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ABSTRACT Thelobaeradias mfechion of the scales of the European wild carp Oy prioees carpao caree L
is reparted for the tirst tme m Ewrope Comparabive mosphelegics] and histologieal lndings are
descritsad. Flasmaden and spores found in the fims ol collered common canpy fngerlings and those
datected in tha scabes af 2- to >deyreold Buropean wild carp belong 1o ihe same species, The T -
leaqical characienstics of the spores amd histolegical analyss of plasmaodial location sugoest that the
spactes is Wientical with Thefohamedios nikolskl Achmeroy, 1955 The awthars reqard I oyl
Hashina & Hosoda, 1957 and T, callisperds Ky, 1971 as junior sysonyms of T alkelskl Achmeroy, 1500,
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INTRODUCTICN

Up to now, more than 40 species belonging to the
genus Thelohanellus Kudo, 1933 have been reporisd
in the literature as parasites of aboot 50 fish specios,
They are generally histogoic and highly host-speciflic
parasites. Among species known from various fish
hosts &4 from the genera Labeo and Barbus), an
expecially high number of hest-specifie Thelohanelles
spp. has been deserbed in the comman carp Cyprinus
CHTTR

Achmerow (1835, 1B60) descnbed 3 new species
i Thelphanellus nikolskld from the fins, T amourensis
from the liver, T. acurmnatus {rom the gills, T dogied
from ihe skin, and T hovorkal from the perltoneunm)
from the Amur wilkl carp Cyprinus carpio haemalo-
piarus Temminck af Schiegel. The number of Thalo-
hanellus spacies known to parasitize the common carp
wis Increased by Hoshina & Hosoda (1957) and Equsa
& Makajimea (1981), who described T, cyprind from the
fing and T kitauei from the mitestinal wall, respec-

*E-mail: big@Emdaarm, orimd

£ Inter-Hesaarch 19067
Resale of Tull article pol permalied

Myxospores « Seale - Fin o

Cypnnus carpio - Taxonomy -

tively, of cullured common carp raised in Japan, Two
additional species, T callispors and T, acusnindlus,
wers found in this fish speces by Ky 1197 1} in Vietnam
Besides these species, some other Thelohanallus spp,
(T fehpmannd, T ocwlifeucizch, T, pynformis and Thelo-
hanediys sp.) described from other fishes have baeen
reporied W occur in comimon carp [Bauer 1948, Peiru-
shevsky & Baver 1948, Tonec & Shulnian 1564, Iskoy
1989, Mosho 19493). On the basis of the high variakility
observed in the shape and size of spores and polar
capsubes, Shulman (1962, 19466) and Denec & Shulman
(1984 considered T pikedskdl, T hovorkay, T amu-
rensis and T, oppeing to be synonymaous with T dogiel,
and synonymized T acuminatus with T fubrmanm
|Auerbach, 19045},

Thelohaneallns spp. parasitic in the commoen ciarp can
b differentiatsd relatively sasily by the morphologleal
characters of their spores and the lecation of plasmodia
in the tissues and organs. [n Burope, foney {1979) was
the first to detect & Thelohaneilus speces in common
carp, Accepting Shulman's {1966) opinion; she identi-
fied the species reporied from Hunganan fish farms
as Thedohanelfus dogiell Achmeroy, 1955, Later on,
however, this species was classilied as Thelohanelius
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nikolskil Achmeroy, 1855 [Jeney & Malnar 1581, Mol-
pidr 19872, Molnar & Kovécs-Gayer 19811962, 1986
These authors poinfed oul that in the majority of cases
a mixed infection existed, in which T nikoiskii was
found logether with T hovorkal parasitic in the
connective tissue of different organs. Thelohanallosis
attributed to- T, dogiell was described in S-ye-old com-
mon carp ln Yugoslavia (Hacmanjek 1985, The infec-
tion was localized to tho qill tlsswes, fins, Kidneys,
stomach, swimbladders, and serosa of the internal
organs. In Moldova, T nikolskii infection was first
recorded by Trombitsky et al. (1983, 1990), and the
dology and pathogenicity of the parasite have been
sbudied in rearing ponds since that Hme

