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Abstract

Study of four poorly known cladocera species of the genus Camptocercus Baird,1843 (Anomopoda: Chydoridae): North 

American C. oklahomensis Mackin, 1930, and three Palearctic species, C. uncinatus Smirnov, 1971, C. fennicus Stenroos, 

1898, and C. lilljeborgi Schoedler, 1862, revealed strong differences between them in both outer morphology and mor-

phology of appendages. C. oklahomensis lacks a head keel, typical for the most species of the genus, and has numerous 

characters confirming its basal position within the genus, namely less elongated postabdomen with groups of elementary 

marginal denticles and less specialized morphology of the thoracic limbs. C. uncinatus and C. fennicus have similar limb 

morphology, these species form a monophyletic clade with South-East Asian species C. vietnamensis Thanh, 1980. C. 

lilljeborgi have a straight ventral margin of valves with specially dense setation, similar to the species of the genus Grap-

toleberis Sars, 1862. C. lilljeborgi also has most derived appendages, i.e. exopodites of limbs III–V have seta 4 reduced 

to a state of a small stub, and seta 3 with extremely wide basal portion. The level of differences in thoracic limb morphol-

ogy in Camptocercus is unusual for the subfamily Aloninae, where in most genera limb morphology is relatively uniform. 

Morphology and phylogenetic relationships of the studied species are discussed. 
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Introduction

The genus Camptocercus Baird, 1843 (Cladocera: Anomopoda: Chydoridae) is among unusual and well-diagnosed 

genera of the subfamily Aloninae Dybowski & Grochowski. The main features of the genus are: a low, elongated 

body, extremely elongated postabdomen, and abdomen with an abdominal joint and a saddle-shaped middle 

segment. Most species of the genus also have a well-developed dorsal keel on both head and valves, but it is absent 

in two American species: C. oklahomensis Mackin, 1930 and C. aloniceps Ekman, 1901. Generic status and 

composition of Camptocercus was never questioned. The genus was revised by Smirnov (1998), who listed nine 

species within the genus. One more species, C. vietnamensis Thanh, 1980, was recently redescribed by Sinev 

(2011), although it was presumed as synonym by Smirnov (1998). According to Sinev & Atroshenko (2011), 

Camptocercus is a most specialized genus within the Arthrocauda-clade of the subfamily, closely related to 

Kozhowia Vasiljeva & Smirnov, 1969 and Parakozhowia Kotov, 2000, two endemic genera of Baikal Lake. 

Main trend of modern Aloninae systematic is a broad use of limbs morphology for genera and species 

diagnosis and for the phylogenetic reconstructions (Kotov 2009; Sinev & Atroshenko, 2011; Van Damme et al. 

2011). But the morphology of appendages were adequately studied only for two species of the genus, 

Camptocercus rectirostris (see Alonso 1996; Hudec 2010) and C. vietnamensis (see Sinev 2011). Less detailed 

description of limbs were available for three more species, C. uncinatus Smirnov, 1971, C. lilljeborgi Schoedler, 

1862 (Smirnov 1971) and C. streletskae Smirnov, 1998 (Smirnov 1998). The only feature of limb morphology 

which was in used in the systematics of the genus is the morphology of setae on inner distal lobe of limb I, which 

varies greatly among species (see Smirnov 1998). The aim of present study is an investigation of morphology of 

four species of Camptocercus—C. uncinatus, C. oklahomensis, C. fennicus Stenroos, 1898, and C. lilljeborgi. 
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C. oklahomensis is known from USA only (Smirnov 1998). This species lacks a head keel and has a shorter 

postabdomen as compared with other species of the genus, these features can be treated as ancestral for the genus. 

C. uncinatus was described from Chita Area, South-East Siberia. Smirnov (1998) reported it from Romania, 

South-East and East Siberia, India, Iraq, Israel, Egypt, Ethiopia, Lake Victoria, and Guatemala. Rane (1985) 

described Indian populations of C. uncinatus as a separate species, C. latikae Rane, 1985 (Smirnov 1998). The 

species was recently reported from Amur basin (Kotov et al. 2011) and Korea (Kotov et al. 2012). C. uncinatus 

was also reported from South-East Asia (see Korovchinsky 2013), but C. uncinatus shares numerous similarities 

with C. vietnamensis, and there is a possibility that the populations of the latter species was misidentified as C. 

uncinatus in South-East Asia; no reliable descriptions of its local populations were provided (Sinev 2011). Kotov et 

al. (2013) found only C. vietnamensis in Laos, but no C. uncinatus. But both these species are present in Korea 

(Kotov et al. 2012). One more species of the genus, C. australis Sars, 1986, was also reported in South-East Asia 

(Korovchinsky 2013), but no detailed morphological descriptions of the local populations were conducted. C. 

australis is very similar to C. uncinatus in outer morphology, but can be easily distinguished by IDL morphology. 

In general morphology, C. uncinatus is quite similar to the majority of Camptocercus species with a head keel. 

Both C. fennicus and C. lilljeborgi are rare Palearctic species. C. fennicus is known from North-East Europe 

and Yakutia (Smirnov 1998), and C. lilljeborgi from Germany, Romania, Slovenia, Sweden and Northern part of 

European Russia (Smirnov 1998; Hudec 2010). Both species were recently reported from Anadyr' River basin, 

Chukotka (Streletskaya 2010), so probably their area of distribution includes whole North Palaearctic. Like C. 

uncinatus, C. fennicus is similar to other keeled species of the genus, being its outstanding feature a unique 

morphology of basal spine of postabdominal claw. C. lilljeborgi is quite different from other keeled species in 

general shape, having very low body with a straight ventral margin and a truncated rostrum. 

Material and methods

Animals and exuviae were selected from samples under a binocular stereoscopic microscope, placed on slides (in a 

drop of a glycerol-formaldehyde mixture), and studied under optical microscope in toto for identification and 

measurements. One to five specimens from each population were dissected for analysis of appendages. For SEM 

examination specimens were lyophilized, mounted on aluminum stubs, coated with gold, and examined under a 

scanning electron microscope (JEOL 840A). Measurements were conducted using an eyepiece-micrometer; all 

drawings were made with a camera lucida on microscope Olympus CX-41 .

Abbreviations. In the list of material: AAK = personal collection of A. A. Kotov, A. N. Severtsov Institute 

of Ecology and Evolution, Moscow, Russia. 

In the illustrations and text: I–V = thoracic limbs I–V; as = accessory seta of limb I; cbs = copulatory brush 

seta of limb I; e1 – e3 = endites 1–3 of limb I; ep = epipodite; ex = exopodite; gfp = gnathobase filter plates of 

limbs II–V; IDL = inner distal lobe of limb I; IP = interpore distance (distance between anterior and posterior major 

head pores); ms = male seta of limb I; ODL = outer distal lobe of limb I; pep = preepipodite; PP = postpore distance 

(distance between posterior head pore and posterior corner of head shield); s = sensillum. 

Results

Order Anomopoda Sars, 1865

Family Chydoridae Dybowski & Grochowski, 1894 emend. Frey, 1967 

Subfamily Aloninae Dybowski & Grochowski, 1894 emend. Frey, 1967

Genus Camptocercus Baird, 1943
SINEV184  ·  Zootaxa 3895 (2)  © 2014 Magnolia Press



Camptocercus oklahomensis Mackin, 1930

(Figs. 1–4)

Mackin, 1930: 46–51, Fig. 1–3; Smirnov, 1998: 80–81, Fig. 75–82.

Material examined. Over 50 parthenogenetic and ephippial females, 13 adult males, 2 instar II juvenile males 

from USA, Lousiana, Pointe Coupe Parish, roadside ditch about 2 miles north from Highway 190 on Highway 1, at 

milepost 173. Collection of Prof. D. G. Frey at National Museum of Natural History (Washington DC, USA), 

general access number 403774, sample number DGF 4630. 

