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ABSTRACT: This study of naturally infected ostracods revealed advanced sexual devel-
opment in cystacanths of N. beringianus and detected signs of maturation of both female
and male acanthocephalans in intermediate hosts. In addition, the study observed ultrastruc-
tural evidence of the presence of mature spermatozoa in the seminal vesicles of male
cystacanths and of the formation of secretory granules in their cement glands. The study
provides quantitative data on the occurrence of advanced development of cystacanths in
intermediate hosts and of the immaturity of acanthocephalans in definite hosts. Further-
more, the study considers the temperature conditions for larval development of M.
beringianus in the natural population and the probable dependence of cystacanths’
maturation rate on these conditions. Finally, the study discusses the biological significance
of the phenomenon detected.
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Onepexatoliee pa3sBuTUe LIMCTaKaHTOB
Neoechinorhynchus beringianus (Eoacanthocephala,
Neoechinorhynchidae) B npomMeXyTo4HbIX Xx03sieBax
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PE3IOME: B nporiecce n3ydeHusi CIOHTaHHON HHBA3UK OCTPaKo 1 CKpeOHeM N. beringianus
OBLTO OOHAPYIKEHO MPOIBIKCHHE B ITOJIOBOM PAa3BUTUH [UCTAKAHTOB. [IpH3HAKH MOI0BO-
IO CO3pEeBaHUs CKPEeOHEll B MPOMEKYTOUHBIX X035I€BaX BBISBICHBI y CAMOK M Y CaMIIOB.
IIpuBenens! yIbTpacTpyKTYpHBIE CBUIETENBCTBA IPUCYTCTBUS 3PEIIbIX CIIEPMATO30110B
B CEMEHHOM Iy3bIPbKE U TPaHyJ CEKpeTa B IIEMEHTHOH jkenese camiia. [IpeacTaBieHbl
KOJIMYCCTBCHHBIC ITaHHBIC O BCTPEUYACMOCTHU B IIPOMEIKYTOUYHBIX X034€BaX NPOABUHYTHIX B
MIOJIOBOM Pa3BUTHH IIMCTAKAHTOB U HEIMOJIOBO3PEIbIX CKPEOHEH B KUIICUHUKAX JIeHUHU-
THUBHBIX X035€CB. PaCCMOTpeHbI TEMIICPATYPHBIC YCIIOBUSA, B KOTOPBIX MIPOTCKACT JUYNHOY-
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HOE pa3BUTHE cKpeOHel N. beringianus B IPUPOAE, U BEPOSTHAST 3aBUCUMOCTH TEMIIOB
MIOJIOBOT'O CO3PEBAHUS IMCTAKAHTOB OT ATUX ycioBuil. OOCyxkaaercst Onojornyeckoe

3HA4YCHUEC 06Hapy>1<eHH0r0 SIBJICHUA.
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echinorhynchidae) living in intermediate hosts // Invert. Zool. Vol.15. No.1. P.92-102. doi:
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Introduction

The modern group of worms that were sep-
arated into phylum Acanthocephales by Skrjab-
in and Schulz (Skrjabin, Schulz, 1940; Petro-
chenko, 1956) includes exclusively parasitic
forms. Their life cycle consists of two stages
that take place sequentially in intermediate and
definitive hosts. Regarding the evolution of the
parasites’ life cycles, Chubb et al. (2010) noted
that the propagule stage of acanthocephalans
occurs only in definitive hosts. Parthenogene-
sis, or neoteny, was not observed in representa-
tives of this phylum.

Inallacanthocephalan species, development
of female gonads is completed by forming from
ovarian primordium free-floating ovarian balls
containing mature oocytes. Several reports have
noted that fragmentation of ovarian tissue can
occasionally occur in intermediate hosts (Cromp-
ton, 1985). Precocious ovarian fragmentation
into ovarian balls at the late acanthella stages or
incompletely developed cystacanths in interme-
diate hosts were noted by Moore (1946, 1962)
and Asaolu ef al. (1981) in archiacanthoceph-
alans Moniliformis moniliformis (Bremser,
1811) Travassos, 1915 and Mediorhynchus
grandis Van Cleave, 1916, by Petrochenko
(1956) in palaeacanthocephalans Polymorphus
magnus Skrjabin, 1913 parasitizing in warm-
blooded definitive hosts and also by Awachie
(1966) in palaeacanthocephalans Echinorhyn-
chus truttae Schrank, 1788, by Andryuk (1979a,
b) in Acanthocephalus anguillae (Miiller, 1780)
Lihe, 1911 and in A. lucii (Miiller, 1776) Liihe,
1911 and by Amin et al. (1980) in A. dirus (Van
Cleave, 1931) Van Cleave et Townsend, 1936,

