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Abstract. Seven species of fishes, Catostomus commersonii (Lacépède), Etheostoma nigrum Rafinesque, Micropterus dolomieu 
Lacépède, Notemigonus crysoleucas (Mitchill), Notropis hudsonius (Clinton), Perca flavescens (Mitchill), and Percina caprodes 
(Rafinesque) from the St. Lawrence River, Quebec, Canada, were found infected with progenetic specimens of Neochasmus spp. 
in the orbits and/or the body musculature. Worms displayed varying degrees of maturation. Eggs occupied the entirety of the 
worm in late stages of development and persisted as distinct clusters in situ after worm death. Populations of parasites were stud-
ied monthly in E. nigrum from one site between May and October in order to follow parasite recruitment, development and 
maturation. Recruitment of parasites was observed in young-of-the-year fish primarily in July and continued through October. 
Worms matured rapidly, displaying egg production within a month. Later developmental stages, in which eggs occupied most of 
the worm, and clusters of eggs became abundant by September. Infections in overwintered fish collected in May consisted 
mainly of worms in early stages of egg production and of clusters of eggs. When hatched artificially, eggs from the clusters 
released viable miracidia, indicating that they survive beyond the lifespan of the adult worm. It is suggested that progenesis is a 
fixed characteristic of the life cycle of these species, that egg dispersal requires the death of the host and that it is facilitated by 
predation. All prior records of Neochasmus spp. are examined, leading us to conclude that the role of the putative definitive host 
(primarily basses) has been reduced to that of a dispersal agent. Current hypotheses concerning the evolution and maintenance of 
progenesis are considered, but it is concluded that they do not apply to this host-parasite system. 

Life cycles within the Digenea are complex. They 
typically involve two intermediate hosts and a definitive 
host; however truncation, or the shortening, of the life 
cycle from the usual three to two hosts (or even one) is 
not uncommon and has occurred in at least 32 families 
(Poulin and Cribb 2002). Phylogenetically, the extent to 
which truncation occurs varies; it may involve all spe-
cies within a family, only certain species or, in some 
cases, only certain members of a particular species 
(Poulin and Cribb 2002). In many cases truncation in-
volves progenesis where the parasite attains sexual ma-
turity in the second intermediate host.  

Members of the family Cryptogonimidae typically 
require snails and fish as the first and second inter-
mediate hosts, respectively (Yamaguti 1975, Greer and 
Corkum 1979). Most display the usual three-host life 
cycle (Yamaguti 1975, Greer and Corkum 1979, 1980) 
but metacercariae of some species display varying de-
grees of sexual development (Yamaguti 1975, Hoffman 
1999) and those of Aphalloides coelomicola Dollfus, 
Chabaud et Golvan, 1957 mature in the body cavity of 
what would normally be the second intermediate host 
(Maillard 1973, Pampoulie et al. 1999).  

Species belonging to Neochasmus Van Cleave et 
Mueller, 1932 are intestinal parasites of fishes (seven 

species) and reptiles (one species) (Lamothe-Argumedo 
et al. 1989, Hoffman 1999). Specimens have also been 
reported from the body musculature of several species 
of fishes (e.g. Paperna 1964, Voth and Larson 1968, 
Noble 1970, Woods 1971, Muzzall and Peebles 1987, 
Peters in Hoffman 1999, Walker in Hoffman 1999, Car-
ney and Dick 2000). The life cycle of Neochasmus is 
unknown but, as fish serve as the second intermediate 
hosts in the life cycles of other cryptogonimids, reports 
of specimens in the flesh of fish are consistent with a 
three-host life cycle reported for other members of the 
family. However, Muzzall and Peebles (1987) observed 
a range of developmental stages in emerald shiners (No-
tropis atherinoides Rafinesque), and progenetic speci-
mens have also been seen in the muscles by Peters (in 
Hoffman 1999) and Voth and Larson (1968). We have 
also found them in several species of fishes collected 
from various sites in the St. Lawrence River near Mont-
real, Canada (Marcogliese, unpublished data).  

