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Abstract. Preliminary data on seasonal changes in the occurrence and the maturation of five fish helminths,
the trematodes Genarchella tropica (Manter, 1936) and Stunkardiella minima (Stunkard, 1938), the
cestode Proteocephalus brooksi Garcia-Prieto, Rodriguez et Pérez-Ponce de Ledon, 1996 and the nematodes
Rhabdochona kidderi Pearse, 1936 and Neophilometroides caudatus (Moravec, Scholz et Vivas-Rodriguez,
1995), in their definitive host, Rhamdia guatemalensis (Guinther, 1864), are provided, based on monthly
samples of fish (a total of 82 fish were examined) collected from the cenote (= sinkhole) Ixin-ha, central
State of Yucatan, Mexico, from June — November 1994. Encysted metacercariae of Stunkardiella minima
and encapsulated larvae of Proteocephalus brooksi also occurred in Rhamdia guatemalensis. No clear-cut
seasonal maturation cycles were observed in these parasites and in contrast to most helminths of freshwater
fish in the temperate zone, all these species seemed to reproduce throughout the year. High water temperatures
and quickly developing sequence of generations of invertebrate intermediate hosts appear to be the principle
factors determining this annual reproduction of fish helminths in the tropics.

Seasonality, maturation cycles, fish helminths, Pimelodidae, Rhamdia guatemalensis, Mexico

INTRODUCTION

It is well-known that most helminth parasites of fish live for only a short time and in the temperate
zone, in addition to the species capable of reproduction in any season, there are others that grow
and mature only in that period of the year when favourable climatic and other conditions occur
(Chubb 1979, 1982, Moravec 1994). In spite of both the theoretical and practical importance of such
data, the seasonal maturation cycles have been studied in few species and almost exclusively in
Europe and North America. In subtropical and tropical regions such studies have not been made
and, as far as the authors know, the only published data is on the seasonal occurrence and matura-
tion of the nematodes Rhabdochona zacconis Yamaguti, 1935 in Tribolodon hakuensis (Glinther,
1877) in a subtropical region of Japan (Moravec et al. 1998), of Procamallanus inopinatus Travas-
sos, Artigas et Pereira, 1928 in Serrasalmus spilopleura Kner, 1858 in a subtropical region of
northeastern Argentina (Hamann 1999), and of Rhabdochona kidderi in Cichlasoma nigrofascia-
tum (Giinther, 1867) in a tropical region of central Mexico (Caspeta-Mandujano et al. 2000). Be-
cause water temperature is generally considered to be the principal factor controlling directly or
indirectly the seasonal cycles of helminths of fish (Kennedy 1970), data on the seasonal maturation
cycles of fish helminths in tropical regions are of special interest.
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Tab. 1. Monthly survey of Rhamdia guatemalensis (Giinther) from the cenote Ixin-ha for infection with Gen-
archella tropica (Manter)

month no. of fish fish length mean no. of fish  prevalence (%) intensity mean
examined (range) [cm] infected (range)
June 20 18 (12-28) 8 40 1.6 (1-3)
July 17 16 (12-23) 9 53 2.1 (1-4)
August 14 19 (12-27) 5 36 1.6 (1-2)
September 14 17 (13-19) 5 36 1.4 (1-2)
October 15 16 (12-24) 2 13 1.5 (1-2)
November 2 14 (11-17) 1 50 1.0 (1)

The authors are aware that the material used in this work is rarther limited and that futher studies,
covering all months of the year, are necessary to describe in detail the seasonal maturation cycles of
these helminth species. Nevertheless, the present data represent, except for Rhabdochona kidderi,
the first observations on the maturation cycles of these parasites in the tropical region (Yucatan),
and therefore worthy of publication.

MATERIALS AND METHODS

The cenote (= sinkhole) Ixin-ha belongs to the so called open type (its opening is almost the same diameter as the
diameter of the water surface) according to Hall (1977) and is situated in the central part of the Yucatan State
(20°37° 14” N, 89° 06* 40” W), southeastern Mexico. This is a deep water body of about 50 m in diameter
communicating with subterranean streams and surrounded by rich tropical vegetation. As in other parts of the
Yucatan Peninsula, the tropical setting, low elevation and strong maritime influences, the mean temperatures are
warm and relatively homogenous, with a mean annual temperature of 25-26 °C, and annual range of mean monthly
temperatures of about 4-6 °C (Lee 1996).

The fish fauna of this cenote is insufficiently known but is dominated by the pimelodid catfish Rhamdia
guatemalensis (Giinther, 1864) (Siluriformes: Pimelodidae); this fish is known to migrate from one cenote to
another through the interconnecting subterranean streams. Although no other species of fish were recorded
during this study, the rare occurrence of the two blind cave fishes, Ogilbia pearsei (Hubbs, 1938) (Ophidiiformes:
Bythitidae) and Ophisternon infernale (Hubbs, 1938) (Synbranchiformes: Synbranchidae), cannot be excluded.