Description. Parthenogenetic female. Body (Fig.1A,C; 2A,C) without a dorsal keel, low oval in lateral view 

(height/length ratio from 0.55–0.58 in adult), with maximum height in the second quarter of body, strongly 

compressed laterally. Dorsal margin convex, without a depression between valves and head shield. Posterodorsal 

angle rounded, posterior margin convex. Posteroventral angle broadly rounded. Ventral margin from almost 

straight to irregularly convex, with about 70–85 short ventral setae (Fig. 1E, F; 2D). Row of ventral setae ends at 

about 4/5 length of ventral margin, followed by numerous, very short setules, not divided into clear groups and 

continued to posteroventral angle (Fig. 1G). Anteroventral angle rounded. Valves with prominent sculpture in 

shape of longitudinal, almost never anostomosing lines, lines in anteroventral portion of valves curved upward. 

Head (Fig. 3A) without keel, with dorsal ridge only, rostrum Alona-like. Ocellus smaller than eye, distance 

from tip of rostrum to ocellus equal to distance between ocellus and eye. Head shield (Fig. 1D) of typical for 

Aloninae morphology. Three connected major head pores (Fig.3B) located at flattened portion of dorsal ridge, PP 

about 1 IP. Lateral pores minute, located at little less than 1 IP distance from midline. 

Labrum (Fig. 3C,D) rather large. Labral keel wide (height about 1.1–1.3 widths), with a blunt or rounded apex. 

Anterior margin of keel convex, posterior margin weakly convex, without clusters of setules.

Postabdomen (Fig. 1H,I; 2E) long and narrow, unevenly narrowing distally; in larger specimens weakly curved 

in postanal portion, without defined distal margin. Length about 4–4.5 heights. Ventral margin weakly convex. No 

incursion between basis and dorsal margin. Dorsal margin concave in postanal portion and almost straight in anal 

one, with distal part about 3.5 times longer than preanal one; postanal portion 2 times longer than anal one. Preanal 

angle well expressed, prominent, postanal angle weakly defined. Preanal margin convex. Postanal margin (Fig. 1J) 

with 10–12 groups of 3–5 thin, spine-like denticles, in distalmost groups length of longest denticle about 2/3 width 

of postabdominal claw base. Postanal portion with 11–13 lateral fascicles of 8–10 thin setules; distalmost setula in 

each fascicle being longest and thicker than others. Postabdominal claw (Fig. 1K) straight, with curved distal 

portion, very long, about 1.5 lengths of preanal portion of postabdomen, with distinctive pecten of setules on dorsal 

margin. 7–8 distal elements in basal pecten are long spines; length of distalmost spines about 2 claw widths at the 

spot. Basal spine slender, very short, about 1/7–1/6 length of the claw, with short spinules on dorsal margin. 

Antennule (Fig. 3E) short for the genus, not reaching the end of the rostrum, length about 2.5 widths. 

Antennular seta long, about 1/2 length of antennule itself, arising at 2/3 distance from the base. Nine terminal 

aesthetascs, the longest two about 3/4 length of antennule; all other much shorter and thinner, about 1/3 length of 

antennule. 

Antenna (Fig. 2F, 3F) with antennal formula: setae 0-0-3/0-1-3 and spines 1-0-1/0-0-1. Basal segment robust, 

with very short seta between branches. Branches shorter and robust; in both branches basal segment 1.5 times 

longer than apical one, middle segment being 2 times shorter than basal segment. Seta arising from middle segment 

of endopodite longer than endopodite. All apical setae of similar thickness. Spine on basal segment of exopodite 

about 1/4 length of middle segment. Spines on apical segments about 1/3 length of them. 

Limb I large and massive (Fig. 4A,B). Epipodite oval, with projection two times longer, than the body of 

epipodite. Accessory seta short, about 1/3 length of ODL seta. ODL seta with short setules in distal part. IDL with 

three setae; seta 1 thin, weakly curved, about 1/3 length of ODL seta. IDL setae 2 and 3 of moderate thickness, not 

hook-like, with robust setules in distal part; seta 3 about 2/3 length of ODL seta, seta 2 slightly shorter. Endite 3 

with four setae of similar length, inner seta (1) thinner than outer setae (a–c). Endite 2 with two massive distally 

setulated setae (e–f), a shorter seta near their base (d), and a naked inner seta (1) and small sensillum on anterior 

face of limb; seta e almost as long as limb itself, with long setules in distal portion, seta f about 3/4 length of seta e. 

Endite 1 with two 2-segmented setae of similar size (g–i), setulated in distal part, and a naked inner seta (3) two 

times longer than inner seta of endite 2, on anterior face of limb; seta j absent. Ventral face of limb with clusters of 
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short setules. Two ejector hooks, one 1.5 times longer and thicker than other. Maxillar process elongated, thick, 

with short setulae in distal part seta. 

FIGURE 1. Camptocercus oklahomensis from USA, Louisiana, Pointe Coupe Parish, roadside ditch about 2 miles north from 

Highway 190 on Highway 1. A, outline of juvenile female of instar II. B–K, parthenogenetic female. B–C, lateral view. D, head 

shield. E–F, ventral margin of valve. G, posteroventral angle of valve. H–I, postabdomen. J, distal portion of postabdomen. K, 

postabdominal claw. L, ephippial female. M–N, juvenile male of instar II. M, outline. N, postabdomen. O–P, adult male. O, 

lateral view. P, postabdomen. 
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FIGURE 2. Camptocercus oklahomensis from USA, Louisiana, Pointe Coupe Parish, roadside ditch about 2 miles north from 

Highway 190 on Highway 1. A–F, parthenogenetic female. A–B, lateral view. C, dorsolateral view. D, posterior part of ventral 

margin of valves. E, postabdomen. F, antenna. G–I, ephippial female. G, lateral view. H, dorsal view. I, sculpture of ephippium. 

J–K, male. J, lateral view. K, postabdomen. Scale bars denote 0.1 mm for A–C, G–H, J, 0.05 mm for D–E, I, K, 0.01 mm for I. 

Limb II (Fig. 4C). Exopodite (Fig. 4D) elongated, of irregular shape, without seta. Eight scraping spines: 

scrapers 1–5 long; scraper 3 slightly shorter than neighbors, with more thick denticles; spines 6–8 subequal in 

length, two times shorter than scraper 5; denticles of scraper 8 smaller and thinner than which of scrapers 6–7. An 

inner seta located near the base of scraper 1. Distal armature of gnathobase with four elements. Filter plate II with 

seven setae, the posteriormost one shorter than others.

Limb III (Fig. 4E,F). Epipodite oval, with finger-like projection as long as epipodite itself. Exopodite of 

irregular shape, with seven setae: seta 3 being longest; seta 6 and 7 of same length, about 1/2 length of seta 3; seta 

1 about 1/3 length of seta 3; other setae short. Seta 3 unilaterally armed with long thin setules in distal half; setae 

6–7 naked; other setae armed with short setules. Distal endite with three setae decreasing in length basally; two 

sensillae located between their bases. Two distalmost setae (1–2) slender, sharp, with short denticles in distal part 

of similar length; basalmost setae shorter, flattened and setulated. Basal endite with 4 stiff setae (a–d) of usual for 

Aloninae morphology, with narrow bases and slender distal part; seta a only 1.5 times shorter than seta d. 

Gnathobase not clearly separated from basal endite. Four soft setae increasing in size basally; a sensillum near the 

base of distalmost seta. Distal armature of gnathobase with three elements; the first one an elongated, cylindrical 

sensillum; the second a geniculated seta; the third a short spine. Filter plate with seven setae. 
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FIGURE 3. Camptocercus oklahomensis from USA, Louisiana, Pointe Coupe Parish, roadside ditch about 2 miles north from 

Highway 190 on Highway 1. A–G, parthenogenetic female. A, head. B, head pores. C–D, labrum. E, antennule. F, antenna. G, 

antennule of instar II juvenile male. H–I, adult male. H, head. I, antennule and outline of rostrum.

