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Abstract The larval stages of Bolbophorus sp. (digenean)
and Amirthalingamia macracantha (cestode) are frequently
reported in Oreochromis niloticus in Uganda. Little,
however, is known about their infection patterns. This
study examined the influence of habitat type, host size, and
sex and weather patterns on the parasite populations in
Uganda. A total of 650 fish were collected between January
and November 2008 from a reservoir, cages, fishponds and
a stream. The prevalence and intensity of A. macracantha
and the prevalence of Bolbophorus sp. differed across the
water bodies reflecting the effect of habitat characteristics
on parasite transmission. Host sex did not significantly
influence the infection patterns, although female fish were
slightly more parasitized than male and sexually undiffer-
entiated individuals. The fish size was positively correlated
with helminth infections demonstrating accumulation and
prolonged exposure of larger (older) fish to the parasites.
The metacercariae population did not vary significantly
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across months, while monthly 4. macracantha infection
fluctuated markedly. With regard to rain seasons, higher
prevalence and intensity of A. macracantha were recorded
in wet season. For Bolbophorus sp., only the prevalence
varied with seasons, with higher prevalence recorded in the
dry season than in wet season. Generally, Bolbophorus sp.
responded weakly to changes in water body, host sex and
size and weather patterns. Rainfall appears to be an
essential cue for coracidia hatching.

Introduction

Nile tilapia (Oreochromis niloticus) is indigenous to the
Nile basin and plays an important role in aquaculture
globally. The species was selected for the BOMOSA cage
culture project trials (Integrating BOMOSA cage fish-
farming systems in reservoirs, ponds and temporary water
bodies in Eastern Africa, http://www.bomosa.org) in
Kenya, Uganda and Ethiopia. The project, funded by the
European Union under the Sixth Framework Programme,
was designed to pilot the production fish in rural farming
systems by economically integrating aquaculture with
agriculture using small easy-to-use net cages for fish
farming in marginal water bodies. Recognizing that disease
outbreaks significantly constrain aquaculture production,
parasitological investigations on wild and cultured O.
niloticus along with surveys in aquaculture facilities around
the Lake Victoria crescent were undertaken. The surveys
revealed that Bolbophorus sp. (digenean), Acanthogyrus
(Acanthosentis) tilapiae (acanthocephalan) and Amirthalinga-
mia macracantha (cestode) dominated the heteroxenous
parasite communities (Florio et al. 2009; Akoll et al.
2011a). Bolbophorus sp. is transmitted to fish via a free-
living infectious stage, the cercariae (active transmission). On
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the other hand, 4. (4.) tilapiae and A. macracantha reach fish
through ingestion of infected intermediate hosts, trophically
(passive transmission). Owing to different transmission
strategies to fish, these parasites may respond differently to
changes in biotic and abiotic factors and pose different risks
to cultured hosts (Akoll et al. in prep). This requires a better
understanding of the effect of farming systems, host factors
and weather patterns on the infection dynamics of Bolbopho-
rus sp. and A. macracantha in O. niloticus.

The adult Bolbophorus sp. worms occur in birds and
have larval stages in fish (the second intermediate host).
This parasite use snails of the genus Bulinus as the first
intermediate host (Paperna 1996). The detailed life cycle
and population dynamics studies in tropical regions are
scanty. The closely related species, Bolbophorus levantinus,
also infecting O. niloticus, have cercariae released from the
snail 7 weeks postinfection at a temperature of 22-24°C
(Paperna 1996). The parasites form a black coloration on
the skin and muscles because the cysts accumulate the
melanophores or other skin chromatophores, causing “black
spot” syndrome. During the present study, the metacercar-
iae were found encysted in high numbers mainly on the
skin and in muscles, and occasionally on the gills, of O.
niloticus. Pathological studies showed that Bolbophorus sp.
and close relatives, such as P. minimum and B. levantinus,
can cause severe fish deformities and mortalities under high
intensities (Hoffman and Hutcheson 1970; Mitchell et al.
1982; Paperna 1996). In aquaculture facilities, where high
host density can increase transmission and proliferation, the
parasite may cause significant economic losses.

The plerocercoids of 4. macracantha (order: Cyclophyil-
lidea, family: Gryporhynchidea) have been reported, so far,
in two cichlids: Tilapia zillii and O. niloticus (Aloo 2002;
Scholz et al. 2004). The parasite is transmitted to fish
through zooplankton, presumably crustaceans of the genus
Cyclops (Scholz et al. 2004). The adult stages occur in birds
(Bray 1974; Scholz et al. 2004). The plerocercoids may
cause inflammation of the intestinal walls, infiltration of
macrophages, haemorrhage, hypertrophy and general me-
chanical erosion of the lumen (Florio et al. 2009). No
information is available regarding the transmission require-
ments (Scholz et al. 2004). Infection dynamics study by
Aloo (2002) in Lake Naivasha reported an increase in the
prevalence and intensity of 4. macracantha in T. zillii with
fish size. Male fish were more heavily infected than females.
No seasonal changes in infection level were observed.

Studies on the spatial and temporal patterns of helminths
have revealed considerable variation in prevalence and
intensity among host populations within and across habitats
and with time (Esch and Ferndndez 1993; Hartvigsen and
Halvorsen, 1994; Poulin and Valtonen, 2002). In space,
helminths infection levels are linked to differences in
the physicochemical characteristics of the water bodies
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(Hartvigsen and Halvorsen 1994; Ondrackova et al. 2004a).
Habitat characteristics, such as waterbed morphology and
type, gradient of the banks, the surrounding vegetation
cover and the size of the water body, influence the
establishment and interaction between hosts and, conse-
quently, the transmission and proliferation of parasites
(Ondrackova et al. 2004a; Dejen et al. 2006). The creation
of artificial water bodies such as ponds and reservoirs may
create favourable habitats that promote parasite prolifera-
tion (Lafferty and Kuris, 1999; Morley 2007). Despite the
importance of artificial water systems in fish production
(used as fishponds and for cage farming), their effects on
the establishment and transmission of Bolbophorus sp. and
A. macracantha species may negatively impact aquaculture
development. This calls for determining the influence of
water bodies used for fish farming on helminth infections.

