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ABSTRACT: An illustrated description of Diacyclops zhimulevi Sheveleva et Timoshkin,
sp.n. (Crustacea, Cyclopoida: Cyclopidae) is provided. The new species is widely distributed along the southwestern coast of Lake Baikal, inhabiting sandy bottoms of the shallow
littoral zone. A comparison is made with the previously studied and closely related species
Diacyclops eulitoralis Alekseev et Arov, 1986 from the sandy interstitial environment of
Lake Baikal. The new species differs from its most closely related species D. eulitoralis by
a combination of characters: shorter, nearly square caudal furca (furcal index 1:1 in contrast
to 1:3.5 in D. eulitoralis), a larger number of antennular segments, and a different segment
pattern of the swimming legs: 2.2/3.2/3.3/3.3 compared to 2.2/3.2/3.2/3.2 in D. eulitoralis.
The armament of the distal endopodal segments of the swimming legs 1 and 2 is generally
characterized by presence of a long and stout apical spine. The two species are also clearly
divergent in ecology: D. eulitoralis inhabits the upper surf zone of the beach and may fairly
be called an interstitial species (Alekseev & Arov, 1986; Boxshall et al., 1993), whereas the
new species colonizes sandy bottom of the littoral zone.
KEY WORDS: Diacyclops zhimulevi Sheveleva et Timoshkin, sp.n., Cyclopoida, Cyclopidae, Lake Baikal, psammon.
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ÐÅÇÞÌÅ: Ïðèâåäåíî èëëþñòðèðîâàííîå îïèñàíèå íîâîãî âèäà Diacyclops zhimulevi
Sheveleva et Timoshkin, sp.n. (Crustacea, Cyclopoida: Cyclopidae), øèðîêî ðàñïðîñòðàíåííîãî âäîëü çàïàäíîãî ïîáåðåæüÿ Þæíîãî Áàéêàëà è íàñåëÿþùåãî ïåñ÷àíûå
ãðóíòû ìåëêîâîäíîé ëèòîðàëè. Äàíû îòëè÷èòåëüíûå ïðèçíàêè íîâîãî âèäà îò áëèçêîãî âèäà Diacyclops eulitoralis Alekseev et Arov, 1986, îáèòàþùåãî â èíòåðñòèöèàëè
çàïëåñêîâîé çîíû îçåðà. Îò íàèáîëåå áëèçêîãî âèäà D. eulitoralis, íîâûé âèä îòëè÷à-
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åòñÿ èíîé êîìáèíàöèåé ïðèçíàêîâ: áîëåå êîðîòêèå, ïî÷òè êâàäðàòíûå êàóäàëüíûå
âåòâè (ôóðêàëüíûé èíäåêñ 1:1, ïðîòèâ 1:3,5 ó D. eulitoralis), áîëüøåå ÷èñëî ÷ëåíèêîâ
íà àíòåííóëå è èíàÿ ÷ëåíèñòîñòü ïëàâàòåëüíûõ íîã: 2.2/3.2/3.3/3.3 ïî ñðàâíåíèþ ñ
2.2/3.2/3.2/3.2 ó D. eulitoralis. Îñîáî îáðàùàåò íà ñåáÿ âíèìàíèå âîîðóæåíèå äèñòàëüíûõ ÷ëåíèêîâ ýíäîïîäèòîâ ïëàâàòåëüíûõ íîã 1 è 2, äëÿ êîòîðûõ î÷åíü õàðàêòåðíî íàëè÷èå ìîùíîãî è äëèííîãî àïèêàëüíîãî øèïà. Êðîìå òîãî, îáà âèäà õîðîøî
ðàçëè÷àþòñÿ ýêîëîãè÷åñêè, ïî ìåñòîîáèòàíèþ. D. eulitoralis íàñåëÿåò âåðõíþþ,
çàïëåñêîâóþ çîíó ïëÿæà è äåéñòâèòåëüíî ìîæåò áûòü íàçâàí èíòåðñòèöèàëüíûì
âèäîì (Àëåêñååâ, Àðîâ, 1986; Boxshall et al., 1993), â òî âðåìÿ êàê íîâûé âèä îñâîèë
ïåñ÷àíûå ãðóíòû ñîáñòâåííî ëèòîðàëüíîé çîíû.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: Diacyclops zhimulevi Sheveleva et Timoshkin, sp.n., Cyclopoida,
Cyclopidae, Áàéêàë, ïñàììîí.

