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Abstract

Thirty-two specimens of 11 freshwater fish species from Lake Biwa, Japan were surveyed for coccidian infections.
Four fish species proved to be infected with apicomplexans belonging to the Geunssia Altogether, seven
Goussiaspecies were found. Odcysts of four species inhabiting the intestinal epithelium were shed at the sporulated
stage. Two other intestinal species left the fish unsporulated. A few relatively large and aged odcysts of a further
species were found in the renal tubules. The sporulated intestinal species were desddbadsia biwaensis.

sp.,G. grygierin. sp.,G. nipponican. sp. ands. wakabayashin. sp.

Introduction in Shulman & Shtein (1962) described a further six
Eimeriaspecies.
The coccidian fauna of Japanese fishes has been Thijs paper describes a survey of coccidian infec-
poorly studied. Fujita (1934) describ&tmeria nishin  tions of Lake Biwa fishes in Japan, which resulted
from the herring of the Sea of Japan. Dogiel (1948) in finding sevenGoussiaspecies, four of which are
recorded six other eimeriid specids fpuxidisDogiel, described as new.
1948,E. citriformis, Dogiel, 1948 E. dogieli(Dogiel,
1948) Pellérdy, 1963E. etrumeiDogiel, 1948,E.
evaginata,Dogiel, 1948 andE. pneumatophorDo- Materials and methods
giel, 1948] from fishes in the Sea of Japan. Coccidia
from freshwater fishes includgoussia subepithelialis  Lake Biwa is the largest freshwater lake in Japan.
(Moroff & Fiebiger, 1905) ands. carpelli (Léger & It is inhabited by 57 fish species, including 11 in-
Stankovitch, 1921) from farmed common carp (Toku- digenous species (Mori & Miura, 1990). In a survey
mori et al., 1985), and the pathogenic effecEaheria conducted in June 1999, 32 specimens of fish belong-
truttae (Léger & Hesse, 1919) has been described by ing to 11 speciesHseudogobio esociny@emninck
Awakura et al. (1983) from Masu salmon. & Schlegel) (4) Gnathopogon elongatus caerulescens
Unlike the Japanese fauna, fish coccidia from (Sauvage) (4),Tribolodon hakonensi§Gunther) (3),
freshwater fishes of the Amur-Chinese Fauna Region Anguillla japonicaTemninck & Schlegel (1)Rhino-
are relatively well studied, and several species have gobiussp. (3),Cottus reiniHilgendorf (2), Tridentiger
been described from that biotope. In China, Chen kuroiwae brevispinigKatsuyama, Arai & Nakamura)
(1956a, b) first described two species Bimeria (3), Opsariichthys uncirostris uncirostri€Temninck
Labbé, 1896 from black and silver carp, respectively, & Schlegel) (3), Hemibarbus barbugTemninck &
and 13 species of fish coccidia were recorded in a re- Schlegel, (3),Rhodeus ocellatus ocellat@kner) (3)
view of Chinese fish parasites edited by Chen (1973). andTanakia limbatgTemninck & Schlegel) (3)] were
Later, Su & Chen (1987) and Li & Nie (1995) added examined for coccidian infections. Fish were caught
five new species to that list. From the River Amur, with traps, carried to the Lake Biwa Museum and
Dogiel & Achmerov (1959) and Shulman & Zaika maintained in aerated aquaria for some days until
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coarse faecal particles were voided. The fish were
killed, by cutting off their heads with scissors, and
the intestinal tract and other visceral organs were ex-
amined for infection. Pieces of visceral organs were
squashed under a coverslip on a glass slide, and mu-
cus and epithelial scrapings were examined from the
intestine. When infection was found, at least 25 06-
cysts were studied. Measurements were taken under
a compound microscope and freehand drawings were
made immediately after the o6cysts had been detected.
All measurements are in micrometresnf), given as

a mean followed by the range in parentheses.

Results

Altogether four of the 11 examined fish species were
infected by coccidians. All coccidians were found be-
longed to the genuSoussia Of the fishes infected by
coccidia,Pseudogobio esocitiarboured two intesti-
nal and a renal speciedemibarbus barbubad two,
andTribolodon hakonensiand Tridentiger kuroiwae
brevispinishad one species each in the gut. In most of
the fish, sporulated odcysts were found in the trans-
parent intestinal mucus but less often in the epithelial
scrapings and in the gut contents. An exception was
Hemibarbus barbusin which only unsporulated 06-
cysts were found. Of the species having sporulated
o0cysts four proved to be new.