Within the fish population, host-related factors (internal
environmental factors) including sex, size, genetic make-up
and immunity influence helminth infections (Esch and
Ferndndez 1993). Of these, host size and sex contribute
significantly to differences in infection levels (Zuk and
McKean 1996; Poulin 1996, 1999). Dietary requirements,
food intake rates as well as habitat choice and use are
greatly influenced by host sex and size. Consequently, the
exposure and susceptibility of the fish to helminth
infections differ between gender and across size classes
(Zuk and McKean 1996; Poulin 1996, 1999; Reimchen and
Nosil 2001). Accordingly, the sex- and size-related differ-
ences in the habitat use, feeding and diet of O. niloticus
(Philippart and Ruwet 1982) will undoubtedly affect the
abundance of the metacercariae and plerocercoids.

On a temporal scale, helminth infection patterns are related
to seasonal changes in rainfall and temperature (Chubb 1979,
1980; Pech et al. 2010). Although larval stages have a long
life in the fish, changes in parasite intensity and prevalence
are linked to the seasonal release and hatching of cercariae
and coracidia, respectively (Chubb 1979, 1980). The
cercariac release and recruitment are triggered temperature
(Lyholt and Buchmann 1996; Ondrackova et al. 2004b;
Jiménez-Garcia and Vidal-Martinez 2005, Hudson et al.
2006). Receding of water systems during dry season results
in habitat shrinking, and this may increase the proximity of
hosts to cercariae. In cestodes, temperature also controls the
hatching of coracidia (Scholz et al. 2004) and increases the
uptake of infected intermediate hosts (Hanzelova and
Gerdeaux 2003; Wicht et al. 2009). Meanwhile, precipitation
and the associated hydrodynamic changes may disrupt
parasite transmission, thereby changing the infection patterns
(Vincent and Font 2003; Jiménez-Garcia and Vidal-Martinez
2005; Pech et al. 2010). In tropical regions, data on the
seasonal occurrence of helminths in fish are scarce. The
existing information is inconsistent. Some studies found no
seasonality in parasite populations (Aloo 2002; Vincent and
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Font 2003). Other studies reported apparent seasonal
variations in parasite abundance associated with rainfall
(Steinauer and Font 2003; Jiménez-Garcia and Vidal-
Martinez 2005; Dejen et al. 2006). Such inconsistent
information hampers developing sustainable disease man-
agement plans for aquaculture systems.

The present study investigated parasites over an 11-month
period to examine the influence of water body, host size, and
sex and weather patterns on the infection of Bolbophorus sp.
and A. macracantha. The objectives of the study are
fourfold. (i) To assess the influence of different water bodies
on the occurrence of Bolbophorus sp. and A. macracantha
by comparing their prevalence and intensities: We expect
variation in helminth infection because of differences in
water body size, littoral development and management
activities. (ii)) To examine the influence of host sex on
helminth infection levels: Based on the differences in habitat
use and feeding rate, we expect male fish to have
significantly higher parasite numbers and prevalence than
female and sexually undifferentiated fish. (iii) To determine
the relationship between host size and the intensity and
prevalence of the two species: Helminth larval stages in the
fish cavity cannot leave the host until the host is preyed upon
or dies; they will therefore accumulate in the host following
successive infections (Esch and Ferndndez 1993). Accord-
ingly, numbers of helminth individuals and prevalence will
increase with host total length. (iv) To examine the influence
of weather patterns (temperature and rainfall) on the intensity
and prevalence of Bolbophorus sp. and A. macracantha in
O. niloticus: In Uganda, the gradual and narrow temperature
variation (Table 1) would support continuous multiplication
and recruitment of parasites. Nonetheless, the hydrodynamic

events, such as discharge and water velocity that are
associated with rainfall intensities, may interrupt parasite
transmission pathways. Consequently, we expect that monthly
and seasonal variation in helminth intensity and prevalence
will be negatively correlated with rainfall intensity.

Materials and methods
Study site and sample collection

The study was conducted in Uganda, a tropical country
lying astride the Equator between latitudes and longitudes
4.2°N, 1.5°S and 28°E, 35°W, respectively. Specimens of
O. niloticus for parasitological examination were collected
from the BOMOSA fish cage culture experimental system
and Ndolwa Dam (in which cages were installed) in Lake
Kyoga basin, Kamuli District (1.21°N 33.10°E) and from
ponds and their water source, Kajjansi stream at Kajjansi
Aquaculture Research Development Centre (Kajjansi
ADRC) in Lake Victoria basin, Wakiso District (0.13°N
32.32°E; Fig. 1). Ndolwa Dam, herein called the reservoir,
is an artificial water body that was constructed in the 1950s
across a wetland to supply water for livestock and domestic
use. The reservoir has an area of about 3 ha, with one
quarter of the surface area covered with macrophytes. The
entire reservoir is surrounded by semiarid and wetland-type
vegetation. This vegetation hosts a wide range of birds
including several fish-eating species such as ibes (Plegadis
spp.) hammerkop (Scopus umbretta) cormorants, purple
and grey heron (Ardea spp.) grebes, the great and cattle
egrets, water ducks and kingfishers (Ceryle spp.). The

Table 1 The monthly and annual rainfall intensity (mm) and average air temperature (minimum and maximum, °C) in Lake Victoria and Kyoga

basins for the year 2008

Month L. Victoria Basin L. Kyoga Basin
Ave. temperature+SD (min—max) Total rainfall Ave. temperature+SD (min—max) Total rainfall