Introduction
The fauna of Lake Baikal is surprisingly
species-rich and diverse; nearly 2638 species
and subspecies are currently known (Timoshkin, 2008; Timoshkin et al., 2008). The taxon
list of Baikalian cyclopoid copepods includes
43 species, with 56% being endemic (Mazepova, 1978, 2001). These crustaceans vary not
only morphologically, but also ecologically.
Among them are planktonic, epibenthic, and
benthic species as well as species associated
with other organisms, and parasitic species. Our
examination of the morphology, systematics,
ecology and molecular biology of the Cyclopoida of Baikal has shown that their species number is much greater than hitherto known. Some
ecological groups of cyclopoids appear to be
either insufficiently studied or completely unknown. Such a group is Cyclopidae living among
sand grains, which includes several endemic
species. The size of mature specimens (females)
ranges from 0.2 to 1 mm. Several small cyclopoids of the genera Diacyclops and Acanthocyclops have been described already from Lake
Baikal (Mazepova, 1978; Flossner, 1984; Alekseev & Arov, 1986; Boxshall et al., 1993). The
smallest of these, with an adult body length not
exceeding 350 µm, is Diacyclops eulitoralis
Alekseev et Arov, 1986, which was found in the
littoral zone of southwestern Lake Baikal, in the
bays of Maloe More, Chivyrkuy, Barguzin and
Enkhaluk (Alekseev & Arov, 1986). The mini-

mal body length of other familiar but smallsized cyclopoid species is distinctly greater:
Diacyclops neglectus Flossner, 1984 (980 µm);
Acanthocyclops similis Flossner, 1984 (1280
µm); Acanthocyclops improcerus Mazepova,
1978 (480 µm); and Acanthocyclops versutus
Mazepova, 1978 (600 µm) (Mazepova, 1978;
Flossner, 1984). Our investigations during 2006
2007 showed that the infauna of sandy bottoms
in the lake is not restricted to the previously
described D. eulitoralis, Diacyclops biceri, but
also includes several tiny cyclopoids, whose
body length does not exceed 500 µm. There are
good reasons to believe that they represent a
flock of endemic species being mainly new to
science. The present work aims at describing a
new species belonging to the genus Diacyclops,
which we encountered in the shallow littoral of
the southern Lake Baikal.

Material and Methods
Samples were collected from the sandy bottom manually from a depth of 0.50.6 m, and
from a boat at depths up to 34 m, by using a net
made of fine gauze (77 µm mesh size), towing it
above the ground or getting the sediment into
the net as well. During the summer months
cyclopoid crustaceans were found in abundance.
In total, about 50 specimens (females and males)
collected in 20062007 from the southwestern
shore of Lake Baikal were examined. Copepods
were photographed at full-length, both, while
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Fig. 1. Diacyclops zhimulevi sp.n. Paratype, female.

A  dorsal view; B  antennule; C  antenna; D  labrum; E  mandible; F  maxillule; G  maxilla; H 
maxilliped; I  genital segment, ventral view; J  anal somite, dorsal view; K  anal somite and caudal rami, ventral
view. Scale bar 50 µm.

Ðèñ. 1. Diacyclops zhimulevi sp.n. Ïàðàòèï, ñàìêà.