Fish (Rhamdia guatemalensis) were caught by angling at regular monthly intervals from June until November
1994 (Tab. 1). The live fish were transported to the laboratory of the CINVESTAV in M¢érida, where they were
examined for parasites. Altogether 82 specimens of R. guatemalensis were dissected. Occasional small samples of
benthic invertebrates were examined for helminth larvae in June, July and August. This included aquatic Oligocha-
eta (17 specimens), Hirudinea (9), Gastropoda (12), Isopoda (1), Ephemeroptera (166), Plecoptera (2), Odonata
(66), Trichoptera (19), Coleoptera (10), and Diptera (Chironomidae) (197).

The freshly collected nematodes were fixed either in hot 4% formaldehyde (Rhabdochona kidderi) or hot 4%
formaldehyde in physiological saline (Neophilometroides caudatus) and temporarily stored in 4% formaldehyde.
For examination they were cleared in glycerine. After examination they were preserved in 70% ethanol. Trema-
todes and cestodes were fixed in 4% formaldehyde under a coverslip; subsequently they were stained with Schuberg’s
carmine, dehydrated and mounted as permanent preparations in Canada balsam. The specimens have been depos-
ited in the Institute of Parasitology, ASCR, in Ceské Bud&jovice and in the Parasitological Laboratory, CIN-
VESTAV-IPN, in Mcérida.

RESULTS

During this study, carried out at the cenote Ixin-ha from June to November 1994, the following 13
helminth parasites were recorded from Rhamdia guatemalensis: Trematoda: Genarchella tropica,
Stunkardiella minima adults and metacercariae, Clinostomum cf. complanatum metacercariae;
Cestoda: Proteocephalus brooksi adults and encapsulated larvae (= Nomimoscolex sp. and Prote-
ocephalidea gen. sp. larvae of Scholz et al. 1996), Dendrouterina pilherodiae Mahon, 1956 larvae
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and D. papillifera (Fuhrmann, 1908) larvae; Nematoda: Paracapillaria rhamdiae Moravec,
Gonzalez-Solis et Vargas-Vazquez, 1995, Pseudocapillaria yucatanensis Moravec, Scholz et Vi-
vas-Rodriguez, 1995, Neophilometroides caudatus (Moravec, Scholz et Vivas-Rodriguez, 1995),
Rhabdochona kidderi, Contracaecum sp. Type 1 larvae and Eustrongylides sp. (cf. E. ignotus
Jagerskiold, 1909) larvae; these findings were reported in the surveys of Yucatanese fish helminths
published by Moravec et al. (1995a, b) and Scholz et al. (1995a, b, 1996).

Of the above mentioned parasites, seasonal maturation was followed only in the species occur-
ring as adults in Rhamdia guatemalensis, with the exception of the two capillariid species, Pa-
racapillaria rhamdiae and Pseudocapillaria yucatanensis, which only rarely occur in this host.

The fish host and its food

In this locality, the only definitive host of all five helminth species was the pimelodid catfish,
Rhamdia guatemalensis. In the case of Rhabdochona kidderi, it cannot be excluded that the blind
cave fish Ogilbia pearsei is also a host, but the importance of this fish for the local population of
Rhabdochona kidderi is negligible.

Since the composition of a helminth fauna (both qualitatively and quantitatively) is considera-
bly affected by the diet of the host, the character of the food of R. guatemalensis was also recorded
monthly. This revealed that there were almost no changes in the composition of food over the
period of this study, which consisted mainly of larvae of aquatic insects (largely Ephemeroptera,
Plecoptera and Odonata) and other aquatic invertebrates (mainly snails), and occasionally a large
proportion of plant material; tree flowers or bird feathers were found in the stomachs and it is highly
probable that these fish fed also on bird and bat excrement (bats occur in huge numbers in this
locality). Although no fish remains were recorded, the frequent occurrence of encapsulated Prote-
ocephalus brooksi larvae and encysted metacercariae of Stunkardiella minima suggests that
cannibalism frequently occurs in this species of fish in this eutrophic cenote.

Genarchella tropica (Manter, 1936)

This trematode species is a stomach parasite of pimelodid catfishes of the genus Rhamdia Bleeker,
1858 in Mexico (Yucatan), Nicaragua and Panama (Scholz et al. 1995a, c). I was previously collected
from R. guatemalensis in the cenote Ixin-ha by Scholz et al. (1995a).

Occurrence of Genarchella tropica in Rhamdia guatemalensis

Prevalence and intensity of infection: Out of 82 R. guatemalensis examined, 29 (prevalence 35%)
were infected with G. tropica at an intensity of 1-4 (mean 2) trematodes per fish (see Tab. 1). The
trematodes were all found in the host’s stomach.

The number of catfish examined during the survey and the incidence of infection with G. tropica
is given in Tab. 1. As is evident from Tab. 2, infection by this trematode is associated with the body
size (age) of the fish. The smallest catfish that harboured G. fropica measured 12 cm and the largest
23 cm. The trematodes occurred in all size-groups of catfish examined, which was all but the smallest
size-group. Tab. 2 shows that the values of both prevalence and mean intensity of infection gener-
ally decreased with the body length of the host; a considerable decrease in prevalence is obvious
in the largest size-group (body length 20-28 cm).

