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HOST SPECIFICITY OF CALYPTOSPORA FUNDULI (APICOMPLEXA: 
CALYPTOSPORIDAE) IN ATHERINIFORM FISHES 

John W. Fournie and Robin M. Overstreet* 
U.S. Environmental Protection Agency, Center for Marine and Estuarine Disease Research, 
Gulf Breeze, Florida 32561 

ABSTRACT: Calyptospora funduli has a broad host specificity, infecting at least 7 natural and 10 additional 
experimental definitive hosts, all atheriniform fishes within 5 families, but most in the genus Fundulus. Barriers, 
apparently innate ones, prevent any development of C. funduli in perciform fishes but allow incomplete or 
abnormal development of the parasite in a few unnatural atheriniform hosts. In the freshwater species Fundulus 
olivaceus and Fundulus notti, these abnormalities consisted of asynchronous development, degeneration of the 
parasite in early stages of development, and the formation of numerous macrophage aggregates. Rivulus mar- 
moratus has the ability to eliminate infections with a granulomatous inflammatory response. Additional barriers 
that limit natural infections of C. funduli in other hosts include feeding behavior, environmental conditions, 
and geographic isolation. 

Calyptospora funduli has a broad host speci- 
ficity. Narrow host specificity characterizes most 
members of the genus Eimeria, species having 
oocysts superficially similar to those in the genus 
Calyptospora. Members of Eimeria in homoio- 
thermic hosts rarely infect more than 1 host ge- 
nus (Joyner, 1982). Closely related species ofho- 
moiotherms may serve as susceptible hosts, but 
cross-transmission of the apicomplexans among 
such host genera and among families seldom oc- 
curs (Marquardt, 1981). In fact, some eimerians 
considered to infect more than 1 host species 
actually represent more than 1 species (Stockdale 
et al., 1979). Such generalities concerning host 
specificity of members of Eimeria infecting ho- 
moiothermic hosts do not necessarily apply to 
piscine eimerians and those infecting other poi- 
kilothermic species. In fishes, as well as am- 

phibians and reptiles, species infecting more than 
1 host are common. At least 14 piscine eimerians 
naturally infected 3 or more host species (Pel- 
lerdy, 1974; Dykova and Lom, 1981; Overstreet 
et al., 1984). This broad host specificity of many 
piscine coccidians is known from both intestinal 
and extraintestinal forms. Actually, C. funduli, 
the subject of the paper, and some other coccidi- 
ans of poikilothermic hosts appear in some as- 
pects more similar to sarcocystids, several of 
which have broad host specificity, than to mem- 
bers of Eimeria. 

We report here natural and experimental de- 
finitive hosts for C. funduli, the most such hosts 
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* Gulf Coast Research Laboratory, P.O. Box 7000, 
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known for any piscine coccidian; development 
of the parasite in atypical hosts (those not nat- 
urally infected or rarely infected); and prevalence 
of the infection of the coccidian in Menidia beryl- 
lina, a natural but probably infrequent host. 

MATERIALS AND METHODS 
Fishes used in this study were caught with minnow 

traps, cast nets, and dip nets from coastal Mississippi: 
Halstead Bayou and Fourmile Branch of Moungers 
Creek in Jackson County; Tchoutacabouffa River in 
Harrison County. Grass shrimp (Palaemonetes pugio) 
were collected with dip nets from the small boat harbor 
at the Gulf Coast Research Laboratory, Ocean Springs, 
Mississippi. 

Grass shrimp were infected experimentally by in- 
dividually feeding them sporulated oocysts of C. fun- 
duli in the liver of wild Fundulus grandis. Fishes were 
infected by feeding them pieces of cephalothorax from 
experimentally infected grass shrimp, either individ- 
ually or in groups of 6-10, depending on the test. 

To determine if fishes other than the most common 
hosts, F. grandis, Fundulus similis, Fundulus hetero- 
clitus, and Fundulus pulvereus, were naturally infected 
with C. funduli, up to 20 individuals of the following 
fishes were examined from Halstead Bayou where the 
parasite was endemic: Fundulus jenkinsi, Cyprinodon 
variegatus, Menidia beryllina, Gambusia affinis, Adinia 
xenica, Poecilia latipinna, and Dormitator maculatus. 
Livers from these fishes were examined with a com- 
pound microscope as fresh squash preparations. 