The presence of sexually mature flukes encysted in 
the muscles of what would normally be the second in-
termediate host is suggestive of a life cycle that has un-
dergone truncation through the elimination of the nor-
mal definitive host. However, the fact that mature 
specimens of Neochasmus have also been reported from 
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the intestine of larger fish suggests that progenetic de-
velopment in this life cycle may either be facultative 
(sensu Poulin and Cribb 2002) or that it has not yet 
evolved to the point where the definitive host has been 
completely eliminated. 

In this study, we report on the prevalence of Neo-
chasmus infections in various species of fish collected 
from sites in the St. Lawrence River near Montreal, 
Quebec, Canada and then examine the annual infection 
cycle and age distribution of the parasite in johnny dart-
ers (Etheostoma nigrum Rafinesque) from one of those 
sites to assess the extent of progenesis in the fluke popu-
lation.  

MATERIALS  AND  METHODS 

Collection of hosts. Sixteen species of fishes were col-
lected at various sites along the St. Lawrence River between 
Lake St. François and Lake St. Pierre in 1997–99 as part of 
other ongoing research (Marcogliese and Campagna 1999, 
Marcogliese et al. 2001) (Fig. 1). All fish were collected with 
a 22.6 m × 1.5 m seine fitted with a 3 mm mesh. Specimens 
collected in 1997 and 1998 were part of a study on eyeflukes 
(Diplostomum spp.) and only eyes and orbits were examined. 
These include 97 golden shiners Notemigonus crysoleucas 
(Mitchill), 159 spottail shiners Notropis hudsonius (Clinton), 
15 young-of-the-year white sucker Catostomus commersonii 
(Lacépède), 149 young-of-the-year smallmouth bass Microp-
terus dolomieu Lacépède, 28 logperch Percina caprodes 
(Rafinesque),  275  yellow  perch  Perca flavescens  (Mitchill)  

and 72 specimens of E. nigrum. In the following additional 
samples, whole fish were examined: E. nigrum from Île de la 
Couvée in September 1998 (n = 24) and Îles de Boucherville 
in June 2002 (n = 60), P. caprodes from Île de la Couvée in 
September 1998 (n = 10) and Îlet Vert in July 1999 (n = 10), 
and N. hudsonius from Îlet Vert (n = 30), Îles de Boucherville 
(n = 32), Île Beauregard (n = 30) and Île St. Ours (n = 32) in 
August–September 1999) (Fig. 1). In order to follow the sea-
sonal progression of infection and the development and matu-
ration of the flukes in fish, specimens of E. nigrum were col-
lected from Île Deslauriers (Fig. 1) in May (n = 50), June (n = 
49), July (n = 41), September (n = 62) and October (n = 56) 
2001. The entire fish was examined in these samples. Mean 
abundance and intensity values are given as the mean ± 1 SD. 
Prevalence is expressed as a percent. For those fish where only 
eyes and orbits were examined, the prevalence was calculated 
for each host species by combining all specimens from the 
various sites on an annual basis. These values will clearly 
underestimate true prevalence. 