Seasonal changes in prevalence and mean intensity of infection

A survey of prevalence, intensity and mean intensity of G. fropica infection in catfish in individual
months is shown in Tab. 1. G. tropica was present in catfish during the whole period. It is obvious
from Fig. 1 that the prevalence was usually rather high, attaining its maximum (53%) in July, with a

123



Tab. 2. Association of helminth infection with body length of host (irrespective of season) (prevalence, mean
intensity)

helminth species > 15 cm (n = 31) > 19 cm (n = 36) <20 cm (n = 15)
Genarchella tropica 45% 39% 13%
1.9 1.6 1.5
Stukardiella minima 29% 19% 20%
1.9 19.3 8.3
Stunkardiella minima
metacercariae 13% 11% 27%
37.3 15.0 5.3
Proteocephalus brooksi 6% 8% 13%
1.0 5.3 5.5
Proteocephalus brooksi
encapsulated larvae 52% 44% 7%
39.8 23.3 6.0
Philometroides caudata 0% 14% 13%
0 1.4 2.0
Rhabdochona kidderi 87% 81% 67%
10.1 6.6 8.2

marked decrease (13%) in October; the mean intensity was relatively low throughout the period,
with the highest value (2.1) in July.

Seasonal changes in maturation of Genarchella tropica
The state of maturation of G. tropica in the monthly samples is shown in Fig. 2. The first group of
trematodes included young individuals without eggs, the second: small individuals (body length
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Fig. 1. Variation of prevalence (triangle) and mean intensity of infection (square) by Genarchella tropica (Manter)
in Rhamdia guatemalensis (Giinther) from the cenote Ixin-ha over the period June to November 1994.
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about 1 mm) with only a few eggs in their uterus, and the third: large specimens (body length 1.3—
2.2 mm) with many eggs in their uterus.

It is evident from Fig. 2 that G. fropica had eggs in all months, but that there were distinct
seasonal differences in the composition of trematode samples from individual months. Although in
June specimens with many eggs (group III) prevailed and some with few eggs (group II) were
present, only specimens with many eggs occurred in July; in the period from August to October the
proportion of specimens with many eggs gradually decreased and that of those with few eggs
gradually increased; also young, nongravid individuals were recorded in August and October.
Only trematodes with few eggs were found in November, but this monthly sample consisted of only
two individuals.

Monthly changes in the number of trematode size groups are apparent from Fig. 3, which shows
the mean numbers of individuals in each size group of G. tropica in each month. It is obvious from
this figure that there was a sudden increase in the numbers of trematodes with many eggs in July,
reaching the maximum number of 1.24 specimens per fish; from August, the numbers of individuals
in this group gradually decreased to zero by November. On the other hand, the numbers of trema-
todes with few eggs increased gradually from zero in July to 0.50 in October—November. Numbers
of nongravid specimens per fish, in August and October, were low (0.07 and 0.10).
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Fig. 2. Monthly changes in the occurrence and state of maturity of Genarchella tropica (Manter) in Rhamdia
guatemalensis (Gunther) from the cenote Ixin-ha over the period June to November 1994. The data are expressed
as percentages of the total number of trematodes found per month: small specimens without eggs — group I
(unshaded), specimens with few eggs — group II (stippled) and fully mature specimens — group III (blackened).
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Tab. 3. Survey of Rhamdia guatemalensis examined from the cenote Ixin-h4 and their infection with Stunkar-
diella minima

month no. of fish examined no. of fish infected prevalence (%) intensity mean (range)
June 20 8 40 11.0 (1-31)

July 17 3 18 1.0 (1)
August 14 3 21 6.3 (2-11)
September 14 3 21 19.0 (1-54)
October 15 2 13 7.7 (1-26)
November 2 0 - -

Stunkardiella minima (Stunkard, 1938)

This acanthostomatid trematode is a specific intestinal parasite of Rhamdia guatemalensis in southern
Mexico (Pérez-Ponce de Leodn et al. 1996); conspecific metacercariae occur mostly in fins of R.
guatemalensis and some other fishes. From the cenote Ixin-h4, both adults and metacercariae of
this species were reported by Scholz et al. (1995a, b).

Occurrence of adult Stunkardiella minima in Rhamdia guatemalensis

Prevalence and intensity of infection: Out of 82 R. guatemalensis examined from this locality, 19
(prevalence 23%) proved to be infected with S. minima, and the intensity of infection was 1-54
(mean 9) trematodes per fish (Tab. 3). The trematodes were found only in the host’s intestine.
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Fig. 3. Monthly changes in mean numbers of specimens of three size groups of Genarchella tropica (Manter) per
fish. A = small specimens without eggs (group I); B = specimens with few eggs (group 1I); C = fully mature
specimens with numerous eggs (group III).
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The number of catfish examined each month and the incidence of infection with S. minima is
given in Tab. 3. They occurred in all size-groups of catfish, but it is evident from Tab. 2 that
infection by this trematode is associated with the body size (age) of the fish; the highest prevalence
(29%) and the lowest mean intensity (1.9) was in the smallest fish; the lowest prevalence and the
highest mean intensity was found in fish with a body length 16—19 cm. The smallest catfish harbour-
ing S. minima measured 12 cm and the largest 28 cm.

