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Summary. In embryos of some species of marine nematodes the somatic cuticle is formed with the assistance
of short microvilli which disappear in subsequent developmental stages. The most primitive cuticle type
in free-living species is a simple four-layered construction where mesocuticle is underdeveloped and may
be poorly demarcated from the endocuticle. This cuticle type is broadly distributed among difTerent marine
nematode families and may be a transient stage in the ontogenesis of a complex cuticle. With progressive
evolutionary development the cuticle becomes more complex as a result of additional stratification of the
exo- and mesocuticles. Structurally the most complex cuticle, with stratified mesocuticle, is observed in
large and active species. Other evolutionary trends appear to be correlated with particular specializations
where the exocuticular zone predominates (e. g. Xennella, Halalaimus, certain Chromadoridae), secondary
simplification (some Ceramonematidae - Pselionema), or development of secretory deposits
(Desmoscolecidae). A few marine nematodes, because of their immobility, retain the embryonal
cuticule-type through to, and including, the adult stage.
Key words: Cuticle, marine nematodes, ultrastructure, comparative morphology, evolutionary morphology,
transfomtion rows.
Several reviews on cuticle structure in nematodes,
mainly based on parasitic species, have been published.(Bird, 1971, 1984; Bird & Bird, 1991; Inglis, 1983;
Maggenti, 1979; Ouazana, 1985; Wnght, 1987,
1991). Although the cuticles of free-living, and especially marine nematodes, remain less extensively
studied than those of the parasitic species the available data show that a wide diversity of cuticle
structure exists in different orders and families
(Malakhov, 1994; Yushin & Malakhov, 1994). The
aquatic free-living taxa are frequently treated as being
the most primitive and which thus retain plesiomorphic morphological characters (Malakhov, 1994). An
investigation of their cuticles might therefore elucidate the evolution of the nematode cuticle,
especially its early development. Different cuticle
types may be arranged into lineages to indicate the
plesiomorphic and apomorphic conditions using emblyological criteria with out-group and inner-group
comparisons, commonly used in phylogenetical
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studies (Arnold, 1981).
The nematode cuticle is usually multi-layered
with the number of layers varying from three or four
to more than ten. In the widely accepted nomenclature based on the Ascaris model (Bird, 1971) the
layers are identified only from their position and
named as epicuticle, cortical zone, median zone and
basal zone. However, Maggenti (1979) proposed an
alternative model based on marine free-living Leptosomatum (Enoplida, Leptosomatidae) in which the
cuticle layers are described from their position and
on structural traits.
This proposal, which we adopt here, enables a
comparison to be made of cuticles with different
numbers oflayers and enables utrastructud homologies to be identified. According to Maggenti (1979)
proposal the principal cuticle layers are: 1) Epicuticle, the exteriormost layer which is typically
trilaminar (two electron-dense sublayers separated by
an electron-light sublayer). The trilarninarity is
sometimes indistinct or the epicuticle may even look
to be solid, electron-dense. In transverse furrows
between annules the epicuticle may appear more
thin and electron-light o r even be indistinct; 2)
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Exocuticle, dense subsurface layer, usually comprised of radially oriented striae; peripheral granular
sublayers may be dxerentiated. Transversal inter-annular hrrows may divide the exocuticle to near its
basal zone. 3)Mesocuticle is a rather loose stratum
between two denser layers of exocuticle and endocuticle. The mesocuticle varies considerably in
thickness and ultrastructure. This stratum often appears grainy with loosely matted fibers and may be
complex and differentiated as radial columns in a
subliquid transparent matrix. 4) Endocuticle, the
interiormost layer, often consisting of thick fibers,
distinct or indistinct and packed in sublayers crossing
one another. The endocuticle is usually sinuous and
conforms to the external annulations.

Embryogenesis of the cuticle
Several studies on cuticle embryogeneses of marine free-living nematodes have been published.
Yushin and Malakhov (1989) observed that in embryos of the large Enoplus demani (Enoplida) the
ectodermal cells apically form short microvilli. A thin
layer of amorphous substance appears at the distal
tips of the microvilli which is considered to be the
material forming the subsequent cuticle. The microvilli then become scarce and subsequently
disappear. Progressive difEerentiation of the cuticle
layers takes place in the initial, unstructured, granular cuticle as: h t l y , the epicuticle emerges;
secondly, the peripheral zone of granular cuticle
transforms into radially striated and annulated
exocuticle; thirdly, the internal zone of the granular
cuticle concentrates and forms a fibrous matrix. In
the embryogenesis of Halichoanolaimus sonorus
(Chromadorida) initially the microvilli are not involved (Yushin & Malakhov, 1992) in cuticle
formation but subsequently they sporadically appear
when the cuticle has already stratified. At the advanced stage the cuticle is already provided with the
distinct trilarninar epicuticle, radially striated exocuticle, mesocuticle with obliquely forming columns
in electron-light matrix, but endocuticle as such has
not yet been formed. Existence of the recently
described microvilli at earlier stages of cuticle formation in nematodes is of special interest since Rieger
(1984) emphasized the role of microvilli in cuticle
evolution in the lower metazoans.
Thus, the cuticle structure becomes more complex during embryonal development, and
progressive stratification spreads from the external
surface to the interior. Initially, an epicuticle appears
in an amorphous material, then radially striated
exocuticle and undivided mesoendocuticular stratum
forms, and finally the endocuticle is formed.