January 23.2+4.2 (19.2-27.2) 126.1 24.1+8.1 (16.1-32.0) 31.5
February 22.7+4.1 (18.8-26.5) 95.6 24.5+7.8 (17.1-31.9) 42.7
March 22.4+4.2 (18.5-26.3) 322.1 23.5+7.9 (16.0-31.0) 168.3
April 22.3+4.2 (18.6-26.1) 380.7 23.1+6.7 (16.8-29.6) 265.3
May 22.5+3.7 (18.9-26.0) 197.3 23.2+6.5 (15.9-28.8) 180.0
June 22.143.9 (18.5-25.7) 129.2 22.4+6.6 (16.8-29.4) 40.9
July 21.94+4.3 (17.8-26.1) 28.4 21.8+6.5 (15.6-28.1) 137.3
August 22.0+4.2 (18.0-26.1) 46.5 22.6+6.6 (16.1-29.0) 141.4
September 22.6+4.6 (18.2-27.1) 71.8 23.0+6.8 (16.4-29.6) 121.7
October 22.2+4.1 (18.3-26.1) 182.4 22.946.6 (16.4-29.3) 238.7
November 22.4+4.1 (18.8-26.7) 80.4 22.8+7.4 (15.6-30.0) 57.9
December 22.84+4.1 (18.9-26.7) 46.2 23.448.6 (15.0-31.8) 23.0
Annual 22.5+4.1 (18.6-26.4) 1,711.6 23.1+7.2 (16.2-30.0) 1,448.8
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Fig. 1 Map of Uganda showing the sampling sites ([Z4): Ndolwa Dam, the reservoir (and cages therein) and Kajjansi ARDC, the location of

ponds and the stream

maximum depth is 4 m, with gently sloping banks. The
reservoir intermittently floods, after heavy rains. From the
reservoir, 10 to 30 fish were caught monthly using gillnets,
seine nets and hooks for 11 months. Cage system consisting
of nine units, with dimensions of 1x1x1.5 m>, placed at
least 20 m from the nearest shore at a depth of 4 m. In
January 2008, each cage was stocked with 150-200 fish of
average weight of 20 g and screened monthly until
November 2008. A random sample of up to 20 fish
composed of fish from different cage units were collected
using scoop nets. With regard to ponds, the pond sizes
ranged from 450 to 1,200 m2; and received water from
Kajjansi stream. The ponds were 0.5 m deep at the water
inlet and approximately 1-1.5 m deep at the outlet. The
dykes were planted with various types of grass, although
during some periods they were overgrown by other macro-
phytes. Birds, especially hammerkop (S. umbretta) cormor-
ants, purple and grey heron (4rdea spp.), the great and
cattle egrets, grebes, water ducks, kingfishers (Ceryle spp.)
and Marabou storks frequently visited the ponds. These
bird populations increased tremendously after rain events.

@ Springer

Kajjansi stream is approximately 1-1.5 m wide, draining
from the wetland located 1 km away from the farm. It has
low gradient and slow-flowing water during dry season.
However in rain periods, the stream flow is shifted. Like for
cages and reservoir, fish samples were collected monthly
for a period January—November 2008 except June. During
each sampling, random sample of up to 30 fish were
collected from each site using gillnets, seine nets, hooks
and scoop nets. The entire sample consisted of 650 fish
with total lengths ranging from 2 to 34 cm (mean 13.2 cm)
and weight ranging from 0.5 to 470 g (mean 58.4 g).

Daily water temperature measurements were not possible
and are replaced in this study with air temperature based on
the strong linear relationship with water temperature
(McCombie 1959; Stefan and Preud’homme 1993; Living-
stone and Lotter 1998). Daily rainfall and temperature at the
respective sites were obtained from the Department of
Meteorology, Uganda. From the data collected, seasons
were categorised as “dry season” (rainfall intensity<
150 mm/month) and “wet season” (rainfall intensity>
150 mm/month; Table 1).
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Examination of fish for parasites

The fish were transported alive in their original water to the
laboratory. In the laboratory, a parasitological examination for
helminths was performed, which included total length
measurement and screening the skin and gills for parasites.
After sacrificing the fish by severing the spinal cord anterior to
the dorsal fin, they were dissected to determine sex and,
thereafter, all internal organs examined for endohelminths
under a light microscope. Finally, the fish muscles were
trimmed carefully to expose any embedded parasite cysts.
Observed parasites were isolated, counted, fixed in 70%
alcohol and sent to the Department of Veterinary, Public
Health and Animal Pathology, Faculty of Veterinary Medi-
cine, University of Bologna, Italy, for identification.

Data analysis

In order to determine the changes in parasite populations
and the proportion of infected hosts, the mean intensity and
prevalence, respectively, for each helminth species were
used and calculated according to Bush et al. (1997). The
preliminary analyses showed that the monthly sex and size
infection patterns were similar across water bodies. Ac-
cordingly, further analyses were performed on pooled data
from cages, reservoir, ponds and stream. General linear
model, using analysis of covariance with Bonferroni post
hoc test was used to control the effect size and sex. Linear
regression analysis was used to explore the effect of site,
host sex and size and rainfall on parasite intensity and
prevalence. The intensities and prevalence data of Bolbo-
phorus sp. and A. macracantha were log transformed to
approximate normal distribution for parametric tests. The
relationship between fish length classes and the number of
parasites on individual hosts was determined using Spear-
man’s correlation coefficient. Monthly parasite intensity
approximated parametric data after the natural logarithm
transformation (x+1) while Kruskal-Wallis (H-test) was
used to test for variations in the prevalence of the parasites
across the monthly samplings. The parasite intensities and
prevalence for the two seasons (dry and wet seasons) were
compared using a t-test and Mann—Whitney (U) test,
respectively. All the statistical analyses were performed
using SPSS for Windows, and graphical representations
were drawn in Sigma Plot (Systat). The level of signifi-
cance in statistical tests was set at p=0.05.

