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ABSTHACT Ia oarly spring, coreidiasss alten develops o o gut of pleperch Shzontedion fuclaperca
and Valaa perch S vafgessts hving i Lake Balaton, Hengary. Guamunls and oncysls cause nodular
st b of enstoreeylos i spocitie portivas of e gut Besides those prosent in the nodulbes, merozoites
ard gamonts aceur diffusely i the apithelivm of e inteshng anel U pylone sacs, The dafferent devel-
apmental stages are Jocated in the apical cytoplasm ol enteracyies and are released from the cells in
s ponalated comdition. The sporslation of cocysis Sakos 1 tapewalar ol A, The aucysts, which
are 13-13.5 um in diameler in an unsporulated state, grow fo 17-20 pm by the enit of the sporulation
pracess, and ellipsaidal sparocysts vanmposed of % valves aned conlaining hanana-shaped sporogoites
develop in them. On the basls of aceysts deaved Trom pibegercie te parasite s deserbied as Gorssi
dossen nosp
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INTRODUCTION

The number of known fish coceldia bas donblod in
the lasl 2 decades. The number of species assigned 1o
the genera Eimeia, Goussia, Ceystallospora and Calyp-
tospora now exceeds 2000 Although the majorily of
the known species are stll intostinal eoceiddiag coeci
dian parasites which develop in extraintestinal loca-
tions  (hver, spleen,  Kidooey,  swimbladder serons
membranes| are also numerous. [n addition, there are
matked dilforoncos in the location of gut-parasilic
coccidia, The majority of Exmeria and Goussia Specles
parasitizing the intestine of fish couse a so-called
diftuse coccidiosis, in which the oocysts are distributed
diffusely In a large segment of the gut and can be
detecled in most cases [rom the apical part of the
epithelial cell cytoplasm. The number of species char-
aclerised by an extracytoplasmic location in the epli-
thelal cells is also high. For species developimg in an
exlracytoplasmic lovation but having a Steda baody,
Dykova & Lom (1961) proposed the establishment of o
new genus, Epiedmerie. This genus was, however,
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e synomyimons with the genus Efrerie by Benajitba
et al (1944). The nodular type of developmenl has
been known since the studios of Moroll & Fiebiger
(1905) and Schiperclaus (1943); however, until the
investigations of Molnar {1982) this form, previously
reported only from Lhe conunaon carp, was considered
an oddity. Firsl from the tench, aml later from other
cyprinids as well, Molnar (1962, 18989) described
species which developed in noduoles concentrated in
specilie areas of the gut epilthelium. According to Mar-
ek (197301 and Malnar (19891, in addition to their
unigue location, the species of nodular development
dilfer from 1he majority of qul parasites in that their
developmen is seasonal and follows an annual cycle,

This paper describes a Goussia species causing
nodutar coccldiosis in the gqut of the pikeperch Stizo-
stoedion teciperca and Volga pecch SO volgensis under
the namie o Guodashe dessert neosp,

MATERIALS AND METHODS

In a survey conducted in 1994 and 1995 to study the
parasile launa of the pikeporch and Velga perch, ob-
servalions were made on coccidian infections of these
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fash species, [n 14964 o total ol 55 pikepesch and J0
Volga perch, and in 1995 a total of 53 pikeperch and
4 Volga pereh, were examined, The fish wore collected
from diflerent areas of Lake Balalon, Hungary. The
magonty of the specimens wore canght by lishennes
with dragnets, and the remaining specimens were
caugiit in the littoral zone with a net of our owa, The
fish were transported |o the laboratory in plastic bags
filled st oxvegen and kopl b aguaria nnhil exasisned
1 or 2 d later. The majorily of the fish examined were
Sesummer spoecimens, however, o oue own cateh Iy
and 2-summer sperimens also occurred, The fish were
Killeet by decaphlation. Thelr gut, which no Jonger
comtained food, was opened longitudinally, and the
testinagl mucosa was oxamined  under o steroos
microscope. Mucus samples woere drawn from different
locations of the gqul and pylorie saes, and examined for
the presence of oorysts under 400-fold magnification.
I o sieus sample comtained oocysty, a porlion of the
mucns was placed in tap-waler in a Petn dish end the
oocysts allowed 1o sporulale ot 2016 22°C. Allempls (o
induce sporulation of cocysts in epithelal cells which
haed accumulated e aflected areay of the gqut wene
made 1 a similar manner, To prevent excessive bac-
worial qrowth, some looptuls of penicillin aml slrepto-
myein were added to the water. Oocyst sporulation
wirs oxaiined dasly by wicroscopy, and the image pro-
jected with the help of a video recorder was used 1o
prepare drawings,

