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Synopsis

Prevalence and intensity of a clinostomatid in the fish Poecilia gilliii were measured in six dry season pools of a
small intermittent Costa Rican stream, and the prevalence of two diplostomulid parasites ('diplostomulum'
and 'neascus') were monitored in 14 residual pools of a second intermittent stream of the same drainage .
There were significant among-pool differences in the prevalence of the three parasites . There was no evidence
to suggest that clinostomatid or `diplostomulum' prevalence was influenced by the position of pools within the
downstream gradient ; however, 'neascus' prevalence tended to decrease with distance downstream . Host
length accounted for some of the variation in parasite prevalence among pools for both diplostomulids . Preva-
lence and intensity of a clinostomid in the body cavity varied with host gender and body size. There was a
positive relationship between body size and clinostomatid parasitization in female hosts . Most males exam-
ined were less than 50 mm (total length) . For fish less than 50 mm, males were more parasitized than females .
Prevalence of the two diplostomulids was not related to the relative net periphyton production or the dis-
solved oxygen concentration of the pools . However, a positive correlation between the density of P gillii and
'diplostomulum' prevalence was found across the fourteen pools, and 'neascus' prevalence was positively
related to pool area .

Introduction

There has been considerable interest in the factors
accounting for variation in the abundance of para-
sites in different host populations (Dogiel 1961,
Price 1990, Kennedy 1985,1990). The way variance
in parasitism is partitioned across environments
and hosts should determine the scale and dynamics

of host-parasite interactions . Of particular signifi-
cance is the degree to which life history and ecolog-
ical factors such as host size, density, or feeding hab-
its contribute to differing levels of parasitism (Do-
giel 1961, Anderson 1982, Price 1990, Chandler
1993) . Intermittent streams are particularly useful
systems for examining questions pertaining to the
heterogeneity of host-parasite interactions in nat-
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ural populations . In the dry season, aquatic orga-
nisms inhabiting intermittent streams can be
trapped for several months in isolated pools . Dur-
ing this time the characteristics of the pools can di-
verge, and heterogeneity in these characteristics
may contribute to small scale variation in host-par-
asite dynamics .

In this study, we document the patchiness of para-
site infections in a small freshwater fish, Poecilia gil-
lii Kner & Steindachner 1863, from pools in two in-
termittent tropical streams . Potential life history
and ecological correlates of the parasite prevalence
are examined . During the dry season, both streams
consist of small disconnected pools which vary in
size, water quality, and densities of P gillii (Chap-
man & Kramer 1991a, b, Chapman et al. 1991), and
thus they represent a novel set of habitat patches
with isolated host populations . We first describe the
prevalence and intensity of a clinostomatid infec-
tion (Digenea : Platyhelminthes) in P gillii from dry
season pools in one small stream and consider rela-
tionships between host life history traits and para-
site infections . We subsequently examine the preva-
lence of two other species of metacercariae (Dige-
nea) in pools of a second stream in the same drain-
age and quantitatively describe relationships
between ecological variables and parasite infesta-
tions . We consider four variables : pool population
density, relative net periphyton production (a food
source for P gillii), dissolved oxygen concentration,
and pool surface area . High densities of P gillii, low
periphyton production, and low dissolved oxygen
concentration are related to low pool population
growth rates in the late dry season in Quebrada Ji-
cote (Chapman et al . 1991) . If these three factors re-
flect the suitability of pools for fish, one would ex-
pect that variation in the prevalence of parasites
among pools might be accounted for by variation in
these three parameters . We considered the effects
of pool area on prevalence, given that the smallest
pools might not be suitable for the final hosts of the
parasites, which, for all three digeneans, are pisci-
vorous birds .

Methods

Study site

The ecology and behavior of P gillii were studied
for 20 months over 3 years in two small intermittent
streams in Santa Rosa National Park, Costa Rica
(10'50'N, 85 -38'W) . The first stream, Quebrada
Costa Rica, is surrounded by low canopy forest and
grassland with high light exposure . The upper sec-
tion is on a relatively low gradient, and is separated
by a 25 m waterfall from its downstream sector
which feeds directly into the Rio Poza Salada . Para-
site data were collected late in the dry season of
1985 between March and May from P gillii popula-
tions in the five dry season pools (4 m 2 to 91 m2 in
area) that remained within a 300 m upper section of
Quebrada Costa Rica and one pool at the base of
the waterfall leading into the Rio Poza Salada . The
second study site, Quebrada Jicote, is a high-gra-
dient stream which flows into the Rio Poza Salada
about 700 m below the Quebrada Costa Rica pools .
The study site included a 0 .5 km section of the Que-
brada Jicote and a short section of the Rio Poza Sal-
ada. During the dry season this stream consists of
about 20 small, disconnected pools. The most up-
stream permanent pool, which we refer to as the
Source Pool, is the largest (18 m in diameter), and is
fed by a 16 m high waterfall which prevents fish
from moving upstream . Below this pool the stream
falls over a distance of 0