whose adult stages develop in fish. Unlike rep-
resentatives of the two classes mentioned, eoa-
canthocephalan cystacanths of Paulisentis frac-
tus Van Cleave et Bangham, 1949, P. missou-
riensis Keppner, 1974, Neoechinorhynchus sag-
inatus Van Cleave et Bangham, 1949 and Octos-
piniferoides chandleri Bullock, 1957, infectiv-
ity with which have been experimentally sup-
ported (Cable, Dill, 1967; Keppner, 1974; Ug-
lem, Larson, 1969; DeMont, Corkum, 1982,
respectively) contained one compact ovary, as
well as cystacanths Tanaorhamphus longirostris
(Van Cleave, 1913) Ward, 1918 from naturally
infected copepods (Wilson, Hubschman, 1985).

Regarding male acanthocephalans, a few
observations have indicated the possibility of
their maturation in intermediate hosts. Nickol &
Heard (1973) reported that Fessisentis nectur-
orum Nickol, 1967, whose adult stage parasitize
larval salamanders “...develops nearly to matu-
rity within the intermediate host. ...Vasa defer-
entia and seminal vesicles of male cystacanths
stained very darkly indicating possible presence
of semen”. Examining male cystacanths of 4.
lucii, Brattey (1980, 1986) noted that the para-
sites fully developed sexually in the intermedi-
ate host, since motile spermatozoa were seen in
the testes.

The development of testes and gametogene-
sis in Acanthocephala have been studied mainly
in adult-stage individuals from the intestines of
definitive hosts (Crompton, 1985). Cytological
organization of spermatozoa is known in repre-
sentatives of several species in three classes of
phylum and recognized to be generally similar
for all acanthocephalans (Crompton, 1985;
Schmidt-Rhaesa, 2007). However, cytological
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studies of the male reproductive system in worms
from intermediate hosts still are rare. Available
works show that spermatogenesis in the testes of
Polymorphus minutus (Goeze, 1782) Liihe, 1911
begins only after the cystacanths reach their
definitive hosts (Whitfield, 1971). The forma-
tion of secretory granules in cystacanths’ ce-
ment glands while still in the intermediate hosts
has not been detected by Dezfuli et al. (1998) in
the species Pomphorhynchus laevis (Zoega in
Miiller, 1776) Van Cleave, 1924 but has been
reported in A. anguillae (Dezfuli et al., 2001).

During a study of natural infection with N.
beringianus Mikhailova et Atrshkevich, 2008
of intermediate hosts, we found features of
advanced sexual development in cystacanths of
this species. The aim of the present work was to
demonstrate these features and confirm by cyto-
logical data the fact of maturation of males in
intermediate hosts. In addition, we attempted to
estimate the extent of the phenomenon of ad-
vanced sexual development in populations of
acanthocephalans inhabiting northeastern Asia.

Materials and methods

The materials used were obtained from two
habitats of N. beringianus in northeastern Rus-
sia: Lake Chernoye in the Kolyma River basin
(61°01'N, 151°44’E) and a shallow freshwater
pond near the northern coast of the Sea of
Okhotsk (59°42'N, 150°00E).

The average monthly air temperature values
are given according to the weather station near-
est the study area (61°07'N, 152°24'E) (Weath-
er archive in Talaya. URL: http://rp5.ru/
Weather archive in Talaya).

Cystacanths of N. beringianus were recov-
ered from ostracods of the genus Candona that
were sampled with a 0.4-mm mesh net. The
adult worms were recovered from ninespine
sticklebacks Pungitius pungitius (L.) caught in
bottom traps.

To determine the number of ostracods in-
fected, they were fixed in 70% alcohol and
dissected. To study their stage of maturity, the
cystacanths were recovered from live ostracods

and extended in tap water. Then, the acantho-
cephalans were placed in 70% alcohol. The
worms removed from fish intestines were pro-
cessed the same way. Glycerin was used as a
clearing agent. Worm whole mounts and live
cystacanths were examined using a Carl Zeiss
Axiolab Imager. D1 light microscope.

