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Spermatozoa in the Demanian system of free-living
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ABSTRACT: The process of insemination and fertilization in the nematode family
Oncholaimidae is of interest because females of many species have extremely unusual
sperm storage organ called “Demanian system”. The mature spermatozoa from the main
duct of the Demanian system of the free-living marine nematode Admirandus multicavus
(Enoplida: Oncholaimidae) were studied by the transmission electron microscopy. The
main duct is an epithelial tube with thick basal lamina. The dilated part of the duct is
occupied by cluster of densely packed spermatozoa 7—8 pum in size, while the narrow part
contains occasional strongly elongated sperm cells. The centre of spermatozoa is occupied
by a nucleus with poorly condensed chromatin surrounded by a distinct nuclear envelope,
the presence of which confirms isolation of enoplids from all other clades of nematodes. The
prevalent components of sperm cytoplasm are ‘membranous organelles’ (MO) which
resemble strongly elongated thread-like osmiophilic cisternae densely packed into bundles.
Small numerous mitochondria are interspersed between bundles of MOs. Spermatozoa
form pseudopods that reflect putative amoeboid cell motility. Amorphous nucleus, thread-
like MOs, and numerous minute mitochondria are likely to represent preadaptation to
squeezing through the narrow tubular communications of the Demanian system. Present
observations of 4. multicavus support basic characters of the oncholaimid sperm pattern
previously described in another oncholaimid species Pontonema vulgare.
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PE3IOME: CewmeiictBo HemaTon Oncholaimidac MHTEPECHO C TOYKH 3pEHHSI TPOIIECCOB
OCEMEHEHHS U OTLII0I0TBOPEHHSI, TOCKOJIBKY Y CAMOK MHOTHX BHIOB OMMCAH YHHKATbHbIH
CeMSIMPUEMHHK, HA3BaHHBII «ICMAaHOBCKON cucTeMoi. C MOMOIIBIO TPAHCMHUCCUOHHOM
3NIEKTPOHHON MUKPOCKOMUH OBLITH U3Y4CHBI 3PEITbIC CIIEPMATO30U Ikl U3 TIIABHOTO MPOTO-
Ka JICMaHOBCKOW CHCTEMbI CAMKU CBOOOHOXHBYIICH MOPCKOU Hemaronbl Admirandus
multicavus (Enoplida: Oncholaimidae). [IpoTok mpencraBisier co0Ol 3MUTCTHATBHYIO
TpyOKy ¢ TOJICTOH 0a3ainbHON IUIACTUHKON. PaciIMpeHHBI y4acTOK MPOTOKa 3arloJIHeH
[UIOTHO YMAKOBaHHBIMHU CIIEPMATO30HIaMH Pa3MepoOM 7—8 MKM, a y3Kasi 4aCTh COICPIKUT
OT/ICNIbHBIC YAJIMHECHHBIC CIIEPMATO30MIbl. B IIEHTpe CrepMaTo30HI0B pacroiaractcs
SITIPO C HEKOH/ICHCHPOBAHHBIM XPOMATHHOM, OKPY>KCHHBIM SICPHO# 000I04YKO#, HaTTHYne
KOTOPO# TOATBEPKIACT H3OJISAIHMIO SHOILTH/] OT BCEX OCTABHBIX KJ1al HeMaTo 1. OCHOBHOI
KOMITOHEHT I[UTOILIa3MbI CIIEPMATO30HI0B — «MeMOpaHHbIe opranemisy (MO), nmero-
[IME BUJI HUTEBHHBIX OCMHO(UIBHBIX IINCTEPH, MIIOTHO YIIaKOBAHHBIX B My4ku. HeGob-
1IMe, HO MHOTOYHCIICHHBIC MUTOXOH/IPHHU paccesiHbl Mexay mydkamu MO. CriepmaTo30-
Uikl GOPMHUPYIOT MICEBAOMOIMH, YTO OTPAKACT BEPOATHYIO aMEOOUTHYIO TOIBHKHOCTb
kietku. AMopdHoe sipo, HuTeBuaHbie MO U MEIKHEe MUTOXOHIPHU MOKHO OOBSICHHTb
npeajanTayeil CrepMaTo30HI0B K NPOJABMKCHUIO Yyepe3 y3Kue TpyOouaTsie KOMMYHHKA-
LU ICMaHOBCKO# cicTeMbl. [laHHbIC 10 4. multicavus moaTBepaANIN 6a30BbIC XapaKTepHU-
CTHKH OHXONAWMH/IHOTO MaTTepHA CIIEPMATO30UIOB, BIICPBBIC OMHCAHHOTO y APYTOWM
ouxoJaiimunsl Pontonema vulgare.

