ﬁ ZO00SYSTEMATICA ROSSICA

oo N .s Loological Institute, Russian Academy of Sciences, St Petershurg = https://www.zin.ru/journals/zsr/

bos0argo Vol. 31(2): 227244 = Published online 25 November 2022 = DOI 10.31610/zsr/2022.31.2.227

[printl

RESEARCH ARTICLE

Integrative redescription of Canthocamptus (Baicalocamptus) longifurcatus
(Harpacticoida: Canthocamptidae), an endemic species from Lake Baikal
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Abstract. A redescription of the Lake Baikal endemic species, Canthocamptus (Baicalocamptus) longi-
Sfurcatus Borutzky, 1947 (Harpacticoida: Canthocamptidae), is provided. The illustrated redescription
of morphology of the female and male is supplemented by a genetic barcoding based on sequences of the
mitochondrial COI marker. Canthocamptus (B.) longifurcatus is morphologically very similar to another
representative of the subgenus, C. (B.) verestschagini (Borutzky, 1931), but can be well distinguished
from the latter by the armature of the female furca and the structure of the last pair of swimming legs in
the female and male. An analysis of the obtained COI sequences and their comparison with those of other
harpacticoid species confirmed that C. (B.) longifurcatus belongs to the genus Canthocamptus Westwood,
1836: the smallest genetic differences (on average, 29.5%) were observed between the studied Baikal spe-
cies and C. staphylinus Jurine, 1820 from Europe (Lake Geneva, Switzerland).

Pesiome. Boimosneno nepeonucanve rapnaktukouasl Canthocamptus (Baicalocamptus) longifurcatus
Borutzky, 1947 (Harpacticoida: Canthocamptidae) — sumemuka oszepa Baiikan. VamocTpupoBanHoe
nepeonrcanre MOpMOJOTUN CAMKHM ¥ CaMIla JOTOJHEHO JAHHBIMU TEHETHYECKOro GapKOAMHTA Ha
ocHoBe MuToxoHApuasbHoro Mmapkepa COI. TTo mopdosoruu C. (B.) longifurcatus BecbMa CXOJIEH ¢
npyrum npezncrasutenem noapona — C. (B.) verestschagini (Borutzky, 1931), Ho X0poIIIo OTINYAETCS OT
HETO BOOpPY KeHUeM (ypPKU CAMKU U CTPOEHUEM TIOCIeTHE TaphI IIJIaBATEIbHBIX HOT CAMKY ¥ CaMIla.
Awnanu3s u cpasaenue nocaenosateabHocteit COI, monyuenusix ays C. (B.) longifurcatus v nns npyrux
BUJIOB TapMaKTUKOW, MOATBepAuI0 npuHamiesxkHocts C. (B.) longifurcatus x pony Canthocamptus
Westwood, 1836: HauMeHbIINe TeHeTUYECKKe pa3andns (B cpenHeM 29.5%) IMOIyYeHbl MEXIY HCCIIE-
NOBaHHBIM OaitkaabckuM BuaoM u C. staphylinus Jurine, 1820 us Espomnsi (03epo JKenesa, [1IBeiinapust).
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Introduction

Together with the nematodes, harpacticoid
copepods are among the dominant groups of the
meiobenthic fauna in Lake Baikal. The latter eco-
logical group plays an important role in the cycle
of organic matter. Of the 69 identified harpacti-
coid species living in Lake Baikal, 62 are endem-
ic (Okuneva & Evstigneeva, 2001). According
to Okuneva (1989) and Okuneva & Evstigneeva
(2001), the morphological features, which are usu-
ally used for species diagnostics, are often variable
in the Baikal species. Therefore, most likely the
number of harpacticoid species in Lake Baikal
is much higher than currently known; moreover
some taxa can represent groups of cryptic species
or subspecies. In order to estimate the taxonomic
richness of the harpacticoids in the lake, as well
as their diversity and systematic position, integra-
tive studies are needed. Redescription of all spe-
cies using both morphological and genetic (species
barcodes) information is essential in modern tax-
onomic studies.

According to Okuneva & Evstigneeva (2001),
an endemic subgenus Baicalocamptus Borutz-
ky, 1931 belonging to the genus Canthocamptus
Westwood, 1836 is represented by four species
living in Lake Baikal, two of which have not yet
been described. Canthocamptus (Baicalocamp-
tus) verestschagini (Borutzky, 1931) and C. (B.)
longifurcatus Borutzky, 1947 were discovered in
the first half of the 20th century, but only females
of the latter were described in the original pub-
lication. Later on, Okuneva (1989) described the
male of C. (B.) longifurcatus but the morpholog-
ical diagnosis was too short and the illustrations
of caudal rami and legs did not contain scale bars.

The type specimens of C. (B.) longifurcatus
have apparently been lost. The original descrip-
tion of the species (Borutzky, 1947) does not in-
dicate the depositary of the type specimens. The
Zoological Museum of M.V. Lomonosov Moscow
State University (MSU), where the Borutsky’s
collection is stored, and Limnological Institute of
the Siberian Branch of the Russian Academy of
Sciences (Irkutsk) returned negative answers to
our inquiries about the presence of the type speci-
mens of C. (B.) longifurcatus. In addition, our per-
sonal attempts to find the type specimens in these
institutions were unsuccessful.
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The aim of this article is to redescribe the female
and male of C. (B.) longifurcatus from Lake Baikal
using an integrative approach, i.e. morphological
techniques (light and confocal laser scanning mi-
croscopy) combined with genetic barcoding. In
addition, a comparison with other species of the
genus Canthocamptus and other taxa of the fam-
ily Canthocamptidae Sars, 1906 was performed
based on COI mitochondrial DNA analysis.

