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ABSTRACT: Goussja aculeati developed in the parasitophorous vacuole situated intraplasmatically 
between nucleus and apical end of the intestinal epithelium cell of the three-spined stickleback 
Gasterosteus aculeatus (L.). A s~ng le  membrane of the parasitophorous vacuole formed numerous 
intravacuolar blebs, which detached to be absorbed by the parasite micropores or invaginations on its 
surface. All developmental stages of the parasite, except merozoites, were surrounded by a single 
membrane. Meronts of one of the last generations were formed through ectomerogony. Few micro- 
gametes formed on the surface or in the deep fissures of the microgamont. In macrogamonts, 2 types of 
electron-dense membrane-bound bodies were seen: small ones, up to 600 nm in diameter, round and 
homogenous: and large ones of irregular electron-density, up to 1.9 pm in diameter. Role and origin of 
these bodies in G. aculeati remain unknown. 

INTRODUCTION 

Goussia aculeati is one of the 2 species of coccidia 
parasitizing the intestine of three-spined stickleback 
Gasterosteus aculeatus (L.). Light microscope investi- 
gations have shown that G. aculeati develops in the 
cytoplasm of intestinal epithelium cells (Jastrzqbski 
1984, Jastrzqbski et al. 1988), whereas the other intesti- 
nal species of three-spined stickleback coccidia - 
Goussia zarnowskii - localizes superiorily to the host 
cell cytoplasm, under its surrounding membrane, as 
light and electron microscopy results have indicated 
(Jastrzqbski & Komorowski in press). 

In recent years, developmental stages of fish coccidia 
have frequently been subject to ultrastructural exami- 
nations; however the investigations concerned mainly 
either parenteral coccidia (Hawkins et al. 1983a, b, 
Morrison & Hawhns 1984, Landsberg & Paperna 1985, 
Paperna et al. 1986) or epiplasmatically localized intes- 
tinal coccidia (Daudi et al. 1986, Landsberg & Paperna 
1986, Molnar & Baska 1986, Jastrzqbski & Komorowski 
in press). Only 2 species of intraplasmatically develop- 
ing fish coccidia of intestinal epithelium cells have 
been described in detail, i.e. Goussia irroquoina para- 
sitizing intestines of Notropis cornutus and Pimephales 
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promelas (Molnar & Fernando 1974, Paterson & Desser 
1981a, b, c, 1984) and G. laureleus parasitizing the 
intestine of Perca flavescens (Molnar & Fernando 1974, 
Desser & Li 1984). It should be stressed that this intra- 
plasmatic model of development is typical for most 
species of fish coccidia. The ultrastructural description 
of the development of G. aculeati is therefore aimed at 
contributing to our knowledge of this largest group of 
fish coccidia. 

MATERIALS AND METHODS 

Three-spined sticklebacks Gasterosteus aculeatus (L.) 
caught in spring and autumn in a carp pond farm of the 
Inland Fishery Institute, 'Labieniec (Poland), were dis- 
sected in search of Goussia aculeati oocysts. For this 
purpose fecal contents of the hindgut (3 to 5 mmin length) 
were pressed out. When numerous unsporulated or 
sporulated oocysts of G. aculeati were found in the 
pressed-out material, the scrapings of foregut and mid- 
gut mucous membrane were collected for ultrastructural 
examination. The material thus collected was fixed in 
2 % paraformaldehyde solution with 2.5 % glutaral- 
dehyde in cacodylate buffer pH 7.4 (for 24 h) and 
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postfixed with 1 % osmium tetroxide in the same buffer. 
Subsequently the samples were dehydrated in an  
ascending series of alcohols and treated with propylene 
oxide. Tissues were embedded in Epon 812. Ultrathin 
sections were cut with a glass knife, mounted on un- 
coated, copper grids, stained with uranyl acetate and 
lead citrate, and examlned under a JEM 100 C electron 
microscope. Unsporulated oocysts collected in pressed- 
out fish feces were incubated in tap water (20 "C) for 48 h 
in order to confirm the parasite's species classification. 