Kak nmtupoBats oty crareio: Yushin V.V., Gliznutsa L.A. 2021. Spermatozoa in the
Demanian system of free-living marine nematode Admirandus multicavus (Enoplida:
Oncholaimidae) // Invert. Zool. Vol.18.No.3. P.369-383. doi: 10.15298/invertzool.18.3.10

KJTFOYEBBIE CJIOBA: cBOOOIHOKUBYIIHE MOPCKHE HEMATO b, HHCCMHUHAIHSI, MEMO-

PaHHbIC OPTaHCIIIIbI, AACPHAA oGonqua, Pontonema vulgare, ncesaonoaus, criepmMarcka,
CIICPMATOT'CHE3.

Introduction

Data on sperm structure and spermatogene-
sis are known to be informative to elucidate
phylogenetic relations of many metazoans (Bac-
cetti, 1985; Jamiesonetal., 1995; Liana, Witalin-
ski, 2005; Reunov, 2005; Schmidt-Rhaesa,
2007; Dallai et al., 2016; Bakhoum et al.,
2017). Spermatozoon morphology and devel-
opment have also been studied for taxonomic
and phylogenetic analyses of nematodes (Foor,
1970; Anya, 1976; Baccetti et al., 1983; Just-
ine, 2002; Yushin, Malakhov, 2004; Slos et al.,
2020).

The nematode spermatozoon represents an
aberrant type of male gametes (Reunov, 2005).
They are characterised by the absence of an
axoneme, an acrosome and, with exception of
members of the order Enoplida, a nuclear enve-

lope (Justine, 2002; Yushin, Malakhov, 2004,
2014). The basic type of nematode spermatozo-
on may be described as a bipolar amoeboid cell
with anterior pseudopod and posterior main cell
body (MCB) (Justine, 2002; Yushin, Malakhov,
2014). The MCB has a condensed nucleus sur-
rounded by mitochondria and so-called mem-
branous organelles (MO). These unique or-
ganelles are characteristic of most nematode
spermatozoa (Justine, 2002; Yushin, Malakhov,
2014). As it was previously shown, MOs in
many nematodes are derived from Golgi bodies
and appear as parts of complexes with fibrous
bodies (FB) (MO-FB complexes). The bipartite
complexes dissociate during late spermiogene-
sis into ) separate MOs that move to the cell
periphery, attach to the spermatozoon plasma
membrane, and open to the exterior via pores,
and ii) free FBs, which transform into the cy-
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toskeleton of the pseudopod (Justine, Jamieson,
1999; Justine, 2002).

In the classification of nematodes proposed
by De Ley and Blaxter (2002) and adapted in
this study, the phylum Nematoda is subdivided
into the classes Enoplea and Chromadorea. The
description of spermatozoon structure and de-
velopment is usually applied to the extensive
order Rhabditida and several other orders of the
nematode class Chromadorea (Yushin, Mala-
khov, 2014; Slos et al., 2020). The class Eno-
plea includes two well defined subclasses Eno-
plia and Dorylaimia where the former includes
the order Enoplida that shows unusual structural
diversity of male gametes (Justine, Jamieson,
1999; Yushin, Malakhov, 1999, 2014; Justine,
2002; Yushin, 2003; Afanasiev-Grigoriev,
Yushin, 2009). The nucleus of the enoplid sper-
matozoa has a nuclear envelope, while sperma-
tozoa from all other nematodes studied to date
always lack such an envelope (Yushin, Mala-
khov, 2014). A characteristic feature of sper-
matogenesis in many enoplids is the absence of
FBs in spermatogenous cells. When FBs do
occur, they never associate with MOs as com-
plexes, i.e., FBs and MOs develop separately
and asynchronously (Yushin, Malakhov, 2004,
2014).

The unusual diversity of patterns of male
gamete formation and structure did not allow for
developing general principles of spermatogen-
esis in the order Enoplida. However additional
studies on the enoplid sperm diversity could be
helpful for comparative analysis of nematode
male gametes. One of the unique patterns of the
enoplid spermatogenesis was described in P.
vulgare (Bastian, 1865) Filipjev, 1916 as the
representative of the family Oncholaimidae (sub-
order Oncholaimina) (Yushin et al., 2002). In
addition for the reconstitution of a nuclear enve-
lope, the spermatogenesis of this enoplid is
characterized by separate development of sim-
plified cup-like MOs and large sole FB. The
central part of the sperm stored in the male
seminal vesicle contains a star-like nucleus with
nuclear envelope and poorly condensed chro-
matin. The immature spermatozoa from the fe-
male gonoduct of P. vulgare have not been
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observed. Unusual sperm characteristics of P.
vulgare warrant additional studies in order to
understand fully oncholaimid sperm pattern. In
this study, we report results of electron micros-
copy examination of spermatozoa in the female
gonoduct of one more species of Oncholaimi-
dae Admirandus multicavus Belogurov et Bel-
ogurova, 1979.