Material and methods
Sampling

The material for the present study was obtained
partly from the collection of the identified Baikal
harpacticoid species of the Zoological Museum of
M.V. Lomonosov Moscow State University. These
samples (preserved in formalin) have been collect-
ed in 1968 from two localities of the lake: (1) the
vicinity of Bol’shie Koty Village and (2) the vicin-
ity of Utulik Village, both in the Irkutsk Province.
Additionally, we studied a sample of harpacticoid
copepods taken from the lake by T.Ya. Sitnikova
(Limnological Institute, Siberian Branch of the
Russian Academy of Sciences, Irkutsk). The lat-
ter sample collected in 2017 from the vicinity of
Bol'shoe Goloustnoe Village, was taken with a
dredge from the lake bottom (crushed rocks, grav-
els and sponges) at 43—125 m. Living organisms
including harpacticoids were sorted from bottom
sediment at the laboratory, fixed in 96% ethanol
and stored at -20 °C. All examined material was
obtained from the sites located in the southern
part of Lake Baikal.

All examined specimens are now deposited at
the Zoological Museum of Institute of Biology,
Komi Scientific Centre, Ural Branch of Russian
Academy of Sciences (ZMIB).

Microscopy and imaging

Morphological features were analysed and
measurements were done using a Leica DM 4000B
microscope. Drawings were performed with a
drawing tube assembled to the microscope, with
magnification of 200-1000%. The photos were
obtained with a digital camera ASUS ZE520KL
Phone. The final versions of drawings were made
using Adobe Photoshop CS3 Extended and Xara
Photo & Graphic Designer 6 software packages.
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For confocal laser scanning microscopy
(CLSM), the specimens were stained with Con-
go Red overnight and mounted on slides follow-
ing the procedure described by Michels & Biint-
zow (2010). The material was scanned using a
Carl Zeiss LSM 710 laser confocal microscope
(Zeiss, Germany) with the lenses Plan-Apochro-
mat 20%/0.8 and 63x/1.40 Oil DIC M27, filters
570—-670 nm and lasers 561 nm: 3.0%.

Morphological analysis

For morphological analysis, we used 14 speci-
mens of C. (B.) longifurcatus (females and males)
from formalin and ethanol samples taken from
Lake Baikal. Appendages and body ornamenta-
tion were examined.

For comparison of C. (B.) longifurcatus with
other species of the subgenus Canthocamptus, we
used our own material of C. (C.) staphylinus staphy-
linus Jurine, 1820 from Lake Geneva, Switzerland,
C. (C.) microstaphylinus Wolf, 1905 from a pond
in the Botanical Garden of Syktyvkar, Russia, and
C. (C) glacialis Liljeborg, 1902 from Lake Bolshoy
Ngosavey, the Polar Urals, Russia. In addition,
the specimens of C. (C.) robertcokeri M.S. Wil-
son, 1958 from Lake Ontario, USA, and the spec-
imens of C. (C.) cf. vagus Coker et Morgan, 1940,
C. (C.) staphylinoides staphylinoides Pearse, 1905,
C. (C.) assimilis Kiefer, 1931 from different locali-
ties of the USA were examined. The specimens of
C. (C) robertcokeri were provided by J.K. Connol-
ly (Cornell University, Department of Natural Re-
sources and the Environment, Cornell Biological
Field Station, Bridgeport, New York State, USA).
Finally, we examined other American specimens of
Canthocamptus [C. (C.) cf. vagus, C. (C.) staphyli-
noides staphylinoides, C. (C.) assimilis] from for-
malin samples in the collection of the Smithsonian
Institution, National Museum of Natural History
(USNM), Washington, the USA (USNM cata-
logue numbers: 259602, 28.304, 278179).

We used terminology of Huys & Boxshal
(1991), with some modifications. Abbreviations
used in the text are as follows: A1, antennule; A2,
antenna; Ae, aesthetasc; Endp (Endps), endopod
(endopods); Endp-1 — Endp-3, first to third en-
dopod segments; Exp (Exps), exopod (exopods);
Exp-1 — Exp-3, first to third exopod segments;
P1-P6, first to sixth thoracopod.
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Molecular genetic analysis

For molecular genetic analysis, we used five
specimens of C. (B.) longifurcatus from the eth-
anol sample taken in the vicinity of Bol’shoe
Goloustnoe. A gene fragment of the first subunit
of mitochondrial DNA cytochrome oxidase (COI
mtDNA or COI) was analysed. The DNA extrac-
tion and sequencing were performed at the Lim-
nological Institute in Irkutsk and at the Universi-
ty of Helsinki, using different protocols.

Two specimens were sequenced using the fol-
lowing protocol. Genomic DNA was extracted
using the Chelex protocol outlined in Walsh et al.
(1991) and described in Kochanova et al. (2018).
In order to amplify the COI mtDNA gene, we used
L1384-COI (GGT CAT GTA ATC ATA AAG
ATA TTG G) and H2612-COI (AGG CCT AGG
AAA TGT ATM GGG AAA) primers (Machida
et al., 2004). The PCR mixes and amplification
protocols for the mitochondrial COI gene are
described in Kochanova & Gaviria (2018). PCR
products were visualised by electrophoresis in
2% agarose gel and purified with the ExoSap-IT
PCR Product Clean-Up kit (Applied Biosystems,
Waltham, Massachusetts, USA). Sequencing was
carried out in both directions, using the BigDye
Terminator v3.1 (Life Technology) reagent kit in
an ABI PRISM 310 Genetic Analyzer (Applied
Biosystems, Waltham, Massachusetts, USA) in
the “Genome” Centre for Collective Use (Engel-
hardt Institute of Molecular Biology, Russian
Academy of Sciences, Moscow).

Three other specimens were analysed in a
slightly different way. Total DNA for molecular
genetic analysis was isolated from somatic tissue
using proteinase K according to the protocol de-
scribed by Mayor et al. (2010). For PCR, we used
universal primers LCO-1490 and HCO-2198
(Folmer et al., 1994). Amplification was carried
out in a T100 thermal cycler (BioRad, USA) using
PCR reagents from Evrogen (Russia). The PCR
mixes and amplification protocols for the mito-
chondrial COI gene are described in Mayor et al.
(2019). The separation and isolation of amplicons
for sequencing from the agarose gel was performed
according to the protocol described previously
(Mayor et al., 2010). The nucleotide sequences of
the target fragments were determined in an ABI
3500 8-capillary genetic analyser (Thermo Fisher
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Scientific, USA) using the ABI PRISM BigDye
Terminator v. 3.1 sequencing kit.

