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Reproductive organs of trematode parthenitae during
the cold season: an ultrastructural analysis using
evidence from rediae of Bunocotyle progenetica
(Markowski, 1936) (Digenea, Hemiuroidea)
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ABSTRACT: The ultrastructure of reproductive organs of trematode parthenitae during the
cold season was investigated for the first time. We used as material the rediac of a
monoxenous hemiuroid digenean Bunocotyle progenetica parasitizing intertidal mud snails
Peringia ulvae at the White Sea. Infected molluscs were collected in hydrological winter
(March) from under the ice at a temperature of near-sediment water of —1.5—1 °C. The
ultrastructural study ofthe germinal masses and the brood cavity of “winter” rediae revealed
substantial differences from their “summer” state described in Podvyaznaya et al. (2019).
The mitotic activity in the “winter” germinal masses decreased considerably but did not
cease completely. Degenerative processes involving germinal cells and young cercarial
embryos were enhanced, while the fully formed cercariae, metacercariae and adult flukes
in the redial brood cavity were not affected by degeneration. Degeneration products were
absorbed and digested by the cells lining the brood cavity, whose ultrastructural characters
indicated an intensification of the digestive function. Feeding on their own degenerating
germinal elements during the cold season appears to help the rediae to sustain their own life
and that of the advanced stages of the hermaphroditic generation contained in them. In
addition, the use of internal food resources presumably makes it possible to decrease the
parasitic load on the molluscan host organism during the hardships of the cold season, which
promotes the survival of the rediae group. Our data suggest that a traditional view that the
functional activity of trematode parthenitae stops completely in winter should be reconsid-
ered.
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PE3IOME. BnepBele m3yueHa ynbTpacTpyKTypa PEMpOTyKTHBHBIX OPIaHOB MapTEHUT
TPEMaro/i B XOJOAHOE BpeMs rojia. MarepraaoM MOCITyKUIH PeIMd MOHOKCEHHOH reMu-
YPOUAHOU Tpemarosl Bunocotyle progenetica, napa3uTUpyIOMEH B IUTOPAIBHBIX MOJI-
mockax Peringia ulvae benoro Mops. 3apak€HHBIX MOJITIOCKOB COOMpanu B TEPUO
THIPOJIOTMYECKOM 3UMBI (MapT) U3-MOJI0 JIbA MPU TeMIepaType NPUrpyHTOBOH BOIBI —
1.5—1 °C. YnpTpacTpyKTypHOE UCCIIE0BAaHHE T€PMHUHAIBHBIX MAaCC 1 BBIBOJIKOBOM MOJIO-
CTH «3UMHHUX» pel[ldﬁ BBISIBUJIO 3HAYUMBIC pa3Inund OT UX «JICTHET0» COCTOAHUSA, OITUCAH-
Horo Hamu panee (Podvyaznaya et al., 2019). CymiecTBeHHO 0ciiabeBaeT, HO He MPeKparia-
€TCA, MUTOTUYCCKasd aKTUBHOCTb BHYTPU FepMHHaHLHOﬁ MacCcChI. 38.MeTHO YCUIIUBAIOTCA
JACTCHEPATHUBHBIC IMPOLECCHI, KOTOPLIC 3aTparuBarOT I'CHCPATUBHLIC KIICTKW W PAHHUC
SMOPHOHBI IEpKapHii, HO He OoJiee MPOJIBUHYTHIC B CBOEM Pa3BUTUH CTaauu (CHOpMHUPO-
BaHHbBIC IEPKAPHH, METAllepKapuyl U MapHUThl), HAXOASIINECS B BBIBOJKOBOH MOJIOCTH.
HpOZ[yKTI)I JACrCHEpalun IMOTJIOMAIOTCA U MEPEBAPUBAIOTCSA BBICTUJIAIOIMMUA IT10JIOCTH
KJIETKaMH, KOTOPbIE JEMOHCTPHPYIOT YJIbTPACTPYKTYPHBIC NMPH3HAKN MHTCHCH(DUKAIMN
NUIeBapuTenbHoi GyHkunu. Vcrnonb3oBaHue B KadyecTBE IMHUILEBOrO cyOcTpara coo-
CTBCHHBIX JCTCHCPUPYIOIUX I'CHEPATUBHBIX 3JIEMCHTOB, IO-BUAUMOMY, IIOMOTACT pEAU-
AM IO AACPKUBATH HA HeO6XOILI/IMOM YPOBHE CBOIO )KU3HCACATCIIBHOCTD U )KU3HCACATECIIb-
HOCTh COJICPIKAIIUXCS B HUX 0co0ell repMadpoqUTHOTO MOKOJICHUS B XOJIOIHOE BPEMs
roaa. KpOMe TOTO, MATAHUEC 3a CUCT BHYTPCHHHUX PECYPCOB IMO3BOJIACT 3HAYUTCIBHO
CHH3UTH Mapa3UTAPHYIO HATPY3KY Ha OPraHM3M MOJUTFOCKA-X03s/MHA B HEOIaronpusTHhINA
XOJIOZHBIN MEpUOJI, YTO CIIOCOOCTBYET BBDKHBAHUIO TPYNIUPOBKU peanit. [lomyueHHbIe
JaHHBIC 3aCTaBJIAIOT NMEPECMOTPETH YCTOABIIMECA B3TJIAJAbI HA IMOJTHOC IMPCKpAIICHUC
(YHKIIMOHAIBHOW aKTHBHOCTH MAPTEHUT TPEMATO]l B 3UMHUI MEPUOJI.
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Introduction

