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Summary. The spermatozoa from testes and uteri of the free-living marine nematode Halichoanolaimus 
possjetiensis (Selachinematidae, Chromadorida) were studied electron-microscopically. The spermatozoa 
from the testes are unpolarized cells covered by numerous short filopodia. They contain the centrally 
located nucleus without a nuclear envelope. The centrioles were observed at the nuclei. The 
spermatozoan cytoplasm includes mitochondria and spherical fibrous bodies (FB) embedded into the 
transparent matrix. The spermatozoa from the uterus lack the dramatic changes which are common 
after fertilization. Their nuclei, mitochondria, FB, and surface filopodia remain intact. The outfoldings 
resembling short larnellipodia occur on the spermatozoan surface. The spermatozoa of H possjetiensis 
lack the large pseudopod and membranous organelles (MO) - a characteristic feature found in many 
nematode spermatozoa. The occurrence of the FB never associated with MO differentiates H. 
possjetiensis from many nematodes so far studied, but unites the chromadorids and tylenchids 
(Tylenchida). This conclusion is supported by the filopodial nature of the sperm surface demonstrated 
by both taxa. 
Key words: Halichoanolaimus, fibrous bodies, FB, membranous organelles, MO, centrioles, filopodia, 
pseudopod, spermatogenesis, Tylenchida. 

The aberrant amoeboid spermatozoa of nema- 
todes are characterized by the absence of an 
axoneme, acrosome and nuclear envelope (Justine 
& Jamieson, 1999; Justine, 2002). The basic type 
of nematode spermatozoon may be described as a 
bipolar cell with anterior pseudopod and posterior 
main cell body (MCB). The MCB has a con- 
densed nucleus without nuclear envelope sur- 
rounded by mitochondria and so called 'membra- 
nous organelles' (MO), unique organelles, which 
are characteristic of most nematode sperm cells 
(Justine & Jamieson, 1999; Justine, 2002). 

The spermatogenesis and ultrastructure of 
nematode sperm has been studied mainly .in the 
animal and plant-parasitic species (Justine & 
Jamieson, 1999; Justine, 2002). Most of the free- 
living marine nematodes studied are the members 
of the order Enoplida (Wright et al., 1973; Cal- 
coen & De Kegel, 1979; Baccetti et al., 1983; 
Yushin & Malakhov, 1994, 1998, 1999; Turpeen- 
niemi, 1998; Justine & Jamieson, 1999; Yushin et 

al., 2002b). There are also data on the sperm de- 
velopment in marine species belonging to the or- 
ders Monhysterida and Chromadorida (Noury- 
Srai'ri et al., 1993; Nicholas & Stewart, 1997; Yu- 
shin & Coomans, 2000; Yushin & Zograf, 2002). 

Noury-Srai'ri et al. (1993) revealed that the 
spermatogenesis in the monhysterid Sphaerolaimus 
hirsutus is close to the pattern of the sperm deve- 
lopment described in many secernentean species 
(Justine & Jamieson, 1999; Justine, 2002). In 
much the same way as found in many secernents, 
MO in spermatocytes of S. hirsutus derive from the 
Golgi bodies and appear as a part of bipartite MO- 
FB complexes each including a paracrystalline 
fibrous body (FB) associated with membranous 
cisternae (Noury-Srairi et al., 1993). During the 
spermatogenesis these MO-FB complexes dissoci- 
ate into: i) separate MO, which move to the pe- 
riphery of immature sperm and ii) free FB, which 
transform during sperm naturation into the cy- 
toskeleton filaments. 
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On the contrary, a very different spermato- 
genesis with total absence of the aberrant or- 
ganelles during the whole cycle of spermatogenesis 
has been found by Yushin & Coomans (2000) in 
two species belonging to two genera of the family 
Chromadoridae of the order Chromadorida. This 
pattern of spermatogenesis interpreted as a secon- 
dary reduction is not typical for the whole family. 
Possible FB were found recently in the spermatids 
and immature spermatozoa of another representa- 
tive of the family, Neochromadora poecilosoma 
(Yushin & Zograf, 2002). Thus, the diversity of the 
spermatogenesis patterns in the chromadorid 
nematodes remains to be assessed. 