Limb IV (Fig. 4G,I). Praepipodite setulated; epipodite with finger-like projection as longer than epipodite itself. 

Exopodite of irregular shape, with six setae, seta 3 being longest. Setae 5 and 6 of about 1/2 and 1/3 length of seta 

3, other setae very short. Setae 1–2 plumose, seta 3 with very thick basal portion and densely setulated distal 

portion; seta 4 as broad setulated stub with rounded tip; setae 5–6 naked. Inner portion of limb IV with four setae, a 

large rounded sensillum arising from the side of lobe, and a smaller sensillae near its base. Scraping seta (1) short, 

broad; three flaming-torch setae (2–4) with broad bases, armed with long setules; seta 2 two times larger than two 

others. Inner setae not found. Gnathobase with one long 2-segmented setae, a small hillock distally and a sensillum. 

Filter plate IV with five short setae.

Limb V (Fig. 4J). Praepipodite setulated; epipodite oval, with thick finger-like projection 1.5 times longer than 

epipodite itself. Exopodite large, not separated into two lobes, with four plumose setae; setae 1–3 of same length; 

seta 4 four times shorter. Inner lobe long and narrow, with densely setulated end. At inner face, two setae, distal 

seta densely setulated in distal part, 1.5 times longer than basal one. Filter plate not found.

Ephippial female (Fig. 1L; 2G,H) with body slightly higher than in parthenogenetic female. Ephippium (Fig. 

2I) yellow-brown, with sculpture made up thick, inflated, longitudinal lines. 

Male. Body lower than in female, fusiform in both juvenile instar II (Fig. 1M) and adult (Fig. 1O, 2J), without 

dorsal keel on head and valves; height/length ratio 0.6; maximum height at 1/3 of the length. Body strongly 

compressed laterally. Head (Fig. 3H) similar in shape to that of female. Ocellus and eye of same size as in female. 

Postabdomen. In instar II juvenile male (Fig. 1N) similar in shape and armament to that of female; sperm ducts 

opening located at ventral margin of postabdomen. 

In adult male (Fig.1P), moderately long and narrow, weakly narrowing distally in postanal portion, without 

defined distal margin. Length about 5 heights. Sperm ducts opening located at the end of postabdomen above the 

basis of claws. No incursion between basis of claws and dorsal margin. Dorsal margin weakly concave in postanal 

portion and almost straight in anal one, with postanal portion 1.5 times longer than anal one. Preanal and postanal 
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angles weakly defined. Preanal margin convex. Marginal denticles replaced with clusters of setules, 6–10 setules in 

each. Lateral fascicles of setules as in female. Postabdominal claw straight, shorter than in female, with basal 

pecten consisting of 13–15 spines; length of distalmost spines exceeding width of the claw at the spot. Basal spine 

similar to that of female, but shorter. 

FIGURE 4. Camptocercus oklahomensis from USA, Louisiana, Pointe Coupe Parish, roadside ditch about 2 miles north from 

Highway 190 on Highway 1. A–J, thoracic limbs of parthenogenetic female. A, limb I. B, IDL of limb I. C, limb II. D, 

exopodite of limb II. E, exopodite of limb III. F, inner portion of limb III. G, exopodite of limb IV. H–I, inner portion of limb IV. 

J, limb V. K–L, thoracic limb I of instar II juvenile male. M–N, thoracic limb I of adult male.
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Antennule. In instar II juvenile male (Fig. 3G) similar to that of female, with short anlage of male seta. In adult 

male (Fig. 3I), shorter than in female, curved in basal portion, not reaching the end of rostrum; length about 5 

widths. Male seta long, arising at 2/3 distance from the base, about half length of antennule. Twelve terminal 

aesthetascs of about 2/3 – 3/4 length of antennule. 

Limb I . In instar II male (Fig. 4K,L), copulatory hook curved. Ventral face of limb with anlage of copulatory 

brush seta, a smaller seta above it, and a row of about 15 short setules below it. IDL with anlage of male seta; seta 

1 similar to that of female, small; setae 2 and 3 similar to those of female, but thinner. In adult male (Fig. 4M,N), 

with U-shaped copulatory hook, 2 times shorter than limb itself. IDL setae 1–3 strongly reduced in size in 

comparison with those of female; setae 2 and 3 armed with thin setules; male seta straight, of moderate thickness, 

as long as IDL seta 2. Ventral face of limb below copulatory hook with numerous short thick setules in several 

rows. 

Size: in instar I juvenile female length 0.39–0.41 mm, height 0.26–0.27 mm. In instar II juvenile female length 

0.44–0.48 mm, height 0.28–0.30 mm. In adult females length 0.63–0.82 mm, height 0.38–0.47 mm. In juvenile 

males of instar II, length 0.43–0.44 mm, height 0.27–0.28 mm. In adult males length 0.47–0.50 mm, height 

0.27–0.30 mm.

Notes. Morphology of head pores and thoracic appendages, and ephippial female of C. oklahomensis were 

studied for the first time. 

 

Camptocercus uncinatus Smirnov, 1971

(Figs. 5–8)

Smirnov, 1971: 436–438, Fig. 128, 532; Dumont & Van De Velde, 1977: 87, fig. 6D, E; Dumont et al., 1979: 264, fig. 6; 

Negrea: 1982: 112–115, fig. 1; 1983: 309–312, fig. 126; Rane, 1985: 113–116, Fig. 1–8 (latikae); Margaritora, 1985: 

289–290, fig, 114 (australis); Kim 1988, Fig. 58–59 (rectirostris); Smirnov, 1998: 76–77, Fig. 51–57; Kotov, Jeong & Lee, 

2012: 76–77, Fig. 21. 

Material examined. Over 70 parthenogenetic and ephippial females, 3 males from Russia, Tyva Republic, Kyzyl 

city, flow-through ditch near the Tonmas-Sug River, 17.08.2010, coll. A.Y. Sinev.

Description. Parthenogenetic female. Body (Fig. 5A,C; 6A,B) with a well-expressed dorsal keel, moderately 

high, fusiform in lateral view (height/length ratio about 0.65 in adult), with maximum height in the second quarter 

of body; strongly compressed laterally. Dorsal margin highly arched, without depression between valves and head 

shield. Posterodorsal angle broadly rounded; posterior margin convex. Posteroventral angle broadly rounded. 

Ventral margin from almost straight to irregularly convex, with about 55–70 short ventral setae (Fig. 5D). Row of 

ventral setae ends at about 2/3 length of ventral margin, followed by numerous very short setules, subdivided into 

unclear groups. On posteroventral angle (Fig. 5E), groups of setules clearly defined; last setules in each group 

being largest, denticle-like. Anteroventral angle rounded. Valves with prominent diagonal lines, almost never 

anostomosing; in anteroventral portion of valves, curved upward. Keel oblique on both valves and shield. 

Head (Fig. 6C, 7A) with sharp triangular rostrum, protruding downward. Head keel wide; distance from eye to 

the keel margin about 2.5–3 diameters of eye. Ocellus smaller than eye; distance from tip of rostrum to ocellus two 

times greater than distance between ocellus and eye. Three connected major head pores located at flattened portion 

of dorsal keel (Fig. 6D), PP about 1 IP. Lateral pores minute, located at little less than 1 IP distance from midline.

Labrum (Fig. 7C,D) of moderate size. Labral keel moderately wide (height about 1.5–2 widths), with 

moderately acute apex. Anterior margin of keel irregularly convex to straight; posterior margin almost straight, 

with 2–4 clusters of short setules, and small spinule in some specimens.