RESULTS 

In sticklebacks naturally infected with Goussia 
acuieati, electron microscopic examination reveaied the 
following developmental stages of the parasite: 
trophozoites, meronts, micro- and macrogamonts. All 
these parasite forms developed in the parasitophorous 
vacuole (PV) in the intestinal epithelium cells, localized 
between nucleus and host-cell apical pole. The PV was 
surrounded by a single-unit membrane. On the host-cell 
cytoplasm side were dilated cisternae of rough endo- 
plasmic reticulum (ER) adjacent a t  numerous sites, as 
well as many adhering vacuoles, surrounded by single- 

unit membrane (Figs. 1 and 2). The PV membrane often 
formed intravacuolar blebs containing a fine vacuole, or 
even a fragment of host-cell cytoplasm with ribosomes, 
sometimes with a few fine vacuoles. These protrusions 
would probably become detached from the PV mem- 
brane and pass into the PV space to form double- 
membraned fine vesicles, or bigger vesicles containing 
ribosomes and a few fine vacuoles (Fig. 2). Such forma- 
tions were clearly visible also in the peripheral area of 
the parasite cytoplasm and in its surface invaginations. 
In the PV space then reticulated contents as well as free 
ribosomes could be observed (Figs. 1 and 2) .  Intravacuo- 
lar microtubules were absent. 

Trophozoites 

Usually a single intestinal cell was invaded by a single 
parasite, less often by 2 parasites. Trophozoites, being 
very early forms of meronts or gamonts, were surrounded 
by single continuous membrane (plasmalemma) with 
several remnants of the double-membraned inner pel- 
licular complex (IPC) visible beneath it (Fig. 1). Pellicular 
microtubules were absent. In some trophozoites, single 
micropores and  surface invaginations into cytoplasm 

Fig. 1. Goussia aculeati. Trophozolte. Note remnants of double-membraned pe l l l~u la~  complex (arrowheads) and surface 
invagination with ingested double-membraned vesicle (arrow]. ER. rough endoplasmic reticulum; G :  Golgi complex: Li: lipid 

body: N:  nucleus with nucleolus; V. vacuole conta in~ng small osmlophllic granule. [ X  33 000) 
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Fig. 2. Goussia aculeati. Trophozoite. Numerous blebs and double-mernbraned vesicles seen in parasitophorous vacuole (small 
arrows) as well as in the parasite cytoplasm (large arrows). Note fine ves~cles adhered to PV membrane in the host-cell cytoplasm 
(arrow-heads). ER: endoplasmic reticulum; M: mitochondrion; N: nucleus with nucleolus; PhV: phagocytic vacuole. ( X  21 000) 

were visible (Fig. 1). In the parasite cytoplasm organelles 
could be seen, such as a single nucleus with a distinct 
nucleolus, the Golgi complex, small vacuoles frequently 
containing fine dense granules, single large mitochon- 
dria with tubular cristae, and free ribosomes. In addition, 
single micronemes and round large size lipid bodies were 
found. The rough ER was usually observed as having 
formed into long canaliculi (Figs. 1 and 2). Characteristi- 
cally, in PV surrounding trophozoites numerous blebs 
were visible as well as vesicles containing fine vacuoles 
and fragments of host-cell cytoplasm, whereas in the PV 
surrounding more advanced meronts and gamonts these 
were much less numerous. 