To determine if infections with C. funduli can be 
acquired readily by cyprinodontid fishes other than the 
4 common hosts and by noncyprinodontid fishes, we 
fed 17 fish species the cephalothorax from experimen- 
tally infected grass shrimp. Anywhere from 1 to 8 in- 
dividuals of each of those species were fed shrimp, 
depending on availability of specimens. Livers from 
representatives of those fish were examined for the 
parasite 20 days after being administered infective spo- 
rozoites (hereafter termed postinfection, PI). If infec- 
tions were produced by that time and if extra fish were 
available, additional specimens were examined at a 
later date to determine if sporulation had occurred. We 
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TABLE I. Piscine hosts for Calyptospora funduli. 

Naturally Experimentally Unable to infect 
infected infected experimentally 

Fundulus grandis F. grandis (200)* Pimephales promelas (8) 
Fundulus similis F. similis (100) Notropis maculatus (2) 
Fundulus pulvereus F. heteroclitus (60) Lepomis macrochirus (4) 
Fundulus heteroclitus Fundulus parvipinnis (2) Dormitator maculatus (2) 
Fundulus jenkinsi Fundulus chrysotus (12)t 
Fundulus confluentus Fundulus notti (24)t 
Menidia beryllina Fundulus olivaceus (38)t 

Cyprinodon variegatus (4) 
Rivulus marmoratus (5)t 
M. beryllina (24) 
Poecilia latipinna (8)t 
Poecilia reticulata (6) 
Oryzias latipes (6) 

* Number of fish fed infective tissue is indicated in parentheses. 
t Hosts that exhibited some abnormal coccidian development, other than inhibited maturation, plus atypical host response. 

found that these fish were acceptable for experimental 
purposes by the lack of established sporulated organ- 
isms in specimens examined at day 20 and by the lack 
of any infections in additional specimens examined 
from the collection site. Histologic sections of some of 
those livers in test animals were prepared and exam- 
ined to determine if the host response was more ex- 
tensive in atypical hosts than in common natural hosts. 

To assess the development of C. funduli in poten- 
tially atypical hosts, we closely followed experimental 
infections in Fundulus notti and Fundulus olivaceus 
and compared them with simultaneous infections in 
F. grandis and F. similis. Liver from F. notti was pre- 
pared for histological examination at days 5, 11, 15, 
18, 20, 25, 28, 32, 34, 40, 46, and 50 PI, whereas liver 
from F. olivaceus was examined at days 5, 10, 15, 18, 
20, 23, 25, 28, 32, 40, and 46 PI. Development of C. 
funduli was also followed in several other potentially 
atypical hosts, including 2 specimens of P. latipinna, 
4 specimens of Fundulus chrysotus, and 5 specimens 
of Rivulus marmoratus. In all cases, a portion of the 
liver was examined in fresh squash preparations, and 
the remaining portion was fixed in Bouin's solution for 
histologic examination. 

To determine the prevalence of infections with C. 
funduli in a potentially atypical host, we examined 223 
specimens of M. beryllina from endemic bayous, Mis- 
sissippi Sound, and associated barrier islands. Infec- 
tions were related to host length. Livers were all ex- 
amined by fresh squash preparations, and portions of 
all infected livers were fixed in 10% buffered formalin 
or Bouin's solution for histologic examination. 

Livers were dehydrated in a graded series of ethanol, 
cleared in a commercial clearing agent, and embedded 
in paraffin. Sections of livers were cut at 6 Aum and 
stained using Harris' hematoxylin and eosin or the 
Armed Forces Institute of Pathology's method for li- 
pofuscin, a product of oxidation and polymerization 
of unsaturated lipids (Luna, 1968). 

RESULTS 

Atheriniform fishes other than the 4 species of 
Fundulus reported by Solangi and Overstreet 

(1980) can serve as natural definitive hosts for 
C. funduli (Table I). Infections occurred in a rel- 
atively high percentage of F. pulvereus (31%, 21 
of 67 examined) and F. jenkinsi (37%, 15 of 41), 
whereas only a relatively few individuals of M. 
beryllina (3%, 6 of 223) and Fundulus confluentus 
(8%, 1 of 12) harbored infections. Rather than 
progressing synchronously as development en- 
sued in common hosts, infections in several cases 
in all 4 host species exhibited asynchronous de- 
velopment, and some of those had many degen- 
erating stages (Fig. 1). Degeneration in uncom- 
mon hosts as defined here consisted of malformed 
stages and the dissolution of sporonts and spo- 
rocysts that involved more than approximately 
50% of the organisms. 

