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Summary. The structure of supplementary organs and buccal cavity are the main diagnostic features for
identification of Tobrilidae species. Four main supplement types can be distinguished among
representatives of this family. Type I supplements are typical for Tobrilus, Lamuania and Semitobrilus
and are characterised by their small size and slightly protruding external part. There are two variations of
the type I supplement structure: amabilis and gracilis. Type II is typical for several Eutobrilus species (E.
peregrinator, E. prodigiosus, E. strenuus, E. nothus). These supplements are very similar to the type I
supplements but are characterised in having a highly protruding torus with numerous microthorns and a
bulbulus situated at the base of the ampoule. Type III is typical for Eutobrilus species from the Tobrilini
tribe, i.e., E. graciliformes, E. papilicaudatus and E. differtus, and Mesotobrilus spp. from the
Paratrilobini tribe and is characterised by a well-defined cap and a bulbulus situated at the base of the
ampoule. Type IV is observed in the majority of Eutobrilus, Paratrilobus, Brevitobrilus and Neotobrilus
and is the most complex supplement type with a mobile cap and an apical bulbulus. The origin of
nematode supplementary organs from unspecialised setae can be illustrated by the evolution of tobrilid

supplements.

Key words: evolution, free-living nematodes, morphology, supplementary organs, Tobrilidae.

Males in the family Tobrilidae (Triplonchida)
have numerous and often large midventral
precloacal supplementary organs (or supplements).
The supplementary apparatus is a row of precloacal
supplements acting as an orientation organ that is
used for attachment to the female body during
copulation. Supplement structure is a convenient
object for construction of evolutionary theories for
tobrilid taxa.

The supplement structure was usually considered
as the main diagnostic feature in the family
Tobrilidae. Tsalolikhin (1983) had divided the
family Tobrilidae into two subfamilies, Tobrilinae
(with simple supplements) and Eutobrilinae (with
echinate supplements). Nowadays, the buccal cavity
structures are considered as the main features for the
tobrilid taxonomy and the value of a supplement
structure is decreased, although it still remains the
basis for the division of certain genera (Tsalolikhin,
2001). Currently, the taxonomy system of tobrilids
proposed by Tsalolikhin (1983) is accepted by the

majority of specialists in its original scope (Zullini,
2006) or with minor changes (Andrassy, 2009).

The morphology of tobrilid supplements was
described in several papers (Tsalolikhin, 1972,
1981a, 1983, 2006). All tobrilids have supplements
except for the genus Asperotobrilus Shoshin, 1991
(Shoshin, 1998). A supplement consists of several
parts according to terminology proposed by
Tsalolikhin (1983) with some additions made by
Shoshin & Shoshina (1999), which may be
described as follows: each supplement consists of an
ampoule, a protruding cap in the centre of the
supplement, and a central spinule at the apex of the
cap (Fig. 1); a ring fold separates cap from the
cuticularised torus (shoulders). A torus and a cap are
covered by numerous microthorns; a bulbulus is the
probable derivate of a dendritic process typical for
all sensory organs of nematodes (Ryss, 1981;
Decraemer et al., 2014). At present, two types of
supplements are distinguished: a submerged and an
echinate supplement. The most highly developed
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supplements belong to the echinate type which
consists of a central spinule, a cap, a torus covered
by microthorns, and an ampoule (Fig. 1).
Conversely, submerged supplements consist of a
spinule, a smooth cap and an ampoule.

In this paper, we intend to clarify the
terminology describing supplement structure. We
propose to consider yet another supplement
structure, the bulbulus. We also propose to divide
supplements into four types: type I a simple
submerged supplement; type II a simple convex
supplement; type III a complex supplement with a
basal bulbulus; type IV a complex supplement with
an apical bulbulus (Shoshin & Shoshina, 1999).
Scanning electron microscopy images have revealed
the new information, which may shed light on the
origin and evolution of supplementary apparatus.

MATERIALS AND METHODS

Specimens were collected by E.A. Shoshina from
Lake Baikal, Gulf of Finland and the Neva River.
Nematodes from the glycerin collection of the
Zoological Institute of the Russian Academy of
Sciences were also used, specifically materials
collected by A.V. Shoshin from Lake Baikal and
water bodies of Samara at the Volga River, and
materials collected by D.D. Danilin from water
bodies of Kamchatka.