Seasonal changes in prevalence and mean intensity of infection

A survey of the monthly prevalence, intensity and mean intensity of S. minima infection of catfish
is shown in Tab. 3. This trematode was found in catfish from June to October. The highest preva-
lence (40%) was in June, decreased (18-21%) in July-September, and again (13%) in October to
zero in November, when only two fish were examined (Fig. 4). The mean intensity decreased (1) in
July and then increased to attain its maximum (19) in September, followed by a decrease (13) in
October.

Seasonal changes in maturation of Stunkardiella minima

The state of maturation of S. minima in each month is shown in Fig. 5. The first group of trematodes
includes young individuals (body length 0.4—0.7 mm) without eggs, the second group — small
individuals (body length 0.7-0.8 mm) with only a few eggs in their uterus, and the third group —
larger specimens (body length 1.3-2.2 mm) with many eggs.
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Fig. 4. Variation in the prevalence (triangle) and mean intensity of infection (square) of Stunkardiella minima
(Stunkard) of Rhamdia guatemalensis (Giinther) from the cenote Ixin-ha over the period June to November
1994.
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Tab. 4. Monthly survey of Rhamdia guatemalensis (Giinther) from the cenote Ixin-ha for infection with metacer-
cariae of Stunkardiella minima (Stunkard)

month no. of fish examined no. of fish infected prevalence (%) intensity mean (range)
June 20 2 10 60.5 (1-120)
July 17 4 24 6.8 (1-15)
August 14 3 21 6.3 (2-8)
September 14 1 7 43.0 (43)
October 15 3 20 8.0 (4-16)
November 2 0 - -

It is evident from Fig. 5 that S. minima containing eggs were present in all months except
November, when only two fish were examined and no S. minima was found. The specimens with
many eggs (group III) made up 100% of the samples in September and October and prevailed in
those collected in June—August, in which trematode groups I and II were present. The proportion
of specimens without eggs (group I) gradually increased from June to August, whereas of those
with few eggs (group II) was somewhat greater in July compared to June and August.

Monthly changes in the number of trematode groups are apparent from Fig. 6, which shows the
mean numbers of individuals in each of the size group of S. minima in each month. The highest
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Fig. 5. Monthly changes in the occurrence and state of maturity of Stunkardiella minima (Stunkard) in Rhamdia
guatemalensis (Gunther) from the cenote Ixin-ha over the period June to November 1994. The data are expressed
as percentages of the total number of trematodes found per month: small specimens without eggs — group I
(unshaded), specimens with few eggs — group II (stippled) and fully mature specimens with numerous eggs — group
III (blackened).
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number (3.65) of trematodes with many eggs (group III) per fish occurred in June, then suddenly
decreased (0.35-0.57) in July—August and considerably increased (2.86) in September, and sudden-
ly decreased (0.57) in October. The numbers of trematodes in groups I and II were rather low in
June—August.

Occurrence of Stunkardiella minima metacercariae in Rhamdia guatemalensis
Out of 82 R. guatemalensis, 13 (prevalence 16%) harboured S. minima metacercariae encysted in
their fins, with the intensity of infection being 1-120 (mean 18) cysts per fish.

The number of catfish examined each month and their infection with encysted metacercariae of
S. minima is given in Tab. 4. The highest prevalence was in July—August and October, and the
highest intensity in June and September. Tab. 2 shows that the mean intensity decreased with
increase in size of fish, but the highest prevalence was in the largest fish. The data suggest an
overdispersion in the frequency distribution of infections.

Proteocephalus brooksi Garcia-Prieto, Rodriguez et Pérez-Ponce de Leén, 1996

Adults of this cestode are specific intestinal parasites of Rhamdia guatemalensis in southern
Mexico (Pérez-Ponce de Ledn et al. 1996). In the cenote Ixin-ha, the adults of this species were
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Fig. 6. Monthly changes in mean numbers of specimens of three size groups of Stunkardiella minima (Stunkard)
per fish. A = small specimens without eggs (group I); B = specimens with few eggs (group II); C = fully mature
specimens with numerous eggs (group III).
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Tab. 5. Monthly survey of Rhamdia guatemalensis (Gunther) from the cenote Ixin-ha for infection with Proteo-
cephalus brooksi Garcia-Prieto et al. (excluding encapsulated larvae)

month no. of fish examined  no. of fish infected prevalence (%) intensity mean (range)
June 20 3 15 3.0 (1-6)

July 17 1 6 1.0 (1)
August 14 2 14 5.5 (3-8)
September 14 1 1.0 (1)
October 15 0 - -
November 2 0 - -

identified as Nomimoscolex sp. by Scholz et al. (1996). The encapsulated cestode larvae occurring
in R. guatemalensis in this locality, designated as Proteocephalidea gen. sp. larvae by Scholz et al.
(1996), undoubtedly belong to the same species, because no other proteocephalids were found in
this locality.

Occurrence of adult Proteocephalus brooksi in Rhamdia guatemalensis
Prevalence and intensity of infection: Out of 82 R. guatemalensis from this locality, only 7 (preva-
lence 9%) harboured P. brooksi in their intestines, the intensity of infection was 1-13 (mean 4)
cestodes per fish.