The basic female reproductive system in
nematodes consists of two opposite branches,
each subdividing into three main parts: /) ovary;
i) oviduct and iii) uterus (Smol ef al., 2014).
Uteri merge to vulva that functions both for
insemination and egg deposition. Male impreg-
nates female through a vulva into a uterus where
sperm needs to be transported to the joining
point with oviduct where ovulation and fertili-
zation occur. Spermatozoa are stored in the
female gonoduct for a long time before meeting
with mature oocytes. The sperm storage some-
times lacks morphological specializations; how-
ever many nematodes have a spermatheca in the
form of the clearly segregated part of the distal
uterus (Decraemer et al., 2014).

The process of insemination and fertiliza-
tion in the family Oncholaimidae is of interest
because females of many species have an ex-
tremely unusual sperm storage called “Dema-
nian system” (Rachor, 1969; Belogurov, Bel-
ogurova, 1989; Smol et al.,2014). In the genera
Adoncholaimus and Admirandus Demanian
system is represented by a long epithelial main
duct running inside the body cavity parallel to
the intestine and both branches of the female
gonoduct (Fig. 1A). Anterior part of the duct,
ductus entericus, connects to the intestine
through osmosium (Belogurov, Belogurova,
1989). Posteriorly, the main duct extends to
anal region where it branches into short canals
terminating with slit-like terminal pores in the
cloacal region. The main duct also connects by
two short ductus uterinus to distal ends of both
uteri exactly where the uterus merges with ovi-
duct.

Spermatozoa have been observed in Dema-
nian system of many species of oncholaimids
(Rachor, 1969). At the level of the ducti uterini
(if present), the main duct is usually dilated due
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Fig. 1. A — highly simplified scheme of the Adoncholaimus type of Demanian system, redrawing based on
Fig. 28 from Rachor (1969); arrows and dotted lines mark the part of the female body and Demanian system
observed in Admirandus multicavus. B— TEM, overview of the longitudinal section through Admirandus
multicavus female showing the main duct of Demanian system (asterisks) running along the intestine. Scale
bar: 20 pm.

Puc. 1. A— ynpouieHHas cxema aJlOHX0JNAHMHIHOTO THIIA IEMAaHOBCKOI CHCTEMBI, PUCYHOK Ha OCHOBE PHC.
28 u3 Rachor (1969) ¢ n3MeHeHUsIMHU; CTPEJIKU U Ty HKTUPHBIE JTIMHUH [TOKA3bIBAIOT N3yYEHHbIH Y4aCTOK Teia
CaMKH 1 IEMaHOBCKOI1 cucteMbl Admirandus multicavus; B— TEM, o0uuii BUI IPOA0IEHOTO Cpe3a CAaMKH
Admirandus multicavus, Ha KOTOPOM BUEH TTIaBHBII MPOTOK IEMaHOBCKOI CHCTEMBI (3BE3/10YKH ), HAYIINI
BJIOJb KullleyHnka. Macmrad: 20 MKM.




Spermatozoa and Demanian system of oncholaimid nematodes

to accumulation of spermatozoa into dense clus-
ters. Unlike other nematodes that are inseminat-
ed through a vulva, the females of oncholaimids
may be impregnated by males through the termi-
nal pores positioning at the cloaca, i.e. very far
from vulva and uteri (Coomans et al., 1988). In
these cases, sperm needs to be transported ante-
riorly from the tail region to the points of fertil-
ization (uterus) through a very long and narrow
system of ducts of the Demanian system.

The Demanian system is not well under-
stood as a morphological phenomenon. Howev-
er numerous observations of the whole mount
specimens (Rachor, 1969) strongly suggest that
but one of its functions is a sperm storage
analogous to spermatheca or seminal recepta-
cle. Presence of spermatozoa in the Demanian
system has been demonstrated unequivocally
only once by electron microscopy in the on-
cholaimid Adoncholaimus fuscus (Calcoen,
Dekegel, 1979). However, that study contained
little information on spermatozoan ultrastruc-
ture in this species.