Small pieces lrom the intestine of fish that proved lo
be infected wore fixed with Bouin's solulion, and em-
bedded in paraflin wax, Sections 3-5 pm in thickness
were made and stained with hacmatoxylin and cosin
solution. The histological sections were pliotographed
with a camera in a Zeiss Jenaval micrascope. For de-
seription and illustration ol the new species, oocysts
abtained and histolonical slides prepared from pike-
perch were used.

The dimensions of the new Goussia species were
determuned by messuring S0 oocysts, and U mean
values and standard deviations are expressed in pm

RESULTS

O the G Volga perch specimens oxamined in Apnl
1004, unsporulated oocysts were found in the gut of a
Sesunnmet and a desunmer Gshe In Lol these 2 fishe 4
whitish areas the size of a pinhead but well visible
o the unabled eye woere discoverol an the antestinagl
mucosa In April 1994 no pikeperch were subjected
to esasination. b later penods of The same year, ne
corcidia were detected in the gut of the 35 pkeperch
amel 26 Volga perch specimens exanuined. [ 1905, we
examined 4 pikeperches and | Volga perch in Febru-

ary, and found oocysts s the atestinal mucosa of 5o
tiue 4 pikeperches but ohservied no nodules. The Volga
pereh proved 1o be tree of coveidia T March, oocysts
were founil in the intestinal mucns of 1 Volga perch
antl 4 oul of the B opakeporels speciens examinol,
Nodules were seen in 2 inlected fish In April oncysls
wirte aol found s the 4 plloperches dissecteld bow:
ever, in the qut of o 2-summer Volga perch @ nodular
cocendionts was observed. Tn Later months of the yeur
no infections were recorded,

Hoth e caeysty fownd an the intestinal mocos and
those scraped out from the nodules were recovered in
unsprorubated stale (Fi 1 and proved Lo be spherical o
short-ellipsoidal homogeneous lormatons 13-13.5 pm
it diameter, The oocysts haed a coarsely granular strue.
ture and the oocyst wall was not dhscenmble by light
microscopy. Oocysts collected from the pikeperch dad
not differ from thase denved from the Volge perciom
ahiveture or sizes Solatly, no difforences woere Tound
belween oocysts isolated rom nodules or from nodule:
froe cases, Afler 20 to 24 hoof spotalation in tap-waler
at 20°C the oocyst wall separated from the sporont aml
fluid accumulalinl between the 2 membranes. The
sporont, sull measuring 13-13.5 pmoan diameler, was
located 10 an oocyst 172 {15-18) pm in diameter, In
the aacyst wall 2 lavers wene discerniblo, The anner,
thicker layes (0.3 o was covered by a very thin men-
Brane, In e cosrsely granular sporont 210 4 refractile
bodies 1,52 pmoan diameter woere discernible, After
421 the socysts sporulated, their diameler increased to
1820 pm. and spororysts exhibiting typical Goussia
species sboucture were wisible o them (Fag 2 AL L
the coarsely granular residuum stll completely lilled
Ihe sporocysts, bul sporozoiles containng L
lormations each were already disrermible through at.
Following shrinkage of the residuun, sporocyst stiue-
tune became clearly apparent by the 72nd hour ol
spotulation (B ) Thorelore, e oW spscies i
deserited on lhe basis of nocysts found in pikepesch
andd sporulated tor 72 h