Results
Of the 650 fish, 348 (53.5%) were infected with the two

helminths (intensity of 15.14£29.9 parasite/fish). Species
specific results shows that 75 (11.7%) and 247 (38.0%) of

the fish were infected with Bolbophorus sp. metacercariae
(digenean) and A. macracantha plerocercoids (cestode),
respectively. The mean intensities of metacercariac and
plerocercoids were 2.6+3.7 and 18.7+31.0 parasites/fish,
respectively. With regard to habitat type, the prevalence of
the Bolbophorus sp. metacercariae differed significantly
among sites (ANOVA, p<0.05; Fig. 2a). The metacercariae
occurred in 2 out of 213 fish (0.9%) from the cages, 47 of
165 (28.5%) from the reservoir, 21 of 119 (17.6%) from the
stream and 6 of 153 (3.9%) fish from the ponds. The
intensity of the metacercariae did not differ across habitats
(ANOVA, p>0.05; Fig. 2b). The intensities of Bolbophorus
sp. among the infected fish from the cages, reservoir,
stream and ponds were 1.0+0.0, 2.3£0.7, 3.7+£2.6 and
1.6+0.9 parasites/fish, respectively. Overall, linear regres-
sion analysis showed that habitat characteristics offered in
different water bodies did not significantly affect Bolbo-
phorus sp. intensity but did increase the number of hosts
exposed to the cercariae (Table 2). For A. macracantha
plerocercoids, the prevalence and intensity significantly
differed across water bodies (H-test p<0.05; Fig. 2a and b).
The mean intensity and prevalence in caged fish was 2+1.4
(1.9%), 4.4+0.8 (46.0%) in the reservoir-dwelling hosts,
15.3£2.9 (53.8%) from the stream and 31.0+£4.2 (77.8%) in
pond-raised fish. Corresponding to the differences in the
prevalence and intensities, linear regression analysis
showed that habitat types played an important role in
altering the exposure and intake of 4. macracantha infected
first intermediate hosts (Table 2).
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Fig. 2 The prevalence (a) and mean intensity=SD (b) of Bolbophorus

sp. (grey) and Amirthalingamia macracantha (open) in Oreochromis
niloticus from the different habitat types
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Table 2 Linear regression analysis examining the effects of water body, host sex and length, temperature and rainfall on intensity and prevalence

of Bolbophorus sp. and A. macracantha in O. niloticus

Factor Bolbophorus sp. A. macracantha

Intensity (p value) Prevalence (%, p value) Intensity (p value) Prevalence (%, p value)
Water body 0.17 (0.20) 0.12 (0.03) 0.08 (0.30) 0.07 (0.21)
Host sex —0.16 (0.31) —0.12 (0.04) —0.11 (0.15) —0.03 (0.56)
Host size (cm) 0.04 (0.78) 0.02 (0.70) 0.13 (0.06) 0.13 (0.03)
Temperature (°C) 0.29 (0.04) 0.01 (0.90) —0.15 (0.04) —0.06 (0.30)
Rainfall (mm) 0.08 (0.56) —0.12 (0.02) 0.13 (0.04) 0.16 (0.01)

The overall intensities and prevalence of Bolbophorus
sp. and 4. macracantha were not dependent on host’s sex
(male versus female versus sexually undifferentiated fish;
Table 2). Although not significant, the overall parasitism in
female fish (80.4%, 20.2+13.9 parasite/fish) was slightly
higher than in male (78.2%, 18.7+12.8 parasite/fish) and
sexually undifferentiated individuals (63.0%, 9.0+1.6 para-
sites/fish; Fig. 3). Considering parasite species separately,
the results showed that the prevalence of Bolbophorus sp.
was higher in females (26.8%) than in males (16.8%) and
sexually undifferentiated fish specimens (11.0%). The
intensity in female fish (2.7+3.5) did not differ from that
in males (3.1£4.6) or sexually undifferentiated individuals
(1.4£0.5; ANOVA, p>0.05). The regression model shows
that sex did not significantly influence the intensity of the
parasite. However, sex differences did influence the number
of hosts exposed to the cercariac. The prevalence of

80
(a)

§ 60
3
=
2 40
B
>
-
&

20

0 r T T
2 60 - (b) -
w -
£
2
=
2 40
172}
s
1=
]
& -

20

N S ==Y =24

Sexually Undifferentiated Male Female

Sex
Fig. 3 The prevalence (a) and mean intensity=SD (b) of Bolbophorus

sp. (grey) and A. macracantha (open) in sexually undifferentiated,
male and female O. niloticus individuals

@ Springer

metacercariae in sexually undifferentiated individuals was
significantly lower than in male and female fish (Table 2,
Fig. 3a). With regard to the cestode, the proportion of
infected individuals did not differ in any of the three
groups: the prevalence in female, male and sexually
undifferentiated fish was 63.9%, 59.4% and 52.0%,
respectively (Fig. 3a). The intensity of plerocercoids in
females (22.7+£36.9) was not significantly different from
that in males (21.6+33.3; H-test, p>0.05; Fig. 3b). How-
ever, the plerocercoid intensity in both sexes was higher
than in sexually undifferentiated individuals (9.7+15.6; H-
test, p<0.05; Fig. 3b). The regression model revealed no
significant influence of sex on cestode intensity and
prevalence (Table 2).

The intensity and prevalence of Bolbophorus sp. and that
of A. macracantha generally increased with fish size
(Fig. 4). The change in infection parameters was more
pronounced in the trophically transmitted cestode. The
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Fig. 4 The prevalence (a) and mean intensity=SD (b) of Bolbophorus
sp. () and 4. macracantha (— — —) in difference sizes of O.
niloticus specimens examined
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regression analysis showed that larger animals did not have
significantly more metacercariae and/or prevalence. In
contrast, the plerocercoid intensity and prevalence in-
creased with the fish size (Table 2).

The monthly occurrence of Bolbophorus sp. metacercar-
iae did not vary significantly during the study period
(Fig. 5). Nonetheless, a relatively high intensity was
recorded in January, and a relatively high prevalence in
June, both corresponding with low rainfall. The regression
analysis in Table 2 showed that the intensity of metacercariae
in infected hosts increased significantly with temperature. In
contrast, temperature did not significantly increase the
proportion of infected hosts. The 4. macracantha plerocer-
coids showed pronounced monthly fluctuations in prevalence
and intensity during the study (Fig. 5). The intensity and
prevalence were high in months with heavy rainfall.
Moreover, the linear regression analysis showed that the
population of plerocercoids and prevalence significantly
increased with rainfall. Temperature, however, had a nega-
tive impact on parasite numbers but did not change the
exposure to the infected intermediate hosts (Table 2).

