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New record of non-indigenous cladoceran Pleuroxus
denticulatus Birge, 1879 (Cladocera: Chydoridae)
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ABSTRACT: Biological invasions require thorough and comprehensive research. During
a field investigation in a mouth area of a tributary of the Gorky Reservoir (Middle Volga)
an non-indigenous species Pleuroxus denticulatus Birge, 1879 (Crustacea: Cladocera) was
encountered. It is one of most common species of Chydoridae in Canada and USA.
Morphology of studied specimens fully agrees with earlier descriptions of the species. The
role of the species in the zooplankton community of the mouth area river was not significant.
Discovery of P. denticulatus in the mouth area of the Shacha River (Kostroma Area) is the
second record of its presence in European Russia and its fourth record in the entire country.
The mouth area of the Shacha River can apparently act as a local pool for further dispersion
of'this species into other streams and lakes of the Volga basin, including its major reservoirs.
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HoBas Haxoaka 4yXepoaHOro BeTBUCTOYCOro pa4ka
Pleuroxus denticulatus Birge, 1879
(Cladocera: Chydoridae) B EBponeunckoun Poccum
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PE3IOME. Buonoruueckne mHBa3uu TpeOYIOT BCECTOPOHHETO M KOMIUIEKCHOTO
nccieoBaHus. B paMkax SKCIIeANIIMOHHBIX NCCIIEJOBAaHUHN B YCTHEBOW 00IaCTH IIPUTOKA
T'opekoBckoro Bomoxpanmmma (Cpenuasist Bonra), 0p1 00HapYKEH Wy KEPOIHBIN BUI
Pleuroxus denticulatus Birge, 1879 (Crustacea: Cladocera). 9To o1uH U3 caMBIX pactpo-
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crpaneHubx Bi10oB Chydoridae 8 Kanane u CIIA. Mopdosiorus u3ydeHHbBIX SK3EMILIIPOB
HOJIHOCTBIO coTrjiacyeTcs ¢ Oonee paHHUMH onucaHusMu Buna. Ponw P. denticulatus B
rUIpoOHOIIeHO3€e Oblila He 3HAYNTEIbHOW. POk BH1a B cOOOIIECTBE 300IIAHKTOHA YCTh-
eBOH oOsacTu peku OblTa He 3HaunTeNnbHOH. Haxonka P. denticulatus B ycTbeBoii o0nacTn
p. laua (Koctpomckas 06macTh) sIBIsICTCS] BTOPOI HAXOKOH 9TOTO BU/IA HA TEPPUTOPUH
EBpomnetickoit Poccun u yetBepToil Haxoakoil Ha Tepputopun Bcert Poccum. Ilo Bceit
BUJIMMOCTH, yCTheBast 00sacTh p. lllaua MoXeT SIBISATHCS HCTOYHUKOM PACCENEHHS 3TOTO
BHUJIa B HOBBIE BOJIOEMBI U BOJOTOKH OacceiiHa p. BoJiru u ee BogoXpaHHIIHIIL.

Kak niutuposats o1y crarbio: Zhikharev V.S, Sinev A.Yu., Shurganova G.V. 2022. New
record of alien cladoceran Pleuroxus denticulatus Birge, 1879 (Cladocera: Chydoridae) in
the European Russia // Invert. Zool. Vol.19. No.3. P.317-323. doi: 10.15298/
invertzool.19.3.05

KJIFOYEBBIE CJIOBA: Cladocera, ycTheBast 007acTh pekH, 4y KepoaHbiii By, Poccust.

Introduction

Biological invasions are originally natural
processes ensuring dispersal of species at a slow
pace (Hollebone, Hay, 2007). However, dra-
matic increase inhuman migrations, global trans-
portation and other anthropogenic activities in
20%-21% centuries has accelerated the spreading
of non-indigenous species, changing the initial
speed and nature of this process (Mooney, Cle-
land, 2001; Olden et al., 2004).

Biological invasions cause changes in indig-
enous ecological communities and lead to glo-
bal faunal homogenization, exacerbating the
global biodiversity crisis (Olden et al., 2004;
Hollebone, Hay, 2007). For this reason, biolog-
ical invasions demand comprehensive research-
es. A noticeable lag between a non-indigenous
species arrival and manifestation of consequenc-
es of this event makes it necessary to provide a
continuous ecological monitoring of aquatic
communities. This approach to reveals the
spreading of species, and facilitates its control.