The acquisition of stages parthenogeneti-
cally reproducing in molluscs was a key event of
digeneans (Trematoda, Digenea) evolution
(Galaktionov, Dobrovolskij, 1998, 2003; Cribb
et al., 2002; Galaktionov, 2016; Brooks et al.,
2019). The “parasitic signal” is strongly ampli-
fied during these stages, ensuring further imple-
mentation of the complex life cycle along the
chain of hosts. The role of reproductive organs
in parthenitae is played by the germinal masses,
which seem to be a modified ovary of the her-
maphroditic ancestor (Dobrovolskij, Ataev,
2003; Galaktionov, Dobrovolskij, 2003; Pod-
vyaznaya, 2007; Podvyaznaya, Galaktionov,
2014). These structures were first found by Cort
and his colleagues (see for review Cort et al.,
1954), who investigated their structure in
parthenitae of various trematode groups (Cort,
Oliver, 1943; Cort, 1944; Cort, Ameel, 1944;
Ameel et al., 1949; Cort et al., 1949, 1950).
Detailed studies of germinal masses and their
functioning were conducted at the Department
of Invertebrate Zoology of the Leningrad State
University starting from the late 1960ies under
the supervision of A.A. Dobrovolskij (Dobro-
volskij, Raichel, 1973; Gerasev, Dobrovolskij,
1977; Dobrovolskij, Mukhamedov, 1979;
Mukhamedov, 1979; Dobrovolskij et al., 1983;
Galaktionov, Dobrovolskij, 1985) and were lat-
er continued by his disciples (Ataev, Dobrovol-
skij, 1990; Kofiadi, 1995; Ataev et al., 1997,
2001, 2006, 2007, 2013, 2016; Isakova, 2011;
Ataev, Tokmakova, 2015). These studies, car-
ried out at the light microscopic level, indicated
that the organisation of germinal masses is gen-
erally similar in parthenitae of different trema-
tode taxa (Dobrovolskij et al., 2000; Dobrovol-
skij, Ataev, 2003; Galaktionov, Dobrovolskij,
2003; Isakova, 2011). According to the results
of this research, germinal mass is a compact
structure, which is either associated with the
body wall of the parthenita (attached to it or
inbuilt into it) or floats freely in the brood
cavity. It consists of germinal cells, stem (undif-
ferentiated) cells and supporting cells as well as
early embryos of the next generation (partheni-
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tae or cercariae) until the formation of the prim-
itive epithelium (that is, until the stage of germi-
nal balls). Supporting cells form numerous
branching outgrowths enveloping the germinal
elements of the germinal mass and ensuring its
structural integrity. In addition, they also seem
to be “conducting elements” along which nutri-
ents are transported to other components of the
germinal mass. Stem cells divide and differen-
tiate either into germinal or into supporting
cells. Germinal cells are only capable of cleav-
age, and give rise to individuals of the next
generation. As embryos mature and grow, they
rupture the enveloping outgrowths of support-
ing cells and get out into the brood cavity of the
parthenita, where they mature further. Once
their development is completed, fully formed
cercariae or young parthenitae leave the mother
organism through a birth pore or local ruptures
of the body wall.