Quebrada Costa Rica and Quebrada Jicote, water
levels in pools declined as the dry season pro-
gressed, sometimes reducing P. gillii populations
dramatically or eliminating them completely
(Chapman & Kramer 1991a, Chapman et al. 1991) .
A more complete description of the two sites is
found in Chapman & Kramer (1991a,b), and Chap-
man & Chapman (1993) .

Fish-parasite collections and environmental
monitoring

Fish from the six pools in Quebrada Costa Rica
were sampled using baited minnow traps . A sample
of males (mean total length = 42 .8 ± 4 .8 mm, SD)
and females (mean total length = 46 .6 ± 8.5 mm,
SD) was selected . An attempt was made to sample
approximately equal proportions of males and fe-
males, although the proportion of males among the
adults of the population is generally lower than the
proportion of females in these pools . The fish were
placed on ice, preserved in 10% formalin, and
stored in 70% alcohol . The total length and weight
of each fish were recorded, and specimens were
sexed by examination of the anal fin and gonads
(Turner 1941) . Prevalence and intensity of infection
(number of parasites per host) were determined
from dissections . Parasites found in the body cavity
were identified as metacercariae of a species of cli-
nostomatid (Clinostomatoidea: Digenea ; D .
Brooks personal communication) . Further identifi-
cation of the parasite was not possible . The life cycle
of a related clinostomatid that infects fishes in
North America can be summarized as follows : fish,
which serve as the second intermediate host, are
eaten by a piscivorous bird (e .g ., heron), where the
metacercariae develop into adults after a few days
(Olsen 1974) . The parasites then shed eggs for a pe-
riod of about 14 days, before being lost . The free-
swimming miracidia emerge from the eggs and pen-
etrate a suitable snail host . When fully developed,
the cercariae emerge to find a suitable fish host
where they develop into metacercariae (Olsen
1974) .

The study of Quebrada Jicote was used to quanti-
tatively describe relationships between ecological
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variables, P. gillii population density, and parasite
infestations. Random sampling of oxygen, temper-
ature, and fish capture sites was conducted by divid-
ing each pool into 1 m2 quadrats using two to four
lines of rope marked at 1 meter intervals and sus-
pended above the pools . Every 4-6 weeks, three to
six dissolved Oz concentration and temperature
readings were taken with an 0 2 meter in each pool
at randomly selected sites . In this study, we relate
surface values collected between 13 :00 and 15 :30
hours to parasite infestation . No macrophytes grew
in these pools. Relative net periphyton production
was estimated for each pool using the procedures
outlined by Chapman & Kramer (1991b) . For more
detailed accounts of environmental sampling pro-
cedures, see Chapman & Kramer (1991a, b) .

Fish population size was estimated for each pool
every 4-6 weeks . Baited minnow traps were set in
randomly selected grids with recaptures later the
same day or one to two days later . Individuals
greater than 30 mm were tagged with small, individ-
ually coded external tags (Chapman & Bevan 1990),
while fish 25-30 mm were marked with a color/posi-
tion code of tattoo ink injected into the muscle with
a fine-gauge surgical needle (Riley 1966, Thresher
& Gronell1978) . Toward the end of the study, larger
fish were also tattooed rather than tagged to mini-
mize the number of tags left after the study . A cap-
ture-mark-recapture estimate for a closed popula-
tion without mortality or recruitment (Krebs 1989)
was applied to determine population size for fish
>_ 25 mm in each pool .