The goal of the present study was to detect
spermatozoa inside the Demanian system of the
oncholaimid 4. multicavus and describe their
ultrastructure. New information clearly describes
the pattern of oncholaimid spermatozoa in com-
parison with spermatozoa of other enoplids and
nematodes in general.

Material and methods

Gravid females of Admirandus multicavus
Belogurov et Belogurova, 1979 were extracted
from samples of sandy mud in August 2001 ata
depth of 1 min the Vostok Bay, the Sea of Japan.
Before fixation for transmission electron mi-
croscopy (TEM), the head and tail of one female
were removed to facilitate the subsequent tissue
fixation and embedding processes. The speci-
menwas fixed4 hat4°Cin 2.5% glutaraldehyde
in 0.05 M cacodylate buffer with 21 mg ml!
NaCl, 0.5 mgml ' MgCl,, 1% dimethylsulphox-
ide (DMSO). After aldehyde fixation, the spec-
imen was cut again to extract the part of the body
containing ovary, oviduct and uterus. This spec-
imen was rinsed in the same buffer without
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DMSO and post-fixed in 1.3% osmium tetrox-
ide in a buffer containing 23 mg ml ! NaCl. The
specimens were dehydrated in ethanol followed
by isopropanol series and embedded in Spurr
resin. Thin longitudinal sections were made
with a diamond knife using Leica UC6 ultrami-
crotome, stained with uranyl acetate and lead
citrate, and examined with Zeiss Sigma 300 VP
electron microscope.

Results

Longitudinal sectioning of the dorsal sector
of the animal piece that contained female gon-
oduct reveals a structure of the Demanian sys-
tem’s main duct (Figs 1B; 2A). The duct is an
epithelial tube with cell apexes facing inward to
the duct lumen while the basal lamina envelopes
the duct and borders with the body cavity (Figs
2B; 3A). Basal lamina appears as a pale homog-
enous layer of remarkable thickness (about 0.4—
0.6 um) along the part of the main duct which
was observed (Figs 2B; 3A; 6A). The duct
epithelium is thick and multicellular, the nuclei
of the epithelial cells are not flattened and
contain nucleoli (Figs 2B; 3A).

Strongly dilated part of the Demanian sys-
tem’s main duct contains a cluster of densely
packed electron-dense polygonal cells with av-
erage size 7-8 um identified as spermatozoa
(Fig. 2A, B). The duct dilatation gradually nar-
rows into a long sinuous tube, which also con-
tains spermatozoa as occasional cells or as chains
of several cells (Fig. 3A). These individual
spermatozoa are squeezed by narrow lumen of
the duct and, as a result, could be strongly
elongated up to 20 pm.

The internal structure of spermatozoa is
obscure at low magnifications but enlargement
shows clear arrangement of cell components
characteristic of nematode spermatozoa. The
centre of spermatozoa is occupied by the nucle-
us that, unlike many other nematodes and meta-
zoans, is poorly condensed and does not have
constant uniform outlines (Figs 2B; 3A, B; 4A,
C; 7). The nuclear chromatin presented by a
sparse filamentous material of moderate density
is surrounded by a distinct continuous nuclear
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Fig. 2. Admirandus multicavus female, longitudinal section of the main duct of Demanian system, TEM. A —
overview of the duct dilated by the cluster of spermatozoa; B — dilated part of the duct at higher
magnification.

Abbreviations: bc — body cavity; bl — basal lamina of the duct; dw — wall of the duct; ec — epithelial cell of the duct;
in — intestine; N — epithelial cell nucleus; sm — somatic muscles; sn — sperm nucleus; sp — spermatozoon. Scale
bars: 3 pm.

Puc. 2. Camka Admirandus multicavus, mpoI0bHbII cpe3 TIIaBHOTO MPOTOKA IEMAHOBCKOMN crcTeMbl, TOM.
A — 0030p CKOIUJICHHSI CIIEPMATO30MIOB B PACHIMPCHHOW YacTH MPOTOKa; B — pacmimpeHHas 4acTb
MIPOTOKA Ha OOJIBIIEM YBEIHYCHHH.