Collection of parasites. Fish were transported live to the 
laboratory and maintained at 15–19°C for a maximum of two 
weeks prior to examination. The fish were killed in MS 222 
and the total length of each fish was measured to the nearest 
mm. To minimize effects from multiple age classes, only fish 
≤ 50 mm in total length were used to interpret seasonal pat-
terns. The eyes were removed and their external surface was 
examined, under magnification, for parasites. Then the orbits 
were examined and finally, the fish was skinned and the mus-
culature was examined using transmitted light and a stereomi-
croscope. Flukes were found in cysts on the orbital surface of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Map of the St. Lawrence River, Quebec, Canada, with sampling localities. Inset: The location of the St. Lawrence River in 
eastern North America. 
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the eye and within the musculature. These were dissected free 
of the tissues, placed in water and opened with dissecting nee-
dles to release the parasites. Most of the flukes were fixed in 
hot 70% ethanol but a small sample was fixed in absolute 
ethanol for eventual DNA extraction and sequencing. Speci-
mens prepared as whole mounts were stained in acetocarmine. 
For most flukes, the anterior end was removed and mounted 
en face to facilitate the counting and measurement of the oral 
spines. We also found what proved to be the eggs of the en-
cysted flukes that appeared as small light to dark brown 
masses in the muscles (hereafter referred to as egg clusters). 
These were dissected free of the tissues and examined micro-
scopically as temporary mounts to verify the presence of eggs. 
Several 5 mm long sections of fish containing encysted flukes 
or egg clusters were placed in Bouin’s fixative for histological 
study. Paraffin sections were cut at 8 µm and stained in 
Mayer’s haematoxylin and eosin for microscopical examina-
tion.  

Flukes used in the seasonal study were classified into three 
developmental stages based on the presence and volume of 
eggs in the uterus. We used the original drawing of Neochas-
mus umbellus Van Cleave et Mueller, 1932 as the standard and 
each specimen was placed in one of the following categories: 
juveniles and young flukes without eggs (stage 1), those with 
the uterus 1/4–1/2 full of eggs (stage 2), those with the uterus 
over 1/2 to completely full of eggs (stage 3). Egg clusters were 
placed in a separate category (stage 4). The proportion of 
stages in each developmental category was determined from 
all worms pooled together in each fish sample. 

Sixteen flukes (5 in stage 2 and 11 in stage 3) and eight egg 
clusters from E. nigrum collected at Îles de Boucherville (June 
2002) and Îlet Vert (June 2004) were placed in aged tap water 
for 48–96 hours. Individual flukes and egg clusters were 
placed in a drop of water on a slide, and a cover glass was 
added. Forceps were used to apply sufficient pressure to rup-
ture the eggs (Greer and Corkum 1979) which were then ex-
amined under low power magnification for miracidia.  

RESULTS 

General observations 
Two species of Neochasmus were found in this study. 

Six specimens with 27 oral spines were found in pre-
liminary studies. These were identified as N. umbellus. 
All of the other specimens examined in detail (ca. 250) 
appear to belong to an undescribed species. They re-
semble N. umbellus in general morphology but possess 
31–37 oral spines rather than 27. As the overwhelming 
majority of specimens belong to the latter species the 
data were pooled and analysed as though it represented 
a single species and reported here as Neochasmus sp. 

The mature flukes were found in cysts that measured 
roughly 240–280 by 250–440 µm in situ. Each thin-
walled, transparent cyst contained a single fluke (>1,000 
observations) that was readily visible within it. Some 
cysts were located on the external surface of the eye 
within the orbit but most were found in the head and 
body musculature. There was little or no evidence of a 
host reaction in the musculature around the cyst (Fig. 2). 

Miracidia were visible within the eggs of sectioned 
specimens. No cysts were found in the body cavity or in 
the visceral organs. 

Most worms encountered displayed some degree of 
maturation. The number of eggs present in the speci-
mens varied and one fluke found late in the study was 
virtually packed with eggs. Clusters of fluke eggs, each 
representing the lifetime egg production of an individual 
fluke, were present in the muscles of many fish (Fig. 3). 
The eggs were identical to those in the adult flukes and 
fluke structures, including the oral sucker and oral 
spines, were visible in some sections. Unlike the flukes, 
the egg clusters did not appear to be sequestered from 
host tissue. The egg cluster and, occasionally, the area 
immediately around it was infiltrated by granular cells. 
The clusters could usually be removed intact from the 
surrounding tissue. 

Eggs from 5 stage-2 flukes, 9 of 10 stage-3 flukes 
and 7 of 8 egg clusters released miracidia when rup-
tured. For all but 2, a minimum of 30 miracidia were 
counted on each slide. These died quickly in water. Ac-
tivity declined steadily in the first 5 minutes and in most 
cases, movement had ceased within 10 minutes after the 
miracidia were released from the eggs. 