Thorax and abdomen (Fig. 7B) of similar length. Dorsal surface of middle abdominal segment saddle-shaped. 

Abdominal joint well-developed.

Postabdomen (Fig. 5F,G; 6E) very long and narrow, unevenly narrowing distally, without defined distal 

margin. Length about 6–6.5 heights. Ventral margin straight. Basis of claws elongated, bordered from dorsal 

margin by weak incision. Dorsal margin straight or weakly concave in postanal portion and weakly concave in anal 

one, with distal part about 4–4.5 times longer than preanal one; postanal portion 3.5 times longer than anal one. 

Preanal angle well expressed, prominent. Postanal angle weakly defined. Preanal margin convex. Postanal margin 

(Fig. 5H) with 11–13 single, triangular denticles, with serrated anterior margin distally, followed by 5–7 groups of 
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smaller denticles-spinules in groups. Distalmost denticle large, with length exceeding the width of base of 

postabdominal claw, followed by denticles two times shorter. Postanal portion with 13–15 lateral fascicles of 6–8 

thin setules; distalmost setula in each fascicle being longest. Postabdominal claw (Fig. 5I, 6J) straight, with curved 

distal portion; very long, about 1.5 lengths of preanal portion of postabdomen, with distinctive pecten of setules on 

dorsal margin. Several distal elements in basal pecten are spines, length of distalmost spine about width of the claw 

at the spot. Basal spine slender, about 1/6 length of the claw, with short spinules on dorsal margin. 

FIGURE 5. Camptocercus uncinatus from Russia, Tyva Republic, Kyzyl city, flow-through ditch near the Tonmas-Sug river. 

A–B, outlines of juvenile female of instar I and II. C–I, parthenogenetic female. C, lateral view. D, ventral margin of valve. E, 

posteroventral angle of valve. F–G, postabdomen. H, distal portion of postabdomen. I, postabdominal claw. J, ephippial female. 

K–N, adult male. K, lateral view. L, postabdomen, M, distal portion of postabdomen. N, postabdominal claw.
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FIGURE 6. Camptocercus uncinatus from Russia, Tyva Republic, Kyzyl city, flow-through ditch near the Tonmas-Sug river. 

A–F, parthenogenetic female. A–B, lateral view; C, head. D, head pores. E, postabdomen. F, postabdominal claw. G–J, adult 

male. G, lateral view. H, head. I, postabdomen. J, postabdominal claw. Scale bars: 0.1 mm for A–B, G, 0.05 mm for C, E, H–I, 

0.01 mm for D, F, J.

Antennule (Fig. 7E) very long, curved at the base, length about 4.5 widths. Antennular seta short, about 1/4 

length of antennule itself, arising at the middle of antennule. Nine terminal aesthetascs. Length of two longest 

aesthetascs about 1 and 0.9 length of antennule, respectively. All other much shorter and thinner, less than 1/2 

length of antennule.

Antenna (Fig. 7F) with antennal formula: setae 0-0-3/0-1-3; spines 1-0-1/0-0-1. Basal segment robust, with 

very short seta between branches. Branches long and slender; in both branches basal segment 1.5 times longer than 

apical segment, middle segment being shortest, 2 times shorter than basal segment. Seta arising from middle 

segment of endopodite of same length as endopodite. All apical setae of similar thickness. All spines very short.

Limb I large and massive (Fig. 8A,B). Epipodite oval, with projection three times longer than epipodite body. 
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Accessory seta long, about 2/3 length of ODL seta. ODL seta thick, with short setules in distal portion. IDL with 

three setae and two clusters of very short setules. IDL seta 1 of moderate size, about 1/3 length of ODL seta. Setae 

2 and 3 thick, curved, hook-like with thin, setulated distal portion; seta 3 slightly shorter than ODL seta; seta 2 

about 2/3 length of seta 3. Endite 3 as in the previous species. Endite 2 similar to the previous species but seta e of 

moderate length, almost two times shorter than limb itself; seta f slightly shorter. Endite 1 as in the previous species 

Ventral face of limb with clusters of short setules. Ejector hook, and maxillar process elongated, thick, with short 

setulated seta in distal part. 

Limb II (Fig. 8C,D) as in the previous species, but exopodite with curved backward seta. 

Limb III (Fig. 8E,G). Epipodite oval, with finger-like projection as long as epipodite itself. Exopodite (Fig. 8E) 

of irregular shape, with seven setae; seta 3 being longest, seta 6 and 7 about 2/3 and 1/2 length of seta 3 

respectively, setae 1 and 4 less than 1/3 length of seta 3, setae 2 and 5 short. Seta 3 unilaterally armed with long thin 

setules in distal half; seta 4 armed with long thick setules; setae 6–7 naked; other setae armed with short setules. 

Inner portion of limb as in the previous species, but basal endite with 4 stiff setae (a–d) of unusual for Aloninae 

morphology, with especially wide bases and wide distal part, strongly increasing in length basally; seta a four times 

shorter than seta d. 

Limb IV (Fig. 8H,J) as in the previous species, but inner portion with three very small inner setae (a–c). 

Limb V (Fig. 8K) much smaller in size than in previous species. Exopodite with seta 2 being longest. Setae 1–2 

of similar length; seta 3 and 4 about 2/3 and 1/3 length of seta 2 respectively; setae 1–3 of exopodite of same 

length; seta 4 four times shorter. Filter plate with single short seta.

FIGURE 7. Camptocercus uncinatus from Russia, Tyva Republic, Kyzyl city, flow-through ditch near the Tonmas-Sug river. 

A–F, parthenogenetic female. A, head. B, abdomen. C–D, labrum. E, antennule. F, antenna. G–H, adult male. G, head. H, 

antennule.
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FIGURE 8. Camptocercus uncinatus from Russia, Tyva Republic, Kyzyl city, flow-through ditch near the Tonmas-Sug river. 

A–G, thoracic limbs of parthenogenetic female. A, limb I. B, IDL of limb I. C, limb II. D, exopodite of limb II. E, exopodite of 

limb III. F–G, inner portion of limb III. H, exopodite of limb IV. I–J, inner portion of limb IV. K, limb V. L–M, thoracic limb I 

of adult male and its IDL.

Ephippial female (Fig. 5J) with body slightly higher than in parthenogenetic female. Ephippium yellow-

brown, with sculpture in shape of longitudinal lines thicker than on the rest of valve. 

Male. Body lower than in female, fusiform (Fig. 5K, 6G), with well developed dorsal keel on head and valves; 

height/length ratio about 0.6; maximum height before the midline. Body strongly compressed laterally. Head (Fig. 

7G) with truncated rostrum. Ocellus and eye slightly larger than in female. 

Postabdomen (Fig. 5L, 6I) moderately long and narrow, unevenly curved and narrowing distally in postanal 

portion, without defined distal margin. Length about 5 heights. Sperm ducts opening located at the end of 

postabdomen at some distance from the basis of claws. Weak incursion between basis of claws and dorsal margin. 
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Dorsal margin concave in postanal portion and convex in anal one, with postanal portion 1.8–2 times longer than 

anal one. Preanal and postanal angles not defined. Preanal margin convex. Marginal denticles replaced with 

clusters of setules, 3–4 setules in each (Fig. 5M). Lateral fascicles of setules as in female. Postabdominal claw (Fig. 

5L, 6J) unevenly curved at the middle, shorter than in female, with basal pecten consisting of about 20 setules; 

length of distalmost spines less than width of the claw at the spot. Basal spine very short, addressed to the claw, 

with 7–8 very long setules.

Antennule (Fig. 7H) shorter than in female, curved in basal portion, reaching before the end of rostrum; length 

about 5 widths. Male seta long, arising at 4/5 distance from the base, about 2/5 length of antennule. Ten terminal 

aesthetascs of about 1/3 – 2/3 length of antennule. 