The obtained nucleotide sequences were de-
posited in the GenBank database (https:/www.
ncbi.nlm.nih.gov/genbank/) under the numbers:
MH824144, MH824145, MH824146,MZ169062,
and MZ169063.

The five obtained nucleotide sequences were
aligned using the ClustalW algorithm. Phylog-
eny was reconstructed using Maximum Likeli-
hood analysis in IQ-TREE software (Minh et
al., 2020). Additional sequences of species in the
family Canthocamptidae (Electronic supplemen-
tary material 1; see the section “Addenda”) were
included to illustrate the position of C. (B.) longi-
furcatus among other taxa. The best-fitting model
of nucleotide substitution was selected in jModel-
Test v. 2.1.7 based on the likelihood scores for 88
different models and under the Akaike Informa-
tion Criterion (AICc) (Posada, 2008). The select-
ed model was GTR+G+I (general time reversible
model with inter-site rate variation modelled with
a gamma distribution). Mean genetic distances
between species were calculated in MEGA X soft-
ware (Kumar et al., 2018).

Results

Subclass Copepoda Milne Edwards, 1840
Superorder Podoplea Giesbrecht, 1882
Order Harpacticoida Sars, 1903

Family Canthocamptidae Brady, 1880
Subfamily Canthocamptinae Brady, 1880
Genus Canthocamptus Westwood, 1836
Subgenus Baicalocamptus Borutzky, 1931

Canthocamptus (Baicalocamptus) longifurca-
tus Borutzky, 1947

Canthocamptus ~ (Baicalocamptus)  longifurcatus
Borutzky, 1947: 1826 (female); Okuneva, 1989: 19
(female, male).

Canthocamptus  (Baikalocamptus)  longifurcatus:
Borutzky, 1952: 154 (female); Okuneva & Evstigne-
eva, 2001: 470 (in checklist).

Canthocamptus longifurcatus: Novikov & Sharafut-
dinova, 2022: 59 (in key and in generic diagnosis;
revision of genus).

(Figs 1-8)
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Material examined. Russia, Irkutsk Prov., Lake
Baikal nr. Utulik Vill,, approx. 51°35'31"N 103°57'43"E,
9 June 1968, 6 females on slides, 1 male on slide
(ZMIB: nno. HRP-1, HRP-4, HRP-7(2), HRP-11); Lake
Baikal nr. Bol'shoe Goloustnoe Vill., 52°00'05.5"N
105°2122.1"E, 3 Oct. 2017, T. Sitnikova leg., 2 males
in ethanol samples (ZMIB: nno. HRP-2, HRP-3(1));
Lake Baikal nr. Bol’'shye Koty Vill., approx. 51°54'11"N
105°4'28"E, 15 March 1968, 2 females on slides (ZMIB:
nno. HRP-5, HRP-6).

Morphological redescription. Female (Figs 1-3,
7a, ¢). Total length (measured from tip of rostrum
to posterior margin of caudal rami) 1150—1400 um
(n=28).

Body strongly flattened (Figs 1a, 7a), raspber-
ry pink in colour. Ornamentation of integument
with large tile cells and folds. Body somites wide,
at least twice as wide as long.

Cephalothorax (Figs 1a, 2a) with integumental
dorsal window, wider than thoracal somites, with
posterior parts considerably projecting laterally;
lateral margins of cephalothorax exposed to ven-
tral side (Fig. 2a). Naupliar eye absent. Rostrum
large (length 60 pm, width 90 um), fused with
cephalothorax, subquadrate, with a pair of notice-
able sensilla at its anterior apex. Thorax evenly
tapering from first somite to abdomen; abdominal
somites (except anal somite) wider than thorac-
ic ones, their hind angles laterally protruding as
rounded lobes. Posterior margins of thoracic and
abdominal somites without spinules; posterior
margins of somites dorsally strongly serrate, form-
ing coarse folds looking as sparse blunt teeth. Pos-
terior margins of abdominal somites with discon-
tinuous rows of ventral spinules. Ventral surface
of abdominal somites with thin short capilliform
spinules.

Genital field (Fig. 1b) located near anterior
margin of genital somite, with rather large cop-
ulatory pore located in median depression. Anal
somite with large anal operculum. Anal opercu-
lum rounded, with numerous short thin spinules.
Ventral surface of anal somite with a pair of short
triangular projections, covered with thin short
capilliform spinules (Fig. 1c).

Caudal rami conical (Fig. 1a, c), about 2.2 times
as long as wide (length 105 pum, width 47 pm). In-
tegument of caudal rami with longitudinal and
transverse folds, similar to that of body somites.
Distal part of caudal rami with numerous small
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Fig. 1. Canthocamptus (Baicalocamptus) longifurcatus Borutzky, 1947, female (specimen on slide HRP-1).
A, habitus, dorsal view; B, genital field; C, anal somite and caudal rami, dorsal view. Scale bars: 100 um.
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Fig. 2. Canthocamptus (Baicalocamptus) longifurcatus Borutzky, 1947, female (A, specimen on slide HRP-3; B,
E—H, specimen on slide HRP-1; C, D, specimen on slide HRP-4; I, specimen on slide HRP-11). A, cephalosome,
ventral view; B, A1; C, two distal segments of A1; D, Endp of A2; E, Exp of A2; F, mandible; G, maxillule; H, max-
illa; I, maxilliped. Scale bars: 100 um.
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spinules at inner and outer margins; proximal part
with small group of spinules at inner and outer
margins. Each ramus with seven setae (I-VII).
Inner terminal seta (seta V') the thickest and long-
est (in all examined specimens, its apex broken),
with basal section expanded. Outer terminal seta
(seta IIT) and inner terminal seta (seta VI) short
and thin; outer seta about 0.75 times as long as
caudal ramus, inner seta half as long as outer seta.
Two lateral setae (setae I and IT) and dorsal seta
(seta VII) present. Dorsal seta inserted in proxi-
mal part of caudal rami.