Selected specimens were mounted on slides after
impregnation in glycerin. Differential interference
contrast (DIC) photographs were taken using
microscopes Leica TCS SPS5, Leica DMI-6000 and
Lieca DM 6000 (Research Resource Center for
Molecular and Cell Technologies of Saint
Petersburg State University).

For scanning electron microscopy (SEM)

nematodes were washed from glycerin and
dehydrated in a graded ethanol series. Final
dehydration was carried out using

hexamethyldisilazane or a critical point dryer, Leica
EM CPD300. Specimens were covered by gold or
platinum by vacuum evaporator Jeol JEE-420D and
observed using microscopes Hitachi S-800, S-1000
(Zoological Institute of the Russian Academy of
Sciences), Zeiss Merlin (Interdisciplinary Resource
Center for Nanotechnology) and Tescan Mira3
(Research Resource Center for Molecular and Cell
Technologies of Saint Petersburg State University).

RESULTS

On the basis of morphological characteristics,
four types of supplements can be distinguished.
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Type I: a simple submerged supplement (Figs
2A-D & 5A). Supplements of this type are small.
The exterior part slightly protrudes above the
surface of cuticle. Height of torus and central
spinule do not exceed the length of ampoule.
Bulbulus is located at the base of an ampoule. It is
typical for the genera Tobrilus Andrassy, 1959
(Tsalolikhin, 1981b, 1983), Lamuania Tsalolikhin,
1976 (Shoshin & Shoshina, 2002), Semitobrilus
Tsalolikhin, 1981 (Tsalolikhin, 1981b). Two groups
of species characterised by the type I supplements
could be distinguished among Tobrilus species.

Amabilis group is characterised by a differentiated
supplementary apparatus (Fig. 2A, B). Supplements
increase in size towards the cloaca. The distance from
the cloaca to the nearest (posteriormost) supplement is
smaller than the distances between the rests of the
supplements. Supplements are small with a slightly
protruding outer part, a rounded ampoule with thin and
uneven walls. The number of supplements varies from
6to 13.

This type of supplement could be found in T.
amabilis Tsalolikhin, 1974, T. undophilus Shoshin,
1988, T. latens Tsalolikhin, 1974 and T. incognitus
Tsalolikhin, 1972. The representatives of the genus
Semitobrilus have similar supplements.

Gracilis group is characterised by the equally
sized supplements. The distance from cloaca to the
nearest supplement exceeds the distance between
the nearest and the following supplement. All
supplements have a flattened ampoule with thick
walls and a torus with microthorns. A short central
spinule has the slightly swollen base. Torus is
separated from the central spinule by a circular fold.
The central spinule is asymmetrical and tilted
towards the head end (Fig. 2C, D). This type of
supplements are found in T. gracilis (Bastian, 1865),
T. helveticus (Hofménner & Menzel, 1914), T.
wesenbergi (Micoletzky, 1925), T. zacopanensis
(Stefanski, 1924), T. macramphis Tsalolikhin, 1977,
T. aberrans (Filipjev, 1928), T. brevisetosus
(Schneider, 1925), T. nepalensis Tsalolikhin, 1983,
T. phantasus Tsalolikhin, 1983, T. bekmanae
Tsalolikhin, 1975, T. tripylis Gagarin, 1991, T.
parvus Gagarin, 1991, T. unisecsus Gagarin, 1989.
It is also found in Lamuania orientalis Tsalolikhin,
1976.

Type II: a simple convex supplement
characterised by the presence of a highly protruding
torus (Figs 2E, F & 5B), equal sizes of torus, central
spinule and ampoule depth. Torus is covered with
numerous microthorns. Bulbulus is situated at the
base of the ampoule. Supplements of this type are
immobile and cannot retract.
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Fig. 1. General morphology of a tobrilid supplement (Paratrilobus sp.) A — DIC; B — SEM. Supplements consisting
of broad ampoule (amp) submerged into cuticle with central inner bulbulus (bl). Bulbulus continuing to central spinule

(cs) and encircled by basal torus (tr) and apical cap (cp).

Type II supplements are found in the genus
Eutobrilus Tsalolikhin, 1981: E. peregrinator
Tsalolikhin, 1983, E. prodigiosus Shoshin, 1988, E.
strenuus Gagarin, 1991, E. nothus Gagarin, 1989,
Eutobrilus sp. (Fig. 2E, F).