À  îáùèé âèä ñî ñïèíîé ñòîðîíû; B  àíòåííóëà; C  àíòåííà; D  ãóáà; E  ìàíäèáóëà; F  ìàêñèëëóëà;
G  ìàêñèëëà; H  ìàêñèëëÿðíàÿ íîãà; I  ãåíèòàëüíûé ñåãìåíò ñ áðþøíîé ñòîðîíû; J  àíàëüíûé ñåãìåíò
ñî ñïèíû; K  àíàëüíûé ñåãìåíò è êàóäàëüíûå âåòâè, ñ áðþøíîé ñòîðîíû. Ìàñøòàá 50 ìêì.
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Fig. 2. Diacyclops zhimulevi sp.n.
Microphotograph of living specimen.
A  female, dorsal view; B  genital
segment. Scale bar 10 µm.

Ðèñ. 2. Diacyclops zhimulevi sp.n.
Ìèêðîôîòîãðàôèÿ æèâîãî ðà÷êà.
À  ñàìêà, îáùèé âèä ñî ñïèíû; B 
ãåíèòàëüíûé ñåãìåíò. Ìàñøòàá 10
ìêì.

being alive (immediately after collection) and
after fixation. Individuals were fixed in 4% formaldehyde (19 specimens) or 70% ethanol (20
specimens) in separate tubes. Fixed specimens
stained with an aqueous solution of fuchsin were
used for fully dissected preparations of all body
parts. We used two types of permanent preparations: (1) in Faure-Berlezet fluid and (2) in glycerol and ringed with Canada balsam. The copepods
were photographed using Meiji and Nikon microscopes (Japan) equipped with a digital camera
(Olympus CAMEDIA) with a universal adaptable
photographic block (NY2000S). Illustrations were
made using a Nikon camera lucida together with
40´ and 100´ objective lenses. All of the materials
including type specimens, original drawings and a

digital image data-base (over 500 photos of the
external appearance of living and fixed specimens and details of dissected preparations) are
stored in the collection of the Laboratory of
Biology of Aquatic Invertebrates at the Limnological Institute SB RAS, Irkutsk (curator of the
cyclopoid collection  N.G. Sheveleva).

Systematic
Diacyclops zhimulevi Sheveleva et Timoshkin sp.n.
Figs 14.
TYPE MATERIAL. Holotype (Catalogue Number
1130): whole mounts No.1 (female carrying eggs) and
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Fig. 3. Diacyclops zhimulevi sp.n. Swimming legs of female (P1P4), posterior view, and legs of female and
male.
A  P1; B  P2; C  P3; D  P4; E  P5 (female); F  P6 (male). Scale bar 50 µm.

Ðèñ. 3. Diacyclops zhimulevi sp.n. Ïëàâàòåëüíûå íîãè ñàìêè (P1P4), âèä ñçàäè, è íîãè ñàìêè è ñàìöà.
A  P1; B  P2; C  P3; D  P4; E  P5 (ñàìêà); F  P6 (ñàìåö). Ìàñøòàá 50 ìêì.
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Fig. 4. Diacyclops zhimulevi sp.n., paratype, male.

A  dorsal view; B  antennule; C  anal somite, dorsal
view; D  anal somite and caudal rami, dorsal view. Scale
bar 50 µm.

Ðèñ. 4. Diacyclops zhimulevi sp.n., ïàðàòèï, ñàìåö.
À  îáùèé âèä, ñî ñïèíû; B  àíòåííóëà; C 
àíàëüíûé ñåãìåíò, ñî ñïèíû; D  àíàëüíûé ñåãìåíò è
êàóäàëüíûå âåòâè, ñî ñïèíû. Ìàñøòàá 50 ìêì.

allotype No. 1A (male) on slides in Faure-Berlezet fluid;
specimens collected on 29 June 2006 in Bolshye Koty Bay
at a depth of 0.6 m from sand. Paratypes: fixed in 4%
formaldehyde solution, Nos 110 (females) and Nos 11
20 (males) collected at the same locality and taken from the
same sample as that of the holotype. Holotype, allotype
and paratypes deposited to the Laboratory of Biology of
Aquatic Invertebrates at the Limnological Institute SB
RAS, Irkutsk. Two paratype males and 2 paratype females
sent to the Zoological Museum of Moscow State University.