Antennule relatively short, eight-segmented,
far not reaching posterior margin of cephalotho-
rax (Fig. 2b, c¢). Antennules often hidden under
cephalothorax at ventral side (Fig. 2a). Aesthetasc
of fourth segment cylindrical with rounded tip,
almost reaching apex of antennule. Setal formula:
1,8, 4, 2+Ae, 1, 3, 2, 7+Ae.

Antenna with allobasis, one-segmented Exp
(Fig. 2d) and Endp (Fig. 2¢). Allobasis with one
seta. Exp with two apical, one subapical and one
lateral setae. Last segment of Endp with two lat-
eral spines, two distal spines accompanied by two
geniculated setae and one short thin spine at outer
corner.

Mandible (Fig. 2f) robust; gnathobase with
several teeth and pinnate seta at dorsal corner
twice as long as each tooth. Mandibular palp two-
segmented, with four setae: proximal segment
(basis) without seta, distal Endp segment with
four setae (one inserted laterally, three apically).

Maxillule (Fig. 2g) composed of robust prae-
coxa, coxa and basis. Praecoxal arthrite with
seven strong apical spines. Coxa with cylindrical
endite and distal long seta. Basis with two distal
pinnate setae and several setae proximally. Endp
and Exp represented by setae located near base of
basis.

Maxilla (Fig. 2h) two-segmented, composed of
proximal syncoxa and basis. Syncoxa with rows of
outer spinules and two endites, each with two ter-
minal pinnate setae. Basis drawn out into a strong
serrate claw with one accompanying seta. Endp
represented by three setae.

Maxilliped (Fig. 2i) three-segmented, composed
of coxa, basis and one-segmented Endp. Coxa with
pinnate seta and several spinules at inner margin.
Basis 2.5 times as long as wide, with small outer

Zoosystematica Rossica, Vol. 31, No. 2, pp. 227-244

spinules equal in length. Endp drawn out into a

strong acutely curved claw with seta at base.
P1-P3 with three-segmented Exps

three-segmented Endps (Figs 3a—c).

P1 (Fig. 3a): basis with robust inner and out-
er spines. Endp-1 longer than two first Exp seg-
ments, with setae on inner margin. Endp-1 more
than three times as long as Endp-2 and Endp-3,
with pinnate seta on inner margin. Endp-3 with
two distal armatures: curved strong unipinnate
outer spine and thin seta being twice as long as
spine. Exp-1, Exp-2 and Exp-3 with strong unip-
innate outer spine. Exp-2 with unipinnate inner
seta. Exp-2 and Exp-3 without inner armature.

P2 (Fig. 3b): Endp with one seta on inner mar-
gin in each of two first segments and two setae on
inner margin of terminal segment. Endp-3 with
two pinnate setae on inner margin, two pinnate
setae on distal margin, and one long unipinnate
subapical spine on outer margin. Exp-1 without
armature on inner margin and one pinnate spine
on outer margin. Exp-2 with one pinnate seta
on inner margin and one pinnate spine on outer
margin. Exp-3 with one bare seta on inner mar-
gin, three pinnate spines on outer margin, and one
pinnate seta and one long unipinnate spine on dis-
tal margin. Exp-2 segment with inner seta about
1.7 times as long as Exp-3.

P3 (Fig. 3c) with chaetotaxy alike P2 except
following details: basis with a strong short spine
on margin between Exp and Endp, setae of inner
margin of Endp 3 naked (in P2, pinnate) and dis-
tal outer armature transformed into a pinnate seta
(in P2, this armature represented by long unipin-
nate spine).

P4 (Fig. 3d) with three-segmented Exp and
two-segmented Endp. Endp-1 with one inner seta,
Endp-2 with two inner setae, two long distal setae
and one inner-distal spinule being about 0.3 times
as long as terminal setae. Exp-2 segment with in-
ner seta being about 1.7 times as long as Exp-3.

Armature formula (Lang system) of Exps of
P2-P4:3,3,1;3,2,1; 3,2, 2.

P5 (Figs 3e, 6¢) with separate Exp and bas-
eoendopod. Baseoendopod wide (width 126 pm),
endopodal lobe almost not projecting upon basal
margin of Exp, its maximum length 40 pm. Endo-
podal lobe with five pinnate spiniform setae and
one inner short bare seta, half as long as outer-

and
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Fig. 3. Canthocamptus (Baicalocamptus) longifurcatus Borutzky, 1947, female (A, C, D, specimen on slide HRP-1;
B, E, specimen on slide HRP-4). A, P1; B, P2; C, P3; D, P4; E, P5. Scale bars: 100 um.
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Fig. 4. Canthocamptus (Baicalocamptus) longifurcatus Borutzky, 1947, male (specimen on slide HRP-2). A, abdo-
men, dorsal view; B, anal operculum; C, spermatophore; D, Al. Scale bars: 100 um (A, C, D), 50 um (B).

most pinnate seta. Third inner seta of endopodal  than endopodal lobe, its length 43 um, width
lobe the longest, about twice as long as fourth one. 40 um. Outer margin of Exp with numerous small
Outer endopodal seta long, bare. Exp oval, longer  spinules, dorsal and ventral surfaces smooth, with-
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out armatures. Exp with five pinnate spiniform se-
tae on outer margin, inner seta tiny, second inner
seta the longest, more than twice as long as Exp
segment. Three outer setae half as long as second
inner seta. Two very short bare spines inserted
near margin between shortest and longest setae.

P6 (Fig. 1b) fused, small, with short robust
pinnate seta on each side of copulatory pore.

Male (Figs 4—6, 7b, c, 8). Total length (meas-
ured from tip of rostrum to posterior margin of
caudal rami) 1150—1300 pm (n = 6).

