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Abstract:

The marine free-living nematode Litoditis marina (Bastian, 1865) Sudhaus, 2011 is re-described from the

hypersaline Sivash Bay with salinity 70—108%o. Males and females specimens were found in samples of
bottom sediments and floating mats of the green alga Cladophora. This is the second finding of this spe-
cies in the water body of Crimea (Azov-Black Seas basin) and the first from the hypersaline water body.
The presence of a smaller number of caudal papillae on the bursa of one male was observed.
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Introduction

Hypersaline water bodies with a salinity of more
than 35%o are widespread in the world (SHADRIN
2018). Despite the severity of the conditions in hy-
persaline lakes, there are characterised by consid-
erable biodiversity (ANUFRIIEVA & SHADRIN 2018,
SHADRIN et al. 2019b). Sivash Bay, also known as
the Rotten Sea, is located in the western part of the
Sea of Azov; is the world’s largest hypersaline bay
(SHADRIN et al. 2018, SERGEEvA et al. 2019). Af-
ter the construction of the North-Crimean Canal in
1961-1971, the salinity of Sivash Bay decreased
from 140%o to 22%o0 (ANUFRIEVA & SHADRIN 2020).
A new increase in salinity in Sivash Bay began after
closing the North Crimean Canal in 2014. During
this period, changes in the zoobenthos (SHADRIN et
al. 2019a, 2019b) and the taxonomic structure of the
nematode complex were observed (SERGEEVA et al.
2019, SHADRIN et al. 2019a). An important element
of the Sivash ecosystem as a hypersaline water body
are mats of the green filamentous alga Cladopho-

ra, in which the taxonomic diversity of the fauna
is considerable (SHADRIN et al. 2019b, PRAZUKIN et
al. 2020).

Litoditis marina is a free-living marine nema-
tode that typically lives on dead macrophytes washed
ashore or on standing macroalgae in sheltered places
along coasts and estuaries (DERYCKE et al. 2016, X1E
et al. 2020). It occurs around the world, including
Arctic, Antarctic and tropical areas, having toler-
ance to a wide temperature range (BasTian 1865,
INGLIS & CoLES 1961, SupHAUS 19744, 1974¢, KiTo
1981, DERYCKE et al. 2008). It has been experimen-
tally shown that L. marina can tolerate and adapt
to a wide range of salinity (0-80%o), being able to
reproduce in this salinity range, being the highest
salinity ever tested (TIETJEN et al. 1970).

For the Crimean region, the only information
about L. marina, living on decaying algae in the
Black Sea supralittoral near Sevastopol, was provid-
ed by GAGARIN (2001). Our discovery of this spe-
cies in hypersaline waters is the first one. This arti-
cle provides the re-description of L. marina found
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in floating mats of the green alga Cladophora and
bottom sediments from the hypersaline Sivash Bay.

Materials and Methods

The study of the fauna of free-living nematodes of
Sivash Bay was performed as part of comprehen-
sive hydrobiological survey in different seasons
(summer, autumn, winter and spring) in 2018-2019
(SHADRIN et al. 2019a, 2019b). For the entire study
period, L. marina was only detected during the win-
ter sampling on December 19-20, 2020. Materials
were collected on eight bottom stations and three
stations on floating mats of filamentous green alga
Cladophora (Fig. 1). The samples of the soft-bottom
sediments were taken by a benthic tube at depths of
0.2-0.5 m. From floating mats of Cladophora, sam-
ples were taken from an area of 0.25 m?.

All samples were fixed with 4% formalin. The
sediments and samples of mats of Cladophora were
carefully washed on sieves with mesh sizes of 1000
um and 63 um. The fraction retained by the sieves
was stained in rose Bengal solution before being
transferred to a Bogorov chamber and sorted under
a binocular microscope. For taxonomic analysis,
nematodes were mounted in permanent glycerine
microscope slides (SEINHORST 1959). Identification,
measurements and figures were made with a Nikon
Eclipse E200 microscope. Photographs were made
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using an Olympus BX53 microscope, GRYPHAX
ARKTUR camera (JENOPTIK Optical Systems
GmbH) and GRYPHAX software. Samples of this
species have been deposited in the collection of
A.O. Kovalevsky Institute of Biology of the South-
ern Seas, Russian Academy of Sciences, Sevastopol.