The pathological changes caused by Theloharalius
nikolski were studied by Malnar [1882), who reported
that this parasite forms huge plasmoedia developing in
a cartilaginous capsule constituted by perichondnal
eolls of the finrays. The plasmodia and the spores
formed [nside them caused severe cartilage delormity
which could be seen even with the unaided eye.
Dumsser et al [1083) described the ultrastructural fea-
tures of sporogenesis of T nikelski (rom the fins of
comman carp. Thelohanellus kitaue, a parasite found
by Kitaue [1980) and described by Equsa & Makajima
(1981), has similarly great pathologic importance,
This parasite is the ceusative agent of the intestinal
giant cysic disease of the common carp, which s a
well-known disease in Japan and Korea [Rhee ot al.
15004, T},

Morphological and histological studies on Thefo-
hanellus infection of the scales in European wild carp
are peported inthis paper

MATERIALS AND METHODS

Fish material included Hngerdings and §-yr-old speci-
mens of pond-cultured common carp CypEnus carps
L. collected from farm ponds and water reserveirs of
kfoldova, as well as 2- to =4-yr-old wild carp Cyprines
carpio carpio L from natural waters (Lakes Cabul,
lalpug, Chitai and Sasac). From the lalter lakes a todal
ol 56 specimens were examined, In addition to exam-
iming the fins and scales of the collected fish, a com-
plete  parasitological dissection was perfprmed on
330% spercimens of carp in the poriod rom 1966 to 1535,

Samples taken from different organs during dissection
were compressed between 2 slides and examined under
& microscope for the presence of spores or plasmodia. In
positive cases the location of cysts and free spores wias
recorded, the spores [nos= 50 o 80) were measured in
fresh and lized material presecved in glycerol-gelatine
or ammonium pietate solution, and line drawings ware
made and photographs taken. Fins and scales infected

with developing or spore-filled plasmodia were fixed in
10 bhulfered formalbin or Bouin's selution. The fixed ma-
terial was embedded in paraffin wax, cut inled pm see-
ticns, and stamed with haematooylin and eosin [HEE) or
by Azan's and Giemsa's technigues. Micrographs were
taken n a Zeiss Jonaval micToescopss.

RESULTS

From July 1o early September plasmodia were found
on the fins of 2- to Jamao-old carp fingerlings colledctod
from ponds and water reservodss, The prevalence of
inlection proved to be 505 o 1005 while its intensity
was 2 b 283 cvsts per fish, Fin infection was seldom
found in 1< to 2-yr-old wild carp; however, some cysts
did oconr on thess (ish in late autumn and early spring,
though at 4 low prevalence and intensity ol Inlection.
The measurements and morphological characteristics
of spores released from plasmaodia deveioping on the
fins corresponded to those given by Achmerov (19535,
106}, Molnar (1982, Trombitsky et al. {1983), Cirkovic
(1086) and Dykova & Lom (1988) for the identification
of Thelohanellus nikolskdl [Table 1),

[t should be noted thal the highest variability in
shape and size was shown by the spores of Thelo-
hanellis pikolskl populations from the fins (Table 1)
Spores of larger size were moro frequently recorded
from elder fish than from fingedings, A locality-
dependent variatien in the morphometrical |principally
size) characleristics of spores was also ohserved. The
highest vanation in the shape and size of spores was
deterted in carp from fhe Velra reservoir neat
Chisinau [spores: 16.2-21.6 x 5.7-13.5 = 6.0-10.0 pm;
capsules: 5.0-0.4 x 37-6.8 pm}. Thal reservoir hos
relatively poar ecological conditions,

Plasmodia on scales were found only in wild carp
Cyprinus carpio carpio, These round plasmedia reach-
ing 3 mm in diameter were located at the outer mArgin
of the scales (Fig. 1), Maither cysts not their iraces were
phservad on the lns of these fish. Only 15 out of the
56 fish examined in the 4 different habitalz in May and
June of 1992 and 1993 proved o b infected by plas-
modia [examinedfinfected: 1945, 82, 1272 and 19/6, for
Lakes Cabul, lalpug, Chital and Sasdc respectively)
thus, the overall prevalence in the 4 localities was
almast 26 %, Al the same time, the intensity of infection
was extremely high, and almost every scale was
infected by 4 to 7 plasmoria.