Thirteen species of fish were experimentally 
infected with C. funduli (Table I). These fishes 
included representatives of 6 genera and 5 fam- 
ilies, all of which are members of the order Ath- 
eriniformes: Cyprinodontidae (killifishes; Fun- 
dulus spp. and C. variegatus), Aplocheilidae 
(mangrove rivulus; R. marmoratus), Poeciliidae 
(livebearers; Poecilia spp.), Adrianichthyidae 
(medaka; Oryzias latipes), and Atherinidae (in- 
land silverside; M. beryllina). Infections failed to 
develop in the 4 tested members from the order 
Perciformes. 

We observed sporulated oocysts in F. grandis, 
F. similis, F. heteroclitus, F. notti, F. olivaceus, 
R. marmoratus, C. variegatus, Poecilia reticu- 
lata, and M. beryllina. Earlier stages occurred in 
fishes examined before 48 days PI (Table II). We 
observed incomplete development represented 
by unsporulated oocysts in P. latipinna, sporo- 
blasts in F. chrysotus, macrogamonts in Fun- 
dulus parvipinnis, and merozoites in 0. latipes. 
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FIGURES 1, 2. Degenerating infections of Calyptospora funduli in liver of Fundulus species. 1. Fresh squash 
preparation from natural infection in F. jenkinsi from Halstead Bayou, Ocean Springs, Mississippi, exhibiting 
asynchronous development with a few degenerating sporonts (arrows). Nomarski optics. Bar = 30 Ltm. 2. Section 
from the experimentally infected atypical host F. notti at day 25 postinfection, showing mature macrophage 
aggregate (M) containing developing oocysts. Hematoxylin and eosin stain. Bar = 75 ,Jm. 

At least 5 of the 13 atheriniforms that could generation of the organisms in early stages of 
be experimentally infected displayed abnormal development. If the incomplete development in 

development of the parasite (Table I). These ab- F. parvipinnis and 0. latipes is included, the 
normalities in atypical hosts affected more than number is 7. Development of the parasite in F. 
50% of the parasites and consisted of asynchro- chrysotus was abnormal and never observed be- 
nous development, malformed stages, and de- yond the daughter sporoblast stage; however, 

TABLE II. Days postinfection when developmental stages of Calyptospora funduli were observed in 5 experi- 
mentally infected atypical fish hosts plus those in Fundulus similis as a typical control; all were maintained at 
20-22 C. 

Days developmental stages first observed* 

Fish Number Developing Unsporulated Sporulated 
species examined Merozoites oocysts Sporoblasts oocysts oocysts 

Fundulus similist >21 4-11 13 21 28 35 

Fundulus chrysotus 15 - 26 33 - - 

Fundulus olivaceus 38 10 20 23 28 40 

Fundulus notti 24 15 20 32 46 50 

Poecilia latipinna 8 - 20 33 50 - 

Rivulus marmoratus 5 - 20 34 47 60 

* Days for observations of different hosts were not necessarily identical. 

t From Hawkins et al. (1984). 
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sporulation occurred in the other 4 atypical hosts 
listed in Table II, developing most rapidly in F. 
olivaceus. 

Some of the fishes with abnormal coccidian 
development exhibited more extensive host re- 
sponses and pathological changes than those typ- 
ically seen in infected F. grandis, F. similis, and 
F. heteroclitus. The mildest host response in an 
atypical host occurred in F. chrysotus. Histolog- 
ical sections of livers from F. chrysotus revealed 
no degenerating foci, but a moderate granulo- 
cytic inflammatory response still was present at 
36 days PI, after sporoblasts had formed. A mod- 
erate host response occurred in both F. notti (Fig. 
2) and F. olivaceus (Fig. 3), with many degen- 
erating foci present in the hepatic parenchyma 
by days 25 and 28 PI, respectively. In some spec- 
imens of F. olivaceus, there were areas of exten- 
sive fibrous encapsulation (Fig. 4). Inflammatory 
cells surrounded some foci, and these consisted 
of degenerating parasites, degenerating hepato- 
cytes, and macrophages. Such foci stained pos- 
itively for lipofuscin. By days 40 and 46 PI, all 
infections in those 2 species, whether consisting 
of sporulated oocysts or not, lacked the inflam- 
matory infiltrate and degenerating parasites. 