The number of catfish examined and their infection with P. brooksi is given in Tab. 5; it is evident
that this parasite was found only from June to September. Tab. 2 shows that infection by this

Prevalence (%)
Mean intensity

120 1
100 ]
80 4

60 1

40

VI vil Vil IX X XI

Month

Fig. 7. Variation in the prevalence (diamond) and mean intensity of infection (sguare) by Rhabdochona kidderi
Pearse in Rhamdia guatemalensis (Glinther) from the cenote Ixin-ha over the period June to November 1994.
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cestode was distinctly associated with the body size of the host, and both the prevalence and the
intensity increased with increasing body size of fish. Because of the low rate of infection it was not
possible to quantify the seasonal changes in prevalence and mean intensity.

Seasonal changes in maturation of Proteocephalus brooksi

Because of the rarity of P. brooksi in the intestine of catfish, it was impossible to make a detailed
quantitative analysis of its state of maturity each month. The following specimens were found:
June: 2 gravid specimens (body length about 4 cm), 4 nongravid specimens with mature segments
(1.5-3 cm) and 10 immature specimens (1-1.5 cm); July: 1 immature specimen; August: 2 gravid
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Fig. 8. Monthly changes in the occurrence and state of maturity of Rhabdochona kidderi Pearse in Rhamdia
guatemalensis (Glnther) from the cenote Ixin-ha over the period June to November 1994. The data are expressed
as percentages of the total number of nematodes found per month: larvae and females without eggs (unsheaded),
males (stippled), females with immature eggs in uteri (obliquely hatched) and gravid females with mature eggs in
uteri (blackened).
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Tab. 6. Monthly survey of Rhamdia guatemalensis (Giinther) from the cenote Ixin-ha for infection with encap-
sulated larvae of Proteocephalus brooksi Garcia-Prieto et al.

month no. of fish examined  no. of fish infected prevalence (%) intensity mean (range)
June 20 9 45 30.0 (6-79)

July 17 7 41 23.0 (1-45)
August 14 6 43 21.0 (3-165)
September 14 4 29 10.5 (4-22)
October 15 7 47 32.7 (6-72)
November 2 0 - -

specimens, 2 nongravid specimens with mature segments and 5 immature specimens; September: 1
larva (scolex) (length about 1 mm). This suggests that oviposition occurred in June and August,
and new infections were acquired by fish from June to September.

Occurrence of encapsulated Proteocephalus brooksi larvae in Rhamdia guatemalensis
Out of 82 R. guatemalensis, 33 (prevalence 40%) had P. brooksi larvae encapsulated in their
mesenteries, the intensity of infection being 1-165 (mean 30) larvae per fish.

The number of catfish examined and their infection with encapsulated P. brooksi larvae is given
in Tab. 6. Larvae were found from June to October with high values of prevalence and mean
intensity, except in September, when both values were distinctly low. No larvae were found in
November, but this may be due to the fact that only two catfish were examined. Tab. 2 shows that
the rate of infection is associated with the body size (age) of the fish. Values for both the prevalence
and mean intensity decreased with increase in body length of the catfish.

Neophilometroides caudatus (Moravec, Scholz et Vivas-Rodriguez, 1995)

This nematode is a specific parasite of the swimbladder surface of R. guatemalensis, so far only
reported from southeastern Mexico from the cenotes Ixin-ha and Xmucuy in Yucatan and the
Papaloapan River in Veracruz (Moravec et al. 1995a, c, 2002).

Occurrence of Neophilometroides caudatus in Rhamdia guatemalensis
Prevalence and intensity of infection: Of the 82 R. guatemalensis from this locality, 7 (prevalence
9%) were infected with N. caudatus, the intensity of infection being 1-2 (mean 2) nematodes per
fish. All nematodes were located under the serosa of the host’s swimbladder.

The number of catfish examined and their infection with N. caudatus is given in Tab. 7. This
parasite was recorded from June to October. Because of its rarity, it was impossible to compare data

Tab. 7. Monthly survey of Rhamdia guatemalensis (Giinther) from the cenote Ixin-ha for infection with Neophi-
lometroides caudatus (Moravec et al.)

month no. of fish examined  no. of fish infected prevalence (%) intensity mean (range)
June 20 2 10 1.5 (1-2)

July 17 1 6 2.0 (2)
August 14 1 7 2.0 (2)
September 14 1 7 1.0 (1)
October 15 2 13 1.5 (1-2)
November 2 0 - -
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from individual months. Tab. 2 shows that N. caudatus infections occurred only in large catfish,
i. e, longer than 15 cm.

Seasonal changes in maturation of Neophilometroides caudatus

Because of the rarity of N. caudatus, it was impossible to make a detailed quantitative analysis of
the state of maturity of this parasite each month. The following nematodes were found: June: 3
nongravid females; July: 2 nongravid females; August: 1 nongravid and 1 subgravid female;
September: 1 male; October: 2 males and 1 gravid female with larvae. In a previous study carried out
at this locality in 1993 (Moravec et al. 1995a, ¢), the only male of N. caudatus was collected from R.
guatemalensis in October. These records suggest that males and gravid females occur more fre-
quently in the autumn months (September, October), although it is highly probable that there are
no pronounced seasonal maturation cycles in N. caudatus.
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Fig. 9. Monthly changes in mean numbers of specimens of three stages of Rhabdochona kidderi Pearse per fish.
A = larvae and females without eggs; B = males; C = females with immature eggs; D = females with mature eggs.
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Tab. 8. Monthly survey of Rhamdia guatemalensis (Giinther) from the cenote Ixin-ha for infection with Rhab-
dochona kidderi Pearse

month no. of fish examined no. of fish infected prevalence (%) intensity mean (range)
June 20 14 70 7.6 (1-26)