Aotk in fin and scale infection solitary apores were
dotected in the gut, gills, kidney, gallbladder, nasal
pits, and other organs,

The shape and size of spores obtained from mature
plasmodid in the scales roughly corresponded o Thelo-
hamelins pikolskii spores collected from the fins. The
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plasmodia
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Freseni stady:

Authors

slight dilferences that were observed
between spores [rom fins and those
fronm scales ware the following: The di-
mensions of spores developing in scale
plasmodia were less variable, These
spores were slightly longer and thicker
but somewhat narcower than those
alatained [rom the lin cysts, Spores from
the scales had o larger subsphaerical
polar capsule containing longer and
finer polar filaments. These latter had a
i i P i i i larger number ol turns inside the cap-
sule (Table 1, Flgs: 2 & 3). In both cases
the sutural markings were more notice-
able in immature spores and in perma-
nent preparations,

1.9
i1fi~1.)

Gi-a/3-2

10E=113
120

(51— 116
a0

Histology of the normal fins
and scales

; 585
[B5-3F00 (5.1-6.2)

5.8

7.5

(5978 j40-7.0
54

[H2-74) (44-654)

5.0

1.2-8.1
Gd 6.6

Histolegically the finrays are boilt up
friom fibrous cartilage (a calcified colla-
genj and composed of 2 hembsegqments
(lepidotrichial. Cartilaginous lnfays are
Inated inside a lbroblast layer of the
dermis rich in collagenic fibres, Cells
surrounding the fibrous carfifage of
S the finrays {hemisegmeni-forming cells)
excrate collagen to the outer surface
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libsrocyles of the dermis by their larger
nuclol, Externally the dermis is covered
by multilayered epidermis overlving a
membrana basialis.

The structure of the scale resembles
that of the linrays in many respects, Like
that of the lnrays, the Tivm sirocture of
the: scales inside the dermis consists of a
plate of calcified collagen (Fig. 4). This
plate 15 covered both eptsquamally and
subsquamally by a single layer of
scterollast cells lecated inside a connec-
bive tissue rich in collagen [Figs. 5 & 6]
Episgquamally  the connective tissue
joins the membrana basialis of the
multilayered epithelium of the eplder-
mis, while subsquamally the collagens
rich conpective tssue continues in a
leose connective tissue and joins the
misculaiure. Around lhe edge of the
srales, the epithelinm, which is rich in
goblet cells, runs under the cartilaginoas
plate and covers, in a small part, aiso
the subsquamal region as well (Fig. 7).
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Fig. 1. Thefohanelis nikoleks indoction ol scales, Plasmodia
aree loceted al the eudar margin o sceles {ariows) (natural size)

Histology of the infected fins and scales

Plasmodia in the fins developed oo the surface of B
linrays inside a calcifiod collagenic capsale, the stroec:
fure od which corresponded to thal of the lepidotrichia
jhemisegments]. This fibrous. cartilage cyst was also
hordered by hemiseqment-forming cells (perichon-
drial collsp which separated the plasmodinm rone the
surrounding collagen-rich lbroblast zone (Figs. & & 3,
Cartilage slets detached rom the hemisegment and
surrounded by hemisegmont-forming cells were also
sopn inside this connactive tissue, Malure plasmodia
were filled with spores; developing ones, however,
contained spores only in e central region of the plas-
miodium, while in the periphery a layver of vegelative
stagges and pansporoblasts was located,