Recently, we conducted the first ultrastruc-
tural studies of germinal masses in parthenitae
of different morphotypes (sporocysts with mod-
ular organisation, rediae of different types) in
species from phylogenetically distant trema-
tode families (Podvyaznaya, 2007; Pod-
vyaznaya, Galaktionov, 2014, 2018; Pod-
vyaznaya et al., 2019). These investigations
have confirmed the conclusion about a uniform
cellular composition of the germinal masses
across different digenean groups. At the same
time, electron microscopy has shown that the
fine structure of germinal masses is consider-
ably diverse, the differences being mostly asso-
ciated with the structural variation of their sup-
porting tissue as well as the number and age of
embryos inside them. Our studies have also
demonstrated similarities in ultrastructure be-
tween undifferentiated and germinal cells of the
germinal masses in sporocysts and rediae of
different trematodes. Germinal cells were found
to contain organelles typical of animal oocytes
such as germ granules (or nuage) and annulate
lamellae, which is an additional evidence that
they belong to the germline.

With a single exception, which will be dis-
cussed below, all studies devoted to the analysis
of structure and function of germinal masses
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were made in the period of their functional
activity, that is, during the warm season. This is
the time when groups of parthenitae actively
produce cercariae and the latter emerge from the
molluscan host (see for review Ginetsinskaya,
1968; Smyth, Halton, 1983; Dobrovolskij et al.,
1983; Galaktionov, Dobrovolskij, 1998, 2003).
Numerous studies of seasonal dynamics of cer-
carial emergence have shown that it stops dur-
ing the cold season (e.g., Werding, 1969; Rob-
son, Williams, 1970; Lauckner, 1980; Hughes,
Answer, 1982; Lemly, Esch, 1984; Schmidt,
Fried, 1997; Field, Irwin, 1999; Marcogliese,
2001; Peterson, 2007; Thieltges, Rick, 2006;
Prokofiev,2006). The composition ofthe groups
of parthenitae in the molluscan host also chang-
es in winter (e.g., Kaie, 1975; Machkevsky,
1982; Rusanov, Galaktionov, 1984; Ataev, 1991;
Taskinen et al., 1994; Abdul-Salam et al., 1997,
Sendersky etal.,2002; Kube et al.,2002; Galak-
tionov et al., 2006; Korniychuk, 2008; Levakin,
2008; Averbuj, Cremonte, 2010; Fermer ef al.,
2010; Prinz et al., 2010; Nikolaev, 2012; Ataev,
Tokmakova, 2015). If there are only two gener-
ations of parthenitae (mother and daughter spo-
rocysts) in the group, the development of em-
bryos in daughter sporocysts is suspended, while
mature cercariae, that have not emerged before
the drop of temperature, may die and resorb
during the winter (our unpublished data). In
self-sustaining groups of rediae/daughter spo-
rocysts (the so-called microhemipopulations or
self-sustaining infrapopulations — see Galak-
tionov et al., 2014, 2015), the character of
reproduction may change with the onset of the
cold spell: instead of producing cercariae, redi-
ae start to produce rediae of the next generation
(Chowaniec, 1961; Bednarz, 1962; Kendall,
1965; Dinnic, Dinnic, 1964; Machkevskiy, 1982;
Rusanov, Galaktionov, 1984; Korniychuk,
2008). For groups of rediae of Himasthla spp.
parasitising molluscs Littorina spp. at the White
Sea, Nikolaev (2012) found that a drop of tem-
perature in autumn resulted in the death of the