Pleuroxus denticulatus Birge, 1879 was
described from Wisconsin state, USA (Birge,
1879). It is one of most common species of
Chydoridae in Canada (Chengalath, 1987) and
USA (Shan, Frey, 1983). The species has pene-
trated South to Central America (Shan, Frey,
1983). P. denticulatus was also recorded in the
Old World, but only a few records were accom-
panied by reliable descriptions and illustra-
tions. The first reliable European record was
from Germany (Flossner, Kraus, 1977); mor-
phological analysis has revealed no significant

differences between German and American
populations. Later, P. denticulatus was record-
edinrice fields of Lombardy and Emilia-Roma-
nia regions of Italy (Margaritora, 1983), in the
Ter River basin in Spain (Alonso, 1996), and in
the Danube basin in Slovakia (Hudec, Illyova,
1998; Hudec, 2010). Amoros (1984) included
this species in the key of French Cladocera, but
provided no detailed distribution.

Subtropical and tropical regions of Asia,
Africa south of Sahara are inhabited by abun-
dant sibling-species, Pleuroxus quasidenticu-
latus (Smirnov, 1996), and records of P. dentic-
ulatus from China, India and Africa probably all
refer to the former species (Sinev, Sanoamuang,
2013). For example, Kotov et al. (2011) report-
ed P. denticulatus from the Zea River basin, but
this record was later attributed to P. quasiden-
ticulatus (Sinev, Sanoamuang, 2013). Descrip-
tions of P. denticulatus from Cameroon (Chia-
mbeng, Dumont, 2004) and from India (Gogoi
etal.,2018)is also clearly refers to P. quasiden-
ticulatus. The only reliable record of P. dentic-
ulatus accompanied by description from Asia is
that of Kotov et al. (2017) from South Korea.

The present contribution considers new
record P. denticulatus in the European Russia
and provide morphological data on our speci-
mens.

Material and methods

In this work, we analyzed zooplankton samples
taken during an expedition along the course of the
Volga River. Zooplankton diversity of several mouth
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A-0.1 mm

C-0.1 mm

B, D-F - 0.05 mm

Fig. 1. Pleuroxus denticulatus Birge, 1897 from the Shacha River, parthenogenetic female. A— lateral view;
B — postero-ventral corner of valves; C — postabdomn; D — distal portion of postandomen; E — antenna;
F — Inner distal lobe of thoracic limb I.

Puc. 1. Pleuroxus denticulatus Birge, 1897 u3 peku lllaua, napTeHOreHeTHYECKAs caMKa. A — BUJI COOKY;
B — 3axneBenTpanbHbiil yroi ctBopku; C — nocrabgomen; D — mucranbHas 4acTh nocrabaomena; E —

aHTeHHAa; F — BHyTpeHHss AucTaiabHast 101l TPYIHOW KOHEYHOCTH I.

areas of rivers flowing into reservoirs on the Volga
were examined in August 2020, including the Shacha
River mouth. The Shacha is a small river with total
length of 58 km and watershed area of 631 km?. Its
lower course is navigable for 4 km up from the
river’s mouth and its morphology is significantly
altered for ship anchorage and to accommodate the
needs of the Kostromskaya thermal power station.

Samples were taken by dragging a 70 im plankton
net bottom to surface near the river shore away from
aquatic plants and preserved with formaldehyde. Spec-
imens were selected from samples under a binocular
stereoscopic microscope, placed on slides (in a drop
of a glycerol-ethanol mixture), studied using an opti-
cal microscope (Olympus CX41) and measured. Three
specimens from Shacha River were dissected for
analysis of appendages. For SEM examination, spec-
imens were subject to critical point drying, coated
with gold-palladium and studied using scanning elec-
tron microscope CamScan S2. Measurements were
determined using an eyepiece-micrometer; all draw-
ings were made with a camera lucida.

During the study period, water temperature was
quite high 26.8+1.9 °C, dissolved oxygen content
6.7+0.5 mg/1 (saturation 74.9+7.7%), water electri-
cal conductivity 268.2+16.7 uS/cm, total dissolved
solids 193.5+12.0 mg/l, water salinity 0.14+0.01

ppt, transparency over Secchi disk small 0.8+0.1 m,
depth varied 4.0+1.1 m.