Habitus similar to that of female. Ornamenta-
tion of cephalothorax, thoracic somites, abdom-
inal somites and caudal rami similar to those of
female (Figs 4a, 5a, 7b, 8a—c). Caudal rami (Figs
4a, 5a) about 2.1 times as long as wide (length 100
pum, width 48 pm). Anal operculum (Fig. 4b), an-
tenna, mouthparts, P1 (Figs 5b, 7b) and Exps of
P2-P3 (Figs 5c¢, 6a, b) similar to those of female.
Spermatophore (Fig. 4c) wide, sacciform. Anten-
nule (Fig. 4d) eight-segmented, geniculate. Aes-
thetasc on segment 4 not reaching distal margin
of segment 8.

Endps of P2—P4 two-segmented.

P2 (Fig. 5¢): Endp-1 with one inner seta, one
thin long inner setula and outer setulae. Endp-2
three times as long as Endp-1, with one short in-
ner seta, spiniform inner armature, two apical se-
tae and one apical spine; innermost apical seta the
shortest, outermost spine the longest.

P3 (Fig. 6a): Endp three-segmented, barely
longer than two first Exp segments (Exp-1 and
Exp-2) combined. Endp-1 with a long pinnate
seta. Endp-2 with a long inner apophysis being as
long as all segments of Endp combined. Apophy-
sis finely serrate at inner distal apex. Endp-3 oval,
smooth.

P4 (Fig. 6b): Endp two-segmented, shorter
than two first Exp segments combined. Endp-1
with one inner seta, Endp-2 with two inner pin-
nate setae, two apical setae and apical spine; short
outer apical spine not modified.

P5 (Fig. 6¢) two-segmented, with Exp and ba-
seoendopod. Baseoendopod lobe with outer seta
and two pinnate spines, inner about 2.5 times as
long as outer one. Baseoendopod lobe with group
of several small spinules near base of outer seta.
Exp conical with 4—5 spines and small spinules
on outer margin. Exp length 40 um, width up to
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24 pum. Inner apical spine of Exp the longest, about
twice as long as outer apical spine; short inner bare
spine present on right leg and absent on left one.

P6 (Fig. 6¢) consisting of two strong pinnate
spines and a short thin bare outer seta. Inner spine
the longest.

Morphological comparison and variabili-
ty. Morphology of the examined females agrees
with that of C. (B.) longifurcatus as described by
Borutzky (1947, 1952), in the body shape, struc-
ture of A1, Exp of A2, P1-P5, caudal rami, and
anal operculum. Morphological characters of the
males under study conform to those of C. (B.) lon-
gifurcatus as described by Okuneva (1989), in the
body shape, structure of P1, P3—P5, caudal rami,
and anal operculum. The males examined by us
differ from the Okuneva’s description in the struc-
ture of Endp-2: Okuneva (1989) described spini-
form inner armature as a short spine whereas we
describe it a finger-like armature of the segment
(Fig. 50).

All females and males of C. (B.) longifurcatus
examined in our study were very similar to each
other in the important diagnostic characters. In
addition to the variability of Endp-2 in males, we
also observed a variability in the number of spines
on Exp of male P5. One of the examined males has
four spines on Exp of one leg 5 and five on the oth-
er, whereas all other 5 males have five spines. Ac-
cording to the description of C. (B.) longifurcatus
by Okuneva (1989), the males have five spines on
Exp of P5 as well.

Canthocamptus (B.) longifurcatus can be easi-
ly differentiated from C. (B.) verestschagini by the
armature of the female caudal rami, as well as by
the structure of P5 in female and male (Borutz-
ky, 1931, 1952; Okuneva, 1989). According to the
description of C. (B.) verestschagini in Borutzky
(1931, 1952) and Okuneva (1989), the female of
the latter species has the middle apical seta of the
caudal rami transformed into a short conical spine
or tubercle in contrast to a long strong seta which
is present in C. (B.) longifurcatus. Its Exp of P5
is wider than in C. (B.) longifurcatus and covered
by the rows of spinules [in C. (B.) longifurcatus,
the rows of spinules are located on the margin of
Exp]. As distinct from C. (B.) longifurcatus, Exp
of P5 in the male of C. (B.) verestschagini is cov-
ered by the rows of spinules, same as in the female
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Fig. 5. Canthocamptus (Baicalocamptus) longifurcatus Borutzky, 1947, male (specimen on slide HRP-2). A, abdo-

men, ventral view; B, P1; C, P2. Scale bars: 100 um.

and armed by six spines [vs. five in C. (B.) longi-
Sfurcatus).

Our analysis of the morphology of the fe-
males and males of C. (B.) longifurcatus and other
non-Baikal species of the genus Canthocamptus
from Europe, the Urals and North America [C. (C.)

Zoosystematica Rossica, Vol. 31, No. 2, pp. 227-244

assimilis, C. (C.) glacialis, C. (C.) microstaphylinus,
C. (C.) robertcokeri, C. (C) staphylinoides,
staphylinoides, C. (C.) staphylinus staphylinus, and
C. (C) cf. vagus] generally confirmed the presence
of a number of common features important for the
diagnostics of both subgenera, Baicalocamptus
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Fig. 6. Canthocamptus (Baicalocamptus) longifurcatus Borutzky, 1947, male (specimen on slide HRP-2). A, P3;
B, P4; C, first abdominal somite with P5 and P6. Scale bars: 100 pm.
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Fig. 7. Canthocamptus (Baicalocamptus) longifurcatus Borutzky, 1947, female (D), male (A, B, C) (A, C, speci-

men on slide HRP-5; B, specimen from ethanol sample; D, specimen on slide HRP-1). A, B, habitus, dorsal view;
C, P1; D, P5. Scale bars: 100 pum.
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and Canthocamptus s. str. These characters are
the number of segments of the Exps and Endps
of P1-P4 in females and males, the armature and
morphology of Endp of P2 in males. The shape and
size proportions of caudal rami in the studied spe-
cies were similar. Number and length ratio of the
spines on Exps and basoendopods of P5 in females
and males were similar as well.