majority of the mature individuals that have
actively produced cercariae during the summer.
They are substituted by young individuals from
the pool of young parthenitae present in the
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group, whose development has previously been
retarded. In experiments with molluscs Melan-
opsis praemorsa (Linnaeus, 1758) infected with
Philophthalmus rhionica Tikhomirov, 1980,
Ataev (1991) demonstrated that the rate of em-
bryogenesis of both cercariae and rediae de-
creased at low water temperature (0-2 °C).
All these materials indicate that the repro-
duction of parthenitae and the development of
their progeny is suspended during the cold sea-
son. The functional activity of reproductive
organs, the germinal masses, should decrease
correspondingly, which was indeed found in a
comparative study of “summer” and “winter”
germinal masses in daughter sporocysts of
Xiphidiocercaria sp. VII Odening, 1962, car-
ried out under the supervision of A.A. Dobro-
volskij (Mukhamedov, 1979, 1981). In winter
the germinal masses of sporocysts of this spe-
cies are considerably smaller than in summer,
there are fewer cercarial embryos forming in
them, and these embryos are smaller in size. No
dividing cells were found in the winter germinal
masses, all the cells were in the interphase. It
would seem that in winter the development of
the parthenitae is arrested, and they enter the
state of hypobiosis (developmental arrest), leav-
ing it only when the water warms up in spring.
Since no studies of fine structure of repro-
ductive organs of parthenitae in the winter peri-
od have ever been carried out, we decided to
perform such a research. The chosen object of
our study was Bunocotyle progenetica
(Markowski, 1936) Chabaud et Buttner, 1959.
This parasite of intertidal molluscs Peringia
ulvae (Pennant, 1777) (syn. Hydrobia ulvae
(Pennant, 1777)) and Ecrobia ventrosa (Mon-
tagu, 1803) (syn. Hydrobia ventrosa (Montagu,
1803)) is common at the White Sea. This spe-
cies has a monoxenous life cycle, with all the
phases being confined to one and the same
molluscan host. The miracidium, after hatching
in the gut of the mollusc that has swallowed an
egg of the parasite, penetrates the gut wall and,
already in the hemocoel, develops into a large,
motile mother sporocyst giving birth to rediae.
In the rediae, individuals of the hermaphroditic
generation are formed, from early embryos to
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adult egg-producing flukes. The eggs are re-
leased into the environment after the death of
the molluscan host (Levakin, 2008). The germi-
nal mass of rediae of B. progenetica is attached
to the body wall. Its ultrastructural organisation
in the period of active functioning (in summer)
was described in our earlier study (Podvyaznaya
et al.,2019). We have shown that the germinal
mass, the brood cavity of the redia and its birth
canal opening with a birth pore on the outer
surface of the parthenita, are elements of a well-
developed integrated reproductive apparatus,
inwhich the germinal mass is a functional equiv-
alent of the gonad and all the other structures
mentioned above play the role of efferent ducts.
In the Results section below the attention is
mainly focussed on the differences in the organ-
isation of reproductive structures in the “win-
ter” and the “summer” rediae.