Type III: a complex supplement with the basal
bulbulus and the cap covered with microthorns. The
cap is separated from the torus by a ring fold. The
bulbulus is at the base of ampoule or slightly
elevated but never located in the cap (Figs 2G, H &
5C). The cap is retractable. This type of
supplements are found in the genera Mesotobrilus
Tsalolikhin, 1981 and Eutobrilus: E. graciliformes
(Altherr & Delamare Deboutteville, 1972), E.
papilicaudatus (Altherr, 1963), E. differtus Shoshin,
1988, E. arcticus Gagarin, 1991, E. angarensis
Gagarin, 1991.

Type IV: a complex supplement with the apical
bulbulus (Figs 3, 4 & 5D, E). Usually supplements
of this type are large and most complex. They are
found in the representatives of Eutobrilus,
Neotobrilus  Tsalolikhin, 1981, Brevitobrilus
Tsalolikhin, 1981 and Epitobrilus Tsalolikhin, 1981.

There are some differences in type IV
supplements structure in subfamilies Tobrilinae and
Neotobrilinae.

In the subfamily Tobrilinae, supplements are
characterised by the presence of an apical retractable
cap (Figs 3A-F & 5D). In the majority of Eutobrilus
(Fig. 3A, B) and Paratrilobus Micoletzky, 1922 (Fig.
3C, D) supplements are of equal size, except for the one
closest to the cloacal opening, which can be smaller

than the others. Supplements in the genus Kurikania
Tsalolikhin, 1976 are reduced in size, but have all the
features of a complex supplement (Fig. 3E, F).

In the subfamily Neotobrilinae the supplements
are characterised by the partial or total reduction of
an apical cap. In particular, the supplements of
Neotobrilus are characterised by the partial
reduction of an apical cap. The first three
supplements from the cloaca are reduced in size and
characterised by the rectangular torus and the
absence of a cap (Fig. 4A, F). The next three
supplements are gigantic (Figs 4B-E & G) and have
lateral pillow-like thickening (Fig. 4B). The lateral
parts of the torus enclose the cap and central spinule
like a shell. The supplements of Brevitobrilus are
the most simple with a thin smooth torus and no cap
at the base of a central spinule. Nevertheless, these
supplements have the bulbulus in the apical position
and can be assigned to the type IV.

Ventral crests and ‘micropapillae’. The entire
surface of the body is thinly annulated, annuli 1.1-
1.4 um wide. In the supplementary field, the
annulation character changes sharply and there are
clearly visible crests (observed even under an
optical microscope). Scanning electron microscopy
data showed that these crests are regular, with the
crest occurring approximately every third ring. The
length of the field of folded cuticle differs from
species to species and can slightly exceed the length
of supplementary field. For example, in Neotobrilus
crests are present only between the first three
supplements (Fig. 4F, G).
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Fig. 2. Different types of supplements. A, C, E, G — SEM; B, D, F, H — DIC. A, B: morphology of supplement type
1, amabilis group (Tobrilus amabilis); C, D: morphology of supplement type I, gracilis group (Tobrilus gracilis); E, F:
morphology of supplement type II (Eutobrilis sp.); G, H: morphology of supplement type III (Mesotobrilus delicatus).
Scale bars: A,C=10um; E,G=6 pm; B=5pm; D=3 um; F =10 ym, H=7 pm.
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Fig. 3. Different variants of type IV supplements. A, C, E, G — SEM; B, D, F, H — DIC. A, B: Eutobrilus
grandipapillatus; C, D: Paratrilobus sp.; E, F: simplified supplements of Brevitobrilus sp.; G, H: modified supplement
of Kurikania tsalolikhini. Scale bars: A, C=10 um; B=8 pm; D=5 um; E=5 pm; F = 3.5 um; G =20 um; H=6 pum.
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Fig. 4. Type IV supplements with apical bulbulus (Neotobrilus filipjevi). A, B, C, F, G — SEM; D, E — DIC. A:
second supplement from cloacal opening; B: fifth supplement from cloacal opening; C: sixth supplement from cloacal
opening; D: first supplement from cloacal opening; E: precloacal region of the male showing three closest to cloacal
opening supplements and ventral crests (lateral view); F: precloacal region showing three closest to cloacal opening
supplements and ventral crests (ventral view); G: precloacal region showing three furthest from cloacal opening
supplements. Scale bars: A-C =5 pm; E-G =5 pm; D =10 pm.
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Fig. 5. Schematic representation of the morphology of four types of supplements. A: somatic seta, hypothetical
ancestor of supplementary organ; B: type I supplement with basal bulbulus (bl) and short torus (tr); C: type II
supplement with basal bulbulus and protruding torus; D: type III supplement with basal bulbulus and cap (cp) separated
from torus by ring fold; E: type IV supplement with protracted torus and cap; F: type IV supplement with retracted torus
and cap. cs — central spinule, arrows indicate homologous structures (not to scale).