Meronts 

merozoites. Under the meront plasmalemma at this 
stage of development, elements of the future apical 
complexes of merozoites first appeared; this clearly 
indicated that merozoites formed through ecto- 
merogony (Fig. 4 ) .  Between the newly-formed apical 
complex and the merozoite nucleus, Golgi complex 
vesicles and rhoptry anlagen were visible. A cross- 
section through a mature meront showed a few (up to 
6) merozoites (Fig. 5). The merozoites were surrounded 
by a 3-membraned pellicle. A nucleus with a nucleolus, 
the Golgi complex, rough ER, mitochondrion, rhoptries, 
micronemes and a conoid with 2 preconoidal rings 
were visible in the merozoite cytoplasm (Fig. 5). In 
some of the meronts the less osmiophilic meront cyto- 
plasma1 residuum was visible containing ribosomes, 
vacuoles and dilated ER cisternae. 

Early meronts were, analoycally to trophozoites, sur- 
rounded by a continuous plasmalemma. Within the Microgamonts 
cytoplasm a few nuclei with nucleoli, peripheral 
mitochondria, single scattered micronemes, lipid In the material examined, only considerably ad- 
bodies and single small vacuoles were visible (Fig. 3). vanced developmental forms of microgamonts were 
During meront development, rough ER quantity signifi- found, surrounded by a single continuous limiting 
cantly increased, thus most probably providing mem- membrane. Microgametes under formation were visi- 
branous material for the subsequently produced ble both on the gamonts' peripheries, and in its deep 
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Fig J u'ouss~a aculeah Mature meront \n th  dlstinct merozoites ( X  17 000) 

surface invaginations (fissures) flagellae appeared, fol- 
lowed by a protruding microgametic nucleus with 
dense heterochromatin. The bright part of the nucleus 
of the newly-forming microgamete remained in the 
microgamont cytoplasm as a residual nucleus. In the 
gamont cytoplasm, numerous mitochondria were also 
present, usually situated beside the nuclei of the micro- 
gametes under formation, and mitochondria with con- 
centric multimembranous material. Moreover, small 
quantities of rough ER with dilated canaliculi were 
found, as well as Golgl complexes, lipid bodies, scarce 
niicronemes and scattered ribosomes (Fig. 6) .  

In mature n~icrogamonts, single microganietes with 
flagellae could be observed budding off the microgam- 
ont surface into the PV space. The plasmatic residuum of 
the microgamont grew brighter in the course of its 
development and contained vast areas of loose reticular 
structures, without nbosomes or any other organelle. In 
the darker portion of cytoplasm, containing ribosomes, 
double-membrane bound bright residual nuclei were 
visible, as well as dilated ER canaliculi, single vacuoles, 
lipid bodies and single micronemes scattered in the 
gamont peripheral area (Fig. 7). 

The microgamete consisted of a nucleus with dense 
osmiophhc chromatin, surrounded by a double-mem- 
braned nuclear envelope, and an oblong mitochon- 

drion as well as 4 niicrotubules passing along the nu- 
cleus and mitochondnon (Fig. 7, inset). The anterior 
end of the microgamete was armed with perforatorium 
and a rod-like structure projecting from it (Fig. 7).  The 
entire microgamete was surrounded by a single con- 
tinuous membrane derived from the microgamont 
plasmalemma. The number of microgametes produced 
was rather small; in maturing microgamonts, in a single 
cross-section, up to 19 gametes were found. 

Macrogarnonts 

In the macrogamont material examined, 2 forms 
could be distinguished being more or less advanced in 
their development. The earlier stages were surrounded 
by a single continuous membrane under which, only at 
some spots, remnants of double-membraned IPC could 
be found. In the cytoplasm of such a young macrogam- 
ont, a large nucleus with a distinct nucleolus was 
noticeable, enveloped in a double membrane, as well 
as concentrations of rough ER canaliculi, peripheral 
small mitochondria and fine vacuoles. In the cytoplasm 
between the rough ER canaliculi, membrane-bound 
polysaccharide granules could be observed under for- 
mation, a few in the beginning stages. In addition, 
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Fig. 6 Goussia aculeati Microgamont w t h  mlcrogametes budding lnto the PV and into deep invagination (wide arrow). GN: 
gamete nucleus; L1. llpld body, M mltochondnon, RN residual nucleus. ( X  16 000) 