TYPE LOCALITY. Sandy bottom in the
shallow littoral zone of Bolshye Koty Bay,

southwestern Lake Baikal opposite the station
of the Limnological Institute SB RAS.
ETYMOLOGY. The species is named in
honour of Academician Igor Fedorovich Zhimulev (Institute of Cytology and Genetics, Siberian Branch of RAS, Novosibirsk), who initiated
a new stage in the investigation of the ecology,
systematics and molecular biology of the cyclopoid fauna in Lake Baikal.
DESCRIPTION. Female (holotype) Body
length (excluding furcal setae) 380 µm. Body
stout, translucent, harpacticoid-shaped, pale
reddish-brown. Cephalothorax broad, its length
almost equal to its width (Fig. 1A), thoracic
segments with lateral notches (well-defined only
in living specimens (Fig. 2) and caudally directed, rounded lateral angles. Posterior angles of
thoracic segments 2, 3 and 4 of the same structure, and these segments clearly separated from
each other (Fig. 2A).
Antennule relatively short, 11-segmented,
not reaching posterior margin of cephalothorax,
bearing plumose setae of various lengths (Figs
1B2A). Antenna 4-segmented with 6 setae on
distal end, 2 of them strong and claw-like (Fig.
1C). Labrum with 13-14 teeth (Fig. 1D), mandible with 3 setae, 1 of which very short and other
2 equal and long (Fig. 1E), external margins of
maxilliped smooth (Fig. 1G).
Abdomen relatively long, 35% of the body
length. Seminal receptacle consisting of a large,
broad, oval anterior part and a rounded sac
posteriorly. Width of posterior part 4050%
that of anterior part (Figs 1I, 2B). Longitudinal
row of short spinules on posterior margin of
anal somite (Fig. 1K, J). Caudal furca very
short, length:width ratio close to 1:1 (Table 1).
Rami slightly divergent, their inner margins
without hairs. Lateral seta inserted at about
midlength. Outer spicular apical seta evenly
armed with long hairs starting from its base.
Dorsal seta long, slender, its length twice the
width of the caudal furca. Inner apical seta less
stout than outer one and somewhat shorter than
outer seta (Table 1), bearing long hairs starting
from its base. Inner medial seta long, stout, on
average 1.71 times longer than outer medial
seta (Table 1). Both setae showing heterono-
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Table 1. Number of spines and setae on swimming legs 14 (P1P4) in Diacyclops zhimulevi sp.n.
Òàáëèöà 1. Êîëè÷åñòâî øèïîâ è ùåòèíîê íà ïëàâàòåëüíûõ íîãàõ 14 (Ð1Ð4) Diacyclops zhimulevi sp.n.

Leg
(Íîãà)
P1
P2
P3
P4

Coxa
(Êîêñà)
01
01
01
01

Basis
(Áàçèc)
11
11
11
11

mous and rather sparse, plumose ornamentation covering whole distal surface, or 4/5 of
their length (Fig. 1K).
Segmentation of swimming legs 14 (P1
P4): 2.2/3.2/3.3/3.3; spine formula 3/3/3/3 and
seta formula 5/4/4/4 (Fig. 3AD). Setae on all
segments of different lengths and bilaterally
plumose. Distal endopodal segment of P1 and
P2 bearing 1 very strong spine almost as long as
the segment, this spine minutely serrate on both
sides. Distal endopodal segment of P4, 1.3 times
longer than broad (Fig. 3D) and armed with 2
spines of nearly equal length (or inner spine
slightly longer than outer one). P5 with elongate
basis not articulating with the somite and armed
with thin seta (Fig. 3E), and rectangular exopodal segment with a terminal spine and seta, the
spine being twice as long as segments width
(Fig. 3E).

