with e.g. plants, mussels, snails, and other animals. All

presently known records of Limnohalacarus are from warm water aquaria.

Europe, Germany, Hamburg, fresh water aquarium. Area of origin not known.

A parsimony analysis and the identity of the species

The subfamily Limnohalacarinae includes, amongst others, the genera Limnohalacarus
and Soldanellonyx. The latter genus, with nine species (BarTscH 2009; Tuzovskij
2011), was chosen as outgroup. Limnohalacarus and Soldanellonyx share the charac-
ters: (1) dorsum with five pairs of gland pores, glp-2, glp-4 and glp-5 in striated integu-
ment, glp-2 marginally, glp-4 and glp-5 lateral to PD, (2) genital acetabula not on the
genital sclerites but in lateral parts of the GP, (3) palps inserted dorsally, (4) P-2 wide,
with two dorsal setae, (5) P-3 with large spine, (6) P-4 with six setae and spine, (7) sole-
nidia on tarsi I and II in dorsolateral position, (8) tarsi I to IV with 1, o, o, o ventral
setae, (9) tines of claw I different from those on following claws. Soldanellonyx differs
from Limnohalacarus in that: (1) the ds-3 are present, situated between OC and PD,
and accordingly the dorsum has five to six pairs of dorsal idiosomatic setae, (2) the
genital acetabula are posterolateral to the GO and, rarely, in the adjacent striated inte-
gument, (3) the anal sclerites are large, (4) the legs bear spiniform dorsal and ventral
setae, (5) the tarsi III and IV have spiniform and setiform pas, (6) the tines on claws I
are stout, wider than those of the following claws. Within the genus Soldanellonyx one
can roughly distinguish between species with long telofemora I, with a length more
than twice the height, and long tibiae with four ventral spines (S. chappuisi group),
and species with short telofemora I, their length less than 1.5 times the height, and
short tibia I with no more than two slightly spiniform ventral setae (S. monardi group).
Both species groups are included in the data matrix.

The parsimony analysis is based on 27 external characters and their states (Table 1),
but in several species the data set is far from complete (Table 2). Rarely occurring var-
iants are excluded from the analysis, doubtful states (in parentheses) treated as
unknown. The analysis resulted in 16 equally parsimonious cladograms. One of the
cladograms is shown in Fig.7. Differences between the clades are mainly in the posi-
tion of L. africanus, L. major and L. marlieri.

In all cladograms, L. australis, L. cultellatus, L. inopinatus, and L. kakinadus form a
cluster at the end of a branch. To distinguish between the species, specific characters
have been summarized in Table 3. The above mentioned species share the character
combination: (1) OC rounded to ovate, not including the sclerite with the gland pore,
(2) pair of ds-2 present, (3) AE, pair of PE and GA separated, (4) gnathosoma slender,
its length 1.4 or more times the width, (5) pharyngeal plate removed from basal margin

of gnathosoma, (6) P-2 in lateral aspect almost rectangular at its basis, followed by a
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Fig.7 Cladogram based on 27 morphological characters, genus Limnohalacarus (L.), outgroup Soldanellonyx (S.). (L.
cultellatus (Am) and L. cultellatus (Mad) are based on characters of American and Madagascar individuals,
respectively)

straight dorsal margin, (7) trochanter IV with one seta, (8) basifemur II with three
setae, (9) telofemur I short, its length less than twice the height, (10) one of the ventral
setae on tibia I pectinate or plumose, (11) tibia II in general with six setae, (12) all tarsi
with pairs of pas singlets, and (13) tines on claw I delicate, their number less than on
following claws. Characters unique in this group are: (1) basifemur II with three setae
and (2) tines on claw I delicate. Other characters present in the above mentioned spe-
cies but rarely in others are: the pharyngeal plate is removed from the basal margin of
the gnathosoma, tibia II bears six setae and, though often not included in the descrip-
tions, the AD has an anteriormost transverse area set off from the reticulated major
part of the plate. Though some of the above mentioned characters may represent a ple-
siomorphic state, the species of this cluster should be placed in a natural group, the cul-
tellatus group, named after the first reliably described species with the above listed
character combination. The differences between the just mentioned species are small
(Tables 2 and 3) and several are expected to lie within the range of variability. Several
freshwater halacarid taxa are known to have a different number of acetabula, perigeni-
tal and subgenital setae both within a specimen (right and left body half) and within a
population (cf. BARTsCH 2007b, 20114, b). The given length:width ratio is often based
on one or very few specimens and the natural variability is not known. Moreover, most