Preliminary survey studies  
Encysted specimens of Neochasmus spp. were found 

in the eyes and orbits of 7 species collected at sites in 
the St. Lawrence River in 1997–98, including N. hud-
sonius, N. crysoleucas, P. caprodes, P. flavescens, and 
E. nigrum, and in young-of-the-year of M. dolomieu and 
C. commersonii. Total prevalence was highest for E. 
nigrum (26%) and P. caprodes (14%), but was < 7% for 
the other species.  

Prevalence was markedly higher in samples of fish in 
which the musculature was also examined. In the sam-
ple of E. nigrum collected from Île de la Couvée in Sep-
tember 1998, prevalence of infection with Neochasmus 
spp. was 54%. Flukes were not counted in this sample. 
In those collected from Îles de Boucherville in June 
2002, the prevalence was 45%, the mean abundance 0.8 
± 1.18 and the mean intensity 1.78 ± 1.15. For P. 
caprodes collected from Île de la Couvée in September 
1998, prevalence was 60% and mean abundance 1.7 ± 
1.9. For those from Îlet Vert collected in July 1999, 
prevalence and mean abundance were 50% and 0.9 ± 
1.1, respectively. Among N. hudsonius collected from 
four sites in August–September 1999, prevalence 
ranged from 10.0 to 36.7%, mean abundance from 0.23 
± 0.94 to 0.67 ± 1.37, and mean intensity from 1.14 ± 
0.38 to 2.33 ± 2.31, except at Îles de Boucherville, 
where none of the fish examined were infected. 

Seasonal studies 
Specimens of E. nigrum examined for seasonal 

trends in  development  of Neochasmus spp. in May and 
June were larger than those collected in July (Fig. 4). 
Large fish  collected earlier  in the spring  and in smaller  
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Fig. 2. Histological section of an adult specimen of Neochas-
mus sp. in the body musculature of Etheostoma nigrum. Note 
the oral spines visible along the oral sucker. Scale bar = 100 
µm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Histological section of an egg cluster of Neochasmus 
sp. in the body musculature of Etheostoma nigrum. Note the 
characteristic eggs and the presence of miracidia within them. 
Scale bar = 100 µm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Length frequency distribution of Etheostoma nigrum 
collected from Île Deslauriers, St. Lawrence River, Quebec in 
2001. 

 
 

numbers throughout the summer were considered to 
have overwintered. Smaller fish that appeared in the 
July sample were considered to be young-of-the-year 
(0+) and this cohort was followed through October. The 
size-frequency distribution suggested that recruitment to 
the fish population continued at least through late sum-
mer (Fig. 4).  

Prevalence of the three worm stages increased 
slightly over time from 44.0% in May to a maximum of 
58% in September. Prevalence of all developmental 
stages, that is, worm stages plus egg clusters, was 56% 
and 78% in May and June respectively in overwintered 
fish, and fluctuated between 56% and 66% in young-of-
the-year fish during the rest of the summer and fall. 

The proportion of developmental stages displayed a 
distinct seasonal pattern. In the spring, most worms 
were either at stage 2 (42%) or had died and disinte-
grated producing egg clusters (38%) (stage 4). As there 
was no evidence of recruitment to the fluke population 
in these fish (Fig. 5), the data suggest that the parasites 
overwintered in the fish host. Between May and June, 
the proportion of worms at stage 2 decreased from 42 to 
25%, whereas  the  proportion  of  egg  clusters (stage 4)  
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Fig. 5. Relative occurrence, expressed as a percent, of devel-
opmental stages of Neochasmus spp. in samples of Etheo-
stoma nigrum collected from Île Deslauriers, St. Lawrence 
River, Quebec in 2001. Sample sizes are indicated above each 
histogram. 