The study of P gillii population dynamics using
the capture-mark-recapture technique precluded
the collection of individuals for dissection . How-
ever, two digenean parasites were visible externally
on fish collected from Quebrada Jicote . These were
dissected out from several fish, and both were
found to be diplostomulids (Strigeidea: Digenea) .
Although the specific status of these parasites was
impossible to determine (D . Brooks personal com-
munication), one of the parasites infected the eye,
and belongs to a group of parasites commonly re-
ferred to as `diplostomulum' . The life cycle of a re-
lated species of 'diplostomulum' that parasitizes the
lenses and vitreous humor of some temperate fresh-
water fishes is as follows : on making contact with
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the fish, the cercariae penetrate the skin and mi-
grate to the eye where they remain until the host
dies or is eaten by a piscivorous bird : development
into an adult occurs in the bird's intestine (Ginet-
sinskaya 1961) . The adult parasites shed their eggs
which pass out into the water. The hatching miraci-
dia must then penetrate as gastropod, the next host,
before becoming infective to fish . The metacerca-
riae develop within the fish to the stage where they
can infect the final avian host (Ginetsinskaya 1961) .
The metacercariae were easy to observe and often
distorted the eye considerably. Both eyes of each
fish captured during the capture-mark-recepture
protocol were examined, and the presence or ab-
sence of the parasite was recorded . In addition, all
fish were examined for the presence or absence of
distinctive black spots . These are the encysted
metacercariae of the diplostomulid group common-
ly referred to as 'neascus', which have migrated to
the body wall of the host . Again the final host is a
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Fig. 1 . Prevalence (a) and mean intensity of infection (b) of clinostomatid metacercariae found in Poecilia gillii in six Quabrada Costa Rica
pools, separated by host gender. The sample sizes for each pool appear above each respective pool value . Pool numbers are as in Chap-
man & Chapman (1993) .

bird, and the first intermediate host is a gastropod
(Olsen 1974) . The stage within the fish usually takes
about three weeks to develop in North America
(Olsen 1974). Because we did not dissect out the
parasites in each fish, our estimates should be con-
sidered as a relative, rather than an absolute mea-
sure of prevalence . To reduce our measurement er-
ror, estimates of the presence or absence of parasit-
es were limited to fish greater than or equal to
30 mm in total length. Because we have not identi-
fied the parasites to species, it is possible that each
metacercarial type is represented by more than one
species. The gender of each fish was determined by
the examination of anal-fin morphology (Turner
1941) . Some immature males could not be differen-
tiated from females, and may have been included
with the females . The non-destructive nature of the
study in Quebrada Jicote prevented the necropsies
that would be required for a finer analysis .



Statistical analysis

Friedman's test for repeated measures was used to
examine variation in prevalance across sampling

dates (Winer 1971, Conover 1980) . Logistic regres-
sion analysis was used to test for the effects of pool,

host length, and gender on the prevalence of all
three parasites (Kleinbaum et al. 1988). The X 2
goodness of fit analysis was used to test for differ-
ences in prevalence among pools (Sokal & Rohlf
1981) .

Results

The three digeneans found in P gillii infected only a
moderate proportion of the host populations (mean
prevalence across pools and one standard deviation
was 22.2% ± 15.7,16.4% ± 15.3, and 5.0% ± 8 .9 for
clinostomatid, `diplostomulum', and `neascus' par-
asites, respectively) . Prevalence values were slight-
ly higher when fish were combined across all pools
(27.8%, 26.3%, and 15 .3% for clinostomatid, 'di-
plostomulum', and `neascus', respectively) . Higher
prevalence values in the combined sample relative
to the mean values across pools reflects the contri-
bution of few pools with large populations (from
which many fish were sampled) and high parasite
prevalence (e .g ., Pool 11, Pool 33 in Quebrada Ji-
cote) . The clinostomatid, which was the only dige-
nean for which intensity of infection was scored,
tended to be aggregated in distribution (variance to
mean ratio = 26 .18) .

Minor variation in prevalence between sample
periods existed, though differences were not signif-
icant (Friedmans test X2 = 3.6 for the clinostomatid ;
X 2 = 0.29 for the 'diplostomulum' ; X 2 = 2.55 for the
`neascus', p > 0 .25) . Based on plots of prevalence
and sample period, no general trend for any of the
three parasites was apparent over the short time

frame of collections, either when pools were ana-
lyzed separately or combined . We grouped all sam-
ple periods for each pool together for further ana-
lyses .