For examination with transmission electron
microscopy (TEM), cystacanths of N. bering-
ianus obtained from live ostracods were fixed in
2% glutaraldehyde in 0.1 M of sodium buffer
(pH 7.2), post-fixed in 1% osmium tetroxide in
the same buffer for 2 h, dehydrated in a graded
ethanol series and then embedded in an Epon-
Araldite mixture. Semi-thin sections were cut
on an LKB-4 ultra-microtome with glass knives,
stained with methylene blue and crystal violet
mixture and observed with an Olympus CX41.
Ultra-thin sections were obtained with a Power-
Tome PT-PC ultra-microtome with glass knives,
stained with uranyl acetate and observed with a
JEM 1400 Plus electron microscope.

The term ‘juvenile’ refers to males having
no sperm and females having no developing
embryos in their body cavities. The term cysta-
canth refers only to individuals located within
intermediate hosts.

Results

Study of the wild population of N. bering-
ianus in Lake Chernoye began in 1999 and
persists to the present. At any time during the
warm season, the worms are present both in
intermediate and definitive hosts. Between 1999
and 2015, 13 samples of ostracods from this lake
were analyzed, and the prevalence varied from
5.2-98.8%. Annual sampling of sticklebacks
demonstrated the permanently high prevalence
of infection, which ranged from 72—100%.

Small ponds near the northern coast of the
Sea of Okhotsk are also typical habitats for V.
beringianus. One of them was investigated be-
tween 1996 and 2006. In 5 samples of ostracods,
prevalence varied from 0.5-23.2%. In 4 sam-
ples of sticklebacks, prevalence varied from
12—48%.
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Reproductive systems of cystacanths
and juveniles

Live cystacanths of N. beringianus were
obtained from naturally infected ostracods Can-
dona acuminata (Fisch), 1851. After the shells
of the crustaceans were damaged, the worms
began moving vigorously and finally emerged
(Fig. 1A, B).

The light microscopic study of cystacanths
revealed that many females had ovarian balls
(Figs 1B, 2A) and some males had secretion-
filled cement reservoirs and seminal vesicles
(Figs 1A, 2C). Likewise, in the population liv-
ing in the coastal pond, secretion-filled seminal
vesicles were observed in males located in inter-
mediate hosts. Fig. 2D shows a mature male
cystacanth with its host ostracod, C. stagnalis
G.0O. Sars, 1890 from this habitat.

At the same time, all samples contained
specimens whose reproductive systems were
less developed. Some females had ovaries that
had not yet fragmented, and developed in the
following sequence. First, the ovary looks like a
dense ovoid structure (Fig. 3A), then it increas-
es in size and becomes more friable while main-
taining a spherical shape (Fig. 3C), and then it
elongates (Fig. 3D). Elongation is followed by
fragmentation (Fig. 3E). Probably, the ovaries
move freely in the females’ body cavities, since
they were found in both ventral and dorsal
ligament sacs (Fig. 3A, B). In the least sexually
developed males, there is no visible content in
the vasa deferentia, and the seminal vesicle
bulges were not observed (Fig. 2B).

Similar to cystacanths from intermediate
hosts, samples of adult-stage worms obtained
from definitive hosts contained juvenile females
with unfragmented ovaries (Fig. 4A) and imma-
ture males without sperm (Fig. 4B).

Fine structure of male cystacanths’
reproductive organs

The reproductive system of male cystacanth
N. beringianus was observed in semi-thin sec-
tions of their posterior ends and were character-
ized by fully developed organs (Fig. 5).

Fig. 1. Cystacanths of Neoechinorhynchus berin-
gianus with their intermediate hosts. A—B — light
microscopy, whole mounts. A — mature male; B —
female.

Abbreviations: ob — ovarian balls; sv — seminal vesicle.
Scale bar: 0.5 mm.

Puc. 1. Lucrakautel Neoechinorhynchus beringianus
CO CBOMMH MPOMEKYTOUHBIME X03sieBaMu. A—B —
TOTaJIbHBIC MperapaThl (CBETOBas MUKPOCKOITHS).
A — 3pensblii camen; B — camka.