 
 

increased from 38 to 62%, suggesting maturation of 
overwintered individuals. In July, in a sample domi-
nated by young-of-the-year fish (Fig. 4), there was evi-
dence of recruitment, as worms without eggs (stage 1) 
were common (Fig. 5). In fact, most worms in the July 
sample were at stage 1 (30%) or 2 (60%), suggesting 
recent recruitment and relatively rapid sexual develop-
ment. A few egg clusters were also seen in this sample. 
In September, the proportion of flukes in stage 3 and 
egg clusters (stage 4) increased to 64%, suggesting fur-
ther maturation of worms. In October, a small percent-
age (1%) of worms had no eggs. The majority (65%) of 
worms were in stage 2, again suggesting a short matura-
tion time (Fig. 5). The distribution of stages in the Oc-
tober sample was similar to that seen in sample from the 
previous May further suggesting that the majority of the 
parasites persist over winter in stage 2 or as egg clus-
ters.  

DISCUSSION 

Two species of Neochasmus were found in this study. 
Six specimens of N. umbellus were found in the pre-
liminary study but none were found thereafter. Most of 
the specimens belonged to a second species character-
ized by a row of 31–37 oral spines 20–26 µm long. 
These specimens resembled Neochasmus sogandaresi 
Overstreet, 1971 in the number and size of the oral 
spines but resembled N. umbellus more closely in gen-
eral morphology. They are identified here as Neochas-
mus sp. pending further study. For purposes of this 
study, all specimens are treated as a single species. 

Preliminary studies, based only on examination of 
the eyes and orbits, revealed infections in 7 of 16 spe-
cies of fishes collected near Montreal (see Marcogliese 

and Compagna 1999 for complete list) bringing to 10 
the number of species reported with infections in either 
the eyes or the musculature (Table 1). The most com-
mon hosts were various species of Etheostoma and No-
tropis, but other species, including certain species of 
piscivorous fishes, were also infected. The prevalence 
of Neochasmus was higher (10–78%) in samples where 
the whole body was examined than in the preliminary 
study, but it was comparable to that reported elsewhere 
(Table 1, but see Noble 1970). Many infections went 
undetected in the preliminary study and both the infec-
tion levels within each species and the distribution of 
the parasite within the fish community are clearly un-
derestimated. 

Only two species of fishes examined in this study 
have been examined elsewhere. The prevalence of Neo-
chasmus observed in various samples of Etheostoma 
nigrum in our study (45% to 78%) was comparable to 
that reported by Voth and Larson (1968) and by Woods 
(1971) (Table 1) however, the prevalence in Perca fla-
vescens reported by Carney and Dick (2000) was much 
higher. This is due partly to the fact that our observa-
tions were limited to the eyes and orbits of young-of-
the-year and 1+ cohorts whereas Carney and Dick 
(2000) examined the entire fish and their sample in-
cluded older fish. Intensity data are scarce but, in stud-
ies where they are available, the mean intensity ranged 
from 2.6 to 12.8 flukes in P. flavescens and Notropis 
atherinoides (Carney and Dick 2000, Muzzall and 
Peebles 1987, respectively). This is higher than that 
found in E. nigrum, Percina caprodes and Notropis 
hudsonius, the only species for which we collected such 
data.  

The parasite fauna of freshwater fishes has been stud-
ied extensively in Canada and the United States. Despite 
the high prevalence infection in what should be the sec-
ond intermediate host however, reports of Neochasmus 
infections in the intestine of larger fish, presumed to be 
definitive hosts, are rare. Three species, N. umbellus, N. 
sogandaresi (1 record) and N. ictaluri Sogandares-
Bernal, 1955 (2 records), have been reported from fishes 
in the United States (Hoffman 1999); only N. umbellus 
has been reported from Canada (Margolis and Arthur 
1979, McDonald and Margolis 1995). Many of the stud-
ies involved large sample sizes and several species of 
fishes but only 62 fish (6 species), of which 38 were 
white bass Morone chrysops (Rafinesque), have been 
found with intestinal infections of N. umbellus (Table 
2). Data from the study on Micropterus dolomieu (An-
thony 1985; no quantitative data available) are ex-
cluded. The limited intensity data indicates that infec-
tions typically involve small numbers of flukes and only 
1 fish has been reported with an infection exceeding 10 
flukes (Bangham and Hunter 1939).  