In this paper the sperm ultrastructure in the 
chromadorid nematode Halichoanolaimus poss- 
jetiensis belonging to the family Selachinematidae 
of the suborder Cyatholawina is described. The 
structure of the spermatozoa from testes and uteri, 
i.e. immature and mature spermatozoa in terms of 
Shepherd (198 I), has been studied. 

MATERIAL AND METHODS 

The adult males and females of Hali- 
choanolaimus possjetiensis Belogurov et Fadeeva, 
1980 were collected from the silty sand at 1 m 
depth at the "Vostok" Marine Biological Station of 
the Institute of Marine Biology (Vladivostok) lo- 
cated at the Vostok Bay of the Sea of Japan. 

Live males were cut into pieces each containing 
a whole testis. Females were cut at the head and 
tail regions to receive a piece containing uteri with 
fertilized eggs and mature sperm. These specimens 
were fmed for TEM in 2.5% glutaraldehyde in 0.05 
M cacodylate buffer containing 21 mg/ml NaCl 
and then postfured in 2% osmium tetroxide in the 
same buffer containing 23 mg/ml NaC1. Postfura- 
tion was followed by en bloc staining for 1 h in 1% 
solution of uranyl acetate in distilled water and 
then the specimens were dehydrated in ethanol 
and acetone series and embedded in Spurr resin. 
Thin sections were cut with a Reichert Ultracut E 
ultramicrotome, stained with lead citrate and then 
examined with a Philips EM 300 and JEOL JEM 
lOOB electron microscopes. The testes of four 
males and uteri of two females were observed. 

For light microscopy (interference contrast, 
fluorescence) a suspension of live spermatozoa was 
extracted from the seminal vesicles of males and 
observed with a Reichert Polyvar microscope. 
Prior to fluorescence examinations, live sperm 
were stained with 0.01% solution of acridine or- 
ange in filtered sea water. Module B1 including 
TL Exciter filter blue BP 455-490 was used for 
observations of acridine stained preparations. 

RESULTS 

Immature sperm. The spermatozoa extracted 
from the testes, when studied with an interference 
contrast light microscope, are unpolarized opaque 
cells about 10 pm in diameter (Fig. 1A). Their 
surface possesses evenly distributed short filopodia 
about 1 pm long. 

Acridine orange stained spermatozoa show a 
bright yellowish-green fluorescence of the centrally 
located nucleus and pale-green fluorescence of the 
surrounding cytoplasm which contains green glob- 
ules (Fig. 2B). The nucleus is a rounded 1 pm 
thick plate about 2 pm in diameter. It has distinct 
lobate outlines with six rounded lobes of uniform 
size providing the nucleus with a hexagonal radial 
symmetry. 

The testes of the males studied were filled with 
spermatozoa of uniform structure. No other stages 
of sperm development except a few spermatogonia 
at the ultimate distal end of the testes have been 
found. Spermatozoa are tightly packed inside the 
testes and assume polygonal outlines (Fig. IC). 
The cytoplasm of the sperm is transparent; it con- 
tains the centrally located nucleus surrounded by 
numerous large dense bodies and less abundant 
small mitochondria (Figs. 1C & 2A). The dense 
bodies may be interpreted as fibrous bodies of 
other nematodes studied (see discussion) and 
hence referred to below as 'FB'. Absence of a nu- 
clear envelope around the nuclear chromatin is 
evident at high magnifications (Figs. 2A, B). Cen- 
triole-like structures are seen near the nucleus in 
some sections (Fig. 2B). These are dense tubes 
about 160 nm in diameter, which corresponds to 
the average diameter of transversely cut centrioles 
(Loewy & Siekewitz, 1974). However, the micro- 
tubular compartmentation of usual centrioles has 
not been recognized probably due to artifactural 
fmation. 