O603HaueHus1: bc — monocTs Tena; bl — 6a3anbHas MIaCTHHKA IPOTOKA; dW — CTEHKA MPOTOKA; €C — IUTeIHAIbHAS
KJIETKa IIPOTOKA; iN — KHUIIEYHUK; N — SIpO SMHUTEINATBHON KICTKH; SM — COMaTHYecKas MyCKyJIaTypa; sn — siipo
crepMaro3ona; sp — crepmaro3oua. Macmrad: 3 MKM.
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Fig. 3. Admirandus multicavus female, longitudinal section of the main duct of the Demanian system, TEM.
A — longitudinal section of the narrow part of the duct with the chain of elongated spermatozoa; B —
spermatozoon from the cluster in the dilated part of the duct, overview (inset: flocculent material inside the
space between membranous organelles; asterisks mark folds of the sperm nucleus). Abbreviations: bc —
body cavity; bl — basal lamina of the duct; ec — epithelial cell of the duct; fm — flocculent material; in —
intestine; mc — mitochondria; mo — membranous organelles; N — epithelial cell nucleus; ps — pseudopod;
sn — sperm nucleus; sp — spermatozoon. Scale bars: A — 2 pm; B — 1 um (inset — 0.2 pm).

Puc. 3. Camka Admirandus multicavus, mpo0IbHbBIH Cpe3 TIaBHOTO MPOTOKA IEMAHOBCKOU cucTeMbl, TOM.
A — IpoJI0JIbHBII cpe3 y3KOM YacTH NPOTOKA C LENOYKOH YAIIMHEHHBIX CIIEpMaTO30110B; B — cniepmaro-
3011 U3 CKOILICHHUS B PACIIMPEHHON YaCTH IIPOTOKA, 0030p (Bpe3Ka: XJIONbEBHIHBIH MaTepHall B IPOCTPaH-
CTBE MEXK/ly MEMOpaHHBIMH OpraHesIaMK; 3BE3J0UKaMU OTMEUEHBI CKIIaJIKK siipa crepmaro3ounsa). O6o-
3Ha4YeHHs: bc — noJocTh Tena; bl — Oa3anbHas IIACTHHKA POTOKA; €C — IUTEINalbHAas KICTKA IPOTOKa;
fm — XJIONBEBUAHBIA MaTEepHaI; in — KHIICYHNK; MC — MUTOXOHJPHHU; MO — MEMOPaHHBIC OPraHEeUIbI;
N — s171p0 SnHTEINATBHO KIETKH; PS — HCEBJOIOHS; SN — SPO CIIEPMATO30H/a; Sp — CIIEPMaTO30UI.
Macmtab: A — 2 MkM; B — 1 mxwm (Bpe3ka — 0,2 MKMm).
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Fig. 4. Admirandus multicavus female, spermatozoa in the main duct of Demanian system, TEM. A — the
central part of spermatozoon with nucleus foldings; B — higher magnification of the nucleus for
demonstration of nuclear chromatin (ch) and nuclear envelop (white arrows); C — spermatozoon filled with
bundles of membranous organelles; cross and longitudinal sections of the bundles are marked by asterisks
and arrows respectively; the dotted rectangle borders the area shown at higher magnification as Fig. SA.
Abbreviations: ch — nuclear chromatin; me — mitochondria; mo — membranous organelles; sn — sperm nucleus. Scale
bars: A— 0.5 pm; B— 0.25 pm; C — 1 um.

Puc. 4. Camxa Admirandus multicavus, ciepMaTo30uIbl B TIIABHOM IIPOTOKE IEMaHOBCKOH crcTeMbl, TOM.
A — LeHTpaJIbHAas 4acTh CIIEPMATO30M/A CO CKIAAKaMH s71pa; B — aapo Ha GOJbILIOM YBETMYCHUH JUIs
JIEMOHCTpALMHU siiepHOro xpomatuHa (ch) u spepHoit o6onouku (6enbre crpenkn); C — criepMaTo3ons,
3aII0JIHCHHBIH MyYKaMi MEMOPaHHBIX OpraHEeIUT; TIONEPEYHBIC U MPOJIOJIbHBIC CPE3bI TyYKOB 0003HAUCHBI
3BE€3/104KAMHU M CTPEJIKaMU COOTBETCTBEHHO; TyHKTHUPHBII MIPSAMOYTOJILHUK IIOKA3bIBACT y4aCTOK, TOKA3aH-
HbIIf Ha OOJIBIIOM YBEIUYEHHH Ha pUC. SA.

O6o3nauenus: ch — ﬁﬂepHLIﬁ XpOMaTHH; MC — MUTOXOHJAPHUHU; MO — MeM6paHHLIC opraHelIbl; Sn — SAApO
cnepmarozouna. Macmrad: A — 0,5 mxm; B — 0,25 mxm; C — 1 MKM.
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envelope (Fig. 4B). The sperm nuclei appear to
be easily reshaping. Sometimes they are ex-
tremely flattened to form whorls, stacks and
long protuberances (Figs 3B; 4A, C). Transpar-
ent spaces filled with pale flocculent material
are observed around the nuclei of many sperma-
tozoa (Fig. 3B with inset).