Limb I (Fig. 8L–M) with U-shaped copulatory hook, 2 times shorter than limb itself. IDL setae 1–3 strongly 

reduced in size in comparison with those of female; setae 2 and 3 not hook-like, with long distal portion, armed 

with thin setules; male seta straight, of moderate thickness, as long as IDL seta 2. Ventral face of limb below 

copulatory hook with a row of 30–35 short setules. Endite 3 with inner seta longer and thinner than in female.

Size. In instar I juvenile female, length 0.46–0.53 mm, height 0.3–0.34 mm. In instar II juvenile female, length 

0.59–0.62 mm, height 0.37–0.41 mm. In adult females, length 0.73–0.85 mm, height 0.50–0.54 mm. In adult 

males, length 0.55–0.59 mm, height 0.36–0.38 mm.

Notes. Morphology of females from studied populations corresponds well to the previous description of the 

species (Smirnov 1971, 1998; Kotov et al. 2012). Morphology of specimens from Romania and Italy (Negrea 

1983; Margaritora 1985; Margaritora & Vagaggini 2002) did not differ from that of Asian populations. But C. 

uncinatus, not recorded from Spain, Germany, Norway and European Russia, seems to be confined to South 

Europe. Records from Turkey (Yalim 2001), Iran, Ethiopia, Egypt and Lake Victoria (Smirnov 1998) suggest that 

the species should be also present in South-West Asia and North-East Africa. Records from Guatemala (Smirnov 

1998) should be re-checked, presence of C. uncinatus s. str. in East Hemisphere contradicts Frey's (1982) 

noncosmopolitanism paradigm. 

Camptocercus fennicus Stenroos, 1898

(Figs. 9–11)

Stenroos, 1898: 198–200, 202, Table 3, Fig. 19–24; Krasnodebsky, 1937: 426–430, Fig. 1; Smirnov, 1971: 436, Fig. 529, 530. 

Smirnov, 1998: 66–70, Fig. 22–27.

Material examined. 17 parthenogenetic females from Russia, Moscow Area, Ruza district, lake Glubokoe, 

27.06.2014; coll. P.A. Garibyan. Parthenogenetic female, from Russia, Yakutia Autonomous Republic, a swamp at 

right side of the "Kolyma" Federal Road near crossing with the Suola River, 62,09933º N, 130,1467º E; 

25.08.2010, coll. A. A. Kotov; AAK 2011-059. Adult male from Russia, Yakutia Autonomous Republic, swamp 

lake near lake Beloe, 63,40659º N 128,90326º E ; 5.09.2012; coll. E.I.Bekker & A.I. Klimovskij; AAK-M-2601.

Description. Parthenogenetic female. Body (Fig.9A,B, J) with well-expressed dorsal keel, moderately high, 

fusiform in lateral view (height/length ratio about 0.65 in adult); maximum height in the second quarter of body; 

strongly compressed laterally. Dorsal margin highly arched, without depression between valves and head shield. 

Posterodorsal angle broadly rounded; posterior margin convex. Posteroventral angle broadly rounded. Ventral 

margin (Fig. 9C,D) unevenly convex in anterior half, almost straight in posterior half, with about 50–60 short 

ventral setae. Row of ventral setae ends at about 2/3 length of ventral margin, followed by numerous very short 

setules, subdivided into unclear groups. Posteroventral angle (Fig. 9E,F) with 1–3 small denticles; distance 

between denticles 2–3 widths of denticle base. Anteroventral angle rounded. Valves with prominent sculpture in 

shape of diagonal, almost never anostomosing lines; in anteroventral portion of valves, curved upward. Keel 

oblique on both valves and shield. 

Head (Fig. 10A,B,H) with acute, triangular rostrum, protruding downward. Head keel wide, distance from eye 

to keel margin about 2–3 diameters of eye. Ocellus smaller than eye. Distance from tip of rostrum to ocellus 3 

times greater than distance between ocellus and eye. Head pores as in C. uncinatus.

Labrum (Fig. 10D,E, I) of moderate size. Labral keel moderately wide (height about 1.7 widths), with a blunt 

or rounded apex. Anterior margin of keel irregularly convex; posterior margin weakly convex, with 2–4 clusters of 

short setules.
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FIGURE 9. Camptocercus fennicus. A–I, parthenogenetic female from Russia, Moscow Area, Ruza district, Glubokoe Lake. 

A–B, lateral view. C, ventral margin of valve. D, setae of central part of valves. E–F, posteroventral angle of valve. G, 

postabdomen. H, distal portion of postabdomen. I, postabdominal claw. J–L, parthenogenetic female from Russia, Yakutia 

Autonomous Republic, a swamp near "Kolyma" Federal Road crossing with the Suola River. J, lateral view. I, postabdomen. K, 

distal portion of postabdomen. L, postabdominal claw. M–P, adult male from Russia, Yakutia Autonomous Republic, swamp 

lake near lake Beloe. M, lateral view. N, postabdomen. O, distal portion of postabdomen. P, postabdominal claw. 
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FIGURE 10. Camptocercus fennicus. A–G, parthenogenetic female from Russia, Moscow Area, Ruza district, Glubokoe Lake. 

A, head. B, head with damaged keel. C, abdomen. D–E, abdomen, F, antennule. G, antenna. H–J, parthenogenetic female, from 

Russia, Yakutia Autonomous Republic, a swamp near "Kolyma" Federal Road crossing with the Suola River. H, head. I, 

labrum. J, antennule. K, head of adult male from Russia, Yakutia Autonomous Republic, swamp lake near lake Beloe.

Thorax and abdomen (Fig. 10C) of similar length. Dorsal surface of middle abdominal segment saddle-shaped. 

Abdominal joint well-developed.

Postabdomen (Fig. 9G, K) very long and narrow, evenly narrowing distally, without defined distal margin. 

Length about 5 heights. Ventral margin straight. Basis of claws bordered from dorsal margin by clear incision. 

Dorsal margin straight in postanal portion and weakly concave in anal one, with distal part about 4 times longer 

than preanal one, and postanal portion 3 times longer than anal one. Preanal angle well expressed, prominent, 

postanal angle not defined. Preanal margin convex. Postanal margin (Fig. 9H, L) with 18 single, subrectangular 

denticles with serrated distal margin; distal denticle very long, with length about 1.5 widths of postabdominal claw 

base and two times longer than neighbors. Postanal portion with 14 lateral fascicles of 10–15 short setules; 
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distalmost setule in each fascicle being longest. Postabdominal claw (Fig. 9I, M) weakly curved, scythe-like; very 

long, about 1.5 lengths of preanal portion of postabdomen, with distinctive pecten of setules on dorsal margin. 

Only distalmost setule in basal pecten spine-like. Basal spine of unusual shape, broad, lancet -like, with maximum 

width at 2/3 of length, about 1/4 length of the claw, with short spinules on dorsal margin. 

Antennule (Fig. 10F, J) very long, curved at the base; length about 5–6 widths. Antennular seta short, about 1/5 

length of antennule itself, arising at the middle of antennule from well-defined tubercule. Nine terminal 

aesthetascs. Length of two longest aesthetascs varies: in Glubokoe lake specimens (Fig. 10F), longest one 1.3 times 

longer than antennule, second one as long as antennule; in Yakutia specimens (Fig. 10J), length was about 0.8–0.9 

length of antennule; all other much shorter and thinner, less than 1/2 length of antennule. 

Antenna relatively short (Fig. 10G). Antennal formula: setae 0-0-3/0-1-3; spines 1-0-1/0-0-1. Basal segment 

robust, with very short seta between branches. Branches long and slender; in both branches basal segment 1.5 times 

longer and thicker than two others. Seta arising from middle segment of endopodite of similar size of apical setae. 

All apical setae of similar thickness. All antennal spines very short. 