measurements are made on mounted specimens and handling of the mites will influ-



216w 471201 ILsE BARTSCH
47 3

ence the result. There seems to be no morphological difference between L. cultellatus
from America, the above described individuals from Madagascar and L. kakinadus
from India, they all belong to one species, to L. cultellatus. Limnohalacarus australis has
less tines on the delicate claws I than L. cultellatus; this character may be the result of
the environment. Tibia IV of L. inopinatus bears a rather thick, barbed seta, an unusual
character state within the genus Limnohalacarus; in most species this seta is smooth.
Studies on more material may prove these characters to vary and the two last-men-
tioned species, in addition to L. kakinadus, to be synonymous with L. cultellatus.

Most of the species not belonging to the cultellatus group are characterized by: (1)
gnathosoma short (length:width ratio 1.2 or less), (2) dorsal maxillary setae wide, (3)
pharyngeal plate in middle of gnathosomal base and extending close to the basal mar-
gin of the gnathosoma, (4) P-2 arched, (5) basifemur II with four setae, (6) none of
setae on tibia I bipectinate, (7) tarsi I and II with doubled pas, and (8) claws of tarsus I
with numerous slender tines. A cluster includes L. dentatus, L. fontinalis, L. novus
(included the specimens from Australia, Moreton Island), L. portmanni, and often also
L. marlieri. Limnohalacarus marlieri, once described as Soldanellonyx marlieri, is a Lim-
nohalacarus species. The state of 18 out of 27 characters used in the parsimony analy-
sis is not known. The species is expected to be a junior synonym of L. portmanni. In L.
portmanni the basal one of the ventromedial setae of tibia III is wide and distinctly
bipectinate, the distal seta is slender, in the other species both setae are wide and coar-
sely bipectinate. Limnohalacarus dentatus can be separated from L. fontinalis and L.
novus because of the claws on tarsi III and IV, with a faintly demarcated ventral pro-
cess in L. dentatus (Figs 5i-5k) but a distinct process in L. fontinalis and L. novus (Figs
1a and 4d). Differences between L. fontinalis and L. novus are in the numbers of perige-
nital and subgenital setae in females, six and four, respectively, in L. fontinalis, three
and two (rarely three) in L. novus.

Limnohalacarus billabongis and L. mamillatus have the same character combination
as mentioned above but their tibiae I bear nine setae, one seta is in a ventrobasal posi-
tion. That seta is lacking in all other species. The two species differ slightly in the orna-
mentation of the plates, their length:width ratios, the position of the basal seta on P-2,
and the size of the dorsal pair of maxillary setae. At present, these differences seem to
be negligible, consequently, L. billabongis is a junior synonym of L. mamillatus. In all
16 cladograms, L. lanae has a position close to L. mamillatus. The very wide maxillary
setae, only eight setae on tibia I and presence of a seta on trochanter IV are arguments
against a close relationship.

Limnohalacarus wackeri and L. capernaumi always share a branch; they can be sepa-
rated from others because: (1) the OC are wider than long and not fused with the
gland pore-bearing sclerite, (2) the ds-2 are present, (3) the ventral plates are separated,
(4) claws I bear numerous long tines, and (5) the claws of tarsi III and IV have no

lamellar basal process. Two marked differences between L. wackeri and L. capernaumi
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are that the OC of L. capernaumi lacks the cornea present in L. wackeri and the ventral
seta on tibia IV is pectinate in L. capernaumi, but smooth in L. wackeri (as in most
other Limnohalacarus species). The absence of a frontal spinelet, which is present in L.
wackeri, seems to be negligible. Unless more material from the type area of L. caper-
naumi has proven the opposite, the species is maintained as valid.