The prevalent components of the volumi-
nous sperm cytoplasm surrounding nuclei are
dark stained cisternae (Figs 3B; 4C; 7), which
we term here as ‘membranous organelles’ (MO)
analogous to typical spheric MOs of other nem-
atodes (see Introduction and Yushin, Mala-
khov, 2014). However, the MOs in 4. multica-
vus sperm are thin and strongly elongated cister-
nae densely packed as parallel arrays into long
thick bundles running in different directions
inside the spermatozoon. As a result, cross,
oblique and longitudinal profiles of bundles
may be seen on the same section through sper-
matozoon (Figs 4C; 5A). Each MO that forms a
bundle has osmiophilic homogenous content
surrounded by a membrane (Fig. 5A, B). The
MOs have a cross diameter only 50-60 nm and
look like very thin threads (Fig. 5B, C). The total
length of MOs has not been traced although
occasional cisternae at least 2 um long were
observed.

Less conspicuous than MOs but an impor-
tant component of the spermatozoan cytoplasm
are mitochondria (Figs 4A, C; 7). They have
oval shape with length about 0.3-0.4 um and
cross diameter about 0.1-0.2 um (Fig. 5A, B).
Mitochondria are remarkably numerous; their
total number seen on one section through sper-
matozoon may be more than 50. The mitochon-
dria are interspersed between the bundles of
MO and form small clusters (Figs 4A, C; 5A).

The spermatozoa are capable of forming
pseudopods as cell protrusions filled with fila-
mentous matter, possibly of cytoskeleton nature
(Figs2A;6A,B; 7). The polygonal spermatozoa
forming the cluster in the dilated duct of the
Demanian system demonstrate no distinct po-
larization except when they contact with the
duct epithelium. Here spermatozoa form a short
wide pseudopod anchoring to the apexes of the
epithelial cells (Fig. 6A). Free elongated sper-
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matozoa found inside the narrow part of the duct
are capable of forming prominent pseudopods
(Fig. 6B), which likely reflect the amoeboid
motility analogous to movable spermatozoa of
many other nematodes (Yushin, Malakhov,
2014).

Discussion

The Demanian system does not have charac-
teristics general for family Oncholaimidae; it
varies from a complicated system of ducts to
more simple structures or, sometimes, its total
absence (Rachor, 1969; Belogurov, Beloguro-
va, 1989). In many cases, the Demanian system
contains clusters of spermatozoa and function-
ally may be considered as the overcomplicated
spermatheca of enigmatic evolutionary origin.
This was confirmed by TEM in the brief com-
munication of Calcoen & Dekegel (1979) who
detected spermatozoa in the main duct of Adon-
cholaimus fuscus, which has Demanian system
nearly identical to that of Admirandus multica-
vus. Our TEM observations of 4. multicavus
confirmed association of spermatozoa with
Demanian system. The main duct of the Dema-
nian system in 4. multicavus appears as an
epithelial tube reinforced by thick basal lamina
maintaining shape and lumen of the duct for
sperm storage and transportation. The sperma-
tozoa assembled as a large cluster at the dilated
part of the main duct anchor to the epithelial
wall by pseudopods. This is similar to the obser-
vations made previously in uteri and spermath-
ecac of many other nematodes (Lee, 1971;
Wright et al., 1973; Van de Velde et al., 1991;
Yushin, Malakhov, 1994; Yushin, 2003; Yushin,
Zograf, 2004).

The spermatozoa in 4. multicavus are rela-
tively large amoeboid cells, which reach about
20 pm in length during crawling inside the duct.
Spermatozoa of many nematodes sometimes
are even larger but, in most cases, these are cells
about 5 um or less (Bird, Bird, 1991).

The spermatozoan nuclei of A. multicavus
have anuclear envelope which is easily seen due
to poor condensation of a nuclear chromatin.
Nuclear envelope usually is absent (secondarily
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Fig. 5. Admirandus multicavus female, structure of spermatozoan membranous organelles, TEM. A —
higher magnification of the dotted rectangle on the Fig. 4B; cross (asterisk), longitudinal (black arrow) and
oblique (white arrow) sections through the bundles of membranous organelles; B, C — high magnification
of cross (B) and longitudinal (C) sections of membranous organelles; osmiophilic content of organelles is
bounded by distinct membrane.