Clinostomatid parasitization in Quebrada
Costa Rica

The prevalence and mean intensity of the clinosto-
matid infection in fish from Quebrada Costa Rica
differed among pools (X2 = 35.3, p < 0.001 ; F5,265 =
10.15, p < 0 .001, respectively, Fig . la, b) . These dif-
ferences showed no obvious relation to the down-
stream directional gradient of the pools (Spearman
rank correlation ; prevalence : rs = 0.086, p = 0 .87 ; in-
tensity : r s = 0.086, p = 0 .87). Prevalence and mean
intensity of infection varied with host gender and
body length (Fig . 2a, b). Although larger females
showed higher prevalence and mean intensity of in-
fection, no such length relationships were found in
male fish. Males tended to be smaller than females .
To compare similarly sized fish, we arbitrarily divid-
ed the fish from all pools into four size classes . Most
males (94%) were less than 50 mm in total length .
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Fig . 2. The relationship between length of Poecilia gillii : a - prev-
alence (percent infected) and b - mean intensity of the clinosto-
matid metacercariae in Quebrada Costa Rica for all pools com-
bined . Standard errors for intensity are indicated . The numbers
above each column are the sample sizes for each size class . No
males above the second size class were infected .
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For fish smaller than 50 mm, males were 2 .3 times as
likely to be infected as females (32 .4% vs. 14 .3 % for
males and females, respectively ; X2 = 9.86, p <
0.005, Fig. 2a) . In addition, the mean intensity of in-
fection was 2 .3 times higher for males smaller than
50 mm than for females in the same size class (t =
2.83, p < 0 .005, Fig. 2b). For the larger size classes,
sample size was very small for males (since they
were less abundant than large females) . The small
number of large males examined were free of para-
sites, whereas larger females exhibited an increase
in prevalence (females < 50 mm vs . females
50 mm ; X2 = 27.6, p < 0.001, Fig. 2a) and mean in-

tensity (t = 6 .37, p < 0 .001, Fig . 2b) over the smaller
size classes. Logistic regression was used to exam-
ine the effects of pool, length, gender, and the inter-
action between length and gender on the probabil-
ity of infection. When the effects of body size and
host gender were removed, there were still signif-
icant pool effects on clinostomatid prevalence (Ta-
ble 1) .

`Diplostomulid' parasitization in Quebrada Jicote

Prevalence of both the 'diplostomulum' and `neas-
cus' metacercariae differed significantly among the
14 pools (X 2 = 154.4, p < 0 .001 for 'diplostomulum' ;
X2 = 273.7, p < 0 .001 for 'neascus' ; Fig . 3a, b). 'Di-
plostomulum' prevalence showed no relationship
with distance from the most upstream pool (r =
0.017, p = 0.95). However, the position of the pools

Table 1 . Logistic regression analyses for the effects of pool, total
length, gender, and the interaction of length and gender on the
prevalence of parasitism by the metacercariae of three dige-
neans: a clinostomatid, and two diplostomulid parasites (`diplos-
tomulum' and `neascus') .

Treatments Clinostomatid `Diplostomulum' 'Neascus'

within the unidirectional downstream gradient re-
lated to 'neascus' prevalence, with a general decline
in prevalence in downstream pools (r = - 0.56, p =
0.038). Larger fish were more parasitized, and body
size effects remained significant when pool and
gender effects were removed (Table 1) . Again, most
males were less than 50 mm in total length. The
prevalence of infection of both parasites in fish less
than 50 mm (TL) was higher in males than in fe-
males ('diplostomulum' ; 27.3% and 21.2% for
males and females, respectively; X2 = 7.2, p < 0.05 ;
`neascus' : 17.4% and 11.8% for males and females,
respectively; X2 = 9 .3, p < 0.005). When pool and
body size effects were removed, there were still
weak gender effects on 'neascus' prevalence (p =
0.095); however, there were no significant gender
effects on 'diplostomulum' prevalence (Table 1) .
Larger females exhibited a significant increase in
the prevalence of the two parasites ('diplostomu-
lum': 21 .2% and 75.3% for females < 50 mm and fe-
males >- 50 mm, respectively, X 2 = 136.3, p < 0.001 ;
`neascus' : 11.8% and 42.3% for females < 50 mm
and females >- 50 mm, respectively, X 2 = 67.4, p <
0.001). Only four large males (>- 50 mm) were exam-
ined. All were infected with 'diplostomulum',
whereas only one of the four fish was infected with
`neascus' . Mean body size of fish differed among
pools (F13.1668 = 4.8, p < 0 .001). Although pool differ-
ences in body size may account for some of the het-
erogeneity in prevalence among pools, logistic re-
gression analysis indicated that significant pool dif-
ferences remained after the effects of body size
were removed (Table 1) .