[n histological sections, meronts 9-12 um in sie
proved 10 bo the catliest developimental slages
Fach of these contained 8 banana-shaped merozoites
measiring $.5-0 2 1515 i (B 41 In the majonty
of cases, the merozoites were arranged in the same
direction within the meront. No data were ablained
on the number of merogony gencrations. Guls which
alses appearcd nodular trom the onlside were fourd
to harbour ntensive infeclion by macrogamonts,
mieroqamonts and  young gocysts in The alfected
seqment (Figs. 5 & 6), [nfection was so nlensive an
these aroas thal parasitesfroe epithelial celis wore
seen only exceptionally. The diameter of the mostly
sphienical youmg oneysis i 7y comched 1204 yum,
whiles thal of the shghily larger, sphercal or short-
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Figrs. | 1o 3 Geossia desseri 0o sp
aocvsts lran the gut of pikeperch and
Valga perch. Fag. 1. Strengly com-
premsend wemparalated  and  sporalatod
nocvsts from the gut of Volga perch
<1000, Fig. 2 Oocysts in the intestinal
muens of e pikeperch after 42 b ol
sporulation, < 1000, Fig 3 Free sporo.
eynts o G dewnont i sp o pikepercly
alter 72 hool sporalation, = 10K

ollipsoidal  microgamonts  (Figs, 6, B & 1) was
1120 pne The mecrogamonts and the yvoung oocysls
shatned pale with haematoxylin and cosin, Young
microgamonts 1112 pm i diameter (Fig. 8) could be
distinguishod By their darker colour which was duo 1o
the intensive haematoxylin staining ol dot-like micro-
amotes located in them which measurel approx.
1 jun in diameter. Clder microgamonts, which were
1720 penin dismeter, contained o fow dozen filiform
microgametes 8-9 x 0.3-0.5 pm in size. These micro-
gametes also stained inlensely wilh haemaloxyling
however, this was less apparent because ol the loose
structure of the gamont (Fig, 9 In pikeperch aned
Volga perch specimens excreting oocysts bul not
showing the nodular form of coccidiosis, the tropho-
zotles  (Fuye 10), mecrogamonts and  microgamonts
(Figg. 11) were dilfusely distributed in the epatheliom.
Inlections could be found not only in the gt epithe:
lium but also in the epithelivm ol the pyloric saes.
Such diffusely distnbuted {ormations were seen also
in the nodole-free parts of guts affected with nodular
voceidionis. Mertozoles and gamonts showing daltuse
distribution in the gut epitheliom were found mostly
in the apical parl ol the mucosal folds, and only
exceptionally occurred in deeper parts of the folds,
The developmental stages Jocated e the noduoles
caused a lentil-shaped infection in the mucosa: in the
marpnal parls of the aodule only the eolerocyles
located close (o the lip ol the folds were infected,
while I central parts of The nodube enleracy tos wiere
infected throughont the entire height ol the falils
(Fig 51 Outside The nodules mainly meroganie and
gamogonic stages and some young oocysis were

found, Both the meronts and the gammonts orensemd
i the apical part of the cyloplasm of enterocytes
(Fiegw. 40 10, L1 As the gamonts were markedly
larger than the nommal size of epithelial cells, the
Jattor appeared 1o he arsanged in several rows; hows
ever, infecled enterecytes located in vither the super-
ficial or the deeper regions adbered Lo the Basal
membrane with a narcow band of eytoplasm, and the
nuclei ol infected enterocytes were pressed into this
basal region (Figs. 7 & 4).