Out-group comparison
The Gastrotricha are closely related to the Nematoda in anatomy, ultrastructure and embryogenesis. The gastrotrich cuticle (Rieger & Rieger,
1977) is simple and consists of only two principal
layers: 1) an external thin surface trilaminar layer
resembling the nematode epicuticle, and 2) an internal thick granular-fibrous layer. In several
gastrotrichs the external peripheral zone of the second layer is dflerentiated into a slightly developed
radially striated sublayer similar to the nematode
exocuticle. Actively moving aquatic nematodes do
not have such simple cuticles. However, something
similar is present in sedentary juveniles of Nematimermk enoplivora (Fig. lB), a mennithoid parasite
of free-living marine nematodes Enoplus spp. (Tchesunov & Spiridonov, 1993). These juveniles, being
rather large in comparison with the host size, inhabit
confined spaces between the body wall and the
internal organs of the host nematode. Evidently, the
structural complexity of nematode cuticles is correlated with locomotory function. Nematodes
normally move by intensively curving their bodies
unlike gastrotrichs which have ciliary movement. The
development of a simple cuticle in N. enoplivora
probably is delayed as a result of the sedentary nature
of the parasite.

Inner-group comparison
With the exception of complex and specialized
cuticles the next cuticle type which can be recognized
consists of an epicuticle, a simple monolayered
radially striated exocuticle, a thin loose granular or
felt-like mesocuticle and a thick sinusoid endocuticle composed of fibrous sublayers obliquely crossing
one. another. This cuticle type is widely distributed
in difTerent, non-related families which often belong
to different orders, viz. Trehsiidae (Trefusia zostericola, own unpublished data), Prismatolaimidae
(Prismatolaimus dolichums, own unpublished data),
Tubolaimoididae ( Tubolaimoides tenuicaudatus, own
unpublished data ), Diplopeltoididae (Diplopeltoides
anatolii, Fig. 1D), Leptolaimidae (Paraphanolaimus
behningi, own unpublished data), Haliplectidae
(Haliplectus floridanus, own unpublished data),
Monhysteridae ( Geomonhystera disjuncta, Diplolaimella dievengatensis, Van de Velde & Coomans,
1991; Gammarinema garnmari, Monhystera sp., Tchesunov, 1990a), Xyalidae (Thenstus flevensis,
Tchesunov, 1990a), Siphonolaimidae (Siphonolaimus sp., Yushin and Malakhov, 1994; Astomonema jenneri, Ott et al., 1982), Linhomoeidae (Desmolaimus zeelandicus, Eleutherolaimus sp., Tchesunov,
1991; Terschellingiaglabricutis, Yushin & Malakhov,
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Fig. 1. Photomicrographs of the body cuticle of marine free-living nematodes. A: Synonema cosmopoIiticum
(Aponchiidae), longitudinal section, x 20000; B: Nematimennis enoplivora (Mermithoidea, Tetradonematidae), parasitizing the body cavity of Enoplus spp., free-living nematode species, longitudinal section, x 40000; C: Daptonema setosum
(Xyalidae), longitudinal parasagittal section, x 20000; D: Diplopeltoides anatolii (Diplopeltoididae), longitudinal section,
x 20000; E: Pselionema simplex (Ceramonematidae), longitudinal section, x 8600; F: Camacolaimidae gen. sp. associated
with forarniniferans, transverse section, x 20000; G: Sabatieria sp. (Comesomatidae), longitudinal section, x 15000; H:
Desmoscolex sp. (Desmoscolecidae), longitudinal section, x 10000; Xennella metallica (Xennellidae), longitudinal section,
x 5000.

A.V. Tchesunov et al.

Fig. 2. Diagrammatic representation of the body cuticle of Desrnolaimus zeelandicus (Linhomoeidae). Example of a
plesiomorphic type. (From Tchesunov, 1991; reproduced with kind permission of the editors of Zoologichesky Bumal).