The seasonal data from E. nigrum provided several 
insights into the developmental cycle of Neochasmus 
Firstly, the proportion of young flukes (stages 1 and 2)
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Table 1. Summary of previous records of Neochasmus umbellus and Neochasmus sp. from the eyes and musculature of fishes in 
North America. Most authors identified their specimens as Neochasmus sp. Hoffman (1967) reported infections in Fundulus 
diaphanus (Lesueur) but no further data were provided. Data from hosts collected from different geographical locations or years 
are presented separately. Prevalence data were rounded to next whole number. M – musculature, E – external surface of the eye, 
G – gills. 

Host species Reference Site n Prevalence Infection details 
Etheostoma nigrum  Voth and Larson 1968 M 13 85 11 fish infected; 

progenetic specimens 
Etheostoma nigrum Woods 1971 M1 17 53 9 fish infected 
Notropis atherinoides Muzzall and Peebles 1987 E/M/G 

E/M/G 
100 
100 

84 
70 

84 fish infected 
70 fish infected 

Notropis atherinoides Walker in Hoffman 1999 M – – no data; 
progenetic specimens 

Perca flavescens Noble 1970 E2 54 2 1 fish infected  
Perca flavescens Carney and Dick 2000 M3 

M3 
63 

102 
34 
25 

21 fish infected 
25 fish infected 

Percina maculata (Girard) Woods 1971 M1 10 60 6 fish infected 
Unidentified fish Peters in Hoffman 1999 M – – no data; 

progenetic specimens 
1Author indicated specimens were metacercariae but did not give site.  
2Identified only to family level; thought to be a species of Neochasmus or Allocanthochasmus. 
3Back calculated from original prevalence data; number of infected fish rounded to next lowest whole number. 
 
 
Table 2. Summary of records of Neochasmus umbellus from the digestive tract of fishes in North America. Hoffman (1967) re-
ported infections in Fundulus diaphanus but no further data were provided. Van Cleave and Muller (1934) reported one sexually 
mature fluke from the intestine of Necturus maculosus (Amphibia). Prevalence data were rounded to next whole number. Data 
from hosts collected from different geographical locations or years are presented separately. 

Host species Reference n Prevalence Infection details 
Etheostoma microperca  
    Jordan et Gilbert 

Bangham and Venard 1942 15 201 3 fish infected 

Etheostoma olmstedi Storer Van Cleave and Mueller 1934 25 4 1 fish infected; 2 flukes  
Micropterus dolomieu  Dechtiar 1972 37 6 2 fish infected; <10 flukes 
Micropterus dolomieu  Bangham and Hunter 1939 48 72 3 fish infected; 2 with 1–9 flukes, 

1 with 10–49 flukes 
Micropterus dolomieu  Anthony 1985 ? no data3 low infection levels 
Micropterus salmoides 
    (Lacépède) 

Van Cleave and Mueller 1934  44 3 1 fish infected; 7 flukes 

Morone chrysops Dechtiar and Christie 1988 15 34 5 fish infected 
Morone chrysops Dechtiar and Nepszy 1988 133 24 18 fish infected 
Morone chrysops  Forstie and Holloway 1984 11 64 7 fish infected 
Morone mississippiensis  
    Jordan et Eigenmann  

McReynolds and Webster 1980 49 
13 

12 
23 

6 fish infected 
3 fish infected 

1Authors did not state site explicitly; specimens were mature and in context from the intestine. 
2 Authors classified intensities by range. 
3Author did not specify site; but metacercariae were identified as such so it is assumed that these specimens were from the intes- 
  tine. Frequencies and infection were reported overall as “low to moderate” no further details provided for N. umbellus. 