With regard to season, the intensity and prevalence of
the two helminths is shown in Fig. 6. The overall

intensity of Bolbophorus sp. did not differ between
seasons (t-test, p=0.505). The mean intensities in dry
and wet seasons were 2.8+4.8 and 2.3+2.2 parasite/fish,
respectively. Metacercariae prevalence during the dry
season, however, was 29.7%, significantly higher than
the 13.6% recorded during the wet season (t-test, p=
0.002). The overall seasonal plerocercoid prevalence and
intensity were significantly higher during the wet than dry
season (z-test, p=0.02 and p=0.01, respectively). In the
wet season, the prevalence was 54.4% compared to 45.1%
in the dry season. Similarly, the intensity in the wet season
was 13.0+6.2 parasites/fish versus 6.5+5.6 parasites/fish
in the dry season. Similar trends for the intensity and
prevalence of Bolbophorus sp. (Fig. 6a) and A. macra-
cantha (Fig. 6b) were recorded in different habitat types.

Discussion

Helminths often show considerable variation in parasite
prevalence and intensity among host populations within and
across habitats and time (Chubb 1979, 1980; Esch and
Ferndndez 1993; Hartvigsen and Halvorsen 1994; Poulin
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niloticus in Uganda

and Valtonen 2002). These variations in infection levels
have been related to several factors including habitat
characteristics, host sex and size, and the seasonal changes
in temperature and rainfall patterns. This study examined
the spatial and temporal population dynamics of the
metacercariae of Bolbophorus sp. (digenean) and the
plerocercoids of 4. macracantha (cestode) with respect to
water body, host sex, size and weather patterns. The overall,
the results of the present study revealed that the degree of
influence of these factors on the parasite population was
species specific.

With regard to the type of water body, the prevalence of
Bolbophorus sp. was affected significantly by the water
body characteristics and not the intensity of the parasite.
This indicates that habitat characteristics increased the
exposure of the hosts to infection and not the numbers of
cercariae reaching the host. High prevalence was recorded
in the reservoir-dwelling fish, moderate prevalence among
the stream-dwelling hosts and low prevalence in ponds.
Correspondingly, the parasite intensity was also low in
ponds, though not different from other sites. The increased
exposure to cercariae in the reservoir reflects a strong
interaction between the different hosts and supported by the
prevailing habitat characteristics (Ondrackova et al. 2004a).
Thus, the gentle gradient of the reservoir banks and
presence of macrophytes provided optimal conditions for
the establishment and survival of snails (Brown 1994).
Such gentle sloping and vegetated characteristics of water
banks are also preferred natural habitats for O. niloticus,
particularly for spawning (Philippart and Ruwet 1982).

@ Springer

Because fish are present and the water is shallow, fish-
eating birds are also usually abundant in such habitats. As
such, these conditions provided a platform for intensive
interaction and promote parasite transmission. In ponds, the
low prevalence could be attributed to the farm husbandry
such as occasional dredging, flashing and slashing of the
dykes: this probably reduces the snails, the intermediate
hosts for the digenean. For 4. macracantha, regression
analysis showed that habitats in the water bodies studied
increased the exposure to and the intake of the infected
intermediate hosts. This corresponds to significant differ-
ences in the prevalence and intensity of the cestode
among the water bodies. This suggests that O. niloticus
feeding behaviour and habitat choice as well as the
interaction between hosts were significantly altered by
these habitat characteristics. The relatively high intensity
and prevalence in ponds can be attributed to the small size
and shallow depth of the system as well as to high host
density. This probably increased the proximity to infected
plankton. At the same time, the relatively low prevalence
and intensity in the stream were attributed to the flushing
out of infected intermediate host individuals by the stream
currents (van Oosterhout et al. 2007). The low infections
in cages suggest that, although fish were ingesting nature
food (such as zooplankton), the contribution could be low
due to supplementary feeding. This reduced the intake of
infected intermediate hosts. Overall, the water body
characteristics did affect parasite establishment or transmis-
sion of helminths, and the magnitude of influence was
species-specific, which supported earlier results by Lafferty
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and Kuris (1999) and Morley (2007). This highlights the
differences in parasite response to host habitat change
(Lafferty and Kuris 1999; Marcogliese 2001; Lafferty 2008).

Contrary to our expectation that males will be highly
parasitized, infection patterns did not vary significantly
between fish sexes. We anticipated that because mature
male O. niloticus establish and guard spawning areas
(Philippart and Ruwet 1982), then this territorial behaviour
will expose male individuals to cercariae released within its
proximity more than female and sexually undifferentiated
individuals. This was not the case, probably because of the
temporary confinement of females for at least 1 to 2 weeks
during incubation of eggs and protection of the fry
(Philippart and Ruwet 1982); this may have equally
increased their exposure to cercarial infections. Moreover,
during mouth-brooding, females reduce their feeding rate,
thus reducing the intake of procercoid-infected intermediate
hosts. Concurrently, continuous feeding and prolonged
exposure of males would result in high numbers of
plerocercoids. This situation, however, did not increase
the 4. macracantha infections in males than female
individuals as expected. Perhaps this reflects the increased
feeding rate of females after the incubation period to
compensate for the energy loss, offsetting the reduced
parasite intake during the brooding period. Therefore,
similarity in parasitism among the sexes could be explained
by small differences in behaviour with regard to habitat use
and diet intake rate. Overall, the lack of significant
differences in infection level between fish sexes is similar
to previous studies with other fish species (Pennycuick
1971; Gonzalez and Acuia 2000). Our findings contrast to
those studies of Zuk and McKean (1996), Poulin (1996),
Reimchen and Nosil (2001) and Aloo (2002), who reported
that male individuals are highly susceptible to parasites
because of differential exposure to parasites related to sex-
specific feeding and habitat use strategies (Zuk and
McKean 1996, Poulin 1996; Reimchen and Nosil 2001).
In the present waters, the sex-related behaviour change in
O. niloticus appears to be too short-lived to significantly
alter exposure to heteroxenous helminths. Compared to
monoxenous species, the change in habitat use of sexes
plays an important role in influencing infections (Akoll et
al. 2011b).