The develspment of plasmodia in the scales 1= also
asqociated with the calcified collagen [Figs. 7 & 10).
The plate aroand the plasmodia broaks inlo pieces
i Figg. 141y, and caloified islets appaar inside the connees
tive fissue around the plesmodiom - similar fe thoss
sean in the finrays |Fig. 510 The wall of the cyst around
the plasmodium also confains & thin layer of calcified
callagen, but the oysi-forming Scleroblast cells are
more elongated than cells with o similar function in U
fins {Firgs, 3 & &), The plasmodiom structurally corre.
sponds to fhose in the [ins, as the central parts of devel-
oping plasmodia are lled with young spores while af
thoir periphery vegetative developmentsl stages and
pansporoblasts are found [Fig, 6]

DISCUSSION

Since Achmerow (1855) called attention to the loca-
tien-dependent variability of Thelohaneiles spp., data
on host and Hssue specificity have become—in addi-
fion o dillerences in spore morphology —a highly
nselul ool for the ldentification of differenl species.
Thiz allows an easy dilferentiation of the best known
species (T, mikolskii developing in the finrays;, T
Boverkal found in the copnective tssue, prncipally
in Lhe adventitia of the blosd vessels, and the typical
gub prarasite T, kitawed] without a detailed exaninabon
of the morphological characters [Eguss & Makajima
1981, Molnar & Kovacs-GCayer 1986]

Based upon this laci, spotes collected from scale
eyats should first be compared with those of species
(Thidohanelius dogiel, T callisporis) descibed from
the same location. Despite its similar location, T do-
gielf can pasily bedifferantiated from pur species on 4
morphological bazis, as the spores of T. dogied are
charactersed by a relatively small sporoplazsm and an
extremety large potar capsube. (o this respect T dogicli

~—

Fiip, & Thedohanelles nikal-
skil. Spores (A} frooe fins,
|8} from scales (bar = 10 pmi
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shows closer resemblance o T, Eifeeed, but the 2
species sharply differ in organ and tissue specificity, As
regards spore morphelogy, our species closely resem-
bles T callispors found by Ky [1971) in the skin of
culivred common carp In Vietnam. Although In his
eiginal description Ky (15971} indicated larger dimen-
sions Tor the spores o his species, studying ®y's mate-
nal deposited in the profozoclogical collection of the
Russian Academy of Scences in 5t Petersburg we
found similar spore measurements as those obtained
for spores [rom MMoldovian fin amd scale infections,
When m-n:l;ummim_; Kv's slicles IEE'.[[. glidp Mr. 1227 T:
callispons, det. Ha Ky, Cyprinis carpin, skin and gills,
pond farm ‘Hanoi', 1965, leg. Ha Ky), we obtained the
following measurements: spore sizge: 172.5-18.7 = 0.3 «
120 pm; capsuls size: 5.0-62 = 5.0-68 pm; turns of
fillaments in the capsels: -5 outer and 2 mner. These
dala {:l:h'rt:ﬁ|:|u:|l|:‘| Lo those of T, mikofskli: therelofe, we
regpard T, r.u.h'r'.'crm.r.": ik hn_,r Ky (18971) a5 & syn-

Fig. 1 CO¥piines  cdrpio carpio
Beormnal siyacture of e carp skin.
(] Epilermis rich in gobler cells,
(4]} QD[&qUn:l'lh'll conmeClive 1Esue
bper of collagen-forming Fibrc-
blasts, | calcited plale of the
sl (4] datached layer of schorn-
iast caells, (@) subsgquamal oon-
nective lmsue byer of collagen-
forming fibroblasts, (£ loose oon-
nechve tssun, HEE, =150

anym of T mikedskll The lteratare cited by Ky (1971)
revadaks That b overlooked Achmerav's (1935 1960
papers and relied oo the dalo reported by Hhilman
{1662, 1966), who synomyzed most of Achmerov's spee-
cies with T, doguell, This is supported by the fact thai
Ky (1971} described another Thelohenellus specios
from the gills of the common carp by the name of T,
acwminatus, which corresponded both In shape and
Iocation io the species described under the same narme
by Achmerow |1855]