Limb I (Fig. 11A, C). Similar to that of C. uncinatus, but ODL seta armed with longer setules; IDL setae 2 and 

3 with distal portion shorter and armed with smaller denticles than in C. uncinatus.

Limb II (Fig. 11D). Similar to that of C. uncinatus, but scraper 3 shorter, about 2/3 lengths of neighbors; 

scrapers 1–2 and 3–4 somewhat shorter than in C. uncinatus.

Limb III (Fig. 11E,F). As in C. uncinatus, but scraping spines of distal endite somewhat more slender.

Limb IV (Fig. 11G, H). Similar to that of C. uncinatus, but exopodite seta 4 of normal morphology, not reduced 

to stub. Flaming-torch setae more robust, with shortened distal part.

Limb V (Fig. 11I, J). Similar to that of C. uncinatus, but exopodite setae 1–3 of almost same length; seta 4 three 

times shorter. Sensillum of gnathobase elongated. No filter plate found.

Ephippial female unknown.

Male. Body lower than in female, fusiform (Fig. 9N), with well-expressed dorsal keel on head and valves; 

height/length ratio 0.6; maximum height at 1/3 of the length. Body strongly compressed laterally.

Head (Fig. 10K) with shortened, blunt rostrum of characteristic shape, similar to these of females of C. 

lilljeborgi (see below). Head keel less high than in female; distance from eye to the keel margin about 1.5 diameters 

of eye. Ocellus and eye of same size as in female. 

Postabdomen (Fig. 9O) long and narrow, narrowing distally in anal portion and with parallel margins in postanal 

portion, without defined distal margin. Length about 5 heights. Sperm ducts opening located close to the end of 

postabdomen on ventral margin. Basis of claws bordered from dorsal margin by clear incision. Dorsal margin 

straight in postanal portion and weakly concave in anal one, with postanal portion 2.5 times longer than anal one. 

Preanal angle well expressed, prominent, postanal angle not defined. Preanal margin convex. Distalmost seven 

marginal denticles replaced with groups of 7–10 thick spinules on small hillocks; spinules in distalmost group longer 

and thicker than others; in basal half of preanal margin, marginal denticles similar to those of female, but smaller 

(Fig. 9P). Lateral fascicles of setules as in female. Postabdominal claw similar to that of female (Fig. 9Q).

Antennule (Fig. 10L) shorter than in female, curved in lateral view and longer than rostrum; length about 5 

widths. Male seta short, arising at 4/5 distance from the base and reaching below the end of antennule. Twelve 

terminal aesthetascs of varying length, the longest ones about 2/3 length of antennule; the shortest about 1/4 length 

of antennule. 

Limb I (Fig. 11K, L) with U-shaped copulatory hook, 2 times shorter than limb itself. IDL setae 1–3 strongly 

reduced in size in comparison with those of female; setae 2 and 3 not hook-like, but armed with spinules; male seta 

straight, of moderate thickness, as long as IDL seta 2. Ventral face of limb below copulatory hook with a row of 

about 25 setules of moderate length and thickness. 

Size. In females: length 0.66–0.91 mm; height 0.40–0.59 mm (in smallest ovigerous female length 0.78 mm, 

height 0.5 mm). In a single studied adult male: length 0.58 mm; height 0.34 mm.

Notes. Morphology of head and thoracic appendages of C. fennicus was studied for the first time, male of the 

species is reported for the first time. The species is distributed in Germany, Poland, Scandinavia, North European 

Russia (the southernmost location here is Moscow Area), and Central Yakutia. Species is rare, never encountered 

in large numbers. In lake Glubokoe, which was sampled extensively from 1980s by N.N. Smirnov, N.M. 

Korovchinsky, A. A. Kotov and the author, it was found only few times; studied sample was the only finding of C. 

fennicus here in last 20 years. 
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FIGURE 11. Camptocercus fennicus. A–J, thoracic limbs of parthenogenetic female from Glubokoe Lake, Ruza district, 

Moscow Area, Russia. A, limb I. B–C, ODL and IDL of limb I. D, limb II. E, exopodite of limb III. F, inner portion of limb III, 

distal part. G, exopodite of limb IV. H, inner portion of limb IV. I, limb V. J, inner portion of limb V. K–L, thoracic limb I and its 

copulatory hook of adult male from Russia, Yakutia Autonomous Republic, swamp lake near lake Beloe.

Camptocercus lilljeborgi Schoedler, 1862 

(Figs. 12–15)

Mueller, 1785: 77–78, Pl. 10, Fig. 1–4 (Lynceus macrourus); Schoedler, 1862: 24 (no figures) (C. Lilljeborgi); 1863: 36, Fig. 

46–48 (C. Lilljeborgii); Kurz, 1875: 41–43, Pl. 2: Fig. 9–10 (C. latirostris); Lilljeborg, 1900: 413–416, Pl. 63: Fig. 6–13; 

Smirnov, 1971: 438, Fig. 534–538; Flössner, 1972: 278–280, fig. 131; 2000: 333–335, fig. 123; Negrea, 1983: 312–314, 

fig. 127; Margaritora, 1985: 287–289, Fig. 113. Smirnov, 1998: 77, Fig. 58–63. Flössner, 2000: 333–335, Fig. 123. Hudec, 

2010: 279–281, Pl. 66: figs F–J.

Material examined. Over 40 parthenogenetic females, 1 juvenile male of instar II from Russia, Yakutia 

Autonomous Republic, an oxbow lake in valley of the Khandyga River, right bank of the Aldan River, 63,112ºN, 

134,0446º E; 26.08 2010; coll. A.A. Kotov, AAK 2011-039. 7 parthenogenetic females, from Russia, Yakutia 
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Autonomous Republic, a swamp at right side of the "Kolyma" Federal Road near crossing with the Suola River, 

62,0993º N, 130,1467º E; 25.VIII.2010; A.A. Kotov , AAK 2011-059.

FIGURE 12. Camptocercus lilljeborgi, from Russia, Yakutia, oxbow lake of the Khandyga River. A–B, juvenile females of 

instar I and II. C–G, parthenogenetic female. C, lateral view. D, ventral margin of valves. E–F, setae of anterior and middle 

portion of valves. G–I, posteroventral corner of valves. J–K, head shield in lateral and dorsal view. L–M, head pores in lateral 

and dorsal view. N–O, postabdomen. P, distal portion of postabdomen. Q, postabdominal claw. R–S, juvenile male of instar II. 

R, lateral view. S, postabdomen. 

Description. Parthenogenetic female. Body with a well-expressed dorsal keel, low oval (Fig. 12A,C; 13A,B); 

height/length ratio about 0.5 in adult; maximum height at the middle of the body. Body strongly compressed 

laterally, with developed egg locules (Fig. 13C). Dorsal margin evenly arched from tip of rostrum to the 

posterodorsal angle; posterodorsal angle not defined; posterior margin convex; postero-ventral angle very broadly 

rounded, with a 1–3 small denticles. Ventral margin almost straight, anterior corner of valves broadly rounded. 

Ventral margin (Fig. 12D) armed with 75–85 setae, row of setae ends at 2/3 length of margin. About 60 anterior 
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setae (Fig. 12E, 13D) are densely spaced, of same length, armed with long setules distally; 15 posteriormost setae 

(Fig. 12F, 13D) are sparsely spaced, armed with short setules, decreasing in length distally. Denticles of 

posteroventral angle (Fig. 12G, I; 13F,G) short, saw-like, with broad bases; distance between denticles about 1–2 

widths of their bases. Valves with a distinct longitudinal, sometimes anastomosing lines in posterior part. Keel 

oblique on both head and valves.