Taxonomy

Superorder Cladocera Latreille, 1829
Order Anomopoda G.O. Sars, 1865
Family Chydoridae Dybowski
et Grochowski, 1894
Genus Pleuroxus Baird, 1843
Pleuroxus denticulatus Birge, 1879
Figs 1-2.

MATERIAL EXAMINED. Twelve specimens
from the mouth area of the Shacha River (right-side
tributary of the riverine part of the Gorky Reservoir),
near the town of Volgorechensk and discharge outlet
of the Kostromskaya thermal plant (57°27°52” N,
41°11’42” E), 81 m above sea leve, Kostroma Area,
European Russia.

MORPHOLOGY OF PARTHENOGENETIC
FEMALE. Morphology of studied specimens fully
agrees with the earlier descriptions of the species
(Birge, 1879; Flossner, Kraus, 1977; Shan, Frey,
1983; Hudec, 2010; Kotov et al., 2017; Korovchin-
sky et al., 2021).
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Fig. 2. Pleuroxus denticulatus Birge, 1897 from the Shacha River, parthenogenetic female. A, B, C — same
specimen in lateral, frontolateral, and dorsolateral view; D — head pores; E — postabdomen; F — distal

portion of postandomen.

Puc. 2. Pleuroxus denticulatus Birge, 1897 u3 peku [llaya, mapreHorenetnyeckas camka. A, B, C — tor xe
9K3eMIUISIp COOKY, IepeJHeO0KOBOM | JIOpCaibHOM Bujie; D — ronoBHbie nopsr; E — mocrabnomen; F —

JIUCTajbHAs YaCcTh MTOCTA0OMEHA.

Body (Figs 1A, 2A, B, C) ovoid in lateral view,
weakly compressed laterally, moderately high, max-
imum height before midline. Height/length ratio
about 0.7 in adult. Dorsal margin of body highly
arched, posterior margin of valves almost straight,
ventral margin of valves strongly convex. Postero-
dorsal angle of valves well-defined.

Posteroventral angle of valves (Fig. 1B) with 1-
3 sharp narrow denticles, posterior denticle always
clearly curved down. Valves (Figs 1A, 2A-B) and
head shield (Fig. 2C) with prominent linear sculp-

ture, with minute dot-like depressions between the
lines, especially well-developed in central part of
valves (Fig. 2B). Eyes larger than ocellus. Rostrum
of moderate length, pointing downward or slightly
curved posteriorly, in frontal view triangular, with
pointed tip (Fig. 2B). Head shield with two major
head pores (Fig. 2D), postpore distance about four
interpore distance, two minute pores at midline,
located somewhat closely to anterior major pore.
Labral keel large with convex anterior margin, with
blunt or rounded apex.
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Postabdomen (Figs 1C-D, 2E-F) long, low,
weakly narrowing in postanal portion, postanal mar-
gin weakly concave to straight, anal margin irregu-
larly concave. Length about 4 heights, distal (anal +
postanal) portion three times longer than preanal,
postanal portion two times longer than anal. Distal
angle acute, prominent, with slightly rounded apex,
postanal angle not defined, preanal angle well-de-
fined. Preamal margin with about 10—12 marginal
denticles, 3—4 distalmost denticles located very close
to each other on distal angle; each denticle accompa-
nied with cluster of several thin setulae. Postabdom-
inal claw (Figs 1D, 2F) slightly curved, with two
robust basal spines, length of the distal spine about
0.3 claw length, proximal spine two times shorter
that distal one.

Antenna [ short, without peg at the base, anten-
nular seta located at 1/3 of appendage length from its
distal end, with nine terminal aesthetascs of sub-
equal size. Antenna II short, basipodite with a minute
spine distally (Fig. 1E). Basal segment in both branch-
es much longer than middle and apical segments.
Antennal formula: setae 0-0-3/0-1-3, spines 1-0-1/
0-0-1; all antennal spine very small. Morphology of
thoracic limbs typical for the genus. Inner distal lobe
of limb I with two large setae setulated distally,
subequal in length (Fig. 1F) and a shorter naked seta.