Goussia biwaensis. sp.

Type-hostPseudogobio esocin$emninck & Schle-
gel); Cyprinidae.

Type-locality: Mano, Lake Biwa, Shiga Prefecture,
Japan.

Site:Mucus and epithelium of the foregut.
Prevalence of infection:Four infected specimens,
100%.

Intensity of infectionModerate.

Type-material Phototypes have been deposited in the
parasitological collection of the Hungarian Natural
History Museum, Budapest. Coll. No. HNHM-67388.
Etymology Thenomen trivialederives from the name
of the lake.

Description(based upon 25 sporulated o6cysts)
(Figure 1)

Odbcysts (Figure 1) spherical, 8.5 (8-9). Wall of the
odcyst smooth, colourless and thin. Micropyle and

Figure 1. Odcyst ofGoussia biwaensis. sp.Scale-bar 10 um.

odcyst residuum absent; polar granule amorphous,
small but bright, with diameter of 1, located in most
cases in centre of o6cyst. Odcysts contain 4 ellipsoidal
sporocysts which are slightly pointed at ends and com-
pactly fill o6cyst space, aranged in odcysts so that 3
sporocysts are seen in one plane. Size of sporocysts
5.6 (5-6) x3.8 (3.5-4.0). Sporocyst wall very thin,
single-layered. Two sporocyst valves are connected
by indistinct, longitudinally running suture. Stieda-
body or Stieda-body-like formation not seen. Sporo-
zoites vermiform with reflexed end, aligned head to
tail in sporocyst, measure 6.7 (6.5-70}1.4 (1.0-
1.5). Sporocystresiduum globular or ellipsoidal, finely
granulated, c. 3 2 in young odcysts, compact or
scattered in mature o6cysts.

Odbcysts pass from gut sporulated.

Remarks

In its morphology and siz&oussia biwaensis. sp.
resembles species of the “carpelli type&.[carpelli
Leger & Stankovitch, 1921G. legeri Stankovitch,
1920, G. iroquoina(Molnar & Fernando, 1974)] but
differs from them by having a bright, distinct polar
granule.

Goussia grygierin. sp.
Type-hostPseudogobio esociiTemninck & Schlegel);

Cyprinidae.
Type-locality Mano, Lake Biwa, Shiga Prefecture,



Japan.

Site:Mucus and epithelium of the foregut.

Prevalence of infectior©One infected specimen, 25%.
Intensity of infectionModerate.

Type-material Phototypes have been deposited in the
parasitological collection of the Hungarian Natural
History Museum, Budapest. Coll. No. HNHM-67386.
Etymology The species was named for Mark J. Gry-
gier, associate research scientist at Lake Biwa Mu-
seum, whose scientific and technical help greatly con-
tributed to the successful results of the survey.

Description(based upon 25 sporulated odcysts) (Fig-
ure 2)

Odbcysts (Figure 2) spherical, 10.4 (10-11) in diam-
eter. Wall of the o6cyst smooth, colourless and thin.
Micropyle, otcyst residuum and polar granule absent.
Odbcysts contain 4 sporocysts, which compactly fill
o0Ocyst space and are arranged in o6cysts so that 2
sporocysts lie in one plane. Sporocysts exhibit differ-
ent shape in upper view and side view; in upper view
sporocysts are typically ellipsoidal, while in side view
one of their longitudinal sides is flattened. Length of
sporocysts 9.5 (9—10); width and thickness 5.0 (4.5—
5.5). Sporocyst wall very thin, single-layered. Two
sporocyst valves are connected by indistinct, longi-
tudinally running suture. Stieda-body or Stieda-body-
like formation not seen. Sporozoites vermiform, with
reflexed end located head to tail in sporocyst, mea-
sure 12 (11-13x1.5 (1.0-2.0). Sporocyst residuum
globular or ellipsoidal, finely granulated, ¢>32.5 in
younger o6cysts.

Odbcysts pass from gut sporulated.

Remarks

Inits morphology the odcyst @oussia grygiern. sp.
resemble$s. laureleugMolnar & Fernando, 1974), a
parasite of the yellow perch, but it is smaller in size
and the hosts are unrelated.