An analysis of the Thelohanellus infection of Maol-
dovien wild gnd culiured carp populations has led us to
thir conclision that both lin and seale infechions were
caused by T ikailskdd, The dilferonoess belween stages
of T nikedski Tosind on fins and scales are nol sibstan-
tial. The slight differences obhserved in size and shapio
do not excesad the limits of natural variations typical of
populations or species, Perhaps the small discrepan-
cies bn menphometry amd 1 the seasonal ecourrence ol
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the parasite are influenced by ditterences in lecation,
ecology, and age of the host,

The Thalohaneiius species found by us in the fins of
the common carp in Moldova corresponds to T, nikok
skii hoth in morphology and location, but in some
respocts it differs from the material collected in Hun-
gary [Molnds 10952, Desser o al. 18R3). The collagenls
(cartilaginous) cyst around plasmodia in the material
pollected in Moldova proved to be slightly thinner than
in the Hungarian material, and the layer of hemi-
segment-forming cells (perichondrial cells) proved 1o
be less compact and was composed of more elongated
cells,

Fig. 5. Cyparinds carfio carpio in-
focted with Thelphanellus mkal
skil. Part of a scabe plasmodiam
Il surroumded by connective bs-
sue fe) and delormed parts (b of
the calcified sralas. H&E, = 11

The identification of Thelohanelfus plasmodia in the
srales is more problematic. Achmeroy (1960) and Ky
(1971} describead the skin as thix byploal location for T
dogieli and T, cailisporis, respectively, As these authors
had scaled carp material, we can presume that in their
designations the term ‘skin' also included the scales,
They did not specify the exact tissue of the skin or
scalos in which the plasmodia of these parasites were
found, Achmerov |1955) only mentioned that the para-
gite ' forms in the skin a different number of cysls,
whileh are visitile thiough the skin and scales’.

1 is obwious that there are considorable morpho-
logical differences botween the spores of Theloeha-

- L

. Fig. f, Cyprimes carprio carpio, High
4| magnification of the penpheesl
part of oscale plasmodiom, ja] Ma-
fured spores. {B) pansporoblasts,
jc) cartilagpnous deollaponic] capsule.
(dj sclerablbast cells, {op collagenkc
rannective hesns, HAE, <750
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Fip. ¥ Cvpnnus carmo. cango

Cross sechon o scales  ndected

with Thelehanelles mitolSgn plas-

madia (pl. The muoltilayered opl-

thekivim foldds back and s under

the scales inoa short part farrow).
HEE, =33

nellus dogiell and T npikelski, T dogiell also differs
froom T, callispors, which, however, closely resembles
T nikodskd. Morphelogically the spacies found by us in
the scales corresponds bo T pikolskil and o species
segregation could only be suggested by differences in
lcation

Molkndr {1994 charactensed myxosporeans as host,
organ and tissue specific organisms. Organ speciticity
is determined by Hssue specificity, The impsortance of
Incatbon (o 1his case is, therefore, diminishod by the
fact thal ihe hemisegments in the fins are formed by
the same modified collagen producing  fibrooyes
which participate in forming the calcified jcartilagi-
nous or bany| plate of the seales. The cartilaginous cyst
wall around the plasmodia is producesd by the same
typee of cells. Lanzing (1976) named thesg fibrocyles
of the fins hemsegmeni-forming cells, while Molnar
(1982} termed them perchondeial cells, Bazed on their