Consistent with our expectation, host size influenced the
parasite population and prevalence. We found positive
correlations between the helminth infections and total
length. The significance, however, was parasite species-
specific. The host length was significantly correlated with
A. macracantha and not with Bolbophorus sp. As reported
in various studies from other species, larger fish harboured
more endohelminths than smaller ones (Bell and Burt 1991;
Poulin 1999; Gonzalez and Acuna 2000; Fellis and Esch
2004; Dejen et al. 2006). The positive correlation is

explained by parasite accumulation in larger fish due to
prolonged exposure and ontogenetic habitat and feeding shifts
(Esch and Fernidndez 1993; Paperna 1996; Marcogliese
2002). The prey size and diet of O. niloticus changes,
although slightly, with size (Peterson et al. 2006). This
increases the chances of larger fish to ingest infected
intermediate hosts. Moreover, mature O. niloticus prefer
littoral zones, particularly during the spawning period
(Philippart and Ruwet 1982). Since littoral zones are areas
of strongest interaction between the final hosts and first
intermediate hosts, this also increases fish exposure to
cercariae and infected food items. The explanation for the
insignificant accumulation of Bolbophorus sp. metacercariae
with size is probably the high mortalities and enhanced
predation of heavily infected hosts (Hoffman and Hutcheson
1970; Mitchell et al. 1982).

The present study, rainfall and temperature influenced,
although with varying magnitude, the helminth intensity
and prevalence. For Bolbophorus sp., apparent rainfall-
related fluctuation in prevalence of Bolbophorus sp. was
observed (Fig. 6a(i)), with lower number of infected hosts
recorded in wet season than in dry season. The intensity of
the metacercariae in infected fish was, however, not
significantly altered by rainfall intensity (Fig. 6a(ii)). The
low prevalence of Bolbophorus sp. in fish collected during
the rain period contrasts with the findings of Kadlec et al.
(2003). These authors reported an increase in Tylodelphys
clavata and Diplostomum spathaceum infections with
rainfall and attributed this to the accumulation of snails
after flood currents. In the present study, the decrease might
be caused by a rainfall-related increase in water turbidity
and cercariae drift, which interrupts parasite transmission.
Although no studies have investigated the effect of turbidity
on the transmission success for trematodes, rapid light
attenuation associated with turbidity may reduce the
strength of host shadows or increase the response to
nonhost shadows, rapidly exhausting the energy reserves.
At the same time, strong water currents during flooding
events may drift cercariae away from potential hosts,
reducing the chances of transmission. In dry periods,
habitat size contraction due to shrinkage of water caused
host crowding, and this increased availability and proximity
of hosts to the cercariae. In addition to water shrinking in
streams, low water currents minimise cercariae drift,
thereby enhancing transmission (van Oosterhout et al.
2007). Whereas rainfall may have interrupted Bolbophorus
sp. transmission, temperature is an essential cue triggering
cercariae emergence from the snails (Lyholt and Buchmann
1996; Ondrackova et al. 2004b; Jiménez-Garcia and Vidal-
Martinez 2005; Hudson et al. 2006). However, the gradual
and narrow variation in temperature within the current
study area (Table 1) may have allowed for continuous
release and recruitment of cercariae, hence the weak
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relationship between parasite infection and temperature.
Nonetheless, long-term study is required to ascertain the
contribution of temperature on seasonal occurrence of
Bolbophorus sp.

With regard to 4. macracantha, the plerocercoid in O.
niloticus was positively correlated with rainfall and nega-
tively with temperature. Both prevalence and intensity of
the plerocercoids showed marked changes between seasons:
high infection levels recorded in wet season (Fig. 6b). Our
results are, however, contrary to findings of Dejen et al.
(2006). These authors observed a decline in Ligula
intestinalis infection and attributed this to a reduced uptake
of plankton because of high turbidity. Other studies,
however, have reported an insignificant effect of turbidity
on fish uptake of zooplankton (De Robertis et al. 2003).
Therefore, O. niloticus, a planktivorous fish, could have
maintained zooplankton intake in both seasons. The
increased intensity and prevalence during the rain season
indicates the presence of high numbers of infective stages.
As little information is available on the life cycle of A.
macracantha (Scholz et al. 2004), we suggest that rainfall
and the associated hydrological events, such as inundation
of the shore areas, may have triggered the hatch of
coracidia. During feeding, birds deposit parasite eggs along
the shallow shores. As water recedes in the dry season, the
drying conditions become hostile for coracidia hatching.
When rainfall starts, shore inundation or freshwater inflow
probably triggered the hatching of the coracidia and their
ingestion by copepods. Zooplankton can increase after the
onset of rainfall (Rissik et al. 2009). Thus, the synchronised
hatching of the coracidia and plankton yielded the high
intensity of infective stages necessary for successful
transmission to fish. Meanwhile, the marked decline in
plerocercoid intensity and prevalence at the onset of dry
season may be attributed to bird predation of infected hosts,
whose population also rapidly increased after heavy rains.
Moreover, receding water again inhibits coracidia hatching,
resulting in a low population of infective stages after rains.
Although temperature is also an important abiotic factor
triggering cestode hatching (Clarke 1954; Scholz et al.
2004) as well as increasing intake of intermediate hosts by
fish (Hanzelova and Gerdeaux 2003; Wicht et al. 2009), the
present study could not ascertain the magnitude of the
contribution.

Like Cichlidogyrus spp. (Akoll et al. submitted), the
intensity and prevalence of Bolbophorus sp. were gener-
ally less influenced by host attributes. The infection levels
of this digenean appeared affected significantly by
weather patterns, particularly rainfall intensity. However,
the gradual and narrow variation of temperature in the
study area may allow for continuous recruitment which
probably masked the effect of rainfall. In contrast, the
intensity and prevalence of A. macracantha showed a
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steady increase with fish size and rainfall-related fluctua-
tions. Sex-related differential feeding and habitat choice
in O. niloticus appear to be less important in influencing
heteroxenous than monoxenous helminth infections.
Generally, host behaviour changes associated with water
body characteristics may alter host exposure to free-living
transmitted helminths, particularly oncomiracidia and
cercariae, but not the intake of trophically transmitted
parasites.