FIGURE 13. Camptocercus lilljeborgi, from Russia, Yakutia, oxbow lake of the Khandyga River, parthenogenetic female. A, 

lateral view. B–C, lateral and dorsal view of the same specimen. D, anterior setae of valves. E, posterior setae of valves. F–G, 

posteroventral angle of valves from outer and inner sides. H, head. I, head pores. J, abdomen and postabdomen. K, distal 

portion of postabdomen. Scale bars: 0.1 mm for A–C, 0.05 mm for H, J, 0.01 mm for D–G, I, K.

Head (Fig. 13H, 14A) with truncated rostrum, protruding downward. Head keel moderately wide; distance 

from eye to the keel margin about 1.5 diameters of eye. Ocellus smaller than eye; distance from tip of rostrum to 

ocellus equal to distance between ocellus and eye. Head shield (Fig. 12J, K) with maximum width behind 
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mandibular articulation, without distinctive sculpture. In dorsal view, anterior margin of rostrum straight. Posterior 

margin as prominent, acute angle with rounded tip. Three major head pores (Fig. 12L, M; 13I) of same size, with a 

narrow connection between them. PP about 0.5 IP in adults. Lateral head pores located in small depressions about 

1.5 IP distance from midline, at level of middle major head pore. 

Labrum (Fig. 14B, D) of moderate size. Labral keel moderately wide (height about 1.5 widths), with a blunt or 

rounded apex. Anterior margin of keel irregularly convex; posterior margin weakly convex, with 2–4 clusters of 

short setules.

FIGURE 14. Camptocercus lilljeborgi, from Russia, Yakutia, oxbow lake of the Khandyga River. A–M, parthenogenetic 

female. A, rostrum. B–D, labrum. E, antennule. F, antenna. G, juvenile male of instar II, antennule. 

Thorax and abdomen (Fig. 13J) of similar length. Dorsal surface of middle abdominal segment saddle-shaped. 

Abdominal joint well-developed.

Postabdomen (Fig. 12N, O; 13J) very long and narrow, unevenly narrowing distally, without defined distal 

margin. Length about 5–5.5 heights. Ventral margin almost straight. Basis of claws more elongated than in the 

previous species, bordered from dorsal margin by weak incision. Dorsal margin straight in postanal portion and 

straight to weakly concave in anal one; distal part about 4 times longer than preanal one; postanal portion 3 times 

longer than anal one. Preanal angle well expressed, prominent; postanal angle weakly defined. Preanal margin 

convex. Postanal margin (Fig. 12P, 13K) with 16–21 single, triangular denticles with serrated anterior margin; size 

of denticles evenly decreasing basally. Length of distal denticles about 2/35 width of postabdominal claw base. 

Postanal portion with 14–17 lateral fascicles of 3–6 short, robust setules; distalmost setule in each fascicle being 

longest. Postabdominal claw (Fig. 12Q, 13K) straight, with curved distal portion; very long, about 2 lengths of 

preanal portion of postabdomen; with distinctive pecten of setules on dorsal margin. Several distal elements in 

basal pecten are spines, length of distalmost spine exceed claw width at the spot. Basal spine slender, about 1/5 

length of the claw, with short spinules on dorsal margin. 

Antennule (Fig. 14E) long, straight, not reaching the end of the rostrum; length about 5 widths; with 4 clusters 

of setules on outer margin. Antennular seta short, about 1/3 length of antennule itself, arising at the middle of 

antennule from a weakly-defined tubercule. Nine terminal aesthetascs, the longest longer than as antennule; second 

longest as long as antennule; all other much shorter and thinner, about 1/2–1/3 length of antennule. 

Antenna relatively short (Fig. 14F). Antennal formula: setae 0-0-3/0-1-3; spines 1-0-1/0-0-1. Basal segment 

robust, with very short seta between branches. Branches long and slender; in both branches apical and middle 

segments of same length; basal segment 1.5 times longer and thicker than two others. Seta arising from middle 
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segment of endopodite short, shorter than endopodite. All apical setae of similar thickness. Spine on basal segment 

of exopodite about 1/3 length of middle segment. Spine on apical segment of exopodite about 1/3 length of the 

segment. Spine on apical segment of exopodite about 1/2 length of the segment.

FIGURE 15. Camptocercus lilljeborgi, from Russia, Yakutia, oxbow lake of the Khandyga River. A–M, parthenogenetic 

female. . A, limb I. B, IDL and ODL of limb I. C, scrapers and exopodite of limb II. D, gnathobase of limb II. E, exopodite of 

limb III. F, distal endite of limb III. G, exopodite of limb IV. H, inner portion of limb IV. I, limb V. J, inner lobe of limb V. K–O, 

limb I of juvenile male of instar II. K, ODL and copulatory hook. L, IDL. M, anterior anterior margin of limb. 
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Limb I (Fig. 15A, B). Epipodite oval, with very long, thick, strongly curved projection. Accessory seta short, 

about 1/4 length of ODL seta. ODL seta as in two previous species. IDL as in C. oklahomensis. Endite 2–3 as in C. 

uncinatus. Endite 1 similar to these of previous species, but with a flat thick geniculated plumose seta (i), absent in 

previous species. Ventral face of limb with densely spaced thin setules, not organized into clusters, in basal portion. 

Ejector hooks and maxillar process as in other species.

Limb II (Fig. 15C, D) similar to two previous species, but scraper 3 only about 2/3 length of neighbors, with 

very thick, robust denticles; spine 6 not thicker than neighbors; spines 6–8 two times thinner than scraper 5.

Limb III (Fig. 15E, F). Epipodite with thick finger-like projection longer than exopodite itself. Exopodite of 

irregular shape; setae 1–2 short, thin plumose; seta 3 being longest, with very thick basal portion and geniculated 

distal portion; setae 4 and 5 reduced to subtriangular setulated stubs; setae 6 thin, somewhat shorter than seta 3, 

unilaterally armed with short thick setules in distal portion; seta 7 thin, about 1/2 length of seta 6. Inner portion of 

the limb similar to that of C. fennicus, but distal endite setae 1–2, thin, slender; seta 2 much shorter than seta 1. 

Limb IV (Fig. 15G, H). Pre-epipodite setulated; epipodite oval, with thick finger-like projection 1.5 times 

longer than epipodite itself. Exopodite rounded, with six setae; seta 5 being longest. Setae 1–2 very short, plumose; 

seta 3 with very thick basal portion and densely setulated distal portion, about 3/4 length of seta 5; seta 4 reduced to 

semicircular setulated stub; seta 5 with densely setulated distal portion; seta 6 thin, unilaterally armed with short 

setules in distal portion, about 1/3 length of seta 5. Inner portion of limb similar to that of two previous species, but 

scraping seta more slender; flaming-torch setae with shorter distal portion, and large elongated sensillum. Inner 

setae not found.

Limb V (Fig. 15I, J). Pre-epipodite setulated; epipodite oval, with thick finger-like projection 1.5 times longer 

than epipodite itself. Exopodite large, rounded, with four setae, seta 3 being longer. Setae 1–2 plumose, about 2/3 

length of seta 3; seta 3 with very thick basal portion, plumose in distal portion; seta 4 reduced to semicircular 

setulated stub. Inner lobe small, narrow, curved, armed with row of thick setules. At inner face, two setae of similar 

size, distal on densely setulated in distal part. Filter plate V absent.

Ephippial female unknown.

Male. No adult males were available, for description of male see Smirnov (1971; 1998).

Juvenile male of instar II. Body (Fig 12R) similar to that of juvenile female of instar II. Postabdomen (Fig 

12S) similar to that of female; sperm duct opening located near ventral margin, at 1/4 length from the end of 

postabdomen. Marginal denticles and postabdominal claw same as in female. Antennule (Fig. 14G) shorter than in 

female, anlage of male seta located at 1/4 antennule length from the tip. Aesthetascs same as in female. Thoracic 

limb I (Fig. 15K, M) with anlage of copulatory hook, half as long as limb itself. The IDL with setae 1–3 as in 

female and anlage of male seta. Copulatory brush seta short; ventral face of the limb under the copulatory brush 

with row of 6 stiff setules.