1994; Megadesmolaimus rhodinus; Yushin & Malakhov, 1994), Axonolairnidae (Odontophora sp., own
unpublished data; Axonolaimusseticaudatus;Yushin,
1986), Diplopeltidae (Diplopeltula incisa; own unpublished data), Aponchiidae (@nonema cosmopoliticum; Fig. 1A) and many others. An example of
this cuticle type is given in Fig. 2.
This cuticle type which possesses all four main
layers is also characterized by the absence of any
evident features of secondary simplification or complexity. Its widespread occurence among nonrelated taxa fits to a criterion of plesiomorphy (Arnold, 1981).

Synthesis. Cuticle evolution in marine
nematodes
The cuticle formation sequences identified in
these three models can be combined into a slngle
scheme of evolution represented by several stages of
cuticle development. The most primitive type of
cuticle consists of only two layers: a trilaminar
epicuticle and an unstructured, thick granular-fibrous layer (Fig. 3A). This cuticle type is present in
nematode embryos at an early stage of their development and in sedentary juveniles parasitizing
invertebrates (Fig. 1B). The cuticle of Gastrotricha
principally corresponds to this stage, but their epicuticie is usually more multiplied (Fig.
3B).
In the second, more evolved, cuticle stage a
radially striated zone appears beneath the epicuticle
in the granular-fibrous layer (Fig. 3C). This type is
present in an earlier stage of Enoplus demani development,
in
an
unidentified
species of
Camacolaimidae associated with foraminiferans
(Fig. IF) and also in several gastrotrichs (Rieger &
Rieger, 1977). The cuticles of the two stages referred
to above are not yet complex or organized with
alternating layers of different densities. As a result of

the interaction of the longitudinal musculature with
the hydroskeleton these cuticle types do not appear
to enable any type of sinusoidal locomotion to occur.
Thus, these cuticle types occur either in organisms
of predominant ciliary locomotion (gastrotrichs) or
in sedentary nematode embryos or parasites.
The third development type is the true nematode
cuticle in its simplest form consisting of only four
main layers (Fig. 3D). This cuticle is present in many
dserent, non-related, families and may precede a
more complicated stage in embryogenesis. Therefore,
this is the most plesiomorphic condition in active
marine nematodes. Dserentiations of zones, their
further structural complexity and stratification occurs
in evolutionary lineages. These sequences are not
correlated with the presence of dserent layers and
are have developed independently in different taxa.
The epicuticle undergoes little modification remaining always thin and osrniophilic, but it can lose
trilarninarity.
In the fourth stage the exocuticle may acquire
an additional fine granular external sublayer
(Diplopeltoides anatolii, Diplopeltoididae, Fig. 1D).
Also, a thin electron-dense zone may appear
between the external granular and the striated sublayers of the exocuticle (Pseudosteineria horrida,
Xyalidae; Tchesunov, 1990b). Several species show
other exocuticular differentiations, for example, each
cuticular annule of Rhynchonema lyngei (Xyalidae) is
provided with two rings of a dense homogenous
substance (Tchesunov, 1990b).
The next advanced stage of cuticle development
has the mesocuticle present as a narrow zone of loose
material situated between two denser layers of exocuticle and endocuticle. The mesocuticle further
evolves becoming thicker and stratifiing into sublayers. In the fifth stage of development the initially
loose material of the core mesocuticle condenses into
dense radial columns with the electron-light inter-
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Fig. 3. Nematode cuticle types arranged in evolutionary lineages. A: Free-living nematode embryos, parasitic stages
of Benthimetmis and Nematimennis; B: Gastrotrichs with multilayered epicuticle; C: Carnacolaimidae gen sp. associated
with.foraminiferans, some gastrotrichs; D to N: Actively moving free-living nematodes; D: Widely distributed simple
plesiomorphic type; E: Thickened endocuticle (Tubolaimoides); G: Granular mesocuticle condensing into columns with
electron-lght interspaces (Daptonema setosum); F: Thin and poorly stratified cuticle with secreted deposits (Desmoscolex);
H: Distinctly columnated mesocuticle (Sabatieria); I: Complex exocuticle (Rhynchonema); J: Predominating exocuticle
(Xennella); K: Complicated exocuticular and discontinuous mesocuticular layers with electron-dense sculpture (Desmodora); L: Predominating exocuticle, mesocuticle reducing (Monoposthia); M: Mesocuticle completely reduced, endocuticle as flexible membrane connecting rigid exocuticular rings (Ceramonema).
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spaces between them of fluid-like appearance (Fig.
3G). The primitive form of this type of mesocuticle
differentiation is present in Daptonema setosum (Xyalidae; Fig. 1C). In this species the columns in the
mesocuticle have a simple shape and granular texture. The columns in more evolved species appear
more dense and solid, loosing their granular texture.
Also, the columns become more complex in shape,
acquire electron-light cores, their tips branch into
asterisk-like arrayed processes stretched between the
denser upper and lower strata (Fig. 3H). Such columnar mesocuticles are present, for example, in
Comesomatidae (Sabatieria spp., Iken, 1978, Fig.
1G; Dorylaimopsis peculiaris, Yushin & Malakhov,
1994), Cyatholaimidae (Acanthonchus duplicatus,
Wright & Hope, 1968; Paracanthonchus macrodon,
Yushin & Malakhov, 1994), Selachinematidae
(Halichoanolaimus sonorus, Yushin & Malakhov,
1994), Enoplidae (Enoplus demani, Yushin & Malakhov, 1994).
In large nematodes such as Enoplidae (Enoplus
demani) and Leptosomatidae (Deontostoma califomicum) several fibrous strata are differentiated into
internal mesocuticular sublayen. These strata are
composed of oblique (spiral) fibers running along the
body in counter-crosswise directions (Siddiqi &
Viglierchio, 1977; Yushin & Malakhov, 1994).
The endocuticle is usually sinuously curved and
consists of sublayers comprised of thick fibers crossing one another at different angles. The endocuticle
varies structurally with fibres being almost indistinct
to appearing to amalgamate, as occurs in species of
the family Linhomoeidae: Megadesmolairnus rhodinus and Anticyathusplicibucca (Yushin & Malakhov,
1994) to having numerous distinct sublayers of regularly arranged, interwoven, thick fibers. In the latter
case the endocuticle can constitute over half of the
cuticle thickness (Fig. 3E) as occurs in Tubolaimoides
tenuicaudatus (Tubolaimoididae, own unpublished
data) and Diplopeltula incisa (Diplopeltidae, own
unpublished data).
A special type of cuticle development is characterized by the prevalence of exocuticle. This type
occurs in several lineages among marine nematodes,
for example in the Oxystominidae (Halalaimus leptoderma, Yushin & Malakhov, 1994)) the
Ceramonematidae (Metadasynemoides, Nicholas &
Stewart, 1990; Ceramonema, Stewart & Nicholas,
1992; Pselionema, Fig. lE, Tchesunov, 1995), the
Xennellidae (Xennella metallica, Fig. lI), the Monoposthiidae (Monoposthia costata, Yushin &
Malakhov, 1994), the Chromadoridae (Euchmmadora ezoensis and Neochrornadora poecilosoma,
Yushin & Malakhov, 1994). The widened exocuticle
loses its radial striation, becoming homogeneous
(Fig. 35, K & L) and the mesocuticle, and even the