Firstly, our attention is drawn to the dif-
ference in structure of P4 Endp in males: in all
non-Baikal Canthocamptus an inner spine of P4
Endp is modified into a thin finger-like append-
age. However, according to Borutzky (1931) this
spine is not modified in C. (B.) longifurcatus and
C. (B.) verestschagini. There are some differences
in P3 Endp of males: most of non-Baikal species
of Canthocamptus have long apical setae on the
distal segment of P3 Endp, but this segment is
smooth in both species of Baicalocamptus and in
C. (C.) microstaphylinus.

DNA sequences. Nucleotide sequences of 636 bp
COI mtDNA gene region were obtained from five
specimens of C. (B.) longifurcatus. On the phyloge-
netic tree, all five sequences formed a single clade
located within a larger clade that included other
Canthocamptus species. The closest relative spe-
ciesto C. (B.) longifurcatus was C. (C.) staphylinus,
with the genetic distance of 29.5% between them,
while the genetic distances between the specimens
of C. (B.) longifurcatus were 2%. (The matrix of
genetic distances is provided in Electronic supple-
mentary material 2; see the section “Addenda”).

Discussion

The representatives of the subgenus Baicalo-
camptus are harpacticoids that have perhaps
the most curious phenotype among the endemic
Canthocamptidae of Lake Baikal. Based on some
features of the body shape (thoracic and abdom-
inal somites of unequal width, strongly protrud-
ing lateral edges of the somites forming lobes)
and structure of the integument (rough folds and
tooth-like formations on the posterior edges of the
body segments), Baicalocamptus was for a short
time regarded as a monotypic genus belonging to
a monogeneric family, Baicalocamptidae (Borutz-
ky, 1931). After the description of C. (B.) longifur-
catus, the status of Baicalocamptus was changed:
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based on an additional analysis of representatives
of Canthocamptus from Lake Baikal and a high
similarity in structure of the genital field of fe-
males and P2—P4 of males, a high similarity of Ba-
icalocamptus and Canthocamptus was confirmed,
and the former was accepted as a subgenus of the
latter (Borutzky, 1947). The peculiarities of the
body shape of its representatives were explained
as an adaptation to inhabiting the great depths,
although the specimens of C. (B.) longifurcatus
used in the original description were collected
from a depth of only 26 m. According to Okuneva
(1989) and Okuneva & Evstigneeva (2001), Bai-
calocamptus is rarely found in Baikal at a depth of
less than 5 m.

Our morphological comparison of C. (B.) lon-
gifurcatus with non-Baikal representatives of the
subgenus Canthocamptus confirmed their un-
doubted similarity and, consequently, taxonomic
relationship. At the same time, we noticed the dif-
ferences in the structures of the P3 and especially
P4 Endps of males between Baicalocamptus and
non-Baikal Canthocamptus. To understand the
significance of this feature for the taxonomy of the
genus Canthocamptus and to clarify the position
and status of the subgenus Baicalocamptus, a fur-
ther detailed study of other Baikal Canthocamp-
tus, particularly of the subgenus Canthocamptus,
is necessary.

Recently, Novikov & Sharafutdinova (2022)
synonymised Baicalocamptus with Canthocamp-
tus.

In our opinion, this synonymisation is prema-
ture, since investigation of the taxonomic status
of Baicalocamptus requires a revision of original
material of different species in Canthocamptus
(Canthocamptus) and Baicalocamptus with “the
involvement of a larger number of morphological
characters and with the use of molecular data”
(Novikov & Sharafutdinova, 2022: 59). Usage
of only original descriptions of species, most of
which were made in the first half of the 20th cen-
tury rather than original materials and collection
specimens, may lead to erroneous conclusions.

At present, four species of Canthocamptus
(Canthocamptus) are known from Baikal (Oku-
neva, 1989): C. (C.) baicalensis Borutzky, 1947,
C. (C) bulbifer Borutzky, 1947, C. (C) latus
Borutzky, 1947, and C. (C.) gibba Okuneva, 1983,
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Fig. 8. Canthocamptus (Baicalocamptus) longifurcatus Borutzky, 1947, male (CLSM). A, habitus, dorsal view;
B, C, anal somite (partly) and caudal ramus, ventral view. Scale bars: 100 pum.
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T~ Canthocamptus (Canthocamptus) staphylinoides
——* C. (Baikalocamptus) longifurcatus

—‘ C. (C.) staphylinus

51 _‘ C. (C.) robertcokeri

53
100

100

C. (C.) microstaphylinus

C. (C)) cf. vagus

76 100

Bryocamptus stillae

B. nivalis

1—00| Attheyella nordenskioldii

100

62 100

67

| Elaphoidella humphreysi

A. crassa

—‘E gracilis
> 4|E bidens

Cletodes limicola

Fig. 9. Maximum likelihood tree based on the sequences of COI mitochondrial DNA gene of Canthocamptus (Ba-
icalocamptus) longifurcatus Borutzky, 1947 and related species. Numbers at the nodes are bootstrap values. As an
outgroup, the sequence of Cletodes limicola Brady, 1872 (GenBank accession number MH670558) was used. The
sequences of the same species were collapsed in one branch. Size of triangles at the end of branches indicates the

level of diversity among the sequences.

all being endemic to the lake. However, C. (C)
gibba was probably assigned to the genus Cantho-
camptus erroneously: it has a different arrange-
ment of almost all main morphological structures
important for identification (Okuneva, 1983), i.e.
the caudal rami, female and male P5, and other
structures. In Novikov & Sharafutdinova (2022),
C. (C.)) gibba was transferred to the genus Attheyel-
la Brady, 1880.