The width of a field of folded cuticle also differs
from species to species, and can be equal to the
width of supplements (as in Kurikania tsalolikhini
Shoshin, 1991 (Fig. 3E)) or exceeds it (as in the
most of the species studied (Fig. 2A, C)).

Using light microscopy, crests were previously
described as ‘micropapillae’ (Fig. 4E), and the
number of micropapillae is frequently used in
species identification.

DISCUSSION

According to Malakhov (1986), supplementary
sensory organs evolved from unspecialised sensory
organs, like a somatic seta or a pore in the cuticle of
the nematode’s ancestor. An illustration of this can
be found when comparing the structure of somatic
setae and supplements of Tobrilis gracilis (Fig. 2C).
Here we may see the similarities: both seta and
supplement have a cylindrical basis (stipes) and a
sharpened apex. However, in a supplement the
stipes is usually shorter and expanded compared to
that of a seta and could be surrounded by additional
structures such as a ring fold, microthorns etc.

The probable sequence of the formation of a
supplement could be described as follows (Fig. 5).
The ampoule increased in size resulting in
expansion of the outer part of a seta. At the next
step, a stipes transforms into the torus and an apex
transforms into the central spinule. The bulbulus is
in the basal position. Thus, the simple submerged
supplement appears (type I) (Fig. 5B).

The next evolutionary step is the oligomerisation
of the supplementary apparatus (Tsalolikhin, 1977,
1983). This is a process of reducing the number of
homological organs while increasing their functions.
The size of an ampoule and outer parts of
supplements increases, resulting in the appearance
of a simple convex supplement (type II) (Fig. 5C).

The appearance of such massive supplements
might have affected nematode movement and
probably lead to the emergence of supplements that
were able to retract. Supplements of type III with a
mobile cap and ability to retract slightly could be an
illustration of this process (Fig. SD).

Further development of supplements leads to the
modification in which a bulbulus shifts to the cap.
Such modification results in the appearance of
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supplement able to retract inside the body or
protruding back outside, depending on the
physiological state of nematode (Holovachov &
Shoshin, 2014). In this situation, nothing can limit
the supplement size, and supplements of type IV
could reach the giant size up to half of the body
diameter (Fig. SE, F).

Supplements with the ability to retract are also
found in other groups of nematodes. For example,
Chromadoropsis vivipara (Schuurmans Stekhoven,
1931) (Desmodorida, Spiriniidae) is characterised
by the sucker-shaped supplement that is able to
retract into the special pit-like cuticular sheath. As
in tobrilids, supplements of C. vivipara are devoid
of own muscles and their retraction/protraction is
determined by the alteration of cuticle tension
during the body movements. If the ventral side of
the body is bent, supplements protrude due to the
cuticle pressure. If the ventral side is convex, the
body cuticle stretches and a supplement retracts
(Tchesunov, 2006).

The results obtained here are in accordance with
molecular phylogeny studies. The primitive
Tobrilinae with its simple supplements occupies the
basal position and more advanced Neotobrilinae
with its well-developed supplements appears to be
in higher position on the molecular phylogenetic
tree (Antofica, 2012). The position of Semitobrilus
is still under discussion. Traditionally this genus is
considered within Neotobrilinae (Tsalolikhin, 2001;
Zullini, 2006; Andrassy, 2007). However, the
molecular phylogeny analysis (Antofica, 2012) and
our data on the supplement structure do not support
the accepted taxonomical position of this group
(Zullini, 2006; Andrassy, 2007). Maximum
parsimony and Neighbour joining trees put
Semitobrilus in the clade together with Eutobrilus
and the sister clade is formed with Tobrilus
(Antofica, 2012). Semitobrilus is characterised by
the type I supplements that also supports the close
affinity of Semitobrilus and Tobrilus.