Endopod
(Ýíäîïîäèò)
01; 15
01; 16
01; 01; 15
01; 02; 23

Exopod
(Ýêçîïîäèò)
11; 35
11; 11; 34
11; 11; 34
11; 11; 34

Egg sacs attached to genital segment ventrally and containing 5 eggs each, these 5060
µm in diameter.
Male. Length, colour and shape of body
similar to female (Fig. 4A).
Antennule of male 14-segmented (Fig. 4B).
Segmentation of swimming legs, as well as
spination and setation of distal segments of
exopods, similar to those in females (Fig. 3).
Spermatophores bean-shaped. Furcal rami of
male very slightly shorter than those of female,
and square in shape (length:width ratio about
1:1) (Fig. 4D).
DIAGNOSIS. The new species differs from
its most closely related species, D. eulitoralis,
by a contrasting combination of characters: shorter, nearly square caudal furca (furcal index 1:1
in contrast to 1:3.5 in D. eulitoralis) and a
different segment pattern of the swimming legs

Table 2. Main biometric indices of Diacyclops zhimulevi sp.n. from the littoral zone of southern Lake
Baikal.
Òàáëèöà 2. Îñíîâíûå áèîìåòðè÷åñêèå ïîêàçàòåëè Diacyclops zhimulevi sp.n. èç ëèòîðàëè þæíîé
÷àñòè îçåðà Áàéêàë.
Index
(Èíäåêñ)

Female body length, mm
(äëèíà òåëà ñàìêè, ìêì)
Body length / cephalothorax width
(Ñîîòíîøåíèå äëèíû òåëà è øèðèíû öåôàëîòîðîêñà)
Furcal length / width
(Ôóðêàëüíûé èíäåêñ)
Apical inner / outer setae length
(Ñîîòíîøåíèå äëèí àïèêàëüíîé âíåøíåé è àïèêàëüíîé âíóòðåííåé ùåòèíîê)
Apical inner seta / caudal ramus length
(Ñîîòíîøåíèå äëèíû âíóòðåííåé àïèêàëüíîé ùåòèíêè è äëèíû ôóðêè)
Apical outer seta / body length
(Ñîîòíîøåíèå äëèíû âíåøíåé àïèêàëüíîé ùåòèíêè ê äëèíå òåëà)
Medial inner / outer seta length
(Ñîîòíîøåíèå äëèí ñðåäíåé âíóòðåííåé è ñðåäíåé âíåøíåé ùåòèíîê)

Mean ± S.D.
0.32±0.06
3.41±0.13
1.03±0.02
1.23±0.01
0.9 ±0.02
0.08±0.005
1.71±0.02
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14: 2.2/3.2/3.3/3.3, compared to 2.2/3.2/3.2/
3.2 in D. eulitoralis. The armament of the distal
endopodal segments of P1 and P2, which is
generally characterized by a long and strong
apical spine. The two species are also clearly
divergent in their ecology and habitat: D. eulitoralis inhabits the upper surf zone of the beach
and may fairly be called an interstitial species
(Alekseev & Arov, 1986; Boxshall et al., 1993),
whereas the new species colonizes sandy bottoms of the littoral zone proper.
DISTRIBUTION AND BRIEF NOTES ON
THE ECOLOGY. D. zhimulevi sp.n. is abundant in the shallow littoral zone of southwestern
Lake Baikal at depths of 0.6 to 45 m: on the
sandy substrates of Bolshye Koty Bay and Chernaya Pad, in the vicinity of Berezovy Cape,
opposite Mount Slyudyanka and at Marituy
Settlement. Single mature females and, to a
greater extent, males were encountered in
epibenthic samples collected in early and midMay, and individuals showed highest abundances by the end of July. It is possible that this
species is common on sandy bottoms of the
whole littoral, at least in the southern area of
Lake Baikal.
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