According to literature data (Korovchinskiy et
al., 2021), the body length P. denticulatus varies
between 450 and 680 um. Lengths of adult females
in the Shacha River mouth were 510-680 pum.

DIFFERENTIAL DIAGNOSIS. Pleuroxus den-
ticulatus clearly differs from most indigenous taxa of
European Russia (P. aduncus (Jurine, 1820), P.
uncinatus Baird, 1850, P. laevis (Sars, 1862), P.
pigroides Lilljeborg, 1900, P. quasidenticulatus
(Smirnov, 1996), P. trigonellus (O.F. Miiller, 1785))
in a well-developed thick linear sculpture on both
valves and head shield (see Korovchinsky et al.,
2021). This feature is shared only by two species, P.
truncatus (O.F. Miiller, 1785) and P. striatus
(Shodler, 1863) (see Korovchinsky et al., 2021). P.
truncatus is clearly different from P. denticulatus in
presence of numerous denticles on anteroventral
angle and on posterior margin of valves. P. striatus
differs from P. denticulatus in low elongated body
(height/length ration about 0.6), much longer and
narrower postabdomen with rounded distal angle,
with distal distal (anal + postanal) portion three
times longer than preanal, and marginal denticles not
forming thick cluster at the end of postabdomen.

DISTRIBUTION REMARK. Prof. N.N.
Smirnov, the greatest authority in Old World Chy-
doridae of XX century, did not find P. denticulatus
during his extensive studies of Chydoridae of Euro-
pean Russia (Smirnov, 1971). Contrasting between
frequencies of species records in America and Eu-
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rope strongly suggests it is a non-indigenous species
in the latter region (Hudec, Illyova, 1998). The
species was recently recorded in European Russia,
Kostroma Area, in small rivers of Kologrivsky For-
est Nature Reserve (Sirotina, 2017).

BIONOMICS. P. denticulatus belongs to the
faunistic complex of southern thermophilic species
(Kotov, 2016). Its biology and ecology are poorly
studied. It is usually found among vegetation in the
littoral zone or in organic-rich sediment of eutrophic
lakes, ponds, reservoirs, floodplain lakes and rivers.
The species’ life cycle and reproduction and their
dependence on duration and intensity of illumina-
tion were studied by Shan (1970).

POPULATION FEATURE. The role of P. den-
ticulatus in zooplankton community in the mouth
area of the Shacha River seems to be insignificant.

Discussion

Thediscovery of P. denticulatus in the mouth
area of the Shacha River (Kostroma Area) is the
second record of its presence in European Rus-
sia and its fourth record in the entire country.
Both findings in European Russia are confined
to Kostroma Area (Sirotina, 2017). Introduc-
tion of the species into the Shacha River mouth
presumably was accidental. Its population is
likely supported by favourable environmental
conditions, namely relatively high water tem-
peratures due to thermal pollution from the
Kostromskaya power station. The previous find-
ing of the species in European Russia also was
made in Kostroma Region, to the north of our
site, in 2013-2017. It is possible that P. dentic-
ulatus was brought there from the Shacha mouth
by seasonally migrating water birds. Despite
rigorous studies of zooplankton communities in
the Middle Volga region, no other occurrences
of P. denticulatus have been noted there below
57 °N.

Thus, its geographic range within the Volga
basin is currently limited to its northern part,
and its occurrences are still extremely rare. The
mouth area of the Shacha River can apparently
act as a local pool for further distribution of this
species into other streams and lakes of the Volga
basin, including its major reservoirs. It should
be noted that the invasive Asian clam Corbicula

fluminea (Miiller, 1774) also was found in the

study area (Perova et al., 2017; Pryanichnikova
et al., 2019; Voroshilova et al., 2021), which
may indicate an invasion of an entire complex of
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Fig. 3. Map of the record Pleuroxus denticulatus Birge, 1879 in the Eurasia according to literature data

regarded as reliable by authors of this paper.

Puc. 3. Kapra Haxonok Pleuroxus denticulatus Birge, 1879 B EBpazuu 1o autepaTypHbIM JaHHBIM, KOTOPBIE

aABTOPBI Z[aHHOﬁ CTaTbU CHUTAKOT HAJIC)KHBIMHU.

thermophilic flora and fauna into the Shacha
River mouth. Thermal pollution from the power
plant could have created a buffer zone with
environmental conditions that favour thermo-
philic species. Transformed aquatic ecosystems
of this kind are unique habitats for non-local
flora and fauna.