Materials and methods

Mud snails P. ulvae infected with B. proge-
netica were collected in March 2017 in Sukhaya
Salma creek of the Chupa Inlet (the Kandalak-
sha Bay of the White Sea). The sea was covered
with ice at that time, with the water temperature
in the intertidal being —1.5 — —1 °C (Babkov,
1998). The molluscs together with the sediment
were sampled from under the ice and transport-
ed to the laboratory of the White Sea Biological
Station of the Zoological Institute of the Rus-
sian Academy of Sciences. There the mud snails
were cleared from the sediment with seawater
with a temperature of about 0 °C and dissected
under a stereomicroscope. Rediae obtained from
infected B. progenetica molluscs were immedi-
ately fixed and treated for electron microscopic
studies following a technique described in Pod-
vyaznaya et al. (2019). Thin and semithin sec-
tions of rediae were made with the help of a
Leica EM UC6rt ultramicrotome. Thin sections
were stained with an aqueous solution of uranyl
acetate and lead citrate after Reynolds and ex-
amined with the help of a Morgagni 268 trans-
mission electron microscope at a voltage of 80
kV. Semithin sections were stained with tolui-
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dine blue and viewed under Leica DMLS micro-
scope. For TEM studies of the germinal mass
and the brood cavity we selected 1) individuals
whose development corresponded to young
“summer” rediae studied earlier, that is, whose
brood cavity mostly contained germinal balls (3
ind.) as well as 2) mature rediae containing fully
formed cercariae, metacercariae and adult flukes
(2 ind.).

Results

General structural plan of the germinal mass
in all the studied “winter” rediae of B. progenet-
ica corresponded to that described before in the
“summer” rediae (Podvyaznaya et al.,2019). In
both cases the germinal mass contained a few
undifferentiated cells, germinal cells at various
stages of maturation and supporting cells, which
formed the interstitial tissue of the organ and its
sheath and lined the internal lacunae (Fig. 1A—
D). Germinal masses of the “summer” and the
“winter” rediae contained numerous early em-
bryos up to the stage of young germinal balls
(Fig. 1A—C). Visible seasonal differences in the
structure of the germinal masses mainly con-
cerned physiological state of their elements. For
instance, we found mitoses — primarily in sep-
arate cells (undifferentiated and mature germi-
nal cells) and sometimes in blastomeres of em-
bryos — in all the studied “winter” individuals
(Fig. 2A-C). However, they were found on
sections much less frequently (from 3 to 5 per
germinal mass in total) than in the “summer”
rediae (from 2 to 7 per section). At the same
time, in the “winter” parthenitae, as compared
with the “summer” ones, the number of degen-
erating cells and pyknotic bodies in the germinal
mass increased considerably, with some parts of
the organ being almost completely filled with
them (Fig. 1B). Besides separate degenerating
cells, germinal masses of all the “winter” rediae
examined contained many degenerating embry-
os, which were especially numerous in mature
individuals (Fig. 1C). In young “summer” redi-
ae degenerating embryos in the germinal mass
were only sporadically found.
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Fig. 1. General structure of the germinal masses in “summer” and “winter” rediae of Bunocotyle progenetica.
A — TEM section of the germinal mass of the “summer” redia; B — TEM section of the germinal mass of
the “winter” redia, containing germinal balls; note numerous degenerating cellular elements; C — TEM
section of the germinal mass of the “winter” mature redia; note degenerating cells and embryos inside the
organ; D — undifferentiated and germinal cells in the germinal mass of the “winter” mature redia; E —
autolysosome-like vesicles in the germinal cell of the “winter” mature redia.

Abbreviations: asterisk (*) — mitotic cell; bc — brood cavity; de — degenerating cells; dem — degenerating embryos;
em — embryos; ge — germinal cells; la — internal lacunae of the germinal mass; n — nucleus; pb — pyknotic body;
sp — supporting cells; un — undifferentiated cell. Scale bars: A — 5 pm; B— 2 um; C— 8 um; D, E— 1 um.
Puc. 1. OO1ee cTpoeHre repMUHAIBHBIX MACC Y «JIETHUX» M «3UMHUX penuii Bunocotyle progenetica. A —
TEM-cpe3 repMuHanbHOil Maccesl «i1eTHei» peaun; B — TEM-cpe3 repMuHanbHOR Macchl «3UMHEN
penuu, comeprKamiei 3apobIlIeBbIe MIAPHI; OTMETHTE MHOTOYHCICHHBIEC JETEHEPHPYIOIINE KICTOYHBIE
anemeHTsl; C — TEM-cpe3 repMuHaIbHON Macchl «3UMHEN» 3peJIoi pelui; OTMEThTE JIereHepUPYIOLIHe
KJIIETKH ¥ YMOPHOHBI BHYTpH opraHa; D — nenuddepenmpoBannsie n reHepaTHBHEIE KJISTKH FepMUHAIb-
HOM Macchl «3UMHEN» 3peioit peann; E — Be3UKyJIbl TOX0KKE Ha ayTOJIM30COMbBI B TEHEPATUBHON KIIETKE
«3UMHEI» 3pesno peaun.