July 17 17 100 7.7 (1-38)
August 14 12 86 12.6 (2-32)
September 14 10 71 6.6 (2-17)
October 15 13 87 7.7 (1-26)
November 2 1 50 4.0 (4

Rhabdochona kidderi Pearse, 1936

In Yucatan, this nematode (its nominotypical subspecies) mainly occurs in the intestine of R. gua-
temalensis and less often that of the blind cave fish, Ogilbia pearsei, in cenotes and caves (Moravec
1998); from the cenote Ixin-hd it was reported by Moravec et al. (1995a). R. kidderi occurs in
Mexico and the southern USA (Texas).

Occurrence of Rhabdochona kidderi in Rhamdia guatemalensis
Prevalence and intensity of infection: Out of 82 R. guatemalensis examined, 67 (prevalence 82%)
were infected with R. kidderi, and the intensity of infection was 1-38 (mean 8) nematodes per fish.
The number of catfish examined and their infection with R. kidderi is given in Tab. 8. Infection
by this nematode was associated with the body size (age) of the host (Tab. 2). The smallest speci-
men harbouring R. kidderi measured 12 cm and the largest 27 cm. The nematodes occurred in all
size-groups of catfish examined. The smallest size-groups were not examined. Tab. 2 shows that the
percentage of fish infected decreased with increase of body length of the host. The mean intensity
of infection was highest in the smallest (15 cm and less) fish, and somewhat lower in the middle-sized
fish than in the the largest fish (20 cm and more).

Seasonal changes in prevalence and mean intensity of infection

A survey of the monthly prevalence, intensity and mean intensity of R. kidderi infection in catfish
is shown in Tab. 8. R. kidderi was present in catfish during the whole period. Prevalence was
usually high, at its maximum (100%) in July, decreased gradually in August and September (71%),
increased in October (87%), and decreased again in November (Fig. 7). The mean intensity was
highest (12.6) in August and lowest in September (6.6) (ignoring the data for November, when only
two fish were examined).

Seasonal changes in maturation of Rhabdochona kidderi
Monthly changes in the occurrence and the state of maturity of R. kidderi in R. guatemalensis are
shown in Figs 8 and 9. The larvae and non-gravid females of this parasite occurred from June to
October, with the highest percentages (22% and 23%) in July and September (Fig. 8). Males
occurred from June to November, and made up a considerable part (31-51%) of all samples. Females
with immature eggs occurred from June to October; their proportion decreased from 31% in June to
8% in August, increased slightly (14%) in September, and decreased markedly (2%) in October.
Gravid females with mature eggs occurred from June to November; the proportion in samples
markedly increased in August and this trend continued until November (Fig. 8).

The numbers of individual developmental stages of R. kidderi in R. guatemalensis each month
are shown in Fig. 9. The numbers of larvae and juvenile females per fish were approximately the
same (1.40—1.76) from June to September, but suddenly decreased (0.53) in October. The maximum
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number (5.57) of males occurred in August and the minimum (1.00) in November. Numbers of
females with immature eggs continuously decreased from 2.20 in June to 0.13 in October. The
maximum number (3.86) of females with mature eggs was found in August, the minimum (1.00) in
November.

Examination of invertebrates
An examination of aquatic invertebrates (see Material and Methods) did not reveal any larval
stages of the helminths parasitizing the fish, although the cystophorofurcocercous cercariae re-
corded in one of twelve aquatic snails, Pyrgophorus coronatus (Pfeiffer, 1839), examined on 13 July
1994, probably belonged to G. tropica. The encysted metacercariae found in three out of the five
unidentified dragon-fly nymphs (Odonata), examined on the same day (intensity 1-2 metacercari-
ae), were identified as Loxogenes sp. (Trematoda: Lecithodendriidae), which as adults were found
in the intestine of the frog Rana brownorum Sanders, 1973 in the same locality (unpublished).
The metacercariae were in round, thin-walled (3 um) light-coloured cysts 3043 um in diameter.
One specimen (Fig. 10), which was removed from a cyst and fixed in 4% formaldehyde, was oval, 490
pum long and 225 pm wide. Body was densely covered by small tegmental spines visible at its
anterior part. The oral sucker was subterminal, size 55x60 pum, the ventral sucker situated in the
middle of body was slightly smaller, measuring 40x45 pm. The prepharynx was absent, the round
pharynx was 25 um in diameter. The narrow oesophagus was 75 um long. Caeca were short, extend-
ing posteriorly to the level of the posterior end of the ventral sucker. The voluminous excretory
pore was V-shaped, 200 um long, and its anterior branches reached nearly to the level of the ventral
sucker.

DISCUSSION

Although the principal factor responsible for the seasonal maturation of fish helminths is water
temperature, this may operate via other factors, such as seasonal changes in the host’s physiology,
availability of infective larvae (i. e. in the range of intermediate and paratenic hosts and cyclical
changes in their abundance), and food preference and behaviour of the fish (Moravec 1998). It is

0.1 mm

Fig. 10. Metacercaria of Loxogenes sp. from unidentified dragon-fly nymphs (Odonata) from the cenote Ixin-ha.