Although the modern system of Tobrilidae is
based on the stoma structure (Tsalolikhin, 2001;
Holovachov & Shoshin, 2014), it is not supported
by the molecular phylogenetic studies. Basing on
the multidisciplinary approach, Antofica (2012)
assumed that the reproductive system has a major
impact on the tobrilid evolution. So, we propose to
consider a supplementary apparatus as the main
diagnostic feature in the family Tobrilidae.

ACKNOWLEDGEMENTS

The authors wish to thank P.A. Zykin and the
Research Resource Center for Molecular and Cell

88

Technologies of Saint Petersburg State University,
the Interdisciplinary = Resource Center for
Nanotechnology and Department of Electron
Microscopy ZIN RAS, for equipment and
consultation. The authors also wish to thank
colleagues from Irkutsk, E.A. Erbaeva and G.P.
Safronov, for their invaluable assistance.

Material collection was carried out with
assistance of Program FEB RAS “Far East” (project
no. 15-1-6-007). The electron microscopy studies
were supported by the grant of RFBR no. 14-04-
00334 a. Light microscopy studies were supported
by the Russian Science Foundation (project no. 14-
50-00034) and manuscript preparation was
supported by the grant of RFBR no. 15-34-50635.

REFERENCES

ALTHERR, E. 1963. Contribution a la connaissance de la
faune des sables en Lorraine. Nématodes. Annales de
Spéléologie 18: 53-98.

ALTHERR, E. & DELAMARE DEBOUTTEVILLE, C.D. 1972.
Nematodes interstitiels des eaux douces des Etats-
Unis d’Amerique (Etats de Washington, du Colorado
et du Massachusetts) recoltes par C. Delamare
Deboutteville. Annales de Spéléologie 27: 683-760.

ANDRASSY, I. 1959. Neubenennungen einiger homonymen
Nematoden-Gattungen. Nematologica 4: 223-226.

ANDRASSY, I. 2007. Free-living nematodes of Hungary, 11
(Nematoda errantia). In: Pedozoologica Hungarica 4
(C. Csuzdi & S. Mahunka Eds). pp. 496. Budapest,
Hungary, Hungarian Natural History Museum and
Systematic Zoology Research Group of the Hungarian
Academy of Sciences.

ANDRASSY, 1. 2009. Free-living nematodes of Hungary,
III (Nematoda errantia). In: Pedozoologica Hungarica
5 (C. Csuzdi & S. Mahunka Eds). pp. 608. Budapest,
Hungary, Hungarian Natural History Museum and
Systematic Zoology Research Group of the Hungarian
Academy of Sciences.

ANTOFICA, A. 2012. Phylogeny, morphology,
classification and ecology of the family Tobrilidae: a
multidisciplinary approach. Master’s Thesis, Ghent
University, Ghent, Belgium, 33 pp.

BASTIAN, H.C. 1865. Monograph of the Anguillulidae, or
free nematoids, marine, land, and freshwater; with
descriptions of 100 new species. Transactions of the
Linnaean Society of London 25: 73-284.

DECRAEMER, W., COOMANS, A. & BALDWIN, J. 2014.
Morphology of Nematoda. In: Handbook of Zoology.
Gastrotricha, Cycloneuralia and Gnathifera. Volume
2: Nematoda (A. Schmidt-Rhaesa Ed.). pp. 1-59.
Berlin/Boston, Germany/USA, De Gruyter.

FILIPJEV, LN. 1928. [Nématodes libres du fleuve Oka]. Raboty
Okskoy Biologicheskoy Stantsii 5: 81-112 (in Russian).



Supplements in the family Tobrilidae

GAGARIN, V.G. 1989. [New and rare species of the
family Tobrilidae (Nematoda, Enoplida)].
Zoologicheskii Zhurnal 68: 18-25 (in Russian).

GAGARIN, V.G. 1991. [Nematodes of the family
Tobrilidae (Enoplida) from the Arctic water bodies].
Zoologicheskii Zhurnal 70: 11-21 (in Russian).

HOFMANNER, B. & MENZEL, R. 1914. Neue Arten
freilebender Nematoden aus der Schweiz. Zoolgischer
Anzeiger 44: 80-91.