The spermatozoan cytoplasm is transparent and 
contains sparse flocculent material (Figs. 1C; 2A). 
It surrounds mitochondria and FB. The latter are 
spheres about 1.2 pm in diameter evenly dis- 
tributed in the cytoplasm. The dense material of 
the bodies is fine filamentous in nature. 

The spermatozoan surface is covered by about 1 
pm long filopodia with irregular outlines (Fig. 1A; 
2C). The cytoplasm inside and underneath the 
filopodia is relatively dense; fibres underlying the 
membrane strengthen the filopodia. The filopodia 
of the neighbouring spermatozoa are intertwined 
tightly; only 30 nm wide intercellular space sepa- 
rates filopodia of neighbouring cells. Distribution 
of filopodia and cell organelles or nucleus position 
does not provide the spelmatozoa with distinct 
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polarity. 

Mature sperm. The uteri of the gravid females 
are filled with spermatozoa, which resemble well 
those from the testes. These are polygonal cells 
with a central nucleus without a nuclear envelope 
(Figs. 3A, B). Centriole-like structures analogous 
to those found in the immature spermatozoa were 
observed near the nucleus (Figs. 3B). It is very 
likely that these organelles are paired as are typical 
centrioles (Fig. 3 C). 

The spermatozoan cytoplasm is transparent, it 
contains flocculent material, rare small mitochon- 
dria and numerous FB (Figs. 3A, B & 4A). The FB 
of the mature spermatozoa remain intact (Figs. 
3B; 4A). The filamentous nature of the FB is 
clearly seen in some sections (Fig. 4A). 

The spermatozoan surface possesses numerous 
about 1 pm long filopodia all around the cell, 
(Figs. 3A; 4A). The outfoldings resembling short 
lamellipodia occur on the spermatozoan surface 
(Figs. 4A, C). The cytoplasm below and inside the 
filopodia is relatively dense. Parallel filaments un- 
derlie the membrane of the filopodia and the 
spermatozoan plasmalemma between filopodia 
(Figs. 4A, C) 

As it was observed in the immature sperm, the 
in utero spermatozoa have no evident polarity. 
They are less dense packed inside the uterus, and 
the intercellular space (uterus lumen) is filled with 
homogeneous substance of a moderate density 
(Fig. 4A). 

Finally it must be emphasized that such widely 
distributed features of nematode spermatozoa as 
the pseudopod and MO were not found both in 
the immature and mature spermatozoa of H. poss- 
jetiensis. 

DISCUSSION 

Polarization. The spermatozoa of H. poss- 
jetiensis have the main ultrastructural features of 
the sperm cells of many nematodes studied so far: 
they lack axoneme, acrosome and nuclear enve- 
lope (Justine & Jamieson, 1999). Usually the 
nematode sperm show distinct polarity, which is 
evident as a subdivision of the cell into MCB and 
pseudopod. However, the spermatozoa of H. poss- 
jetiensis have no polarity in their form or organelle 
distribution in testes or uterus. Unpolarized sper- 
matozoa occur in the representatives of several 
very distant nematode taxa (Baccetti et al., 1983; 
Van de Velde et al., 1991, Takahashi et al., 1994; 
Cares & Baldwin, 1995; Yushin & Malakhov, 
1999) which means that this character cannot be 
used for phylogenetic implications. 

Centrioles. Centrioles associated with the nu- 
cleus may be considered as the only trace of the 
cell polarization in the spermatozoa of H. poss- 
jetiensis. These organelles were observed only oc- 
casionally in the somatic cells (Wright, 1991; Yu- 
shin et al., 2002a) but are well known for sper- 
matozoa of nematodes (Justine & Jamieson, 1999). 
The spermatozoan centrioles are composed of nine 
singlets of microtubules unlike usual metazoan 
centrioles with nine triplets. We have failed to ob- 
serve the microtubular compartmentation of the 
centrioles of H. possjetiensis, but position near the 
nucleus, paired structure and characteristic sizes 
are evidence of the centriolar nature of these 
organelles (Loewy & Siekewitz, 1974). 