The following abbreviations are used: a, ra-
tio body length/maximum body diameter; b, ratio
body length/pharynx length; c, ratio body length/
tail length; c’, ratio tail length/anal body diameter;
n, number of specimens.

Results

Taxonomy
Order Rhabditida Chitwood, 1933
Family Rhabditidae Orley, 1880
Genus Litoditis Sudhaus, 2011

Diagnosis (after SupHaus 2011): Lateral field
with three to seven ridges (four to eight incisures);
glottis, sleeve; distinct median bulb as wide as or
wider than the poorly developed terminal bulb; in-
testine sinched in posteriorly, forming a pre-rectum;
amphidelphic; female tail conical; nine GPs, three
precloacal, arrangement 1+2/3+3, GP5 and GP7
open on the dorsal surface of the velum; phasmid
opening ventral at the base of GP7; gubernaculum
forked; juveniles with swollen and rounded tail tip;
typical for all stages disturbed is the “stay-in-place-

Sea of Azov.

Black Sea

Fig. 1. Map of the Sivash Bay (Sea of Azov), with indication of sampling stations.
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movement”: in water, animals move both head and
tail from one body side to the other, a movement
which allows them to stay in place. Habitats: In-
tertidal, rotting seaweed on beaches. Type species:
Rhabditis marina Bastian, 1865.

Litoditis marina (Bastian, 1865) Sudhaus, 2011

Studied material: five males and eight fe-
males. Males mounted on slide (Meib.27.N.v.
- Meib.31.N.v.1) and females (Meib.31.N.v.2 -
Meib.38.N.v.) in pure glycerine.

Locality: Sivash Bay, Sea of Azov, Crimea,
bottom depths 0.2-0.5 m, silt and silty-sand with
fragments of mollusk shells; Cladophora green al-
gal mats; water salinity 70—-108 %o. Geographical
coordinates: N45°31°13.7”, E35°11°12.9” (st.3, fe-
male); N45°29°04.7”, E35°13°27.9” (st.4, male).

Description (Figs 2—4; Table 1): Females.
Body cylindrical, tapering towards both extremities
(Figs 2D and 3A); more tapering in posterior direc-
tion. Cuticle 2—4 pm thick, with well-defined trans-
verse striations. Lateral field with prominent longi-

Fig. 2. Litoditis marina (Bastian, 1865) Sudhaus, 2011. A. Male, general view; B. Male, tail region, bursa with eight
pairs of papillae; C. Female, cephalic region; D. Female, general view; E. Male, cephalic region; F. Female, vulval
region; G. Female, tail region. Scale bar: 200 pm (D); 100 um (F); 50 um (A, G); 20 um (B, E); 10 pm (C).
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Table 1. Morphometric characteristics of Litoditis marina
(Bastian, 1865) Sudhaus, 2011 from Sivash Bay. All mea-
surements in pm, except for the de Man’s ratios.

Characters Males (n=5) Ff:::;;; s
Body length 1273-1925 | 1337-2832
A 17.5-22.7 14.9-19.9
B 5.8-8.1 5.9-10.1
C 28.1-33.8 12.4-20.5
c’ 1.2-1.7 23-32
Pharynx length 201-238 205-285
Stoma length 19-23 19-30
Nerve ring from anterior end 151-170 140-210
Tail length 44-57 108-140
Anal body diameter 3248 38-61
Maximum body diameter 67-95 86-168
Spicule length 60-71

Gubernaculum length 3745

\],)li;t/znce from anterior end to 702-1570
Vulval body diam. 86-156

tudinal lines evenly spaced from each other: about
14 in mid-body and 4 in posterior body region. Head
with six lips, separate, continuous with body con-
tour; with minute inner labial papillae (Figs 2C, 3C)
and two circles of short cephalic setae. Amphidial
apertures oval, small, open at level of outer cephalic
setae (Fig. 3B). Stoma of rhabditoid type, 3—5 pum
wide. Cheilostoma not cuticularised, gymnostom
culticularised, stegostom (pharyngeal collar) con-
spicuous, surrounding about 50 % of stoma length.
Oesophagus with a distinct middle bulb and a pos-
terior basal bulb. Nerve ring located at 71.3-75.1 %
of pharyngeal length. Secretory-excretory pore not
observed.