HorLovacHov, O. & SHOSHIN, A. 2014. Order
Triplonchida Cobb, 1919. In: Handbook of Zoology.
Gastrotricha, Cycloneuralia and Gnathifera. Volume
2: Nematoda (A. Schmidt-Rhaesa Ed.). pp. 251-276.
Berlin/Boston, Germany/USA, De Gruyter.

MALAKHOV, V.V. 1986. [Nematodes: Structure,
Development, System and Phylogeny]. USSR, Nauka.
215 pp. (in Russian).

MICOLETZKY, H. 1922. Freie Nematoden aus dem
Grundschlamm norddeutscher Seen. Archiv fir
Hydrobiologie 13: 532-560.

MICOLETZKY, H. 1925. Die freilebenden Siilwasser und
Moornematoden Dinemark. Memories de I’Academie
Royale des Sciences et des Letters de Danemark,
Copenhague (Section des Scienses, Series 8) 10: 1-310.

RYsS, A.YU. 1981. [Evolutionary trends of the suborder
Tobrilina]. In: [Evolution, Taxonomy, Morphology
and Ecology of Free-Living Nematodes] (T.A.
Platonova & S.Ya. Tsalolikhin Eds). pp. 65-76.
Leningrad, USSR, Zoological Institute of the USSR
Academy of Sciences (in Russian).

SCHNEIDER, W. 1925. Freilebende Siisswassernematoden
aus ostholsteinischen Seen. Nebst Bemerkungen iiber
die Nematodenfauna des Madii-und Schaalsees.
Archiv fir Hydrobiologie 15: 537-584.

SCHUURMANS STEKHOVEN, J.H. JR. 1931. Okologische
und morphologische Notizen uber
Zuiderseenematoden. 1. Die westliche Haélfte der
Zuidersee. (Mitteilung der Zuidersee-kommission).
Zeitschrift fiir Morphologie und Okologie der Tiere
20: 613-678.

SHOSHIN, A.V. 1988. [New species of nematodes of the
family  Tobrilidae from Lake Baikal]. In:
[Nematological Collection] (S.Ya. TSALOLIKHIN Ed.).
pp. 43-58. Leningrad, USSR, Zoological Institute of
the USSR Academy of Sciences (in Russian).

SHOSHIN, A.V. 1991. [Two new species of Baikal
nematodes of the Enoplida order]. Zoologicheskii
Zhurnal 70: 132-135 (in Russian).

SHOSHIN, A.V. 1998. Two new species of Baikal
nematodes  of the  genus  Asperotobrilus.
Zoosystematica Rossica 7: 223-227.

SHOSHIN, A.V. & SHOSHINA, A.A. 1999. [Origin and
evolution of the supplementary apparatus of tobrilids].
Proceedings of the Zoological Institute RAS 280: 25-
26 (in Russian).

SHOSHIN, A.V. & SHOSHINA, A.A. 2002. [Description of
Lamuania  orientalis  (Nematoda, Enoplida,
Tobrilidae) male]. Zoologicheskii Zhurnal 81: 1271-
1272 (in Russian).

STEFANSKI, W. 1924, Etude sur les nematodes muscicoles
des environs de Zakopane (Massif du Tatra polonais).
Bulletin de I’Academie polonaise des Sciences et
Letters, Serie B Sciences Naturelles year 123: 21-60.

TCHESUNOV, A.V. 2006. [Biology of Marine Nematodes].
Russia, KMK Scientific Press Ltd. 367 pp. (in
Russian).

TSALOLIKHIN, S.YA. 1972. [New species of freshwater
nematodes from the Lake Baikal]. Zoologicheskii
Zhurnal 51: 1559-1562 (in Russian).

TSALOLIKHIN, S.YA. 1974. [New species of nematodes —
commensals of Baikal sponges]. Zoologicheskii
Zhurnal 53: 1081-1085 (in Russian).

TSALOLIKHIN, S.YA. 1975. [New nematodes from the
abyssal zone of Lake Baikal]. Zoologicheskii Zhurnal
54:771-775 (in Russian).

TSALOLIKHIN, S.YA. 1976. [New species of nematodes of
the order Enoplida in the Baikal Lake]. Zoologicheskii
Zhurnal 55: 346-353 (in Russian).

TSALOLIKHIN, S.YA. 1977. [Some questions of nematode
phylogeny due to oligomerization of supplementary
organs]. In: [The Value of the Processes of
Polymerization and Oligomerization in Evolution]
(O.L. Skarlato Ed.). pp. 41-43. Leningrad, USSR,
Zoological Institute of the USSR Academy of
Sciences (in Russian).