Fig 7 Gouss~a dculeati. Mature microgamont. Two vast areas of gamont cytoplasm without any organelles can be seen on 2 poles 
of rnicrogamont ER: endoplasmic reticulum; Li: lipid body: Pf: microgamete perforatorium; RN: residual nucleus; VA: vast area; 
( X  l8 0001 Inset: cross section through microgamete. Note 4 microtubules (arrows). F: flagellurn; GN: gamete nucleus; M: 

mitochondrion. ( X  52 000) 
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Fig. 8. Goussia aculeati. Early macrogamont. G :  Golgi complex; Li: lipid body; M: mitochondrion; N: nucleus; PG: polysaccharide 
granule; SI: spongiform inclusion. ( X  16 000) 

numerous membrane-bound inclusions of moderate 
electron density and a slightly spongiform structure 
(800 to 1300 X 420 to 980 nm) were visible. The PV 
space was narrow, but still distinct (Fig. 8). 

In advanced forms of macrogamont development, 
polysaccharide granules appeared in significantly 
increased quantities and of considerably larger size 
when compared to those in the earliest forms. On the 
other hand, the numbers of ER canaliculi and of 
mitochondria decreased. Spongiform inclusions were 
not visible at this stage of development. Apart from the 
above-mentioned changes, in the cytoplasm of advanced 
macrogamonts, membrane-bound lipid bodies and also 
membrane-bound electron-dense bodies of various sizes 
appeared: (1) large bodies (up to 1.9 pm) of irregular 
density and irregularly round shapes (Mx); (2) small 
bodies (up to 600 nm in diameter), homogeneous, of high 
electron-density and of regularly round shapes (Mv). In 
some microphotographs, small round granules of similar 
or less osmiophilic electron-density were observedin the 
course of separating from the larger bodies (Mx) or con- 
necting with them (Fig. 9). Such macrogamonts were sur- 
rounded by a single continuous membrane without any 
IPC remnants. The PV space was, at  this stage of develop- 
ment, very narrow and often hardly discernible (Fig. 9). 

DISCUSSION 

Our ultrastructural investigations on the development 
of Goussia aculeatiin three-spined sticklebacks indicate 
considerable similarity of developmental stages to the 
development of other intraplasmatic fish coccidia, in 
particular Goussia irroquoina parasitizing intestinal 
epithelium cells of Notropis cornutus and Pimephales 
promelas (Paterson & Desser 1981a, b ,  c, 1984). An 
interesting characteristic of G. irroquoina development 
is its differentiated merogony: the first generations of 
merozoites are formed from ectomerogony, whereas the 
last generation preceding gamogony is formed through 
endomerogony. In G. aculeati the number of meront 
generations cannot be precisely determined, since only 
naturally infected sticklebacks have been examined. 
However, on the premises of light-microscopy results, a t  
least 3 generations of merogony are supposed to exist 
(Jastrzqbski et  al. 1988). The present paper indicates that 
in one of the merogonies (probably in the last one) 
merozoites are formed through ectomerogony. In a 
similar study, concerning the development of Epieimeria 
anguillae in European eels, Molnar & Baska (1986) 
described endomerogony, similar to that in G. irro- 
quoina, in one of the last generations of meronts. 
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Fig 9. Goussia aculeati. Maturing macrogamont. Li: Lipid body; Mv: small round electron-dense bodies; Mx: dense large bodies; 
N. nucleus with nucleolus; PG: polysacchande granule. ( X  12 500) 

Microgametes of Goussia aculeati form in small num- 
bers both on the surface and in deep fissures of gamont 
cytoplasm - very similar to the microgametogenesis in 
G. irroquoina (Paterson & Desser 1981c) and,  to a lesser 
degree, that in E. anguillae (Molnar & Baska 1986). 
However, deep invaginations were not noted in mi- 
crogamonts of Calyptospora funduli (Hawluns et al. 
1983b), G. laureleus (Desser & Li 1984) and G. zar- 
nowskii (Jastrzqbslu & Komorowski in press). 