O06o03HaueHus: actepuck (*) — MHTOTHYECKHE KIETKH; bc — BBIBOJKOBAsSI OJIOCTE; de — JereHepUpyIoNue KISTKH;
dem — pereHepupyromme SMOPUOHBI; em — SMOPHOHBI; g€ — IeHEPATHBHBIC KIETKH; la — BHYTPEHHHE JaKyHbI
FCpMHHaﬂLHOﬁ MaccChl; N — AP0 KIETKH, pb — IIHKHOTHYECKOC TEJIO0; Sp — MNOAACPKUBAKOIINE KICTKH; un —
HenudbepeHunpoBanHbie kiaeTkn. Macirabusie muneiikn: A — 5 Mkm; B — 2 mxm; C — 8 mxm; D, E — 1 Mim.
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Fig. 2. TEM images of mitotic cells in the germinal
masses of “winter” rediae of Bunocotyle progenetica.
A — mitotic division (asterisk) at the periphery of
the germinal mass in the “winter” redia, containing
germinal balls; B — mitotic division (asterisk) at the
periphery of the germinal mass in the “winter” mature
redia; C — mitotic division (asterisk) at the base of
the germinal mass in the “winter”” mature redia; note
the basal laminae (arrowheads) separating the
germinal mass from the redial body wall.
Abbreviations: bc — brood cavity; bw — redial body wall;
dem — degenerating embryos; ge — germinal cells; gm —
germinal mass; n — nucleus; pb — pyknotic body; sp —
supporting cell. Scale bars: A, B— 2 um; C — | pm.
Puc. 2. TEM-n300pakeHrs MUTOTUYECKH JIEIISAIINAX-
cs KJIETOK B T€PMUHAIBHON Macce «3UMHUX» PeIaui
Bunocotyle progenetica. A — mutoTndeckoe nene-
HUe (acTepuck) B mepupeprudecKoid YacTh TepMH-
HaJbHOM MaccChl PeIHM, COoAepiKalleill 3apojbliie-
BbIC Iapbl; B — MHUTOTHYECKOE eTIeHne (aCTEPHCK)
B TepU(PEPUIECKON YaCTH T€PMHUHAIBHOW MacChl
3penoit peaun; C — MUTOTHYECKOE JieTieHue (acTe-
puck) B 0a3aibHOW YacTH TEPMHUHAIBHON Macchl
3penoit peaun; OTMeThTe 0a3aldbHYIO IUIACTHHKY
(CTpenKu), OTAENSIONIYI0 TEPMUHAIBHYIO Maccy OT
CTEHKH TeNa PeIuH.

O603HaueHNs: bc — BBIBOJIKOBAs MOJIOCTh; bw — CTeHKa
Tesa peaun; dem — JereHepupyoIye SMOPHOHBI; ge —
TEHEPATUBHBIC KIETKHU; gM — I€pMHUHAJIbHasg Macca; n —
KIIETOYHOE PO, pb — IIMKHOTUYECKOE TECJIO; Sp — IOJ-
Jep)KUBaroIas KieTka. Macitabnsle nHelkn: A, B — 2
MiM; C — 1 MKM.

In mature “winter” rediae ultrastructural
changes were also noted in the germinal cells
unaffected by pyknosis (Fig. 1E). They often
contained accumulations of vesicles which
looked like autophagosomes and autolysosomes.