O003HaYeHus: Ob — 3apOABIIIEBbIC IAPBI; SV — CEMEH-
HOW my3bIpek. MacmTa6: 0,5 M.

The cement reservoir contained opaque se-
cretions, and the seminal vesicle was filled with
a substance having a cellular appearance. The
tegument surrounded the organs very closely,
probably as the result of fixation.

The area where the cement gland contacts
the seminal vesicle and Saefftigen’s pouch (in
Fig. 5 marked with a frame) was studied using
TEM. In the seminal vesicle, free flagella were
visible and observed to contain axonemes con-
sisting of microtubules in a 9+2 pattern (Fig.
6B, C). In the spermatozoa, protein granules
(Fig. 6B) and chromatin were present, while
mitochondria were absent. Electron-dense lam-
inae of condensed chromatin were situated in
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Fig. 2. Cystacanths of Neoechinorhynchus berin-
gianus from Lake Chernoye and coastal pond. A-D —
light microscopy, whole mounts. A-C — cystacanths
from Lake Chernoye; A — female with ovarian balls;
B — immature male; C — mature male; D — mature
male in ostracod from coastal pond.

Abbreviations: cr — cement reservoir; ob — ovarian balls; sv
— seminal vesicle; vd — vas deferens. Scale bar: 0.25 mm.
Puc. 2. Lucrakantel Neoechinorhynchus beringianus
u3 03. UepHoe 1 U3 03epa HA MOPCKOM MOOEPEKbE.
A—D — TOTanbHbIe MpenapaThl (CBETOBas MHUKPO-
ckomust). A—C — nucrakanTsl U3 03. YepHoe; A —
caMKa C 3apOojIbIIIEBBIMU IapaMu; B — Hespenblid
camer; C — 3pedblii camerr; D — 3penblil camert B
PaKyIIKOBOM paKe M3 03epa Ha MOPCKOM TTOOepEexKbe.
O0o3HaueHUs: Cr — LEMEHTHBIN pe3epByap; ob — 3apo-
JBILIEBBIC LIAPBI; SV — CEMEHHOM IIy3BIPEK; vd — cems-
BBIBOIAIIIIME KaHaibl. Maciirad: 0,25 mMm.

Fig. 3. Changes of ovarian tissue in female cystacanths
of Neoechinorhynchus beringianus. A—E — light
microscopy, whole mounts. A — posterior end of
worm with ovary within ventral ligament sac; B —
posterior end of worm with ovary within dorsal
ligament sac; C — posterior end of worm with
friable ovary; D — posterior end of worm with
elongated ovary; E— worm with fragmented ovarian
tissue. Scale bar: 0.25 mm.

Puc. 3. I3MeHenus sudHUKa y TUCTaKaHToOB Neoechi-
norhynchus beringianus xenckoro noma. A—E —
TOTaJIbHBIC Tpenaparhl (CBETOBas MUKPOCKOIIHS).
A — 3a1HUI KOHEl CaMKH C KOMIIAKTHBIM SIMYHU-
KOM B BEHTPaJIbHOM JIMTAMEHTHOM Melike; B —
3a/IHMI KOHEI[ CAMKH C SHYHHKOM B JIOPCAIbHOM
JMraMeHTHOM Melke; C — 3aHui KOHEIl CAMKH C
PBIXJION TKaHBIO B siMuHUKe; D — 3amHuil KOoHer
CaMKH C YJJIMHHUBIIMMCS siIMYHUKOM; E — camka
rocie (pparMeHTAlMH SHYHUKA Ha 3apO/IbIIICBBIC
mrapel. Macmra6: 0,25 mMm.
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Fig. 4. Immature juveniles of Neoechinorhynchus
beringianus from fish intestine. A—B — light
microscopy, whole mounts. A — female with
unfragmented ovary; B—male without sperm. Scale
bar: 0.25 mm.

Puc. 4. Hespensle roBeHWIBbHBIE 0c00M Neoechi-
norhynchus beringianus n3 KUIIEYHUKA PBIOBI. A—
B — TOTasnbHBIC NpenapaThl (CBETOBas MHKPOCKO-
musi). A — caMKa ¢ eJbHBIM SIMYHUKOM; B — cament
0e3 ciepmbl. Macmta6: 0,25 mm.