 
 

in young-of-the-year fish indicates that the major re-
cruitment period occurs in early summer and continues, 
at reduced levels, into autumn. Secondly, the flukes can 
overwinter in the host. Thirdly, the metacercariae de-
velop directly into sexually mature flukes. This observa-
tion is consistent with the range of developmental stages 
reported in the muscles of N. atherinoides by Muzzall 
and Peebles (1987) and with other reports of progenetic 
specimens in fish (Voth and Larson 1968, Peters in 
Hoffman 1999). Fourthly, sexual maturation occurs rap-

idly and eggs are present in the uterus of specimens ob-
tained from young-of-the-year fish in July. This con-
trasts with most previous reports where progenesis oc-
curs in ageing metacercariae in the intermediate host 
(see Poulin and Cribb 2002). The large proportion of 
sexually mature flukes found in this study provides 
strong support for the hypothesis that progenetic devel-
opment is a fixed characteristic in the life cycle, at least 
in the species of Neochasmus found in southwestern 
Quebec. Finally, the accumulation of egg clusters in the 
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muscles of young-of-the-year fish indicates that the life 
span of encysted flukes is much shorter than that of the 
host although the eggs remain viable in the host tissue 
for an undetermined period of time. Although varying 
degrees of development have been reported in the re-
productive systems of the metacercariae in a number of 
cryptogonimid species (Yamaguti 1975, Greer and 
Corkum 1979), all except Aphalloides coelomica appear 
to have retained a three-host life cycle. The latter spe-
cies lives in the coelom of the common goby, Pomato-
schistus microps (Krøyer) where it produces clusters of 
eggs, enclosed in an envelope of presumed parasite ori-
gin (Pampoulie et al. 2000). Neochasmus represents a 
second example of progenesis within the family and is 
the first to produce accumulations of eggs in the 
musculature fish.  

Truncation of the life cycle and progenetic develop-
ment implies a fitness benefit over the typical three-host 
cycle, but the selective pressures that may have lead to 
this developmental pattern are unclear. Poulin and Cribb 
(2002) reviewed five hypotheses, none of which are 
mutually exclusive, that attempt to account for proge-
netic development and shortening of the life cycle in 
digeneans; however, none of these appear to apply to 
Neochasmus. First, the habitat used by fish in our study 
is neither unstable nor unpredictable (environmental 
instability hypothesis). Second, cannibalism (sensu 
Poulin and Cribb) does not appear play a role in trans-
mission beyond the occasional ingestion of a smaller 
conspecific (cannibalism hypothesis). Third, although 
the only reports of progenetic specimens have been 
from the northern United States and southern Canada, 
these sites experience a temperate climate and the 
transmission window is not restricted as in polar cli-
mates (latitudinal hypothesis). Five species of Neo-
chasmus are known from the southern United States, 
Mexico and Venezuela and comparable studies would 
be of interest as a further test of this hypothesis and in 
assessing the extent to which progenesis occurs among 
species of Neochasmus. Fourth, the diversity of fish 
species reported in the larger surveys demonstrates that 
known definitive hosts are plentiful although their 
abundance may vary locally (Lee et al. 1980, Ber-
natchez and Giroux 2000) (missing host hypothesis). 
Fifth, despite exceptions, facultative progenesis usually 
occurs in ageing, long-lived, metacercariae or within 
ageing intermediate hosts ensuring that a limited num-
ber of eggs are available for dispersal by predation or 
natural death in the event that transmission to the defini-
tive host does not occur (developmental time hypothe-
sis). The situation in Neochasmus is just the reverse and 
is characterized by rapid sexual development and the 
production of a large number of eggs that can survive in 
the host long after the parent worm has died.  