Evidentseasonal changes were also observed
in the contents of the brood cavity and in the
structure of its cellular lining (Fig. 3A-E). As
compared with young “summer” rediae, the
brood cavity of young “winter” ones contained
much more cellular debris and many more de-
generating early embryos (Fig. 3A, B), includ-
ing those disintegrating into separate cells. Cu-
riously, fully formed cercariae, metacercariae
and adults in the brood cavity of mature “win-
ter” rediae did not show any salient features of
degeneration. On the contrary, the adults were
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even active and discharged spermatozoa, which
were regularly seen in the brood cavity (Fig.
3E), often near the germinal mass.

Perikarya of'the cells lining the brood cavity
in “winter” rediae (Fig. 3D, E) had a much
greater volume than in the “summer” individu-
als (Fig. 3C) and were filled with numerous
residual bodies of different outlook and size,
vesicular structures resembling lysosomes and
endosomes as well as degenerating cells and
pyknotic bodies absorbed from the brood cavity
(Fig. 3D, E).

Discussion

Our data indicate that the organisation of
reproductive structures in the rediae of B. pro-
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Fig. 3. Brood cavity and its lining in “winter” and “summer” rediae of Bunocotyle progenetica. A —
degenerating early embryos in the brood cavity of “winter” redia; B — cellular debris in the brood cavity
of “winter” redia; C — the cell lining the brood cavity in “summer” young redia; D, E — the cells lining the
brood cavity in “winter” mature rediae.

Abbreviations: bc — brood cavity; bw — redial body wall; dem — degenerating embryos; lc — lining cells; n — nucleus;
pb — pyknotic body; rb — residual body; sm — sperm cell. Scale bars: A, B— 5 um; C— 2 um; D, E — 3 pm.
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genetica in the cold season undergoes signifi-
cant changes as compared with their summer
state. Mitotic activity in the germinal masses
declines considerably, though it does not cease
completely. This means that the reproductive
organ continues to function but with a lower
intensity. At the same time, there is a noticeable
surge of degenerative processes, which now
involve not only germinal cells as in “summer”
rediae (see Podvyaznaya et al., 2019) but also
the early embryos, both inside the germinal
mass and in the brood cavity. As a result, the
number of viable young embryos in “winter”
individuals does not increase; it may even de-
crease as compared with “summer” rediac at the
same developmental stage. Products of degen-
eration that pass from the germinal mass into the
brood cavity as well as those that are formed in
the cavity itselfare absorbed and digested by its
lining cells. In “winter” rediae, ultrastructural
characters of these cells indicate an intensified
digestive function: the volume of their cyto-
plasm increases dramatically and so does the
number of various endosome- and lysosome-
like vesicles, residual bodies and absorbed de-
generating cells, including pyknotic bodies.

It seems probable that an active utilization
of considerable amounts of products of degen-
eration of embryos and germinal cells in the
cold season has, primarily, a trophic function.
The use of their own degenerating germinal
elements as a food substrate seems to help
rediae to sustain at the necessary level their own
life activity and that of fully formed cercariae,
metacercariae and adults contained in them.
The above mentioned stages of the hermaphro-
ditic generation, found in “winter” rediae, have
formed in them before the onset of the cold
season and are unaffected by the degeneration.
It is reasonable to suppose that they should be
provided with nutrients in the first place: further
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implementation of the life cycle depends on
these individuals, and all the systems of rediae
are designed to ensure their normal develop-
ment and reproduction in the adult phase. The
number of adults in mature rediae in infected P.
ulvae does not exceed 10-15 (our data), and
when they mature, embryos that lagged behind
in their development are resorbed anyway, and
so are even fully formed cercariae (Levakin,
2008).

An enhancement of degenerative processes
in winter and, thus, an increased role of internal
resources in the feeding of rediae and advanced
stages of hermaphroditic generation, also makes
it possible to considerably decrease the parasit-
ic load on the host organism during the adverse
cold season. This idea is supported by experi-
mental data of Levakin (2005, 2008) on the
survival of “winter” molluscs P. ulvae (collect-
ed in March from under ice at the White Sea).
The author showed that the infection with B.
progenetica did not influence the mortality rate
of molluscs at low temperatures (below zero °C)
and suggested that this was associated with a
seasonal decrease of the parasitic load on the
host organism (Levakin, 2005, 2008).