Goussiasp. |

Host Pseudogobio esocing$emninck & Schlegel);
Cyprinidae.

Locality: Mano, Lake Biwa, Shiga Prefecture, Japan.
Site:Kidney.

Prevalence of infectior®One infected specimen, 25%.
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Description(based upon 11 sporulated o6cysts)
(Figure 3)

Odbcysts (Figure 3) ellipsoidal, 30 (28-32) long and
24 (20-27) wide. Wall of the o6cyst smooth, colour-
less and thin. Micropyle, o6cyst residuum and polar
granule absent. Odcysts contain 4 elongated ellip-
soidal sporocysts, which loosely fill o6cyst space and
are usually arranged in o6cysts in one plane. Length
of sporocysts 18.4 (16-20); width and thickness 7.5
(7-8). Sporocyst wall very thin, single-layered. Two
sporocyst valves are connected by indistinct, longitu-
dinally running suture. Stieda-body or Stieda-body-
like formation not seen. Sporozoites banana-shaped,
located head to tail in sporocyst, measure 17 (16—18)
x 2.7 (2.5-3.0). Sporocyst residuum ellipsoidal, finely
granulated, c. & 8 (4-6x 7-9).

Remarks

Goussiasp. | resembles other parasites of the renal
tubules, such as. leucisci(Schulman & Zaika, 1964),

G. amurensigDogiel & Achmerov, 1959) an. free-
mani (Molnar & Fernando, 1974), but differs from
them in its larger size and the lack of polar granules.
Due to the fact that during this survey only old o6cysts
surrounded by macrophages were found in the blocked
renal tubules, closer identification of the species was
not possible.

Goussia nipponican. sp.

Type-hostTribolodon hakonensig&iinther); Cyprinidae.
Type-locality Mano, Lake Biwa, Shiga Prefecture,
Japan.

Site:Mucus and epithelium of the foregut.

Prevalence of infectionThree infected specimens,
100%.

Intensity of infectionHeavy.

Type-material Phototypes have been deposited in the
parasitological collection of the Hungarian Natural
History Museum, Budapest. Coll. No. HNHM-67387.
Etymology The nomen triviale derives from the name
of the country.

Description(based upon 25 sporulated o6cysts)
(Figure 4)

Odbcysts (Figure 4) spherical, 11 (10-12). Wall of 06-
cyst smooth, colourless and thin. Micropyle, polar
granule and o6cyst residuum absent. Odcysts contain
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Figure 2. (a) Odcyst ofGoussia grygiern. sp.; (b) Sporocyst db. grygierin. sp.Scale-bar 10 xm.

Figure 4. Odcyst ofGoussia nipponica. sp.Scale-bar 10 um.

4 cylindrical sporocysts which are slightly pointed at
ends, compactly fill o6cyst space and are arranged in
o0cysts so that 2 o6cysts are seen in one plane. Size of
sporocysts 8 (7.8-8.532.8 (2.5-3). Sporocyst wall
very thin, single-layered. Two sporocyst valves are
Figure 3. O6cyst ofGoussiasp. I. Scale-bar 20 um. connected by indistinct, longitudinally running suture.




Stieda-body or Stieda-body-like formation not seen.
Sporozoites vermiform, with reflexed end located head
to tail in sporocyst, measure 8.5 (8—9)1.3 (1.0—
1.5). Sporocyst residuum globular or short ellipsoidal,
finely granulated, measuring22 or 2 x 1.

Odbcysts pass from gut sporulated.

Remarks

In its sporocyst morphology this species resembles the
sporocysts ofG. cylindrospora(Stankovitch, 1921),

G. alburni Stankovitch, 1920 ands. siliculiformis
(Schulman & Zaika, 1962). It differs from the last
two species by its smaller size. The sporocyst&of
cylindrospora a specific parasite of the ble@ibur-

nus alburnud.., are about the same size as thos&of
nipponica but they are less slender and compact.

Goussia wakabayashii. sp.

Type-host Tridentiger kuroiwae brevispinigKat-
suyama, Arai & Nakamura); Gobiidae.

Type-locality Mano, Lake Biwa, Shiga Prefecture,
Japan.

Site: Gut content of the foregut.