The position of L. africanus and L. major ditfers in the 16 cladograms obtained. One
or both species are close to either the species of the cultellatus group or to one of the
other species groups. Information of 11 and 19, respectively, of the 27 characters used
in the parsimony analysis is lacking. The combination OC and gland-bearing sclerite
separated, ventral plates separated, gnathosoma slender, P-2 with a rectangular basis
and straight dorsal margin, and claws on tarsus I with numerous tines should allow
an identification of L. africanus once material from the type locality is available for
examination. Limnohalacarus major is characterized by its large body size, 465 pm,
and the combination OC elongate, ventral plates fused, gnathosoma slender, pharyn-

geal plate removed from basal margin of gnathosoma, and P-2 conspicuously bulbous.

Distribution and reproduction

According to published records (BarTscH 2009), each Limnohalacarus species seemed
to be restricted to a geographical area and each continent to have its own species com-
position. In contrast, species of several other freshwater halacarid genera are spread
world-wide, examples are Lobohalacarus weberi (RoMiN & VIETS, 1924), Sodanellonyx
monardi WALTER, 1919, Ropohalacarus uniscutatus (BartscH, 1982), Porohalacarus
alpinus (THOR, 1910), and Porolohmannella violacea (KRAMER, 1879) (BARTSCH 20074, b,
2008a). The present data hint at a rather wide distribution of Limnohalacarus species.
Some of the species listed in BARTSCH (2009) assumedly are junior synonyms. Accord-
ing to the character combinations Limnohalacarus billabongis is synonymous with L.
mamillatus, L. kakinadus with L. cultellatus, and L. marlieri and L. portmanni may be
conspecific. If the described differences in morphology prove to be negligible then L.
australis and L. inopinatus also belong to L. cultellatus. Present records of L. cultellatus
are from northern, central and southern America, Europe, Madagascar, and India.
According to BArTscH (1996, 2007b), the wide-spread freshwater halacarid species sup-
posedly invaded and survived in freshwater since the Mesozoic or even Pre-Mesozoic.
Limnohalacarus, as well, may have lived on the supercontinent Pangea.

Most of the halacarids studied to date have a single generation per year (BartscH
2004). RamazotTr & NOCENTINI (1960) examined a population of L wackeri, collected in
the Lake Mergozzo, Northern Italy. Females with eggs inside their body were found in
the winter time (December to May), females with eggs attached to leg IV were present

from February to September, with a distinct maximum in the summer (June/July).

217



218 w 471201 ILsE BARTSCH
47 3

The data suggest the existence of a single generation per year. Ramazorr! & NOCENTINI
(1960) expected a female individual to have a life span of 18—24 months, this is more
than the 15 months calculated on the basis of monthly controls of halacarid popula-
tions in northern Germany (BarTscH 1972, 1987). Halacarids in general deposit their
eggs in the substrate inhabited by the adults; there is no report that adults look after
the eggs. In contrast, Limnohalacarus species fix the eggs on the hind legs. This caring
till the larvae finally hatch obviously requires a prolongation of the individual female
life span, which in turn may extend the chance of dispersal.

According to the data of L. wackeri from a temperate lake, there is a single genera-
tion per year, in contrast, SOLIMAN et al. (1999), having studied populations of two Lim-
nohalacarus species in the Nile (Sohag Governorate, Upper Egypt), expect these spe-

cies to have two generations per year.

Conclusion

According to the character combination and supported by the parsimony analysis, the
species once described as Soldanellonyx marlieri is a Limnohalacarus species. At pre-
sent it is expected to be a junior synonym of L. portmanni, unless a thorough examina-
tion of new material from the type locality proves the opposite.

Thirteen Limnohalacarus species are known, L. africanus, L. australis, L. capernaumi,
L. cultellatus, L. fontinalis, L. inopinatus, L. lanae, L. major, L. mamillatus, L. portmanni,
L. wackeri, and the two new species, L. dentatus and L. novus. Limnohalacarus kakina-
dus is a junior synonym of L. cultellatus, L. billabongis a synonym of L. mamillatus.

Several species are in need of a careful re-examination and re-description, but the
morphological characters, summarized in Table 3, will help to identify the species.

The range of distribution of some of the species has been widened since the most
recent data compilation (BARTsCH 2009). At present, records of L. cultellatus are from
northern, central and southern America, from Europe, Madagascar and India, L. novus
is known from Madagascar and eastern Australia and L. mamillatus from Europe
(from aquaria) and northern Australia. A world-wide distribution is also known from
other freshwater halacarid species and most of these species are expected to have sur-

vived almost unchanged for at least 50 million years.
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