There is nothing unusual in the degeneration
of germinal elements of parthenitae. In some
degree it is observed in almost all sporocysts
and rediae whose development has been studied
(Dobrovolskij et al., 1983; Galaktionov, Do-
brovolskij, 2003). Furthermore, degeneration
of some cells resulting in the formation of py-
knotic bodies is observed during the develop-
ment of any trematode embryo. The products of
the degeneration are probably used as food both
by parthenitae themselves and by the embryos.
Kofiadi (1995) observed a more active degener-
ation of early cercarial embryos in winter and at
certain stages of ontogenesis in daughter sporo-
cysts of Hemiuridae gen. sp. parasitizing the

Puc. 3. BeIBoaKOBas MOJIOCTH U €€ BBICTHIIKA Y «3UMHHX» U «JICTHUX» peuit Bunocotyle progenetica. A —
JIEreHepHUPYIOIINEe paHHHE YMOPHOHBI B BBIBOJIKOBOH MOJIOCTH «3UMHEN» peaun; B — kieTounslii nedpuc
B BBIBOJIKOBOM IOJIOCTH «3UMHE» peiun; C — KJIeTKa BHICTHIIKY BBIBOJIKOBOM ITOJIOCTH MOJIOJIOH «JI€THEH
penun; D, E — KkiieTKH, BBICTUJIAIONINE BBIBOJIKOBYIO MOJIOCTh «3UMHEN 3peoi peauu.

O0o03HaueHus: bc — BBIBOAKOBAs MOJOCTh; bw — CTEHKa Tesla peauu; dem — aereHepupyromme 3MOpUoHLL; lc —
BBICTUJIAIONINE KIETKH; N — KIETOYHOE SIIPO; pb — MUKHOTHYECKOE TEJO0; Ib — O0CTATOYHOE TENOo; SM — CHEPMHIA.
Macmtabusie nuHeiiku: A, B — 5 mxm; C — 2 mxm; D, E — 3 MM,
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caenogastropode Nucella lima (Gmelin, 1791).
He considered it as an adaptation to surviving
adverse environmental conditions as well as an
additional adaptation to prolongation of the
individual life of the daughter parthenitae.

Our data do not agree quite well with those
of Mukhamedov (1979), who did not found any
mitoses in the winter germinal masses of Xiphid-
iocercaria sp. VIL. At the same time, this author
noted that there were dividing cells in cercarial
embryos, though their number was infinitesimal
as compared to the summer state (dividing cells
madeup 0.15% ofthe total number of cells in the
embryos) (Mukhamedov, 1979). Tonote, daugh-
ter sporocysts of Xiphidiocercaria sp. VII can
produce only cercariae, which do not leave the
parthenitae in winter, and their transmission to
the second intermediate hostis impossible. There
are no such limitations in the transmission of B.
progenetica, with its monoxenous life cycle.
Therefore, a certain continuation of the devel-
opment in winter makes sense, as far as physio-
logical mechanisms allow. That such a continu-
ation indeed takes place is indicated by our data
presented here as well as by the results of
detailed studies of seasonal dynamics of the
composition of groups of parthenitae of B. pro-
genetica (Levakin, 2008). Comparison of their
composition in late autumn (November), winter
(March) and early spring (May) showed that
some growth and development of mother sporo-
cysts and adults in mature groups of rediae
occurs in winter, too (Levakin, 2008).

In conclusion, our data on the ultrastructure
of reproductive organs in the rediae of B. proge-
netica make one reconsider the traditional view
that the functional activity of parthenitae stops
completely in the winter period. Atleastin some
species it may be sustained, albeit in a strongly
curtailed version, during the cold season, too.
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