Size. Instar I juvenile female: length 0.45–0.47 mm; height 0.21–0.22 mm. Instar II juvenile female length 

0.54–0.58 mm; height 0.24–0.27 mm. Adult females length 0.65–0.82 mm; height 0.30–0.43 mm. Single studied 

juvenile male of instar II length 0.56 mm; height 0.26 mm.

Notes. Morphology of thoracic limbs of C. lilljeborgi was studied by Smirnov (1971), although these 

illustrations were rather undetailed, agree well with the present data. The species has been found in East Siberia for 

the first time.

Discussion

Presence of a keel on head and carapace is also characteristic for some species of Daphnia, while other lack it 

(Benzie 2005). Keel is present on carapace of some species of Eurycercus Baird and Ilyocryptus Sars, while absent 

in others (Smirnov 1971). Camptocercus oklahomensis lacks a head keel, characteristic for more derived species of 

the genus, and have some shared features with the species of Kozhowia, a endemic genus of Lake Baikal. 

According to Smirnov (1971), Kotov (2000) and Sinev & Atroshenko (2011), Kozhowia is a sister-group for 

Camptocercus. C. oklahomensis is similar to Kozhowia (see Kotov 2000) in body shape, morphology of head 

shield and head pores, shape and armature of postabdomen, having groups of small elementary marginal denticles 

instead of large single composite ones, common for majority of the species of Camptocercus. Morphology of limb 

V of C. oklahomensis is also similar to that of Kozhowia, and not to that other Camptocercus species. But all these 
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features are simplesiomorphies, lost by more derived species of Camptocercus. Kozhowia also has important 

autapomorphies in the limb morphology: exopodite IV lacking two of terminal setae; scraping setae of limb IV 

with reduced distal portion; and the male morphology with a ventrally inflated rostrum, unique for the Aloninae . In 

C. oklahomensis, morphology of limb IV is typical for the genus, and male rostrum is of a normal morphology. 

Other species of Camptocercus with similar morphology, without a head keel, is South American C. aloniceps. But 

at the moment it is impossible to discuss relationships between American species of the genus because of the lack 

of detailed descriptions. Smirnov (1998) treated absence of a head keel and denticles on posteroventral margin of 

valves in these species as “reductions”, but to my mind at least in C. oklahomensis these features clearly are 

plesiomorphies. Presence of these structures are sinapomorphies of a clade of more advanced species of the genus. 

Other plesiomorphies of C. oklahomensis include short (for Camptocercus) postabdomen, elementary marginal 

denticles of postabdomen, non-specialized IDL setae typical for other Aloninae morphology of inner setae (a–d) of 

limb III, and comparatively large limb V. It is clearly a basal species on the phylogenetic tree of the genus. 

C. uncinatus and C. fennicus form a monophyletic group within the genus together with C. vietnamensis (see 

Sinev 2011). The main sinapomorphy of these three species is IDL with hook-like setae 2 and 3. These species also 

have similar outer morphology, with fusiform body, similar labrum with a triangular keel; but differences in the 

limb morphology between these species are rather small. The clade seems to be of East Asian origin since areas of 

species distribution are overlapping there. C. uncinatus, species with a wider area of distribution, coexists with 

North Palearctic C. fennicus in Yakutia, and with Oriental C. vietnamensis in Korea.

 C. lilljeborgi seems to be one of the most specialized species of the genus. In outer morphology, C. lilljeborgi 

is very close to South American species C. simplex Sars, 1901, but differs from it in armature of postabdomen 

(Smirnov 1971). Morphology of thoracic limbs of C. lilljeborgi has several outstanding features. General shape of 

exopodites III–V and morphology of their setae are very different from other species. Setae of exopodites III–V are 

strongly and uniformly modified in this species, unlike other species of the genus (see Alonso (1996) for C. 

rectirostris, Smirnov (1998) for C. streletskae and Sinev (2011) for C. vietnamensis). Seta 3 of exopodites III–V 

have a very thick basal portion, much thicker than in other plumose setae, while seta 4 (and seta 5 on limb III) is 

reduced to a state of small setulated stub. Such uniform modification probably reflects homologies of setae of 

exopodites III–V, suggesting that seta 1–4 are homologous in all Aloninae. Other unique features of the species 

include extremely large epipodites of limb, presence of seta i on endite 1 of limb I, ventral face of limb I with 

irregularly spaced setules, exopodite III with geniculated seta 3, exopodite IV with shortened seta 4 and very long 

seta 5, and broad rounded exopodite V. 

Other interesting feature of C. lilljeborgi is unique for the genus: ventral margin of valves with dense setulation 

in anterior half. In all other species, setae of valves are less numerous and sparsely spaced. For this feature, C. 

lilljeborgi is similar to species of the genus Graptoleberis Sars, 1862, which use such thick and densely spaced 

setae on strait ventral margin for a slug-like attachment to the substrate (Fryer 1968; Smirnov 1971). Probably, C. 

lilljeborgi behaves similarly, but no direct observations of the species were conducted so far. Rostrum of C. 

lilljeborgi is quite broad in dorsal view, which is somewhat analogous to the specialized, broadly rounded, 

expanded head of Graptoleberis. Unlike other species of the genus, C. lilljeborgi has well-developed spines on 

antenna. Antennal spines are used for pushing when animal crawls on substrata, its reduction independently occurs 

in two other Aloninae genera with very high body, Brancelia Van Damme & Sinev, 2010 (see Van Damme & 

Sinev, 2010) and Kurzia Dybowski & Grochowski, 1894 (see Hudec, 2000). In both these genera, as well as in 

most species of Camptocercus, antenna of animal is too short to reach substrata while crawling. Body of C. 

lilljeborgi is low, and its antenna is long enough to be used for pushing, this explains presence of well-developed 

antennal spines, strong development of which is more characteristic for benthic animals (Kotov 2006). 

Sinev (2009) suggested that head and body keels of Acroperus and Camptocercus are defensive structures 

against invertebrate predators, like it was earlied found in Daphnia (Benzie 2005, Kotov 2013). Specimens with 

damaged defensive structures were observed in populations of Daphnia, Bosmina and Bosminopsis (Kotov 2013), 

such damages are explained as results of predator attacks. Specimen with similar damage of head keel was found in 

the studied population of C. fennicus (Fig. 10B), this is an indirect confirmation of the aforementioned hypothesis.

Our data reveal an amazing diversity of limb morphology within the genus Camptocercus. Most of Aloninae 

genera have rather uniform limb morphology. In some groups, like Coronatella, Anthalona and affinis-group of 

Alona s. lato, morphology of IDL setae significantly varies from species to species, like in Camptocercus, but 

morphology of other limb structures remains mostly the same (see Van Damme & Dumont, 2008; Van Damme et 
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al., 2011; Sinev, 2013). The sole exception is the genus Leydigia (see Kotov, 2009), where the diversity of limb 

morphology reaches same level as in Camptocercus. 

Leydigia is similar to Camptocercus, also being one of the most morphologically divergent genera of Aloninae, 

and having numerous advanced features in outer morphology namely characteristic body shape, dense seta on the 

valve ventral margin, broad postabdomen with extremely strong lateral groups of setules, basal claw of 

postabdomen with reduced of absent basal spine, antenna with clusters of long thick setules, and male 

postabdomen with a penis-like process. Unlike Camptocercus, which is encountered in a variety of environments, 

Leydigia is specially adapted to benthic life at muddy bottom (Kotov 2006). In my opinion, uniform thoracic limb 

morphology within the most Aloninae genera can be attributed to a high level of competition between genera, 

where most “optimal” combinations are already attained. Camptocercus and Leydigia are both extremely 

specialized and free from competition from other genera, so diversification of thoracic limbs morphology between 

species became possible.
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