135



clear, therefore, that the seasonality in the occurrence and maturation of these parasites will be, in
addition to other factors, highly affected by their life-cycle patterns.

The life cycle of the trematode Genarchella tropica in not known, but is likely to be similar to
that of the related congeneric species, G. astyanacis (Watson, 1976), a parasite of the characid
Astyanax fasciatus (Cuvier, 1819) in Mexico and Nicaragua (Scholz et al. 1995a). According to
Ditrich et al. (1997) and Scholz et al. (2000), the first intermediate host of G. astyanacis in Yucatan
is the aquatic snail Pyrgophorus coronatus, in which a cystophorofurcocercous cercaria develops,
and the experimentally established second intermediate host is the copepod Mesocyclops chaci
Fiers, Reid, Iliffe et Suarez-Morales, 1996. The cystophorofurcocercous cercariae recorded during
this study from P. coronatus (see p. 135) probably belonged to G. tropica, because no definitive
hosts of other congeneric trematode species occur in this locality; apparently, various copepods
serve as the second intermediate host and a source of infection by this trematode for catfish.

The present data suggest that new infections of G. tropica are acquired by catfish throughout
the year, possibly because copepods are available all year. Although oviposition may occur all year
round, it mainly occurs in June and July. The quantitative differences may be associated with
possible seasonal changes in the abundance of the copepod intermediate hosts. The increase in
infection rate with increase in body size of the catfish may be associated with the amount of food
eaten (and consequently the numbers of infected copepods eaten) by fish, but it cannot be exclud-
ed that small fish (including young catfish ) may serve as paratenic or paradefinitive hosts of G.
tropica and be an addititional source of infection; this is suggested by the finding of a juvenile G.
tropica specimen in Gambusia yucatana Regan, 1914 in the cenote Noc-ac in Yucatan by Scholz
etal. (1995a).

The first intermediate host of the trematode Stunkardiella minima is unknown, but it is possible
that the oculopleurolophocercous cercariae in the snail Pyrgophorus coronatus at this locality
(Ixin-hd) and identified as Oligogonotylus manteri Watson, 1976 by Ditrich et al. (1997) and Scholz
et al. (2000), are in fact cercariae of S. minima (T. Scholz pers. comm.). The definitive hosts of O.
manteri are cichlids, which are not known to occur in the cenote Ixin-ha. Metacercariae of S.
minima have been reported from fish (mainly Rhamdia guatemalensis, rarely in Gambusia yucat-
ana), which serve as the second intermediate hosts (Scholz et al. 1995b, Scholz & Aguirre-Macedo
2000). The definitive host (R. guatemalensis) acquires the infection by cannibalism or predation on
other fish species.

The present data indicate that Stunkardiella minima metacercariae probably occur in catfish at
this locality throughout the year. Consequently, new infections are acquired by catfish as a defin-
itive host also all the year round, even though only nongravid or very young gravid specimens of
S. minima were recorded from June to August (this is probably due to the low numbers of fish
sampled and the rapid development of the trematode in the definitive host at high water tempera-
tures). It can be assumed that S. minima lays eggs in all months, but the highest prevalence and a
relatively high mean intensity of gravid specimens were recorded in June. It is interesting that the
mean intensity of S. minima metacercariae was also highest in June. The frequency distribution and
aggregation of infections by metacercariae indicate a considerable overdispersion of infections by
young and adult trematodes.

The life cycle of the cestode Proteocephalus brooksi is unknown, but it is assumed to be similar
to that of other Proteocephalus spp., where various copepods serve as obligate intermediate hosts
and the source of infection for the definitive host (Scholz 1999). Although fish paratenic hosts have
been demonstrated for some species of this genus parasitizing piscivorous fishes, in the case of P.
brooksi it is not clear whether R. guatemalensis harbouring encapsulated larvae of P. brooksi acts
as a paratenic host or an obligate second intermediate host. However, even if there is only one
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intermediate host, copepod, catfish undoubtedly play an important role as a source of P. brooksi
infection for the definitive host, which it acquires by cannibalism.

The present study indicates that there are large numbers of encapsulated larvae of P. brooksi in
catfish throughout the year and are thus available for the definitive host. Consequently, it can be
assumed that new infections are acquired by Rhamdia guatemalensis all the year round, but few of
the acquired cestode larvae can establish and mature in the definitive host’s intestine, a phenome-
non well-known for other species of this genus (Scholz 1999). Even though gravid specimens of P.
brooksi were only found in June and August, evidently as a result of a low rate of infection, it is
highly probable that the oviposition occurs throughout the year, in contrast to the majority of
congeneric palaearctic species, which have pronounced seasonal maturation cycles and where
oviposition is restricted to 1-2 months in a year (Scholz 1999). This difference probably results from
the source of infection (fish harbouring encapsulated cestode larvae are available throughout the
year vs. seasonal occurrence of infected copepods with a life of a few months) and relatively high
water temperatures. The decreasing prevalence and mean intensity of encapsulated P. brooksi
larvae with increase in body length of R. guatemalensis reflects the fact that these fish acquire the
infection by feeding on copepod intermediate hosts.