The structural features of Endps of P4 in males
of three remaining species of Baikal Canthocamp-
tus (Canthocamptus) vary between species. In
C. (C) baicalensis, the inner spine on the P4 Endp
of male is modified into a finger-like appendage
(Borutzky, 1952), whereas in two other species it
is unmodified. It seems important to study varia-
bility of this character in the Baikal Canthocamp-
tus (Canthocamptus) based on original material,
because almost all descriptions of Baikal Cantho-
camptidae are made at an old (outdated) level and
practically are not suitable for adequate compari-
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son. It is highly likely that the list of Canthocamp-
tus and Baicalocamptus species endemic to Baikal
can be expanded by describing new representa-
tives, for example, C. (B.) sp. 1 and C. (B.) sp. 2
(Okuneva & Evstigneeva, 2001) that were found
in the northern part of the lake. Descriptions of
new species will make it possible to establish
clearer boundaries between taxa within the genus.

It is also essential to carry out further genetic
barcoding of the harpacticoids of Lake Baikal and
to perform a comprehensive analysis based on the
comparison of several genetic markers. This study
introduces the first molecular genetic data (COI
gene of mtDNA) from C. (B.) longifurcatus in par-
ticular and Lake Baikal harpacticoids in general.
The resulting phylogenetic tree should be consid-
ered as a draft, since the bootstrap (BS) values
of the “intergeneric” branches were relatively low
(less than 70), which indicated a generally low re-
liability of their divergence. Undoubtedly, this is
due to the shortcomings of the method (and insuf-
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ficiency of the data). To be able to better interpret
the phylogenetic relationships within the genus
and subgenus, genetic data on C. (B.) longifur-
catus from different parts of Lake Baikal should
be included in the analysis. This will allow one to
take into account a possible genetic geographical /
ecological heterogeneity of the species. It is well
known (Timoshkin et al., 2014; Shimaraeva et al.,
2018) that the current environmental conditions
in the northern and southern parts of Lake Baikal
are different due to differences in the level of an-
thropogenic impact.

Addenda

Electronic supplementary material 1. Sampling
localities and GenBank accession numbers of ad-
ditional sequences used in phylogenetic analysis.
File format: PDF. P. s245. Available from: https://
doi.org/10.31610,/zsr/2022.31.2.227

Electronic supplementary material 2. Mean COI
distances (%) between Canthocamptus (Baicalo-
camptus) longifurcatus and other Canthocampti-
dae species. File format: PDF. P. s246. Available
from: https://doi.org/10.31610,/zsr/2022.31.2.227

Acknowledgements

We are grateful to T.Ya. Sitnikova (Limnological
Institute, Siberian Branch of the Russian Academy of
Sciences, Irkutsk) for providing the samples of Baikal
harpacticoids, M.N. Korovchinskiy (A.N. Severtsov
Institute of Ecology and Evolution of the Russian
Academy of Sciences, Moscow) for the material from
Zoological Museum of M.V. Lomonosov Moscow State
University, J.K. Connolly (Cornell University, USA)
for the material from Lake Ontario, and C. Walter for
his help with our working activity at the Smithsoni-
an Institution, National Museum of Natural History
(Washington, USA). The CLSM studies were per-
formed at the “Electronic Microscopy” Instrumenta-
tion Centre of the “Ultramicroanalysis” Collective In-
strumental Centre (Limnological Institute, Irkutsk).
The research was supported by a grant from the Rus-
sian Science Foundation, No. 22-24-00030.

References

Borutzky E.V. [E.W.] 1931. Materialien zur Harpac-
ticidenfauna des Baikalsees II1. Zoologischer An-
zeiger, 94: 281-287.

Zoosystematica Rossica, Vol. 31, No. 2, pp. 227-244

Borutzky E.V. 1947. Materials on the Copepoda, Har-
pacticoida fauna of Lake Baikal. Doklady Akademii
Nauk SSSR, 58: 1825—-1828. (In Russian).

Borutzky E.V. 1952. Harpacticoida presnykh vod
[Harpacticoida of fresh waters]. Fauna SSSR, no-
vaya seriya, 50. Rakoobraznye [ Fauna of the USSR,
new series, 30. Crustaceans], 3(4): 3—425. Moscow
— Leningrad: Publishing House of the Academy of
Sciences of the USSR. (In Russian).

Bruno M.C., Cottarelli V., Hauffe H.C., Rossi C.,
Obertegger U., Grasso R. & Spena M.T. 2017.
Morphological and molecular analyses of epi-
karstic Parastenocarididae (Copepoda: Harpacti-
coida) from two Sicilian caves, with description of
a new Stammericaris. Zootaxa, 4350(2): 251-283.
https://doi.org/10.11646/zootaxa.4350.2.3

Connolly J.K., O’Malley B.P., Hudson P.L., Wat-
kins J.M., Burlakova L.E. & Rudstam L.G. 2022.
Importance of nonindigenous harpacticoids (Crus-
tacea: Copepoda) decrease with depth in Lake On-
tario. Journal of Great Lakes Research, 48(2): 412—
427. https://doi.org/10.1016/j.jglr.2021.11.011

Fefilova E.B., Rasova E.E. & Velegzhaninov 1.0.
2021. Morphological and genetic studies of copepods
in river areas affected by thermal pollution in the
Komi Republic. Sibirskiy ekologicheskiy Zhurnal,
(2021), 28(6): 737-745. https://doi.org/10.15372/
SEJ20210605 (In Russian; English translation:
Contemporary Problems of Ecology, 14: 626—632.
https://doi.org/10.1134,/S1995425521060056).

Huys R. & Boxshall G.A. 1991. Copepod evolution.
London: The Ray Society. 468 p.