Aberrant organelles. The set of the aberrant or- 
ganelles in the immature and mature spermatozoa 
of H. possjetiensis differs appreciably from that in 
most nematodes. These spermatozoa lack MO 
during the whole cycle of spermatogenesis, but FB 
are prominent components both for immature and 
mature spermatozoa. To date FB formation 
without accompanying MO appearance was 
described only for spermatozoa of the chromadorid 
nematode, Neochromadora poecilosoma (Chroma- 
doridae), and the plant parasitic nematodes from 
the order Tylenchida (Shepherd et al., 1973; 
Goldstein & Triantaphyllou, 1980; Shepherd & 
Clark, 1983; Cares & Baldwin, 1995; Endo et al., 
1998; Yushin & Zograf, 2002). In the tylenchid 
Meloidogyne incognita the FB appear freely in the 
spermatocytes and persist in the spermatids and 
spermatozoa but MO are absent (Shepherd & 
Clark, 1983). In some tylenchids the FB appear 
first only in the spermatids (Shepherd et al., 1973; 
Cares & Baldwin 1995). The same situation was 
described recently in the chromadorid N. 
poecilosoma where numerous FB fill the spermatid 
and immature spermatozoon cytoplasm while MO 
have not been observed at any stage of 
spermatogenesis (Yushin & Zograf, 2002). 

The unusual pattern of the set of aberrant or- 
ganelles may be interpreted as a synapomorphy of 
the chromadorid nematodes, because it was found 
in very distant species of the order. Two species 
represent two dserent chromadorid suborders: 
Cyatholaimina (H. possjetiensis) and Chromadorina 
(N. poecilosoma). This synapomorphy may be 
confirmed by the unusual, filamentous content of 
the FB of the sperm of both species. The FB of 
nematodes usually show a characteristic 
paracrystalline structure (Justine & Jamieson, 
1999). 

The unique pattern of spermatogenesis, with 
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sole FB never associated with MO, unites chro- 
madorids and tylenchids. These data confirm the 
idea of possible close relationships of chro- 
madorids and tylenchids based on the analysis of 
the embryogenesis of both groups (Drozdovsky, 
1989). The similarity of the male gamete differen- 
tiation may be used as a new and valuable argu- 
ment supporting this point of view. 

It should be pointed out that the FB have not 
been found during spermatogenesis of two chro- 
madorid nematode species, Panduripharynx 
pacifica and Euchrornadora robusta, both from the 
family Chromadorida of the suborder Chro- 
madorina (Yushin & Coomans, 2000). Thus, the 
presence of FB in spermatids and spermatozoa 
cannot be used as an universal character for the 
chromadorids. However, their absence may be 
considered as the result of secondary reduction 
(Yushin & Coomans, 2000). The absence of FB in 
developing spermatozoa is also known for several 
distant groups of nematodes - oxyurids, trichurids, 
merrnithids and dioctophymids (Lee & Anya, 
1967; Neil1 & Wright, 1973; Foor, 1983; Poinar & 
Hess-Poinar, 1993; Takahashi et al., 1994), and 
may be explained as a convergent feature (re- 
duction) without reflection of real phylogenetic 
relationships. 

The paracrystalline FB of nematodes contain 
the MSP, which is the main protein of the pseu- 
dopod cytoskeleton of the activated spermatozoon 
(Scott, 1996; Justine & Jamieson, 1999; Justine, 
2002). In most cases sperm activation is accompa- 
nied by FB transformation into filamentous matter 
of the cytoplasm. In the chromadorid nematode N. 
poecilosoma the FB disappear after sperm activa- 
tion in the female gonoduct to form a prominent 
pseudopod (Yushin & Coomans, 2000). In H. 
possjetiensis the FB persist in the spermatozoa from 
the uterus. The in utero spermatozoan uniformity 
has been observed both in wholemount specimens 
and thin sections through the uterus. The FB 
conservation in the spermatozoa from the uterus is 
known for tylenchid nematodes where the FB 
transformation into the cytoskeleton is also de- 
scribed (Shepherd et al., 1973; Shepherd & Clark, 
1983; Cares & Baldwin, 1995). 