Prevalence of infectiorOne infected specimen, 33%.
Intensity of infectiorLow.

Type-material Phototypes have been deposited in the
parasitological collection of the Hungarian Natural
History Museum, Budapest. Coll. No. HNHM-67389.
Etymology The species was named for the well-
known fish pathologist, Prof. D.H. Wakabayashi,
University of Tokyo.

Description(based upon 25 sporulated o6cysts)
(Figure 5)

Oobcysts (Figure 5) spherical 8.5 (8-9) in diameter.
Wall of o6cyst smooth, colourless and thin. Micropyle,
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Figure 5. Odcyst ofGoussia wakabayashii. sp.Scale-bar 10 um.

Odbcysts pass from gut sporulated.

Remarks

The majority of gobiid fishes are infected by typi-
cal Eimeria spp.; however, the odcysts &. wak-
abayashiin. sp. found in the intestinal mucus showed
typical Goussiacharacteristics.

Goussiasp. Il

Host Hemibarbus barbugTemninck & Schlegel);
Cyprinidae.

Locality: Mano, Lake Biwa, Shiga Prefecture, Japan.
Site: Gut content of the foregut, intestinal mucus and
intestinal scrapings.

Prevalence of infectionThree infected specimens,
100%.

polar granule and odécyst residuum absent. O6cysts Description(based upon 25 unsporulated odcysts)

contain 4 short, ellipsoidal sporocysts, which com-
pactly fill o6cyst space and are arranged in odcysts

(Figure 6)

so that three odcysts are seen in one plane. Size ofOnly unsporulated odcysts were found (Figure 6). O0-

sporocysts 7 (6.5-7.594.1 (3.8—4.3). Sporocyst wall
very thin, single-layered. Two sporocyst valves are
connected by indistinct, longitudinally running suture.
Stieda-body or Stieda-body-like formation is not seen.
Sporozoites vermiform, with reflexed end, aligned
head to tail in sporocyst, measure 7.5 (7-8).3
(1.0-1.5). Sporocyst residuum globular, compact, c.
1.0-1.5in diameter.

cysts ellipsoidal, measuring 18 (17-1911 (10-12).
Sporont finely granulated, filling entire odcyst. In
some odcysts preserved under coverslip for 24 hours
early sign of sporulation was found; in these odcysts
narrow space appeared between thin odcyst wall and
short, ellipsoidal sporont (Figure 7).

Odbcysts pass from gut unsporulated.
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Figure 6. Unsporulated odcysts @oussiasp. Il (arrow) andsous-
sia sp. Il (open arrow) in the intestinal mucus efemibarbus
barbus x 1, 500.

Figure 7. Odcysts ofGoussiasp. Il in the early stage of sporulation.
In most of the odcysts there is a space between the sporont and the

odcyst wall.x 1, 500.

Remarks

The o6cysts found resembled thoseZofvargaiMol-

nar, 1986, a parasite of the sterlet, addbalatonica
Molnar, 1989, a parasite of the white bream. Both
of these parasites have unsporulated odcysts in the
gut, which are also accompanied by o6cysts of other
smaller species. These two species complete their
sporulation in clean tap-water within 24 or 48 days.

Goussiasp. Il

Host Hemibarbus barbugTemninck & Schlegel);
Cyprinidae.

Locality: Mano, Lake Biwa, Shiga Prefecture, Japan.
Site: Gut content of the foregut, intestinal mucus and
intestinal scrapings.

Prevalence of infection:Two infected specimens,
66%.

Description(Figure 6)

Only unsporulated o6cysts were found (Figure 6).
Odcysts spherical or short ellipsoidal, measuring 11
(10-12)x9 (8-10). Sporont finely granulated, filling
entire o6cyst. In some o6cysts preserved under cover-
slip for 24 hours early sign of sporulation was found;
in these odcysts narrow space appeared between thin
odcyst wall and short, ellipsoidal sporont.

Odbcysts pass from gut unsporulated.

Remarks

The o6cysts found resembled o6cyst&obcipenseris
Molnér, 1986, a parasite of the sterl&, pannonica
Molnér, 1989, a parasite of the white bred&,janae
Luke$S & Dykovéa, 1990, a parasite of the dacg,
desseriMolnar, 1996, a parasite of the pikeperch, and
G. koertingiBaska, 1997, a parasite of the common
barbel. All theseSoussiaspp. have about the same 06-
cyst size and leave the host intestine unsporulated. The
latter species finish their sporulation in clean tap-water
within 24 to 48 days.