It is critical that P. denticulatus has not yet
been subjected to serious revision. A revision of
the species is required for a proper species
identification, i.e. due to a high chance of its
misidentification with P. quasidenticulatus.

Compliance with ethical standards
CONFLICTS OF INTEREST: The authors de-
clare that they have no conflicts of interest.

Acknowledgements. This study was financially
supported by the Russian Foundation for Basic Re-
search within the framework of scientific project no.
20-34-90097. The authors are deeply grateful to the
director of Papanin Institute for Biology of Inland
Waters of Russian Academy of Sciences A.V. Kry-
lov for organizing an expedition along the Volga
River, and to Dr. Russell Shiel (University of Ade-
laide, Australia) for linguistic corrections. The SEM



Pleuroxus denticulatus in the European Russia

work was performed at the User Facilities Center of
Lomonosov Moscow State University with financial
support from the Ministry of Education and Science
of Russian Federation.

References

Alonso M. 1996. Crustacea, Branchiopoda // Fauna Iber-
ica. Vol.7. Madrid: Museo Nacional de Ciencias Nat-
urales, CSIC. 486 p.

Amoros C. 1984. Crustazes Cladozeres. Introduction
pratique a la systématique des organismes des eaux
continentales frangaises // Bull. Mens. Soc. Linn.
Lyon. Vol.53. P.72-143.

Birge E.A. 1879. Notes on Cladocera // Trans. Wisc. Acad.
Sci. Arts Lett. Vol.4. P.77-109.

Chengalath R. 1987. The distribution of chydorid Cla-
docera in Canada // Hydrobiologia. Vol.145. P.151—
157. https://doi.org/10.1007/BF02530275.

Chiambeng G.Y., Dumont H.J. 2004. The genus Pleurox-
us Baird, 1843 (Crustacea: Anomopoda: Chydoridae)
in Cameroon, Central-West Africa // Int. J. Lim.
Vol.40. No.3. P.211-229. https://doi.org/10.1051/
1imn/2004019.

Flossner D., Kraus K. 1977. On the variability and taxon-
omy of Pleuroxus denticulatus Birge (Cladocera:
Chydoridae) // J. Fish. Res. Board. Can. Vol.34. No.4.
P.463-476. https://doi.org/10.1139/£77-077.

Gogoi B., Sousa F.D.R., Das D.N. 2018. Faunal diversity
of Cladocera (Crustacea: Branchiopoda) with notes
on biogeographically important species in the ?00d-
plain wetlands of the Subansiri River basin, India //
Int. J. Lim. Vol.54. https://doi.org/10.1051/limn/
2018022.

Hollebone A.L., Hay M.E. 2007. Propagule pressure of an
invasive crab overwhelms native biotic resistance //
Mar. Ecol. Prog. Ser. Vol.342. P.191-196. https://
doi.org/10.3354/meps342191.

Hudec 1., Illyova M. 1998. Pleuroxus denticulatus (Crus-
tacea: Anomopoda: Chydoridae): a new invader in the
Danube Basin // Hydrobiologia. Vol.368. P.65-73.
https://doi.org/10.1023/A:1003261007489.

Hudec I. 2010. Anomopoda, Ctenopoda, Haplopoda, On-
ychopoda (Crustacea: Branchiopoda) // Fauna Slov-
enska 3. Bratislava: Vydavatel'stvo SAV, Veda. 496 p.

Korovchinsky N.M., Kotov A.A., Sinev A.Y., Neretina
AN., GaribianP.G. [Cladocera (Crustacea: Cladocera)
Severnoj Evrazii. Vol.2]. Moscow: KMK Sci. Press.
544 p. [In Russian]

Kotov A.A. 2016. [Faunistic complexes of Cladocera
(Crustacea, Branchiopoda) from Eastern Siberia and
the Russian Far East] // Zool. Zhurn. Vol.95. No.7.
P.748-768 [in Russian, with English summary].

Kotov A.A., Sinev A.Y., Garibian P.G., Neretina A.N.,
Jeong H.G.,Lee W., Sik-Min G. 2017. Recent progress
in studies of the Cladocera (Crustacea: Branchiopoda)
of South Korea, with seven new records for the Korean
Peninsula // J. Spec. Res. Vol.6. P.227-246. https://
doi.org/10.12651/JSR.2017.6(S).227.