Reproductive system amphidelphic. Ovaries
paired, reflexed; anterior branch on right and pos-
terior on left side of intestine with former usually
smaller than latter. Vulva located slightly posteri-
or to mid-body, at 49.9-57.7 %. Six to twelve in-
trauterine eggs, 55-61 x 2640 pm. Small gelati-

Fig. 3. Litoditis marina (Bastian, 1865) Sudhaus, 2011. A. Female, general view; B. Female, anterior end; C. Female,
stoma; D. Female, vulva and copulatory plug; E. Female, phasmid on the tail; F. Female, cuticular lateral ridges in the
vulval region. Scale bar: 200 um (A); 20 um (D, E, F); 10 um (B, C).
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Fig. 4. Litoditis marina (Bastian, 1865) Sudhaus, 2011. A. Male, general view; B. Male, stoma; C. Male, bulbus; D.
Male, cuticular lateral ridges in front of anus; E. Male, bursa with eight pairs of papillae; F. Male, bursa with nine pairs
papillae; G. Male, spicule. Scale bar: 200 um (A); 20 um (B-G).

nous copulatory plug is deposited to seal the vulva
(Fig. 3D). Up to 30 embryos within uteri in female
(Meib.35N.v.). Tail conical, gradually tapering to a
fine point. Phasmids pore-like, located behind anus
at 38.5 % to 51.9 % of tail length.

Males. General morphology similar to that of
females. Testis single, anterior and reflexed ven-
trally. Spicules paired (1.5-2.1 anal body diameter),
identical and strongly cuticularised. Gubernaculum
parallel to spicules, about 61.4-65.6 % of spicule
length. Tail short, sharply tapering off to a point.
Bursa peloderan, anteriorly open. Genital papillae
nine pairs, three pre-cloacal and six post-cloacal, ar-
ranged in groups of 1+2/3+3 (Fig. 4F). One male
(Figs 2B and 4E) with eight papillae, arranged in
1+2/2+3. First (GP1) short; second and third (GP2,
GP3) pairs narrow, spaced, precloacal; six post-
cloacal papillae (GP4, GP5 and GP6) grouped very
closely together; and final group (GP7, GP8 and
GP9) of three shorter pairs just anterior to the poste-
rior tip of the tail.

Remarks. Specimens from the Sivash Bay
agree well with the original description by BASTIAN
(1865) and the redescription by INGLIS & COLES
(1961) in general measurements. However, one male
from Sivash had fewer caudal papillaec arranged
in 1+2/2+3. Japanese specimens (Kito 1981) also
have different numbers of caudal papillae between
the right (1+2/2+3) and left (1+2/3+3) caudal alae.

Habitat and distribution. In the Sivash Bay,
the bottom sediments and floating mats of Clad-
ophora are two distinct biotopes for the develop-
ment of meiobenthic organisms, in particular for
nematodes. Bottom sediments are represented by
silt and sandy silt with shell hash. Cladophora was
found in Sivash Bay before but now it forms exten-
sive floating mats along the coast. Cladophora mats
attract the bulk of the fauna and now are a key ele-
ment in the Sivash ecosystem (SHADRIN et al. 2018,
2019a, 2019b, PRAZUKIN et al. 2020).

Female specimens of L. marina were only
found at three (st. 3, 4, 11) of the eight bottom sta-
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tions; one specimen per station. Male and female
specimens of L. marina were found in all three sam-
ples of floating mats of the alga Cladophora —st.2 (2
ind./10g; one male only), st.3 (14 ind./10g; 2 males,
8 females, 1 juv. male and 2 juv. females), st.4 (23
ind./10g; 2 males, 5 females).
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