Karanovic T. & McRae J. 2013. The genus Schiz-
opera (Copepoda, Harpacticoida) in the Pil-
bara region of Western Australia, with de-
scription of a new species and its molecular and
morphological affinities. Records of the Western
Australian Museum, 28: 119-140. https://doi.
org /10.18195 /issn.0312-3162.28(2).2013.119-140

KochanovaE.S. & Gaviria S. 2018. Integrative taxon-
omy of the freshwater harpacticoid Attheyella cras-
sa G.O. Sars, 1863 (Crustacea: Copepoda: Cantho-
camptidae) in the Palearctic region. Invertebrate
Zoology, 15: 267-276. https://doi.org/10.15298/
invertzool.15.3.05

Kochanova E., Sarvala J. & Fefilova E. 2018. Phy-
logenetic study of dioecious and parthenogenet-
ic populations of Canthocamptus staphylinus
(Crustacea, Copepoda, Harpacticoida). Bulletin
of Southern California Academy of Sciences, 117:
138-149. https://doi.org /10.3160,/3732.1

Kumar S., Stecher G., Li M., Knyaz C. & Tamura K.
2018. MEGA X: Molecular evolutionary genetics
analysis across computing platforms. Molecular

243


https://doi.org/10.31610/zsr/2022.31.2.227
https://doi.org/10.31610/zsr/2022.31.2.227
https://doi.org/10.31610/zsr/2022.31.2.227 
https://doi.org/10.11646/zootaxa.4350.2.3
https://doi.org/10.1016/j.jglr.2021.11.011
https://doi.org/10.15372/SEJ20210605
https://doi.org/10.15372/SEJ20210605
https://doi.org/10.1134/S1995425521060056
https://doi.org/10.18195/issn.0312-3162.28(2).2013.119-140
https://doi.org/10.18195/issn.0312-3162.28(2).2013.119-140
https://doi.org/10.15298/invertzool.15.3.05
https://doi.org/10.15298/invertzool.15.3.05
https://doi.org/10.3160/3732.1

E.B. Fefilova et al. Integrative redescription of Canthocamptus (Baicalocamptus) longifurcatus

Biology and Evolution, 35: 1547—1549. https://doi.
org/10.1093/molbev/msy096

Machida R.J., Miya M.U., Nishida M. & Nishida
S. 2004. Large-scale gene rearrangements in the
mitochondrial genomes of two calanoid copepods
Eucalanus bungii and Neocalanus cristatus (Crus-
tacea), with notes on new versatile primers for the
sTRNA and COI genes. Gene, 332: 71-78. https://
doi.org/10.1016/j.gene.2004.01.019

Mayor T.Yu., Sheveleva N.G., Sukhanova L.V.,
Timoshkin O.A. & Kiril’chik S.V. 2010. Molecu-
lar-phylogenetic analysis of cyclopoids (Copepoda:
Cyclopoida) from Lake Baikal and its water catch-
ment basin. Genetika, 46(11): 1556—1564. (In Rus-
sian; English translation: Russian Journal of Genet-
ics, 46(11): 1373-1380. https://doi.org/10.1134/
S102279541011013X).

Minh B.Q., Schmidt H.A., Chernomor O., Schrempf
D., Woodhams M.D., von Haeseler A. & Lan-
fear R. 2020. IQ-TREE 2: New models and effi-
cient methods for phylogenetic inference in the
genomic era. Molecular Biology and Evolution,
37: 1530-1534. https://doi.org/10.1093/molbev/
msaa015

Novikov A. & Sharafutdinova D. 2022. Revision of
the genus Canthocamptus (Copepoda: Harpacti-
coida) with a description of a new species from the
Lena River Delta (North-eastern Siberia). Europe-
an Journal of Taxonomy, 826: 33—63. https://doi.
org/10.5852/ejt.2022.826.1833

Okuneva G.L. 1983. New Copepoda, Harpacticoida
species in the Lake Baikal fauna. Zoologicheskiy
Zhurnal, 62(9): 1343—1351. (In Russian).

Okuneva G.L. 1989. Garpaktitsidy ozera Baykal
[Harpacticoids of Lake Baikal]. Irkutsk: Irkutsk
University Press. 150 p. (In Russian).

Okuneva G.L. & Evstigneeva T.D. 2001. Harpacti-
coida. In: Timoshkin O.A. (Ed.). Annotirovannyy
spisok fauny ozera Baikal i ego vodosbornogo bas-
seyna [Index of animal species inhabiting Lake
Baikal and its catchment area], 1: 468—490. Novo-
sibirsk: Nauka. (In Russian).

Posada D. 2008. jModelTest: Phylogenetic model aver-
aging. Molecular Biology and Evolution, 25: 1253—
1256. https://doi.org/10.1093/molbev/msn083

Shimaraeva S.V., Michael F., Meyer M..F., Izmestye-
va L.R., Krashchuk L.S., Pislegina H.V. & Silow
E.A. 2018. The Influence of the Baikalsk Pulp and
Paper Mill (BPPM) on Baikal plankton: a com-
parative study of phytoplankton and zooplankton
responses to BPPM purified waste water in 2005—
2006. UPI Journal of Chemical and Life Sciences,
1:1-9.

Timoshkin O.A., Bondarenko N.A., Volkova E.A.,
Tomberg L.V., Vishnyakov V.S. & Malnik V.V.
2014. Mass development of green filamentous al-
gae of the genera Spirogyra and Stigeoclonium
(Chlorophyta) in the littoral zone of the southern
part of Lake Baikal. Gidrobiologicheskiy Zhurnal,
50(5): 15-26. (In Russian; English translation:
Hydrobiological Journal, 51(1): 13-23. https://doi.
org/10.1615/Hydrob].v51.i1.20).

Walsh P.S., Metzger D.A. & Higushi R. 1991. Chel-
ex 100 as a medium for simple extraction of DNA
for PCR-based typing from forensic material. Bio-
techniques, 10: 506—513.

Received 24 March 2022 / Accepted 22 November 2022. Editorial responsibility: A.A. Kotov, A.A. Przhiboro

244

Zoosystematica Rossica, Vol. 31, No. 2, pp. 227-244


https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1016/j.gene.2004.01.019
https://doi.org/10.1016/j.gene.2004.01.019
https://doi.org/10.1134/S102279541011013X
https://doi.org/10.1134/S102279541011013X
https://doi.org/10.1093/molbev/msaa015
https://doi.org/10.1093/molbev/msaa015
https://doi.org/10.5852/ejt.2022.826.1833
https://doi.org/10.5852/ejt.2022.826.1833
https://doi.org/10.1093/molbev/msn083
https://doi.org/10.1615/HydrobJ.v51.i1.20
https://doi.org/10.1615/HydrobJ.v51.i1.20