Abbreviations: mc — mitochondria; mo — membranous organelles. Scale bars: A — 0.5 um; B, C — 0.25 pm.
Puc. 5. Camka Admirandus multicavus, ctpoeHue MeMOpaHHBIX OpraHeul criepMaTo3onaoB, TOM. A —
0oIIbIIOe yBENNIEHHE yJacTKa, 0003HaYeHHOTO ITyHKTUPHBIM IIPSIMOYTOIEHIKOM Ha prC. 4B; monepednsie
(3Be3/ouKa), MpooJbHbIE (UepHasi CTpenka) W Kockle (Oemast cTpesika) cpe3bl MyYKOB MeMOpaHHBIX
opranemwt; B, C — Gonpimoe yBenmuenue nomepednsix (B) u nmpononsaeix (C) cpe3oB MeMOpaHHBIX
OpTraHeI; XOPOIIo BUAHA MeMOpaHa, OKpy Kalolasi OCMHO(MIILHOE COACPIKIMOE OpTaHeI.
O0603HaYeHUs: MC — MUTOXOHIPUH; MO — MeMOpaHHbIe opraHesibl. Macmrad: A — 0,5 mxm; B, C — 0,25 Mkm.
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Fig. 6. Admirandus multicavus female, pseudopods of spermatozoa. TEM. A — pseudopod anchoring
spermatozoon to the epithelium of the main duct of Demanian system; B — the pseudopod of spermatozoon
crawling in the narrow part of the main duct of Demanian system.

Abbreviations: bl — basal lamina of the duct; ec — epithelial cell of the duct; ps — pseudopod; sp — spermatozoon.
Scale bars: 0.5 pm.

Puc. 6. Camxa Admirandus multicavus, niceBnonoaun crepmaro3onaos. TOM. A — mnceBnonoaus,
MIPUKPEIUISIONIAst CIIEPMATO30H/] K SIHUTEIHIO TJIaBHOTO NMPOTOKA JIEMAaHOBCKOW CHCTEeMBbI; B — rmceBomno-
JIUsI CIEpPMAaTO30M/1a, TIOJI3YIIEro B Y3KOH YacTH INIAaBHOTO IPOTOKA JIEMAHOBCKON CHCTEMBI.

O6o3HaueHus: bl — Ga3anpHas IIACTHHKA IIPOTOKA; €C — MUTEIHAIbHAs KJIeTKa MPOTOKA; PS — IICEBIOMOIHS; SP —
cnepmarozouns. Macmtab: 0,5 MKM.
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Fig. 7. Highly schematic representation of the spermatozoon from Demanian system of Admirandus
multicavus; the central amorphous nucleus (sn) with nuclear envelope is surrounded by the bundles of
membranous organelles (mo) and clusters of mitochondria (mc); each spermatozoon bears a pseudopod (ps).

Not scaled.

Puc. 7. Cxema cTpoeHus criepMaTo30uaa U3 1eMaHOBCKOM cucteMsl Admirandus multicavus; HeHTpaIbHOE
amopdHoe A1po (Sn) ¢ AAepHOIT 000TO0UKON OKPYKEHO MyIKaMHA MEMOPAHHBIX OpraHellI (Mo) U TpynaMu
MHUTOXOHJIpHH (MC); Y KaXA0To criepMaToszona popmupyercs rncesaonoans (ps). He macmrabuposano.

reduced) in the nematode spermatozoa, but for
the order Enoplida it appears to be a mandatory
sperm characteristics described in all enoplid
taxa studied to date (Yushin, Malakhov, 2014).
Possessing a nuclear envelope is considered as
symplesiomorphic feature of the order. The
unequivocal demonstration of nuclear envelope
in the spermatozoa of 4. multicavus confirms
isolation of enoplids from all other clades of
nematodes (Yushin, Malakhov, 2004; Bik et al.,
2010; Blaxter, Koutsovoulos, 2015; Smythe et
al., 2019).

Lacking constant shape is a remarkable fea-
ture of the sperm nucleus in A. multicavus. The
spermatozoa seem to be capable of squeezing
through a narrow lumen of ducts to reach the
final destination, i.e. uterus. The nucleus, which
also looks amoeboid, follows cell shaping eas-
ily because its nuclear chromatin does not con-
dense into dense rigid globule 1-2 pm in size,

typical for metazoan spermatozoa (Baccetti,
1985). The thread-like MOs, which have never
been observed before in nematodes, could be
viewed as a suitable preadaptation to squeezing
through extremely narrow spaces and openings.
Finally, numerous but minute mitochondria ap-
pear to be functionally fit for moving through
narrow spaces. Thus, special characteristics of
the mature spermatozoa of A. multicavus make
it fit well for transportation and movement in-
side the long narrow tubular communications of
the Demanian system.