From an aquaculture perspective, following reports of
mortalities caused by a related species, P. minimum
(Mitchell et al. 1982), the relatively stable population of
Bolbophorus sp. indicates a potential risk. As such, farm
management plans should be reoriented to include the
impact of rain-related seasons on the occurrence of para-
sites, particularly with respect to intensifying the control of
birds. On the other hand, the high prevalence and intensity
of A. macracantha in ponds could be attributed to in-
system source of infective stages due to increased interac-
tion between hosts because of small size and shallowness of
fish ponds. Therefore, minimising birds’ access to ponds
may reduce introduction of eggs. Meanwhile, following the
feeding regimes to ensure satiety of fish may significantly
reduce infections with trophically transmitted parasites.
Furthermore, the marked decline in plerocercoid infection
after the rain season was probably due to removal of
infected hosts by birds, which will certainly cause economic
losses to farmers. Therefore, seasonal consideration in disease
control strategies is vital. Beyond recognising the information
on seasonality in designing control measures, correct identi-
fication and knowledge about the detailed life cycle of
parasites are essential for effectively applying ecological
perspectives in parasite control. Such information is definitely
wanted in Africa.

Acknowledgements This study was supported by the Austria
Development Agency through the Austrian Exchange Service
(OAD). The authors gratefully acknowledge additional funding from
the European Community financial participation under the Sixth
Framework Programme for Specific Targeted Research Project, for the
Integrated Project BOMOSA, INCO-CT-2006-032103. We also thank
Prof. Michael Stachowitsch of University of Vienna, Department of
Marine Biology for providing language help of the manuscript.

References

Akoll P, Konecny R, Mwanja MW, Nattabi KJ, Agoe C, Schiemer F
(2011a) Parasite fauna of farmed Nile tilapia (Oreochromis
niloticus) and African catfish (Clarias gariepinus) in Uganda.
Parasitol Res. doi:10.1007/s00436-011-2491-4

Akoll P, Fioravanti ML, Konecny R, Schiemer F (2011b). Infection
dynamics of Cichlidogyrus tilapiae and C. sclerosus (Monogenea,
Ancyrocephalinae) in Nile tilapia (Oreochromis niloticus L.) from
Uganda. J Helminthol. doi:10.1017/S0022149X11000411


http://dx.doi.org/10.1007/s00436-011-2491-4
http://dx.doi.org/10.1017/S0022149X11000411

Parasitol Res (2012) 110:1461-1472

1471

Aloo PA (2002) A comparative study of helminth parasites from the
fish Tilapia zillii and Oreochromis leucostictus in Lake Naivasha
and Oloidien Bay, Kenya. J Helminthol 76:95-102

Bell G, Burt A (1991) The comparative biology of parasite species
diversity: internal helminths of freshwater fish. J Anim Ecol 60
(3):1047-1064

Bray R (1974) A new genus of dilepidid cestode in Tilapia nilotica
(L., 1757) and Phalacrocorax carbo (L., 1758) in Sudan. J. Nat
Hist 8(5):589-596

Brown SD (1994) Freshwater snails of Africa and their medical
importance, 2nd edn. Taylor & Francis, London, p 609

Bush AO, Lafferty KD, Lotz JM, Shostak AW (1997) Parasitology
meets ecology on its own terms: Margolis et al. revisited. J
Parasitol 83:575-583

Chubb JC (1979) Seasonal occurrence of helminths in freshwater
fishes: Part II. Trematoda. Adv Parasitol 17:141-313

Chubb JC (1980) Seasonal occurrence of helminths in freshwater
fishes: Part III. Larval Cestoda and Nematoda. Adv Parasitol
18:1-120

Clarke AS (1954) Studies on the life cycle of the pseudophyllidean
cestode Schistocephalus solidus. Proc Zool Soc Lond 124
(2):257-302

De Robertis A, Ryer CH, Veloza A, Brodeur RD (2003) Differential
effects of turbidity on prey consumption of piscivorous and
planktivorous fish. Can J Fish Aquat Sci 60(12):1517-1526

Dejen E, Vijverberg J, Sibbing FA (2006) Spatial and temporal
variation of cestode infection and its effects on two small barbs
(Barbus humilis and B. tanapelagius) in Lake Tana, Ethiopia.
Hydrobiologia 556(1):109-117

Esch GW, Fernidndez JC (1993) A functional biology of parasitism:
Ecological and evolutionary implications, 1st edn. Chapman &
Hall, London, p 337

Fellis KJ, Esch GW (2004) Community structure and seasonal
dynamics of helminth parasites in Lepomis cyanellus and L.
macrochirus from Charlie’s pond, North Carolina: host size and
species as determinants of community structure. J Parasitol
90:41-49

Florio D, Gustinelli A, Caffara M, Turci F, Quaglio F, Konecny R,
Nikowitz T, Wathuta EM, Magana A, Otachi EO, Matolla GK,
Warugu HW, Liti D, Mbaluka R, Thiga B, Munguti J, Akoll P,
Mwanja W, Asaminew K, Tadesse Z, Fioravanti ML (2009)
Veterinary and public health aspects in tilapia (Oreochromis
niloticus niloticus) aquaculture in Kenya, Uganda and Ethiopia.
Ittiopatologia 6:51-93

Gonzélez T, Acufia E (2000) Influence of host size and sex on the
endohelminth infracommunities of the red rockfish Sebastes
capensis oft Northern Chile. J Parasitol 86(4):854-857

Hanzelova V, Gerdeaux D (2003) Seasonal occurrence of the
tapeworm Proteocephalus longicollis and its transmission from
copepod intermediate host to fish. Parasitol Res 91:130-136

Hartvigsen R, Halvorsen O (1994) Spatial patterns in the abundance
and distribution of parasites in freshwater fish. Parasitol Today
10:28-31

Hoffman GL, Hutcheson JA (1970) Unusual pathogenicity of a
common metacercaria of fish. J] Wildl Dis 6(2):109

Hudson PJ, Cattadoria IM, Boaga B, Dobsona AP (2006) Climate
disruption and parasite—host dynamics: patterns and processes
associated with warming and the frequency of extreme climatic
events. J Helminthol 80:175-182

Jiménez-Garcia MI, Vidal-Martinez VM (2005) Temporal variation in
the infection dynamics and maturation cycle of Oligogonotylus
manteri (Digenea) in the cichlid fish, Cichlasoma urophthalmus,
from Yucatan, Mexico. J Parasitol 91(5):1008-1014