The most extensive host response to C. funduli 
occurred in R. marmoratus. In fresh squash prep- 
arations of the host, approximately 95% of the 
parasites showed some degeneration by day 47 
PI. Histologically, numerous necrotic foci with 
both degenerating parasites and host cells oc- 
curred in the hepatic parenchyma at days 20 and 
26 PI. Inflammatory cells surrounded degener- 
ating foci by day 34 PI (Fig. 5), and some small 
areas of exudate occurred in the liver. By days 
47 and 60 PI, an extensive inflammatory infil- 
trate, including an influx ofeosinophilic granular 
cells, surrounded the degenerating foci. Many of 
these foci had been invaded by macrophages, and 
the foci stained positively for lipofuscin. Gran- 
uloma formation was also apparent (Fig. 6). 

Of the 6 naturally infected specimens of M. 
beryllina, all were mature individuals with a total 
length ranging from 81 to 112 mm. That size- 
group consisted of 114 fish from a variety of 
endemic locations. One of those fish contained 
developing oocysts, and the parasite exhibited 
little or no degeneration. The other 5 exhibited 
sporulated oocysts, but all those infections ex- 
hibited some asynchronous development with 
many degenerating stages. Histologically, no un- 
usual pathologic change was seen in any of the 
6 natural infections. 

DISCUSSION 

The broad host specificity of C. funduli, in- 
cluding at least 7 natural definitive hosts and 13 
experimental hosts, 10 of which differ from those 
7, is the most known for any coccidian. When 
compared with species of Eimeria in homoio- 
thermic hosts, C. funduli has an exceptionally 
wide range of hosts because nearly all those spe- 
cies of Eimeria infect only 1 host species (Joyner, 
1982). Such wide specificity for C. funduli, how- 
ever, is not unexpected because multiple hosts 
are reported for many coccidians infecting fish 
and other poikilothermic hosts (Dykova and 
Lom, 1981; Overstreet, 1981). Additionally, some 
of the accepted generalities concerning host spec- 
ificity applicable to eimerians infecting homoio- 
thermic animals may not apply to those in fish. 
As pointed out by Marquardt (1981), we need to 
examine the ability for Eimeria species and sar- 
cocystids, which have sporocystic plates and also 
are heteroxenous like C. funduli, to signal the 
host cell so that it can function as necessary for 
the parasite to be accepted, live, and develop. 
Calyptospora funduli can be used to investigate 
the problem. Even though sporulated oocysts de- 
veloped in the liver of at least 5 of the experi- 
mental atypical fish hosts, we noted anywhere 
from 50 to 95% of the oocysts in those fish to be 
degenerating. Seldom did we see more than a few 
degenerating oocysts in well adapted natural hosts 
such as F. grandis. Nevertheless, the highest 
number of reported definitive hosts for a sar- 
cocystid is the 6 feline species that host Toxo- 
plasma gondii. Virtually any homoiotherm and 
some cold-blooded vertebrates can serve as an 
intermediate host for that species (Smith, 1981). 
Other sarcocystids have 5 or possibly 6 mostly 
canine or snake species acting as definitive hosts 
(Levine, 1988). Calyptospora funduli also has 
many species of potential intermediate hosts, but 
they all apparently have to be palaemonid 
shrimps (Fournie and Overstreet, 1983). 

Three barriers limit infections of C. funduli, 
and they are the host, environmental conditions, 
and geographic separation. First, presently un- 
defined innate barriers serve as primary blocks. 
These would account for the inability of C. fun- 
duli to develop in the 4 perciform fishes tested 
and the incomplete or abnormal development in 
5 of 13 experimentally infected atheriniforms. 
We have examined the liver of numerous spec- 
imens of more than 100 local fish species for 
either specific parasites or a general examination 
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FIGURES 3-6. Photomicrographs of sectioned livers of experimentally infected atypical hosts for Calyptospora 
funduli, hematoxylin and eosin stain. 3. Degenerating foci in Fundulus olivaceus at 28 days postinfection (PI). 
Note oocysts (arrows). Bar = 75 ,tm. 4. Fibrous encapsulation of parasites and adjacent exudate in F. olivaceus 
at day 25 PI. Bar = 70 ,m. 5. Focus of degenerating oocysts (F) and initial granuloma formation (arrow) in 
Rivulus marmoratus at 34 days PI. Bar = 75 ,m. 6. Close-up showing a more developed, typical, small, epithelioid 
granuloma (G) in R. marmoratus at 60 days PI. Bar = 30 C,m. 
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1958; Kinch, 1979; McComas and Drenner, 
1982). However, the species is an opportunistic 
omnivore, and as individuals get larger, they feed 
on larger prey (Dixon in Stickney and Mc- 
Geachin, 1978), such as grass shrimp. Likewise, 
it was the large individuals, 5.3% of 114 fish > 80 
mm, that had infections. 