Description of the species on the basis of
S sporulated ococysts

Cinessia dossend n, sp,

Stizostedion lucioperea (L)
Stizostedion volgensis (Gmelin)
Lake Dalaton, elose to e eilios
Reszthely, Fonyoed and  [alaton-
seemes, Hungary

Epithehvm ol the gut and pylonc sacs
Flistoleggival shides dopositod i the
protozoological  collection ol the
Zoological Department, TTungarnan
Natural History Museum, Budapest
Coll, noc Peed 25 Photo negatives
and video recondings in the author's
prossessinn

Type host
Additional host:
Localily:

Site of infection:
Type matenal:

Spontlated oocysts (Fig. 12) 183 (17-20) pn in dia-
mietor S oocysts, compressed unders the weight of
the coverslip, 200421 pm in diameter. Oocyst wall
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Figs. 4 to 1L Varioos developmontal stages of CGomsaia dossert oo spo o the anitorocylos of the pikeperch Stzostoahion oo
Histalogieal sections stained with haematoxylin and easin

Fag. 4. Meronts will merozoites (arrows ) i e apical eytoplasmm of the onterocytes « LOBO. Fig 5 Leatilsshaged intection of the

mucusal epithelium in the gut with €2 dessen n, spy [ Regeons intected by gamants, [u) unintected talds, <1540 Fig 6, Inlected

0 o unintected roglon of antestinagl lalds (al T e infectod reageon cach ontoroeyle harbsanrs macras ar microgamonts of

G, dessevd 1. sp, X250, F Ml 7. Yaung cocysts in the apacal parts of enlermcvies, Sucles ol enterocytes (arrows] are pressed 10 the
basal repion of the damaged colls, <50

I, B Macroganmonls (empty arrow) and young microgamaonts solid arrows) with dot-bike microgametes in the epihelium of the
Atected intestinal folds. <« 1000 Fig, 9. Macrogamonts fma) and matored microgamonts with elongated micragametos jsolid
WS e bntestinal epithebums. The nucles of the inlocted colls (opon arcaws) are rostoe o ta e basal part ol the cytoplasn
T Fig. 10, Young trophozostes (arrows) i the apical eytoplasm of enterocytes outside the nodiales. <800 Fig. 11, A young
oo it Coolich anromw b sl o devolopaig snacragammont Copros arrow | o o sarsadolar port af the antestioal opithelim <
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Fur. 12 Schesatic iltustration of & sporidated voryst of Goussia
elessies s

smooth, calonless, composed of 2 very thin layers,
Oocysl conlaing ne mucrapyle, polar granule or eecys!
residuoum, Ooryst conlaing 4 ellipsoidal sporocysts
witich loosely [l the oocyst space amd are usually
arranged on the same plane and somelimes in an ir-
regular shape. Sporocysts 136 [11.5-14.5) pn long
and 6 B (6.5-7) pm wide. Sporocyst wall thin, single-
layered, Longitudinally sunmng sulure connocting the
2 sporocyst valves well visible on sporocysts, Stiexda
hady or Stieda body-Hke fonmation not secin on sporos
rvsts. Each sporocyst contains 2 banana-shaped sporo-
zostos 1006 (J03-11.0) = 3.5 (33-0.7) pm dn stze, in
head 1o il arrengement. Sporozoites contain a larger
and a smaller refractile body which corresponds 1o a
lormation already seen in the sporont. After sporula-
Hon tor 48 1y, the sporocyst containg an oval, coarsely
granular residunm 7 ¢ 4 x4 pm in size. Alter 72 h
sporslation s shonks 1o o Binely granotar ressdinm
G4 =3 pmoin size. [n addition to this compact rest-
tuwm, diffusely seatlored grasules can also be ol
served amondg the sprozoiles.

Ooeysts leave the fisk in wnsporalaled state and
complete sporwlation in the outside workd.