Fig. 5. Posterior end of male cystacanth of Neoechinorhynchus beringianus. Light microscopy, semi-thin
sections. The framed part is shown in Fig. 6A.

Abbreviations: cg — cement gland; cr — cement reservoir; Sp — Saefftigen’s pouch; sv — seminal vesicle; t — testis;
tg — tegument. Scale bar: 100 pm.

Puc. 5. 3aguuit konen nucrakanta Neoechinorhynchus beringianus myxckoro nosna. [TonyToHKHE cpe3bl
(cBeToBas Mukpockomnust). O6macTh B paMke H300paxkeHa Ha puc. 6A.

O0o03HaueHNs: cg — IEMEHTHas jKele3a; cr — LEeMEHTHBIH pe3epByap; Sp — Memok CadTurena; sv — ceMEHHOU
Iy3BIpeK; t — CEeMEHHHK; tg — TeryMmeHT. MacmTab: 100 MxM.
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Fig. 6. Ultrastructure of seminal vesicle and cement gland of cystacanth of Neoechinorhynchus beringianus.
A-D — electron microscopy. A — longitudinal section showing cement gland, Saefftigen’s pouch, seminal
vesicle; B — the part of seminal vesicle showing protein granules (asterisks) and spermatozoan flagella

(arrows); C — high magnification of part of seminal vesicle showing spermatozoan flagella (arrows),
chromatin condensation (arrowhead); D — high magnification of part of cement gland with cement granules
(arrows).

Abbreviations: cg — cement gland; Sp — Saefftigen's pouch; sv — seminal vesicle. Scale bar: A-B, D — 2 pm; C —
0.5 pm.

Puc. 6. YabpTpacTpyKTypa CEMEHHOTO Iy3bIpbKa M IIEMEHTHOMW Kene3bl LucTakanta Neoechinorhynchus
beringianus. A—D — 3JIEKTPOHHAS MHKPOCKOMHUS. A — MPOJOJBHBII Cpe3 IIEMEHTHOW KeJe3bl, MEIIKa
Cadrurena, CeMEHHOTO ITy3bIpbKa; B — y4acTok ceMeHHOT o0 Mmy3bIpbKa ¢ OEIIKOBBIMH IpaHyIaMH (3Be3704-
KH) 1 KTYTHKaMHU CriepMaTo30ua0B (cTpeikn); C — KI'yTHKH CHEPMaTO30UI0B (CTPENKN) U KOHICHCUPO-
BaHHBIA XpOMaTHH (HAKOHEYHHK CTPEJIKH) B CEMEHHOM ITy3bIpbKe ITp1 O0JIBIIOM yBennueHnH; D — ydacTok
LIEMEHTHOH KeJe3bl C IIEMEHTHBIMHU TPaHyJIaMH (CTPENIKN) TIPH OOJBIIOM YBETUICHHH.

O0603HaueHus: cg — IEMEHTHast JKelne3a; Sp — Mmemok CadTurena; sV — CeMeHHOI my3bipek. Macimtad: A-B, D — 2
MkM; C — 0,5 MKM.

the peripheral parts of the spermatozoon bodies tozoa. The cement gland contains secretory
(Fig. 6C). These features indicated that the granules with diameters of up to 0.8 mkm (Fig.
seminal vesicle was filled with mature sperma- 6D) surrounded by membranes.
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Ecological data

During our previous experimental study on
the life cycle of N. beringianus, we found that
temperature significantly affected the rate of
larval development. At temperatures of 10, 15
and 20 °C, the durations of development up to
the cystacanth stage in ostracods were 50, 32
and 25 days, respectively (Mikhailova, 2015).
All females obtained experimentally had only
compactovaries, and males contained no sperm.

Comparison of cystacanths from the natural
population in Lake Chernoye that were obtained
in several samples of intermediate hosts showed
that two categories of sexual maturity can be
distinguished in each sex: 1) females with un-
fragmented ovaries and females with ovarian
balls; and 2) immature males without sperm and
mature males with sperm-filled seminal vesi-
cles. Table 1 contains data showing that the
occurrences of these categories vary signifi-
cantly from year to year, which indicated that
certain natural factors affect the maturation
process.