TSALOLIKHIN, S.YA. 1981a. [Morphological studies on
the supplementary apparatus of the suborder
Tobrilina]. In: [Evolution, Taxonomy, Morphology
and Ecology of Free-Living Nematodes] (T.A.
Platonova & S.Ya. Tsalolikhin Eds). pp. 86-87.
Leningrad, USSR, Zoological Institute of the USSR
Academy of Sciences (in Russian).

TSALOLIKHIN, S.YA. 1981b. [The revision of the genus
Tobrilus (Nematoda, Tobrilidae)]. Zoologicheskii
Zhurnal 60: 1302-1313 (in Russian).

TSALOLIKHIN, S.YA. 1983. [Nematodes of the Families
Tobrilidae and Tripylidae of the World Faunal.
USSR, Nauka. 230 pp. (in Russian).

TSALOLIKHIN, S.YA. 2001. Synopsis of the system of the
family Tobrilidae (Nematoda: Enoplida). Russian
Journal of Nematology 9: 19-24.

TSALOLIKHIN, S.YA. 2006. [The evolution of the
supplementary apparatus in tobrilids (Nematoda:
Enoplida, Tobrilidae)]. Invertebrate Zoology 3: 41-51
(in Russian).

ZULLINI, A. 2006. Order Triplonchida. In: Freshwater
Nematodes: Ecology and Taxonomy (E. Abebe, 1.
Andrassy & W. Traunspurger Eds.). pp. 293-325.
Wallingford, UK, CAB International.

89



A.V. Shoshin et al.

A.V. Shoshin, E.A. Shoshina and J.K. Zograf. Tumer cynnemenToB y HemaTo] cemeiictBa Tobrilidae
(Nematoda, Enoplia).

Pe3tome. CTpoeHHE CTOMBI U CYIJIEMEHTOB SIBIISIFOTCS TVIABHBIMH JHArHOCTUYECKUMHU NPH3HAKAMH TS
ornpezeneHus BUIOB cemeictBa Tobrilidae. YeTblpe OCHOBHBIX THIIA CYIUIEMEHTOB MOXHO BBLICIUTH
cpenu TmpeiacTaBuTeNel cemelicTBa. IlepBeiii Tum cymiementoB Haimen y Tobrilus, Lamuania wu
Semitobrilus u xapaktepu3yercs MaJbIMU pa3MepaMi U CIIETKa BBICTYIAIOIIEeH Hapy)KHOU yacThio. Cpeau
CYILUIEMEHTOB MEPBOTO THIA MOXKHO BBIACIUTH JBe Bapuammu — amabilis Bapuant u gracilis Bapuanr.
CyruteMeHT BTOpOro THIIA, HaiimeHHbIH y Hekotopbix Eutobrilus (E. peregrinator, E. prodigiosus, E.
strenuus, E. nothus), CX0X C IpeAbIAYyIIHMM, HO OTJIMYACTCs CHJIBHO BBICTYHNAKOIMMHU IUICUYUMKAMHU C
MHOTOYHMCICHHBIMA ~MMKPOLIMIIAMHA M JIyKOBHUYKOH, pacmojoXeHHOW Oa3zanmpHO. Tperuil THI
CYIUIEMEHTOB, HaiileHHbIi y HekoTopbix Eutobrilus (E. graciliformes, E. papilicaudatus, E. differtus) u
Mesotobrilus spp., xapakrepusyercst pa3BUTHEM aUKAILHOMN IAMTOYKH U JIyKOBHUKOU, PACIIOI0KEHHOM B
OCHOBaHMM aMmiTynbl. YeTBepThIi THN CYIUIEMEHTOB, HaiineHHbld y OombmuacTBa EUtobrilus,
Paratrilobus, Brevitobrilus, Neotobrilus, xapaktepusyercs NOABHKHOW HIAMOYKOW H AMHKaIbHBIM
pacronokeHneM JTyKoBHYKH. Ha mpumepe pa3BUTHsI CYTUICMEHTOB Y TOOPUIIUIT CISTAHO TPEINMOI0KEHUE
0 TIPOUCXOXKICHUH CYIJIEMEHTAPHBIX OPIraHOB HEMATO]] U3 HECTICLIUATM3UPOBAHHBIX IIETHHOK.
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