The life cycle of the nematode Neophilometroides caudatus is unknown, but other philometrids
are known to utilize copepods as obligate intermediate hosts. Therefore, it is likely that the life cycle
of N. caudatus also involves a copepod intermediate host, but the existence of a fish paratenic host
(probably young catfish) as in some other philometrids parasitizing piscivorous fish (e. g., Philom-
etra obturans (Prenant, 1886) parasitic in Esox lucius Linnaeus, 1758 in Europe — see Moravec &
Dykova 1978) can be expected. The presence of a fish paratenic host of N. caudatus is suggested
by the fact that this parasite was recorded only in large R. guatemalensis.

Even though males and the gravid female with larvae were recorded from catfish only in Septem-
ber and October (apparently due to a low infection rate), it is highly probable that there is no
pronounced seasonal maturation cycle in N. caudatus and that both acquiring new infections by
the definitive host and the production of larvae by gravid females take place throughout the year.
As in the foregoing species, this may be associated with a relatively constant and high water
temperature, and a fish paratenic host that enables new infections to be acquired throughout the
year. All Philometra spp. from European cyprinids, where the only source of infection are copep-
ods, have markedly pronounced seasonal maturation cycles with a short-term production of larvae
mostly in late spring, but the principal source of Philometra obturans infection of pike, Esox
lucius, is fish paratenic hosts and, consequently, the production of larvae of this parasite occurs
throughout the year (Moravec 1994).

Intermediate hosts of various Rhabdochona spp. are larvae of aquatic insects (Ephemeroptera,
Plecoptera, Trichoptera). The life cycle of R. kidderi texensis Moravec et Huffman, 1988 was
recently studied by Moravec & Huffman (2001) who found the nymphs of the mayfly Tricoryth-
odes curvatus Allen, 1977 to be the natural intermediate host of this parasite in Texas, USA, and
also successfully infected a European mayfly species. Seasonal cycles in the occurrence and matu-
ration of R. kidderi in Cichlasoma nigrofasciatum (Giinther, 1867) in the Amacuzac River in
central Mexico was studied by Caspeta-Mandujano et al. (2000). Although some unidentified
ephemeropteran and other aquatic insect larvae were examined from Ixin-ha during this study (see
Materials and Methods), no Rhabdochona larvae were recorded from them.

The present data suggest that Rhabdochona kidderi occurs in Rhamdia guatemalensis in the
cenote Ixin-ha throughout the year, with the highest prevalence in July. Similar to what Caspeta-
Mandujano et al. (2000) found for this species in central Mexico, both juveniles and gravid females
with mature eggs were recorded nearly all months, indicating that both new infections and ovipo-
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sition occurred throughtout the year. The main reason for this may be the annual presence of
suitable ephemeropteran intermediate hosts in the locality and a rapid development of the nema-
tode both in the intermediate and the definitive host. Quantitative differences in the monthly
samples of R. kidderi may be due to seasonal changes in populations of the mayfly intermediate
hosts.

Some European species of Rhabdochona (R. hellichi (Sramek, 1901), R. phoxini Moravec, 1968)
exhibit highly pronounced maturation cycles, where the oviposition is restricted to a short period in
late spring and summer (Moravec 1977, Moravec & Scholz 1995), whereas oviposition in R. denu-
data (Dujardin, 1843) occurs all the year round (Moravec 1989); the main reason for these differenc-
es is the seasonal changes in the availability of infective larvae of these nematodes due to the
seasonal occurrence of mayfly intermediate hosts in addition to the direct effect of temperature
(Moravec 1994). An indistinct seasonal maturation cycle is found in R. zacconis Yamaguti, 1935
from the subtropical region of Japan (Moravec et al. 1998).

It is evident from the results of this study that none of the five helminth species from R. guate-
malensis in the cenote Ixin-ha exhibit a clear-cut seasonal maturation cycle with reproduction
restricted to a certain season. In this they differ from the majority of adult helminths parasitizing
freshwater fish in the temperate zone. Similar results were obtained by Caspeta-Mandujano et al.
(2000) studying the seasonality of the nematode Rhabdochona kidderi in Cichlasoma nigrofas-
ciatum in another tropical region of Mexico; in the Amacuzac River in the State of Morelos.

It appears that in the tropics the main factor enabling fish helminths to reproduce throughout the
year is a relatively high water temperature all the year round, which enables the parasites to rapidly
develop, and the quickly changing generations of invertebrate intermediate hosts. Some quantita-
tive seasonal differences in the populations of fish helminths are, apparently, associated with the
ecology and ethology of their intermediate, paratenic and definitive hosts.

The association of infection rates with body size of host seems to depend on the way of acquir-
ing infection by the host. In those species where infection is acquired by feeding on small inverte-
brate intermediate hosts, i.e. Genarchella tropica, Rhabdochona kidderi and Proteocephalus
brooksi larvae, the rate of infection decreases with increasing body length of the host. In contrast,
those species acquiring infection by feeding on fish intermediate or paratenic hosts, e. g. P. brook-
si, the rate of infection increases with increasing body length of the host. This relationship is not
apparent in Stunkardiella minima and Neophilometroides caudatus, where other ecological fac-
tors might operate.
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