It is highly likely that maturation, similar to
larval development, depends on temperature
conditions. The data on samples collected from
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ostracods at the beginning of the warm season
(29.05.2010 and 18.06.2015 in Table 1) indi-
cated the state of maturity of overwintered cys-
tacanths. The occurrences of sexually devel-
oped specimens in these samples differed mark-
edly. It should be noted that ostracods winter in
shallow areas where, during the entire freeze-
over period (about eight months, from October
to May inclusive) temperatures are usually be-
low 0 °C. It is logical to assume that both the
larval development and maturation ofthe worms’
gonads occur only at positive temperatures and
that thermal conditions are most important at the
end of the previous warm period (September)
and the beginning of the current one (May).

According to data from the nearest weather
station, the inter-annual fluctuations in mean
monthly air temperatures in September and May
are 5.1 and 4.9 °C, respectively (Climate hand-
book, 1969). Before wintering, the average tem-
peratures in 2009/2010 and 2014/2015 differed
only slightly (4.8 and 5.8 °C, respectively). In
contrast, in May, the difference was significant:
in 2010 the average temperature was 5.4 °C, and
in2015 itwas only—0.3 °C. Certainly, this could
have restrained the cystacanths’ development at
the beginning of the 2015 season.

Table 1. The occurrences of cystacanths at different stages of maturity in samplings of ostracods

from Lake Chernoye.

Tabnuna 1. BeTpedaeMOCTh IMCTaKaHTOB PA3IMYHOM CTENEHHU MOJIOBOM 3PENOCTH B OCTPAKOAAX

u3 03. YepHoe.

Females Males
Date No. of Unfragmented | Ovarian No. of
. . Immature | Mature
specimens ovary balls specimens
25.08.1999 86 47% 53% 80 76% 24%
29.05.2010 56 22% 78% 45 18% 82%
18.06.2015 52 71% 29% 56 79% 21%
Table 2. The occurrences of juvenile females and males at different stages of maturity
in sticklebacks from Lake Chernoye.
Tabmuma 2. BecTpedaeMoCTh FOBEHUIIBHBIX CAMOK M CAMIIOB PAa3JIMYHBIX CTAIHN 3pEIOCTH
B KOJIIOIIIKaX U3 03. YepHoe.
Females Males
No. of No. of Ovarian No. of No. of
. . . Ovary . . .
specimens | juveniles balls specimens juveniles
19.07.2013 108 9 — 100% 85 5
11.08.2013 157 91 28% 72% 145 52
10.09.2013 264 103 9% 91% 242 17
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Study of changes in the maturation of acan-
thocephalans taken from sticklebacks during
the 2013 warm period showed that the fish
contained juvenile females at various stages of
sexual development and both immature and
mature males (Table 2).

The presence in definitive hosts of both
females with unfragmented ovaries and males
without sperm suggests that infectivity of cysta-
canths does not depend on the degree of devel-
opment of their reproductive systems. In addi-
tion, sexual maturation can begin in intermedi-
ate hosts and then continue in definitive ones.

Discussion

The study of the fine morphology of the
seminal vesicles of N. beringianus cystacanths
showed that in some specimens the vesicles
were filled with spermatozoa and the ultrastruc-
ture of the cement glands indicated that secre-
tion was in progress. This provided definite
ultrastructural evidence regarding the matura-
tion of males in intermediate hosts. Given the
presence of mature males in ostracods collected
at various times, this can be considered a natural
phenomenon of the ecology of N. beringianus
populations in cold climates.

In addition, the study noted the successive
transformation stages of the compact ovary in
female cystacanths before breaking up into ova-
rian balls. This indicated that their reproductive
systems develop inside intermediate hosts. The
same transformations can be observed in fe-
males from definitive hosts. Therefore, further
comparative study of oogenesis on the cytolog-
ical level is necessary. Crompton (1985) ob-
tained data on the structure of ovarian balls
mainly from adult-stage acanthocephalans tak-
en from the intestines of definitive hosts. Preco-
cious ovary fragmentation, of which examples
were given above, takes place during larval
development before completion of the cysta-
canth stage and is apparently genetically caused.
However, there is not enough data to character-
ize the taxonomic groups of Acanthocephala by
that feature.

Nevertheless, numerous data on representa-
tives of the genus Neoechinorhynchus confirm
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that the gonads of juvenile females established
in definitive hosts present with compact ova-
ries. This means that for infective cystacanths of
these acanthocephalans, the presence of unfrag-
mented ovaries is the norm.