Another example of feeding behavior limiting 
C. funduli infections concerns the host C. varie- 
gatus. Natural infections of C. funduli were not 
seen in the 20 examined specimens of the sheeps- 
head minnow from Halstead Bayou even though 
infections occurred concurrently in the 6 sym- 
patric naturally infected species of Fundulus. 
Moreover, C. variegatus could be infected ex- 
perimentally. Cyprinodon variegatus apparently 
does not feed on palaemonid shrimps, the inter- 
mediate hosts. Whether in a Florida marsh, Gal- 
veston (Texas) marshes, or local estuaries (Odum 
and Heald, 1972; Stickney and McGeachin, 1978; 
R. W. Heard, pers. comm., pers. obs.), this spe- 
cies, based on observations of several specimens 
from each locality, feeds on relatively small food 
items: detritus, foraminiferans, harpacticoid co- 
pepods, ostracods, various arthropod larvae, and 
fish eggs. We should emphasize that examination 
of up to 20 individuals of most of the following 
species, but > 35 of C. variegatus and M. berylli- 
na, from Halstead Bayou where the parasite was 
endemic yielded no infections: C. variegatus, M. 

beryllina, G. affinis, A. xenica, P. latipinna, and 
D. maculatus. 

Salt concentration can also serve a barrier to 
infection. In the few years previous to 1980, F. 

grandis did not occur in the ponds and normally 
high-salinity lagoons of Horn Island, a barrier 
island about 20 km offshore from Mississippi, 
and it occurred there only irregularly before then. 
The more halophilic F. similis and palaemonid 
shrimps typically occurred there, but C. funduli 
never was observed in the occasional necropsies 
conducted on the fish over several years for a 
variety of reasons. Apparently following the tem- 
porary establishment of relatively low salinity 
water in Mississippi Sound and around the is- 
land, F. grandis and the infection showed up 
(Fournie and Solangi, 1980). Despite the salinity 
barrier of Mississippi Sound being reestablished, 
both F. grandis and F. similis still inhabited the 
island waters in 1992 and still exhibited infec- 
tions. On the other hand, even though fresh- 
water, estuarine, and marine palaemonid shrimps 
all can serve experimentally as intermediate hosts 
(Fournie and Overstreet, 1983), infections do not 

spread a few kilometers and become established 
in riverine habitats containing the same fresh- 
water fish and shrimp species that we have in- 
fected experimentally. 

Infections of C. funduli in F. heteroclitus were 
observed by us from coastal Massachusetts 
(northern record: New Bedford Harbor-Buz- 
zards Bay, specimens provided by George R. 
Gardner, U.S. EPA Environmental Research 
Laboratory, Narragansett, Rhode Island), Vir- 
ginia, and Georgia and in other killifishes from 
various scattered locations in the northern Gulf 
of Mexico. Presumably, C. funduli has a wide 
geographic range in the coastal areas of the west- 
ern North Atlantic Ocean, but it does not occur 
in the coastal areas of the Pacific Ocean where 
several palaemonid species occur, even though 
the common F. parvipinnis from California served 
as an experimental host. Gamonts formed in that 
host without any apparent abnormality, but be- 
cause of a small number of available specimens, 
we did not have the opportunity to examine in- 
dividuals in which more developed stages could 
have occurred. 

The combination of the host-parasite's innate 
barriers, the environmental conditions, and geo- 
graphic separation combine to influence the re- 
sulting host specificity and host response. More- 
over, the added interaction of environmental 
conditions such as low temperature further in- 
fluences these results (Solangi et al., 1982). Even 
though the fish hosts have both a cellular and 
humoral response, their parasites are not as buff- 
ered from environmental conditions as those in 
homoiothermic hosts. Consequently, more ex- 
treme cases of broad host specificity can be ex- 
pected for coccidians in fishes. 
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