Kotov A.A., Korovchinsky N.M., Sinev A.Y., Smirnov
N.N. 2011. [Cladocera (Crustacea, Branchiopoda)
from the Zeya river basin (Amur region, Russian

323

federation). 3. systematic-faunistical and zoogeograph-
ical analyses] // Zool. Zhurn. Vo0l.90. No.4. P.402—
411 [in Russian, with English summary].

Margaritora F. 1983. Cladoceri (Crustacea: Cladocera) //
Guide peril Riconoscimento delle specie Animali delle
acque interne Italiane. 22. Consiglio Nazionale Delle
Ricerche. Verona. 169 p.

Mooney H.A., Cleland E.E. 2001. The evolutionary im-
pact of invasive species / PNAS. Vol.98. No.10.
P.5446-5451. https://doi.org/10.1073/pnas.
091093398.

Olden J.D., Poff N.L., Douglas M.R., Douglas M.E.,
Fausch K.D. 2004. Ecological and evolutionary con-
sequences of biotic homogenization // Trends in Eco.
Evol. Vol.19. No.1. P.18-24. https://doi.org/10.1016/
j-tree.2003.09.010.

Perova S.N., Pryanichnikova E.G., Zhgareva N.N. 2017.
Invasive species in the macrozoobenthos of Volga’s
reservoirs // The 5th International Symposium Inva-
sion of alien species in Holarctic: Book of Abstracts.
Yaroslavl: Filigran. P.88.

PryanichnikovaE.G., Voroshiloval.S., SabitovaR.Z.2019.
Introduction of Corbicula fluminea (Miiller, 1774)
(Mollusca: Bivalvia: Corbiculidae) in the Volga River
Basin // Inland Water Biology. Vol.12. No.1. P.95-97.
https://doi.org/10.1134/S1995082919050158.

Shan R.K., Frey D.G. 1983. Pleuroxus denticulatus and
P.procurvus (Crustacea: Chydoridae) in North Amer-
ica: distribution, experimental hybridization and the
possibility of natural hybridization // Can. J. Zool.
Vol.61. No.7. P.1605-1617. https://doi.org/10.1139/
z83-216.

Shan R.K.S. 1970. Influence of light on hatching resting
eggs of chydorids (Cladocera) // Internationale Revue
der Gesamten Hydrobiologie. Vol.55. P.295-302.

Sinev A.Y., Sanoamuang L. 2013. Notes on the cladoceran
Pleuroxus (Picripleuroxus) quasidenticulatus (Smir-
nov, 1996) (Anomopoda: Chydoridae) from South-
East Asia and Far East of Russia // Invertebrate Zool-
ogy. Vol.10. No.2. P.269-280. https://doi.org/
10.15298/invertzool.10.2.05.

Sirotina M.V. 2017. [Material to forming a list of zoop-
lanktonts of small rivers of the state nature reserve
“Kologrivsky forest”’]//Nauchnye trudy gosudarstven-
nogo prirodnogo zapovednika “Kologrivskiy les”.
Vol.1. P.87-96 [in Russian, with English summary].

Smirnov N.N. 1996. Cladocera: the Chydorinae and Say-
ciinae (Chydoridae) of the world. Guides to the iden-
tification of the microinvertebrates of the continental
waters of the world. Amsterdam: SPB Academic Pub-
lishers. 197 p.

Smirnov N.N. 1971. [Chydoridae of the world fauna] //
Fauna SSSR. Rakoobraznyye. Vol.1. Vyp.2. Lenin-
grad: Nauka. 531 p. [In Russian]

Voroshilova I.S., Pryanichnikova E.G., Prokin A.A., Sab-
itova R.Z., Karabanov D.P., Pavlov D.D., Kurina
E.M. 2021. Morphological and genetic traits of the
first invasive population of the Asiatic Clam Corbic-
ula fluminea (O.F. Miiller, 1774) naturalized in the
Volga River Basin // Rus. J. Biol. Invasions. Vol.12.
No.1. P.36-43. https://doi.org/10.1134/
S2075111721010148.

Responsible editors A.A. Kotov, E.N. Temereva