Kadlec D, Simkova A, Jarkovsky J, Gelnar M (2003) Parasite
communities of freshwater fish under flood conditions. Parasitol
Res 89:272-283

Lafferty KD (2008) Ecosystem consequences of fish parasites. J Fish
Biol 73:2083-2093

Lafferty KD, Kuris AM (1999) How environmental stress affects the
impacts of parasites. Limnol Oceanogr 44(3 Part 2):925-931

Livingstone DM, Lotter AF (1998) The relationship between air
and water temperatures in lakes of the Swiss Plateau: a case
study with paleolimnological implications. J Paleolimnol
19:181-198

Lyholt HCK, Buchmann K (1996) Diplostomum spathaceum: effects
of temperature and light on cercarial shedding and infection of
rainbow trout. Dis Aquat Org 25:169-173

Marcogliese JD (2001) Implications of climate change for parasitism
of animals in the aquatic environment. Can J Zool 79:1331-1352

Marcogliese DJ (2002) Food webs and the transmission of parasites to
marine fish. Parasitology 124:S83-S99

McCombie AM (1959) Some relations between air temperatures and
the surface water temperatures of Lakes. Limnol Oceanogr 4
(3):252-258

Mitchell AJ, Smith CE, Hoffman GL (1982) Pathogenicity and
histopathology of an unusually intense infection of white grubs
(Posthodiplostomum minimum) in the fathead minnow (Pime-
phales promelas). J Wildl Dis 18(1):51-57

Morley NJ (2007) Anthropogenic effects of reservoir construc-
tion on the parasite fauna of aquatic wildlife. Ecohealth
4:374-383

Ondrackova M, Simkova A, Gelnar M, Jurajda P (2004a)
Posthodiplostomum cuticola (Digenea: Diplostomatidae) in
intermediate fish hosts: factors contributing to the parasite
infection and prey selection by the definitive bird host.
Parasitology 129:761-770

Ondrackova M, Reichard M, Jurajda P, Gelnar M (2004b) Seasonal
dynamics of Posthodiplostomum cuticola (Digenea, Diplostoma-
tidae) metacercariae and parasite-enhanced growth of juvenile
host fish. Parasitol Res 93:131-136

Paperna I (1996) Parasites, infestations and diseases of fishes in Africa
— an update FAO. 220 pp. CIFA Tech Pap 31. Rome, Italy

Pech D, Aguirre-Macedo ML, Lewis JW, Vidal-Martinez VM (2010)
Rainfall induces time-lagged changes in the proportion of
tropical aquatic hosts infected with metazoan parasites. Int J
Parasitol 40:937-944

Pennycuick L (1971) Differences in the parasite infections in three-
spined sticklebacks (Gasterosteus aculeatus L.) of different sex,
age and size. Parasitology 63:407-418

Peterson MS, Slack WT, Waggy GL, Finley J, Woodley CM,
Partyka ML (2006) Foraging in non-native environments:
comparison of Nile Tilapia and three co-occurring native
centrarchids in invaded coastal Mississippi watersheds.
Environ Biol Fish 76:283-301

Philippart J-C, Ruwet J-C (1982) Ecology and distribution of tilapias.
In Pullin RSV, Lowe-McConnell RH (eds) The biology and
culture of tilapias. ICLARM Conf Proc 7. International Center
for Living Aquatic Resources Management, Manila, pp 15-59

Poulin R (1996) Sexual inequalities in helminth infections: a cost of
being a male? Am Nat 147:287-295

Poulin R (1999) Body size vs abundance among parasite species:
positive relationships? Ecography 22:246-250

Poulin R, Valtonen ET (2002) The predictability of helminth
community structure in space: a comparison of fish populations
from adjacent lakes. Int J Parasitol 32:1235-1243

Reimchen TE, Nosil P (2001) Ecological causes of sex-biased
parasitism in three-spine stickleback. Biol J Linnean Soc
73:51-63

Rissik D, Shon EH, Newell B, Baird ME, Suthers IM (2009) Plankton
dynamics due to rainfall, eutrophication, dilution, grazing and
assimilation in an urbanized coastal lagoon. Estuar Coast Shelf
Sci 84:99-107

@ Springer



1472

Parasitol Res (2012) 110:1461-1472

Scholz T, Bray AR, Kuchta R, Repové R (2004) Larvae of
gryporhynchid cestodes (Cyclophyllidea) from fish: a review.
Folia Parasitol 51:131-152

Stefan GH, Preud’homme EB (1993) Stream temperature estimation
from air temperature. Water Resourc Bull 29(1):27-45

Steinauer ML, Font WF (2003) Seasonal dynamics of the helminths of bluegill
(Lepomis macrochirus) in a subtropical region. J Parasitol 89:324-328

van Oosterhout C, Mohammed RS, Hansen H, Archard GA,
McMullan M, Weese DJ, Cable J (2007) Selection by parasites
in spate conditions in wild Trinidadian guppies (Poecilia
reticulata). Int J Parasitol 37:805-812

@ Springer

Vincent AG, Font WF (2003) Seasonal and yearly population
dynamics of two exotic helminths, Camallanus cotti (Nem-
atoda) and Bothriocephalus acheilognathi (Cestoda), parasitiz-
ing exotic fishes in Waianu stream, Oahu, Hawaii. J Parasitol 89
(4):756-760

Wicht B, Limoni C, Peduzzi R, Petrini O (2009) Diphylloboth-
rium latum (Cestoda: Diphyllobothriidea) in perch (Perca
fluviatilis) in three sub-alpine lakes: influence of biotic and
abiotic factors on prevalence. J Limnol 68(2):167-173

Zuk M, McKean AK (1996) Sex differences in parasite infestations:
patterns and Processes. Int J Parasitol 26:1009-1024



	Infection patterns of Nile tilapia (Oreochromis niloticus L.) by two helminth species with contrasting life styles
	Abstract
	Introduction
	Materials and methods
	Study site and sample collection
	Examination of fish for parasites
	Data analysis

	Results
	Discussion
	References