To a certain extent, the spermatozoa found
inthe Demanian system of 4. multicavus may be
considered as a mature or activated spermato-
zoa because they bear pseudopods and, presum-
ably, are capable of locomotion inside the fe-
male gonoduct (Shepherd, 1981). However,
these spermatozoa have intact MOs, which do
not associate with the sperm outer membrane
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and have no openings to exterior, as in the case
of mature spermatozoa of other nematodes
(Yushin, Malakhov, 2014). It is very possible
that the osmiophilic content of MOs of A. mul-
ticavus 1s released when spermatozoa pass all
ducts of the Demanian system to occupy posi-
tion in the distal uterus where fertilization of
ovulated oocytes occurs. It means that pseudo-
pods bearing spermatozoa have not finalized
their development (spermiogenesis).

Immature spermatozoa in testes have been
described in detail in studies of spermatogene-
sis in another oncholaimid species Pontonema
vulgare (Yushin et al., 2002). The spermatozoa
of both oncholaimid species may be compared
easily to show basic similarities. These include
amorphous nucleus with poorly condensed chro-
matin surrounded by distinct nuclear envelope,
simple MOs with osmiophilic content (variable
vesicles in P. vulgare and thread-like cisternae
in A. multicavus). The filopodia of P. vulgare
and the pseudopods of A. multicavus spermato-
zoa reflect usual physiological differences be-
tween immature and mature sperm respectively
(Justine, 2002).

Despite formal similarities in simplified
structure of MOs, both species apparently have
different images of spermatozoa due to MO
shape and abundance (compare fig 17C in Yushin
at al., 2002 and Fig. 7 in present paper). In P.
vulgare MOs are numerous but separate com-
ponents are embedded in the filamentous matrix
(Yushinetal.,2002). In A. multicavus the sperm
cytoplasm is nearly identical to the mass of
densely packed MOs, where only occasional or
clustered mitochondria are interspersed. This
easily seen difference in spermatozoa likely
reflects relatively distant position of two spe-
cies inside the family Oncholaimidae where 4.
multicavus presents subfamily Adoncholaimi-
nae Gerlach et Riemann, 1974 with mostly com-
plicated Demanian system, while P. vulgare
presents Pontonematinae Gerlach et Riemann,
1974 where this system is totally absent (Smol
et al. 2014).

Our observations of 4. multicavus showed
for the first time detailed spermatozoon struc-
ture in the female gonoduct in the oncholaimid
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nematodes and confirmed the basic features of
the oncholaimid sperm pattern described pre-
viously in P. vulgare (Yushin et al., 2002).
Presence of nuclear envelope in spermatozoa of
both species is an important symplesiomorphic
characteristics uniting all enoplid nematodes.
Amorphous nucleus, poor condensation of nu-
clear chromatin together with simplified MOs,
may be presumably considered as the apomor-
phic ultrastructural features characteristic of
Oncholaimidae. Studies of sperm development
in testes of 4. multicavus together with observa-
tions of mature spermatozoa from the uterus of
P. vulgare could be fruitful for precise delinea-
tion of the oncholaimid sperm pattern for future
comparative analysis. However, at the level of
subfamilies, the spermatozoa of oncholaimids
demonstrate ecasily detectable ultrastructural
differences which may reflect differences in
modes of insemination and gonoduct architec-
ture such as Demanian system.

The sperm life inside the ducts of the exotic
Demanian system is a curious topic for natural-
istic observations of oncholaimid nematodes
such as A. multicavus but, unfortunately, it is not
sufficient for evolutionary analysis of enoplids
and other nematodes. The Godfather of the
nematode phylogeny Ivan Filipjev wrote in his
fundamental book: “Mue kaxxercs BooOImIC
3aTPYIHUTEIBHBIM MPHIABATh KaKoe-JIn00
MOP(HOJIOTHYECKOE 3HAYCHHE OpPTraHaM CTOJb
SIBHO BTOPHYHOTO MPOUCXOKICHUSI, PA3BUTHIM
NPUTOM Y CTOJIb HEOOIBIIOH Ipymmbl, Kak On-
cholaimini” (It seems difficult to me to see any
morphological significance in organs of clearly
secondary origin, especially when present in
such a small group as Oncholaimini) (Filipjev,
1921, transl. from Russian by Alexei Sharov).
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