Comments

I ats nodular appearance aml aacysl structure,
Goussia dessedd oo sp. resembles all species causing
nedular coceidiosis, In oocysl size it s identical with
the species G, sabepitheliais Morolf & Fiebiger and
G, balatenica Malnar, bul ditfers from them with
riespect to the bilayered cocyst wall. The parasite has
Been samed in honour of S8 Desser, a renowned
specialist o the area of Apicomploxa parasilizing
cold-blooded verlehiates,

DISCUSSION

Until this study, the occurrence ol raccudia in Stizo-
steddion species had not been reported, despale the fact
thal rocculia are known to be very common parasites
of other peread fishes Inclading Porca fleviodilis, 2
flavescens, Gymnocephalus ceonuus, etc, |Mellecdy &
Molnar 1071, Molnar & Fernando 19794, Desser & L)
1944, Jastrzebski 1984, Shulman 1984). The Jiteratune
contains only a single reference to coccidian inlection
of the pikeperci: Shulman [1984) gave the pikeperch
as host o the species Goussia schulmani (Kulemina,
19045 This is obviously an crroneous reference, as
Kulemina [1969) described the species in question
from ide (Leaciscns idus).

The aumber of species causing nadular coccidiosis
in lish is relatively low. As pointed oot by Marineek
(197 3a) using the example of Goussia subepitheliabis,
these specios develop sccording o an annual Hie
cycle, and their cocyst shedding is hmited to a short
peciod carly o the year A more thorougls survey
peclormed n the early spring period could probably
domonstrate the occurrence of numerous olher species
of nodular develapment in different fish hosts, Based
upon the morphology of telr oocysts, some histologl-
cally less studied species. including Gowssia aurafi
(Hattiman), Goussia schulmant (Kulemina| and Goussia
melnart (Jastrzebski), are likely to have a nodular type
ol dovelopment,

The data reported here indicate thal Goussia
dosseri noospe b perasilo which develops acconl-
ing to an annual cvele and 15 expectad to ocour in
Masreh and Apeil. This patasite seems to lorm oocysis
slightly earhier  than the  species known  trom
cyprinids, Bowovor, in view ol the activily of the host
fish species in 1he winler months, this linding is not
surprising. Aceording to the present resulls, oocysts
leaving the fish in an unsporulated state undergo
sporulation in 2 lo 3 d at 2000 al the 4 to 1°C wates
lemperature typical in the given period, however, the
spotttlation process may take several weoks under
natural coneditions.,

Clonssia dossoed . sp. seems 10 be a common parasite
of the 2 very closely relaled Stizostedion spocies, and
causes similar infection in both lish hosts, In contrast
to earlier abservations, besides the nodular forms, soli-
tary merogonic and gamorgonic stages can also be
found in dilferent segments of the gut. Combined
infection cansed by dillerent species is o very common
tinding in the case ol coccdia. The oceurrence ol
notular coccidiosis caused by &G subepithelialis n
common carp (Cyprinus carpio) logether with infection
caused by G carpell, a parasite commonly occurring
throughont the year, s @ natural phenomenon (Scha-
perclans 1954) These 2 species sharply differ from
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each otlua Lol i morphology andl size, There are,
however examples of the simultaneous ocearrence
of seasonally doveloping species which show only
slight differences in morphology and size. A good
coample of the latter s the sidlanly between te
nodular species G, baletonice parasilizing the gut of
MWicca bjoerkng and & potinomdea, o species chagies
terised by epicellular development (Molnar  15909).
While, however, s species differ both in morpho-
logy and in location, n the case reported here the
solllary gqamonts amd those larming sodules produce
oocysts of identical structure.

The pathagente role aof the patasste w not known. Al
ther geven mtensily of infection it does not have ex-
prossestd pathegeniclly oven if nodoles visible to e
unaided eve have alieady appeared. At the same time,
mtensive infection produces pathologieal lestons simis
lar lo those reported by Schaperclaus (1954) and
NMartneek (197301 for Gowssia sibopiéthiedaliy cocels
diosis, especially i host fish cultured n fish farms
PHorvath ot alo 1984 The unsporulated oocysts of €
desseri are released trom the epithebal cells directly
into the gut Tomes T this cegard, the parasile roes
sembles the species described hy Malnar (1952 Teom
lench, and sharply difters from &G sebopithelielis. 1n
parlicular, the majority of oocysts of the latler species
Became stuck o the gut epitheliom and are driven by
the host reacrtion nte a subepithelial location from
where they will beoreleased only later, due 10 a sec-
ondary expulsion process,
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