Four variables (fish density, pool area, dissolved
oxygen, and relative net periphyton production)
were used in a stepwise multiple regression to parti-
tion ecologically important correlates of the preva-
lence of 'diplostomulum' and 'neascus' metacerca-
riae in Quebrada Jicote pools . Host population
density was positively correlated with 'diplostomu-
lum' prevalence and was the only significant corre-
late (arcsine I prevalence = - 0.32 + 0 .28*log densi-
ty; r2 = 0.38, p = 0 .020). In a simple correlation ma-
trix, again, host population density was the only sig-
nificant factor (density r = 0.61, p = 0 .020; area r =
0.32, p = 0 .27; periphyton r = 0 .18, p = 0 .54; oxygen
r = - 0.33, p = 0 .25). In a stepwise multiple regres-

X2 p x2 p x2 p

Sample size 270 1671 1676
Log length 3 .47 0 .063 12.37 < 0 .001 18 .37 < 0 .001
Gender 7 .88 0 .005 0.23 0.634 2 .78 0 .095
Pool 27 .86 < 0 .001 131 .78 < 0.001 78 .63 < 0 .001
Length by
gender 7 .67 0.006 0.06 0 .809 3 .48 0.062
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Fig. 3. The prevalence of (a) `diplostomulum' and (b) `neascus' parasites found in P gillii in Quebrada Jicote, separated by host gender .
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(1991b) and the map therein; SP refers to the Source Pool. Pools 21-27 are pools from sector 2 of Q . Jicote and Pools 31-38 are pools from

Sector 3 .

sion, pool surface area was positively correlated
with the prevalence of 'neascus' and was the only
significant correlate (arcsine ' prevalence =

- 0.32 + 0 .16*log pool area ; r2 = 0.62 ; p < 0 .001) . Cor-
relations between the four independent variables

and the prevalence of 'neascus' produced similar
results ; pool area was the only significant factor (ar-
ea r = 0 .79, p < 0 .001; density r = 0 .04, p = 0.90; pe-
riphyton r = 0 .06, p = 0 .85; oxygen r = - 0.15, p =
0.61) .

Discussion

Previous studies have revealed variation in preva-
lence of parasites of fishes among lakes (Dogiel
1961, Kennedy 1985, Bell & Burt 1991), rivers (Ken-
nedy 1990), and among sampling stations in large

bodies of saltwater, such as the North Sea (Pilcher
et al . 1989) . In addition, variation in susceptibility to
disease has also been found among fish populations
from different rivers (Price 1985, Gjedrem & Aul-
stad 1974). In this study, we demonstrate that signif-
icant spatial heterogeneity in the prevalence and in-
tensity of fish parasites exists on even smaller
scales, among dry season pools in intermittent
streams .

The effect of pool area on 'neascus' prevalence
may reflect whether the final hosts, fish-eating wa-
ter birds, could use all pools equally. During the
course of the study, potential avian hosts were gen-
erally observed in the larger pools . For the 'diplos-
tomulum', host density was the only significant pre-
dictor of prevalence of parasites within pools . Orga-
nisms under stress or in poor body condition are
generally less resistant to parasites (Zuk 1990) . If
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higher densities contribute to higher levels of stress,
pools with higher densities of fish might be expect-
ed to be more heavily parasitized .

There has been much recent interest in the poten-
tial importance of stochastic events in determining
the composition of parasite communities (Kennedy
1985, 1990) . Intermittent streams are often subject
to severe flash flooding which may substantially al-
ter host-parasite dynamics . In our study, there was
no evidence to suggest that clinostomatid and 'di-
plostomulum' prevalence were influenced by their
position in the unidirectional downstream gradient ;
however `neascus' prevalence was negatively corre-
lated with distance from the most upstream pool .
Chapman & Kramer (1991a) studied the rainy sea-
son dispersal of Poecilia gillii in the wet season pre-
ceding our dry season collection of parasite data,
during which time there were two major floods . The
first flood was very severe, and pools lost an average
of 75% of their populations . Most of the lost fish
died by becoming trapped in desiccating pools . Pop-
ulation loss varied from 12% in the Source Pool to
an average of 68% in the middle sector, to an aver-
age of 93% in the most downstream pools . If 'neas-
cus' had been present prior to the first very severe
flood, the high loss of fish from most pools in Sector
3 may have contributed to the absence of this para-
site in these downstream pool populations in the
following dry season . Although populations in-
creased in the post-flood period, the severe flood
may have lead to the local disappearance of parasit-
ized fish or the first intermediate host in Pools 3-5
to 3-8 .