Fig. 8. Cyprinos Caapin  care
Cross section of a finray infected by
Thefoharellos mikodskll, jaf Hemmb-
seciaents, (b beoken parts of ihe
cartilage, (ol T nikolsii plasino-
Lwim with spares. HE&E, =150

origin and Junction, these cells cormespand 1o those
modified fibrocyies of the scales which Lanzing &
Wright [1976) refer to as scleroblasts. Lanzing (1976)
stredgad that ‘there did not appear o be an intrinsic
diflerence betwoeoen caleification in fish scales, fin-
rays and mammalian bone'. Our results prove that the
Thelohapolius species lound in the scales i5 & typical
parasite of the cartilage of collagenic origin, and forms
itz plasmodia within a carfilaginous capsule just like
1. nikalskdl in the fins, Although the carilagineus cap-
sule in the scales proved to he thinner than thoso in Uhe
fins, and scleroldast cells slightly differed from the
penchondrial cells of the fins, we are of the opinion
that the species found in the scales s identical with T
mikolskii Achmerov, 1955, and dillerences seem to be
only virtual, The formation of the cartilaginows layer in
the fins and scales 15 not associated with the actrvity of
chondrablagts; however, (0 both cases the cartilagi-
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nous malerial i lormed by the calcification of de-
posited collagen. Although the cells constituting the
cartilaginous capsule arsund plasmodia form & less
confluent layer, their funclion is the same as that of tho
cartilage-forming cells in the lns. We supposa that
plazmodium formation in tho fins or scales, respec-
tively, is related to the age of the host. 1t seems pessible
that in obder lsh—due to the advanced calcilication of
finrays——thi cartilage 5 less suitable for plasmodium
formation than the scales, This could be the most evi-
dent reason why in younger [ksh the fintays are the
pxelusive locations and why in older [ish the parasite
most oflen develsps on the scales and is only seldom
located on the ling, This s supporled by the ebserva-
tion that plasmodia dlways develop at the less caleifiesd
edge of the scales

Despite intensive mfections lound during our survey
peilher mortality nor disease was recorded, Thelo-

Fap. W Cyprimes  carpio - cargdo
Part of a Thefofanelus nikolski
plasmodium in P fin. Destelig-
ing sporés (37 ame located within
a carlilaginoe:s capside (arrows|
formed by hebisegment-teoming
colls (sinull arrowheards), Conner-
tive 1msue (o) rich in collagen,
Detached part of the  broken
hemisegment, H&E, =750

hanelius nikolskdl parasitizing the scales seams o
possess low  pathogenicity, presumably bacavse i
develops in a less vilal organ

This study shows that a proper evaluation of the
wvalidity of closely related species cannol rely on mor-
phological data alone. Morphological and metrical
characteristics should be evaluated together wilh the
host, organ and bissue specificity of the given Myxo-
aporea. In this respect only 3 Thelohanellus specios
(T, mikedskii, T, hovorkal and T, kifaued) of the common
carp meel the requirements to be considerad separate
spories, On a morphological basis, however, 2 addi-
tiomal Thotohaneliis species describad from commaon
carp, T. acuminafus Achmerov, 1955 and T dogied
Achmerov, 1955, con be regarded az valid species. We
eegpard T cyprind Hoshing & Hosoda, 1957 and T cal-
lisporis Ky, 1071 as junior synonyms of T nikolskii
Achmeroy, 1955 In a similar way, T, acuminalus Ky,

Figg. 1L Enlarged part of Fig, ¥

Flasmodium-mdected scals. Assand

the plasmodion jp), ieside o

connective tissue dissupted islels

jarrows) of the caleifbed scala plata
are secn. HGE, <74
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1871 should be classified to T. acuminatos Achmeroy,
1855 in the luture. Further data are needed to support
the validity of T amuressis Achmerov, 1955, Also,
additional stwdies aro warranbod tn provide data on
whether other Theloharedius spp. (T fuhrmanm, T
oculilenciscy, T pyriformis and Thelohanellus sp.) de-
seribed from other cyprinids but reported to oocur in
the common carp (Petreshevsky & Baver 1048, hoshu
19T, Dones & Shulman 1984, skov 19689 actually
infect the kntter fish species,
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