endocuticle, progressively decreases. The reduced
mesocuticular layer can become discontinuous,
transforming into a series of minute insulae or can
completely disappear (Fig. 3M). The endocuticle can
remain as a thin layer spreading immediately underneath the exocuticle or can become discontinuous.
In the latter case the flexible endocuticle connects
thick rigid exocuticular annules resembling a similar
occurrence in the kinorhynchs and arthropods.
An eight type of cuticle development is somewhat
peculiar and occurs in desmoscolecids (Fig. 1H). The
cuticle itself is thin and ultrastructurally simple, with
weakly dserentiated stratification. The main annules
are covered by cloudy deposits of an amorphous
material containing rod-like particles (Fig. 3F) .

CONCLUSIONS
From the comparative-morphological analysis
presented here it may be concluded that the cuticle
of ancestors common for both nematodes and gastrotrichs consisted of a rather thin, two-layered,
extracellular integument. The external layer was
trilaminar, comparable with the nematode epicuticle,
and the internal layer was finely granular. The available embryological data suggest that the nematode
cuticle evolved from a microvillar cuticular type and
this form is present in many invertebmte groups.
The original or most plesiomorphic type of cuticle
present in non-related nematode species of different
phylogenetical branches may be considered as being
represented by a rather thin, four-layered, structure
consisting of a trilaminar epicuticle, a radially striated
exocuticle, a thin loose fibrous-granular mesocuticle
and a thick fibrous endocuticle. The evolutionaly
development of the nematode cuticle appears to be
correlated with active muscular locomotion to provide sinusoidal movement using the flexed cuticle as
an antagonist for longitudinal musculature.
The most highly developed cuticle occurs in large,
actively moving nematodes whereas sedentary parasites have a simple cuticle resembling that of embryos
in their early stages of development. Parallel evolution in nematode cuticle development in different
phylogenetic branches resulted in the formation of
similar structures, especially in mesocuticles and
exocuticles.
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