Discussion

This survey of Lake Biwa fishes revealed that fishes
of the Japanese fauna exhibit a similar infection with

coccidian species as fishes from other biotopes. In this
study only representatives of the gerteisussiawere
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identified. The majority of previously known fish coc- gut of fishes which sporulated in clean water and
cidia identified asEimeria, Goussia, Crystallospora were described as new species. In these caGes,
Labbé, 1896,CalyptosporaOverstreet, Hawkins &  vargae Molnér, 1986, G. balatonicaMolnar, 1989
Fournie, 1984 an€ryptosporidiumTizzer, 1907 be- and a species found by Baska (1997) developed in
long to Eimeria and Goussia. The genusGoussia the fish in certain circumscribed regions of the gut
was regarded for a long time as a synonyntEahe- epithelium, whileG. acipenserisMolnéar, 1986 G.
ria, but it was reinstated by Dykova & Lom (1981), pannonicaMolnar, 1989,G. janaeLukes$ & Dykova,
who assignedsoussiato the Eimeriidae. Overstreet 1990,G. girellaeKent et al., 1988G. desserMolnar,
et al. (1984) included it in the family Calyptosporidae, 1996 andG. koertingiBaska, 1997 formed epicellular
while Levine (1988) regardeGoussiaas a member  stages in the gut. In some fish a mixed infection with
of the family Barrouxiidae. Lom & Dykova (1992) unsporulated o6cysts was found, and larger odcysts
are still of the opinion thatGoussiashould remain from nodules and smaller odcysts from epicellular
in the family Eimeriidae. Sporulated o6cysts of the sites were recorded (Molnér, 1986, 1989). In this re-
new species found in this study bear typi&@bus- spect, the findings reported by Baska (1997) seem to
sia characteristics. Although the unsporulated odcysts be the most important, as this author found intracellu-
of Goussiall and 1ll do not permit a definitive di-  lar and epicellular stages Barbus barbug ., a close
agnosis, the results obtained on unsporulated o6cystsrelative of Hemibarbus barbusn which our species
by Molnér (1986, 1989, 1996), Kent et al. (1988), with unsporulated o6cysts occurred.
LukeS & Dykovéa (1990) and Baska (1997) suggest Previously, no method has been developed for
that the sporulation of these species might result in preserving fish coccidia and depositing them in col-
Goussiatype odcysts. lections. Bandoni & Duszynski (1988) and Duszynski
The host-specificity of fish coccidia is little stud- & Wilber (1997) suggest that photomicrographs of the
ied. There is no question that a certain level of sporulated odcysts should be used for this purpose.
specificity exists; however, Paterson & Desser (1982) Unfortunately, this method, elaborated for the rela-
showed thatGoussia (Eimerig) iroquoina Molnar tively large o6cysts of mammal and avian coccidia, is
& Fernando, 1974 could be transmitted to another not suitable for fish coccidia, as these compact small
closely related fish host. This means that only o6cysts o6cysts with vulnerable o6cyst wall do not resist the
differing morphologically should be described as new cleaning and floatation processes. Efforts by the au-
species. The new species@bussiaspecies found in  thors to use this method were rather unsuccessful, as
this survey do resemble known species, but differ in images of o6cysts of the new species with a size in the
minor but important morphological features, such as region of 10um proved to be of poor quality.
the shape and size of the sporocysts or the presence or  Although no information on the pathological im-
absence of polar granules in the odcysts. portance of the coccidia found can be concluded from
Odbcysts studied in this survey were first detected in the data obtained in this survey, the high prevalence
clean intestinal mucus, although they were also found and intensity of infection observed in some cases sug-
in high numbers in the gut contents. However, in the gests that this group of parasites need more attention.
latter location, it was not easy to demonstrate their
presence.
The demonstration oGoussiatype oo6cysts G. References
wakabayashiin. sp.) in gobiid fishes appears to be
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water gobiids also havBoussiainfections in the gut gzt‘?;eri?trifogggasé%iglé?ﬂgz%hﬁ':cﬁﬁrgas:et"(ﬁ'i'igiirf';
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