Filopodia. Filopodia formation at different 
stages of sperm development was observed earlier 
in several other nematodes including chromadorids 

and tylenchids (Baccetti et al., 1983; Riemann, 
1983; Shepherd et al., 1973; Shepherd & Clark, 
1976, 1983; Shakes & Ward, 1989; Poinar & Hess- 
Poinar, 1993; Cares & Baldwin, 1995; Endo et al., 
1998; Yushin & Coomans, 2000; Yushin et al., 
2002b). Some of these filopodia appear as a tran- 
sient sperm feature during postinsemination sperm 
activation when the initial anchoring of the sperm 
cell to the uterus wall is needed (Shakes & Ward, 
1989; Yushin et al., 2002b). Such a kind of filopo- 
dia is well known as the adhesive and contractile 
elaboration of the surface of many types of the 
metazoan amoeboid cells (Trinkaus, 1969; Chia & 
Xing, 1996). 

The spermatozoan filopodia in the tylenchid 
nematodes appear to be a constant feature. Their 
number, structure and surface distribution may be 
used for phylogenetic discussions (Cares & Bald- 
win, 1995). It seems that the numerous short fdo- 
podia covering the surface of the immature sperm 
of H. possjetiensis are an intrinsic feature of all the 
spermatozoa in the testis. These filopodia show no 
tendency to change form and length when the 
spermatozoa extracted from the testes are ob- 
served. In this respect they may be compared with 
the filopodia of the tylenchid spermatozoa. 

CONCLUSION 

Finally, we outline the ultrastructural peculiari- 
ties of the spermatozoa of H. possjetiensis: i )  full 
reduction of MO; ii) filamentous structure of FB; 
iii) conservation of FB in the spermatozoa from 
the uterus; (iv) occurrence of numerous short filo- 
podia in the immature and mature sperm; v) ab- 
sence of a pseudopod and polarity; v) presence of 
centrioles. The occurrence of numerous short filo- 
podia differentiate H. possjetiensis sperm from 
other nematode sperm, but absence of MO and 
presence of FB should be discussed when the  la- 
tionships of the chromadorid nematodes would be 
considered. To date two patterns of spermatogene- 
sis each of which is not widespread among nema- 
todes were described in the chromadorids: 1) sper- 
matogenesis with FB formation without accompa- 
nying MO; ii) spermatogenesis with full reduction 
of abemnt organelles. Light microscopical obser- 
vations shows a great variability of sperm form, 
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Fig. 1. Halichoanolaimus possjetiensis, immature spermatozoa from testes. A: Spermatozoa extracted from the 
testis, interference contrast; note numerous filopodia providing the 'hedgehog' appearance to the cells; B: Acridine 
orange stained spelmatozoa, fluorescence microscopy; note the centrally located hexagonal nuclei (arrows); C: 
Spermatozoon in the testis, general view; transmission electron microscopy (TEM), the arrow shows the 
mitochondrion. (Scale bar: A - 10 p; B - 5 pm; C - 2 pm). Abbreviations: ch, nuclear chromatin; FB, fibrous 
bodies; fp, filopodia; mc, mitochondria; N, nucleus. 
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Fig. 2. Halichoanolaimus possjetiensis, imrnaiure spermatozoa from testes, TEM. A: Central part and periphery of 
the spermatozoon at high magnification; B: Centriole-like structure (arrow) near the nucleus, note the absence of a 
nuclear envelope around the nuclear chromatine (ch); C: Filopodia between three spermatozoa, note fibrous content 
of filopodia. (Scale bar: A - 1 pm; B & C - 0.5 pm). For abbreviations see Fig. 1. 
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Fig. 3. Halichoanolaimus possjetiensis, mature spermatozoa from uterus, TEM. A: General view of the 
spermatozoon; B: Central part of the spermatozoon at high magnification, note the centriole-like structure (arrow) 
near the nucleus; C: A pair of the centriole-like structures (arrows) in the spermatozoon. (Scale bar: A - 2 pm; B - 1 
pm; C - 0.5 pm). For abbreviations see Fig. 1 
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Fig. 4. Halichoanolaimus possjetiensis, mature spermatozoa from uterus, TEM. A: Periphery of the spermatozoon 
at high magnification, the filopodia (arrows) and outfoldings (asterisks) are filled with fibres; B: Section through the 
FB showing filamentous nature of the material; C: The tangential section through the surface of the spermatozoa, 
note the fibres associated with the filopodium membrane and finger-print like pictures of the fibres arrangement 
under the sperm plas~nalemma (asterisk). (Scale bar: A & C -0.5 pm; B - 0.25 pm). For abbreviations see Fig. 1. 
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size and internal structure in different groups of 
the order Chromadorida (Cobb, 1928; Chitwood 
& Chitwood, 1977; Gerlach et  al., 1979; Sharma 
& Vincx, 1982; Riemann, 1983; Gouhaul t  & 
Vincx, 1985, 1990; Mathumbi & Vincx, 1997). 
New ultrastructural studies will provide a classifi- 
cation of this diversity with strong cellular markers. 
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H)mun B.B. Yna~paCTpy~~ypa CnepMUeB C B O ~ O A H O M B ~ ~ X  MOPCKIiX HeMaTOP, C ~ M ~ ~ C T B ~  