Paterson & Desser (1981b. 1984) described in mac- 
rogarnetes of Goussia irroquoiaa 2 types of electron- 
dense membrane-bound bodies: smaller, round mem- 
brane-bound vesicles (Mv) and  larger ones, of electron- 
dense material (Mx), which were formed, according to 
the authors, through cumulating smaller inclusions 
(Mv). Two almost identical types of electron-dense 
bodies were found in G. aculeati macrogametes, and 
their 'Mv' and 'Mx' symbols have been accepted after 
Paterson & Desser. The phenomenon of smaller bodies 
(Mv) merging into larger ones (Mx), analogical to that 
observed in G. irroquoina, was also noted, although a 
contrary interpretation cannot be  excluded, i.e. smaller 
formations may be  detached from larger ones. 
Moreover, i.t is also possible that the precursors of the 
Mx inclusions are, in G. aculeati, moderate electron- 

dense bodies of slightly spongiform structure (SI) found 
only in very young, but yet recognizable, macrogam- 
onts. The role of Mv, Mx and S1 inclus~ons in G. 
aculeati is still unknown, since the further stages of 
macrogamete and zygote development require investi- 
gations. However, Paterson & Desser (1984) assumed 
that Mx inclusions were the precursors of refractile 
bodies in sporoblasts and sporozoites of G. irroquoina. 

Similarly, the general problem concerning fish coc- 
cidia is their mode of feeding in the host cell. It is rather 
certain that the epiplasmatic coccidia, parasitizing like 
the members of Epieimeria and Cryptosporidium, have 
a different pattern of nutrient uptake from the intra- 
plasmatic coccidia, such as those of the genera Eimeria, 
Goussia and Calyptospora. The first group of coccidia 
probably absorbs nutrients only through the adhesive 
zone formed by the parasitophorous vacuole penetrat- 
ing with its processes into host-cell cytoplasm (Daudi et  
al. 1986, Molnar & Baska 1986, Paperna et al. 1986, 
Jastrzebski & Komorowski in press), or through feeder 
organelle protrusions typical for members of the genus 
Cryptosporidium (Landsberg & Paperna 1986). Unlike 
the above, coccidia parasitizing in fishes in a typical 
intraplasmatic PV feed through producing intravacuo- 
lar blebs, which contain elements of host-cell cyto- 
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plasm. According to Hawkins et al. (1983a, b) and 
Morrison & Hawkins (1984), nutrient materials are 
accumulated in the host-cell ER cisternae, neighbour- 
ing the PV membrane, to be subsequently formed into 
blebs, which are detached and pass into the PV space, 
joined with the parasite surface and absorbed into its 
cytoplasm. Such a phenomenon was also found in G. 
aculeati, which thus contributes to the list of fish coc- 
cldia without intravacuolar microtubules and folds of 
PV membrane. The PV membrane's 'feeding activity' 
is markedly higher In G. aculeati in fast-growing 
trophozoites than in developing or mature meronts or 
gamonts. In mature macrogamonts the number of 
mitochondria also decreases in comparison to their 
earlier stages. Pitillo & Ball (1979) account for a similar 
phenomenon in the developn~ent of Eimeria maxima in 
terms of decreased nutritional requirements of mature 
macrogametes, as compared to developing ones; this 
may also be related to the development of G. aculeati. 

The taxonomic position of Goussia aculeati has not 
been fully corroborated by ultrastructural examination 
of sporocyst walls. However, since light microscope 
examinations failed to reveal any formations similar to 
the Stieda body (Jastrzebski 1984), it has been 
accepted, following Dykova & Lom's (1981) suggestion, 
that a species in which the Stieda body IS absent most 
probably belongs to the genus Goussia Labbe. 
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