Fish body size and age have often, though not al-
ways, been found to be positively associated with
the prevalence and/or density of parasite infection
(Dogiel 1961, Amin 1985, Madhavi & Rukmini
1991) . In Quebrada Jicote, the prevalence of both
'diplostomulum' and `neascus' was positively corre-
lated with the length of P gillii. Body size effects
remained significant when the effects of pool and
fish gender were removed . In Quebrada Costa Ri-
ca, female and male fish differed in the way they
were parasitized by the clinostomatid . Larger fe-
males were more heavily parasitized than smaller
females. For fish smaller than 50 mm, male P gillii
were more likely to be infected by the clinostoma-

tid, and had a greater intensity of infection than sim-
ilarly sized females. This was not true for larger size
classes ; however, sample size was small for very
large males .

In these streams, pools are only temporarily sep-
arated, joining during the floods in the rainy season .
Thus, P gillii populations, having undergone
growth in divergent parasite conditions, are mixed
before being divided into different pools again. The
patchiness in parasitism among microhabitats may
be relevant to the maintenance of heritable genetic
variation in host and parasite populations. Models
have shown that the temporary partitioning of hab-
its into microhabitats where selection acts differ-
ently, before `random' mating among individuals
from all microhabitats, can maintain genetic diver-
sity (Levene 1953, Levins & MacArthur 1966) . Ge-
netic variation in host resistance has been demon-
strated in other systems (Price 1985, Wakelin &
Blackwell 1988), but remains to be investigated at
the present site .

This study has demonstrated significant environ-
mental heterogeneity in parasite infection at a small
scale, among temporarily disconnected pools, and
that ecological variables also correlate with parasite
prevalence . This demonstrates that environmental
parameters may affect parasitism in groups of fish
isolated in dry season pools, and suggests which pat-
terns need further experimental testing .

Acknowledgements

Funding for this work was provided by an NSERC
Post-Graduate and Post-Doctoral Fellowship to
LJC and CAC, a McConnell Memorial Fellowship
to LJC, a FCAR doctoral scholarship to MC, and
NSERC Operating Grants to D .L. Kramer, L.
Lefebvre, and G. Bell. We would like to thank
M. Bryant and V. Visman for help with dissections .
J. da Silva, M . Bradford, J . Schikoff and two anony-
mous reviewers improved the manuscript with their
comments. We would also like to thank D. Brooks
for helping to identify the parasites .



References cited

Amin, O.M. 1985 . The relationship between the size of some
salmonid fishes and the intensity of their acanthocephalan in-
fections . Can . J . Zool . 63 : 924-927 .

Anderson, R.M. 1982. The population dynamics and control of
hookworm and roundworm infections . pp . 67-108 . In : R.M .

Anderson (ed .) The Population Dynamics of Infectious Dis-
eases : Theory and Applications, Chapman and Hall, London .

Bell, G. & A . Burt. 1991 . The comparative biology of parasite
species diversity : internal helminths of freshwater fish . J .
Anim. Ecol . 60 :1047-1063 .

Chandler, M . 1993 . The evolutionary ecology of parasitism in re-
lation to recombination in a neotropical community of anu-
rans. Ph .D . Thesis, McGill University, Montreal . 297 pp .

Chapman, L .J . & D . Bevan. 1990 . Development and field eval-
uation of a mini-spaghetti tag for individual identification of
small fishes . Amer . Fish. Soc. Symp. 7 :101-108 .

Chapman, L .J . & C.A. Chapman. 1993 . Desiccation, flooding,
and the behavior of Poecilia gillii (Pisces: Poeciliidae) . Ich-
thyol . Explor. Freshwaters 4 : 279-287 .

Chapman, L .J. & D.L. Kramer. 1991a . The consequences of
flooding for the dispersal and fate of poeciliid fish in an in-
termittent tropical stream . Oecologia 87 : 299-306 .

Chapman, L .J . & D .L. Kramer. 1991b. Limnological observa-
tions of an intermittent tropical dry forest stream . Hydrobio-
logia 226 :153-166 .

Chapman, L.J ., D .L . Kramer & C .A. Chapman . 1991 . Population
dynamics of the fish Poecilia gillii (Poeciliidae) in pools of an
intermittent tropical stream . J . Anim . Ecol . 60 : 441-453 .