Selachinematidae (Chrornadorida: Cyatholaimina). 
Pe310~e. CIIepMaT030U.Ibl U 3  CeMeHHHKOB U MaTOK CBO~OAHOMBYLUNX MOPCKUX HeMaTOn 
Halichoanolaimus possjetiensis (Selachinematidae, Chromadorida) uccnenosamI c noMomm 
rrpocsemmrsero snercrpomoro MmpocKona. C n e p ~ a m m w  u3 ceMerinmoB rrpencrasmT co6ofi 
HeIIOJIIIPWOBaI-lHbIe KJIeTKU IIOKpblTbIe MHOrOW4CJIeHHbIMU KOPOTKUMU @UJIOIIOJ~J~XMA. B ueHTPaJIb~0fi 
racTu cnepMueB pacnonoxeHo mpo, He mewwee mep~of i  06onorrur u u e q u o n u .  I ~ P O ~ P ~ Y H ~ L I I  
qmonna3~a  cnepmeB c o n e p m  MUTOXOHA~UU u c@epmec~ue @u6po3~b1e Tena (OT). Anpa, 
MUTOXOHJJIUU, @U6~03~ble TeJIa U @1m0n0AkfU CnepMUeB U3 MaTKU He N3MeHIWTCX MOP@O~OTW~CKU, 
HO Ha IIOBepXHOCTU O ~ P ~ ~ Y ~ O T C I I  CKJIWKU B BWe KOPOTKUX naMennon0AUfi. y CllepMaTO30UAOB H. 
possjetiensis O T C ~ T C T B ~ I ~ T  nceBnonomu H ~ e ~ 6 p a ~ ~ b r e  opraHennb1 (MO) - xapamepmIe rn 
cnepMueB MHorux HeMamA. Hamiwe OT npu O T C Y T C T B ~  MO m m a m  H. possjetiensis OT M H O ~ U X  

npyrux U ~ Y ~ ~ H H ~ I X  K HacroxweMy BpeMem HeMaTon, HO c6nmam ux c xpoMa4opu.qaMu u 
TunemunaMu (Tylenchida). Cneqye~ oTMeTEiTb Tame xianmue (Pmonomfi Ha noBepxHocru cnepMueB 
3TUX rpynll HeMaTOn. 