Egg dispersal rather than egg production is the major 
reproductive challenge for encysted flukes such as Neo-
chasmus. Dispersal depends upon the death and disinte-

gration of the host (Poulin and Cribb 2002) which can 
be accomplished through predation or through natural 
causes. Such is the case for A. coelomica (Maillard 
1973, Pampoulie et al. 1999, 2000). A situation more 
similar to ours involves Lecithochirium furcobilabiatum 
(Jones, 1933), which matures in the body cavity of sev-
eral species of rock pool fishes but has also been re-
ported from the intestine of eels (Gibson and Bray 
1986). In neither case is the definitive host necessary for 
maturation, yet it persists. The role of the presumptive 
definitive host in the life cycle of such flukes is unclear 
and may differ among species. If a functional definitive 
host persists in the life cycle it would provide an oppor-
tunity for cross-fertilisation which is not possible for 
Neochasmus encysted in the musculature. Alternatively, 
it may be reduced to a dispersal agent for the eggs. The 
first option is unlikely because a definitive host is not 
required for sexual maturation or egg production. If 
establishment in the intestine were to prolong the life 
span and increase egg production, dispersal could be 
extended in space and time. However, we are unaware 
of any study that demonstrates conclusively that egg 
production in progenetic flukes increases in the event 
they gain access to a suitable definitive host. Hence, 
there would appear to be little selective pressure for 
these hosts to persist as obligate components of the 
parasite’s life cycle. Alternatively, the flukes either do 
not survive in the intestine or survive only briefly, 
thereby limiting the role of the host to that of a dispersal 
agent. Two lines of evidence lend support to this hy-
pothesis in the case of Neochasmus. First, rapid death 
and/or elimination of the flukes would greatly reduce 
the chances of their being found in surveys and could 
well account for the low prevalence and intensity ob-
served in intestinal infections of larger fish. Second, if 
predation is the primary means of egg dispersal, selec-
tion should favour progenetic individuals that produce 
large numbers of eggs rapidly rather than a small num-
ber as a last resort at the end of their life span. Rapid 
production of eggs would be adaptive because it would 
ensure that eggs are available for dispersal whenever the 
host dies. Up to 200 eggs are already present in stage-2 
flukes and at least 3–4 times as many are present in 
stage-3 flukes (unpublished data). 

The limitations of the apparently short individual life 
span are partially met in two ways. Recruitment is con-
tinuous throughout the summer and early autumn pro-
viding a continuous, albeit temporally variable replace-
ment of dead flukes, and the eggs of dead flukes remain 
viable long after the parent worm has died. Eggs from 
clusters found in older fish that had overwintered re-
leased miracidia when hatched artificially. Recruitment 
of these infections would have occurred in late summer 
or autumn of the previous year indicating that they re-
main viable for several months.  

The available data suggest that the levels of infection 
in Etheostoma, Notropis, Perca and other fishes should 
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be sufficient to sustain a typical three-host life cycle and 
potential definitive hosts are likely exposed on a regular 
basis. Definitive hosts do become infected but the infec-
tions appear transitory probably due to the inability of 
the parasites to survive for long in the intestine of the 
host. In terms of complex life cycles, predation is gen-
erally viewed in the context of transmission from one 
host to the next, yet other examples exist (e.g. the didy-
mozoid Halversonius exilis Gibson, MacKenzie et Cot-
tle, 1981 and the nematode Calodium hepatica (Ban-
croft, 1893) (Gibson et al. 1981, Anderson 2000, respec-
tively) where decomposition or predation are the only 
mechanisms for the dispersal of eggs from host tissues. 
In the absence of experimental data to the contrary, the 
use of larger fish and perhaps or other predators as dis-
persal agents appears to be the most parsimonious ex-

planation of the transmission strategy of this parasite 
and may explain unusual infections reported in Necturus 
(Amphibia) and Nerodia (Reptilia) (Van Cleave and 
Mueller 1934, Bennett 1935, respectively).  
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