Conover, W.J . 1980 . Practical nonparametric statistics . John Wi-
ley and Sons, New York. 493 pp .

Dogiel, V.A . 1961 . Ecology of the parasites of freshwater fishes .
pp . 1-47 . In : V.A. Dogiel, G.K. Petrushevski & Y.I . Polyanski
(ed .) Parasitology of Fishes, Oliver and Boyd, London .

Ginetsinskaya, T.A . 1961 . The life cycles of fish helminths and the
biology of their larval stages . pp. 140-179 . In: V.A. Dogiel,
G.K. Petrushevski & Y.I . Polyanski (ed .) Parasitology of Fish-
es, Oliver and Boyd, London .

Gjedrem, T . & D. Aulstad . 1974 . Selection experiments with

salmon . 1 . Differences in resistance to vibrio diseases of salm-
on parr (Salmo solar) . Aquaculture 3: 51-59 .

Kennedy, C.R . 1985 . Interactions of fish and parasite popula-
tions: to perpetuate or pioneer? pp. 1-20 . In : D. Rollinson &
R.M. Anderson (ed .) Ecology and Genetics of Host-Parasite
Interactions, Linnaean Society Symposium Series 11, Aca-
demic Press, London .

Kennedy, C.R. 1990 . Helminth communities in freshwater fish :

321

structured communities or stochastic assemblages? pp. 131-

156 . In : G.W. Esch, A .O. Bush & J .M. Aho (ed.) Parasite Com-

munities : Patterns and Processes, Chapman and Hall, Lon-
don.

Kleinbaum, D.G ., L.L. Kupper & K .E . Muller . 1988. Applied re-
gression analysis and other multivariable methods . PWS-
KENT Publishing Co., Boston . 718 pp .

Krebs, C .J . 1989 . Ecological methodology. Harper & Row Pub-
lishers, New York . 654 pp.

Levene, H . 1953 . Genetic equilibrium when more than one ec-
ological niche is available . Amer . Nat . 87 : 311-313 .

Levins, R. 1968 . Evolution in changing environments . Princeton
University Press, Princeton . 120 pp.

Levins, R . & R. MacArthur . 1966 . The maintenance of genetic
polymorphism in a spatially heterogeneous environment : var-
iations on a theme by Howard Levene . Amer. Nat . 100 : 585-
589.

Madhavi, R. & C. Rukmini . 1991 . Population biology of the meta-
cercariae of Centrocestus formosanus (Trematoda : Hetero-
phyidae) on the gills of Aplocheilus panchax. J . Zool. 223 : 509-
520 .

Olsen, O.W. 1974 . Animal parasites : their life cycles and ecology.
University Park Press, Baltimore . 562 pp.

Pitcher, M.W., PJ . Whitfield & J .D . Riley. 1989 . Seasonal and re-
gional infestation characteristics of three ectoparasites of
whiting, Merlangius merlangus L ., in the North Sea . J . Fish
Biol . 35 : 97-110 .

Price, D.J . 1985 . Genetics of susceptibility and resistance to dis-
ease in fishes . J . Fish Biol . 26: 509-519 .

Price, P.W. 1990 . Host populations as resources defining parasite
community organization . pp . 21-40 . In: G.W. Esch, A .O. Bush
& J.M. Aho (ed .) Parasite Communities : Patterns and Pro-
cesses, Chapman and Hall, London.

Riley, J .D . 1966 . Liquid latex marking technique for small fish . J .
Cons . Perm . Int. Explor . Mer . 30: 354-357 .

Sokal, R .R. & F.J . Rohlf. 1981 . Biometry. W.H. Freema n and
Company, San Francisco . 859 pp.

Thresher, R .E. & A .M. Gronell . 1978. Subcutaneous tagging of
small reef fishes . Copeia 1978 : 352-353 .

Turner, C.L . 1941 . Morphogenesis of the gonopodium in Gambu-
sia affinis affinis . J . Morphol . 69 :161-185 .

Wakelin, D. & J .M. Blackwell . 1988. Genetics of resistance to
bacterial and parasitic infection . Taylor & Francis, London.
287 pp .

Winer, B .J . 1971. Statistical principles in experimental design .
McGraw-Hill Book Company, New York . 907 pp.

Zuk, M . 1990 . Reproductive strategies and disease susceptibility :
an evolutionary viewpoint. Parasitology Today 6 : 231-233 .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9