Steinstrasser (1936) paid special attention
to clarifying the origination of ovarian balls in
N. rutili (Miiller, 1780), since there was no clear
idea about the process at that time. Steinstrésser
examined females of various ages from trout
intestines and concluded that the appearance of
ovarian balls was the result of division of the
spherical ovaries found in young forms. Ac-
cording to observations by Merritt & Pratt
(1964), fragmentation of ovarian spheres indi-
cated the onset of maturity in female N. rutili.
Ovarian division into balls was seen two weeks
after experimental infection of fish with infect-
ed ostracods. As Figure 8 shows, at the age of
48-57 days, experimentally grown female cys-
tacanths had compactovaries. Amin & Vignieri’s
(1986) detailed study of the development and
growth of adult-stage N. cylindratus (Van
Cleave, 1913) Van Cleave 1919 distinguished
two categories of juvenile females: one with
compact ovaries and one with ovarian balls. The
former was the primary stage of development.
Many authors have noted a category of females
with compact ovaries in populations of Neo-
echinorhynchus species on various continents
while studying the seasonal cycles of worms in
definitive hosts. Among them are N. rutili in
Europe (Moravec, 1984; Lassiére, 1989), N.
qinghaiensis Liu, Wang et Yang, 1981 in Asia
(Yang Tingbao, Liao Xianghua, 2001), N. pun-
gitius Dechtiar, 1971 in North America (Lasee,
1989) and N. pimelodi Brasil-Sato et Pavanelli,
1998 in South America (Brasil-Sato, Pavanelli,
1999). Given all these, one can conclude that
ovarian division into balls at the cystacanth
stage in species in which the infective larva have
unfragmented ovaries should be considered as
advanced development of the parasites.

Regarding the paratenic hosts, it is generally
accepted that their parasites retain levels of
development corresponding to those of the cys-
tacanths (Dogiel, 1981; Schmidt, 1985). How-
ever, there are examples of advanced develop-
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ment of representatives of the genus Neoechi-
norhynchus in paratenic hosts.

Ward (1940), who studied encysted speci-
mens of N. cylindratus from the livers of blue-
gill bass Lepomis pallidus (Mitchill), reported,
that four of seven females had ‘not dissociated’
ovaries, and three had ovarian balls. Juvenile
females with ovarian balls were also found in
older fly larvae Sialis lutaria (L.), paratenic
hosts of V. rutili in Scotland (Lassicre, 1988). In
addition, this work contains a photograph of a
live male from the same host, and although the
author did not comment upon it, the reader can
see that both the seminal vesicle and the cement
reservoir are filled with content. Therefore, the
maturation of male cystacanths noted in the
present study apparently is not unique to N.
beringianus.

Several authors have discussed the question
of the biological significance of advanced de-
velopment in intermediate hosts. Peura et al.
(1986) proposed that it provides the opportunity
to become established in a variety of definitive
hosts and so favors the survival and spread of
the parasite. Kennedy (2006) connected ad-
vanced sexual development in the cystacanth
stage of F. necturorum with the short lifespan of
adult worms that parasitize only larval sala-
manders and cannot survive the metamorphosis
of their hosts.

To explain the expedience of the advanced
development of N. beringianus in intermediate
hosts, we propose that environmental climatic
conditions are of primary importance. Overwin-
tering of ostracods occurs in habitats where
temperatures stay below 0 °C for most of the
year, and the advanced sexual development of
acanthocephalans in these ostracods makes the
acanthocephalans capable of immediate repro-
duction in fishes. While located in the interme-
diate host and awaiting transmission via the
food chain, the infective cystacanth continues
its development and enters the definitive host
ready to copulate.

Chubb et al. (2010) analyzed parasites’ life
cycles, postulating two options for their exten-
sion by incorporating a new host: 1) being
inserted below the definitive host (downward
incorporation) and becoming the intermediate
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host, or 2) being added above it (upward incor-
poration) and becoming a new definitive host.

Considering the ontogenesis of the acantho-
cephalans studied, one can note the continuity
of their development after metamorphosis oc-
curs in intermediate hosts. Reproduction is im-
peded only by the impossibility of contact be-
tween males and females. In our opinion, the
advanced development of parasites in interme-
diate hosts testifies to the upward incorporation
of a definitive host into the Acanthocephala life
cycle.
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