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Abstract

A review of various factors affecting parasite assemblages in fish hosts is presented. These factors are
broadly divided into two: Biotic and abiotic factors. Biotic factors such as host age and size, host size
and parasites size, host specificity, host diet and host sex and their influence on the abundance and
distribution of parasites are considered and highlighted. Equally, seasonality and other environmental
factors that may facilitate the establishment and proliferations of parasites in host populations are also

highlighted.
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Introduction

There are numerous biotic and abiotic factors that
affect parasite assemblages (Bauer, 1959; Esch,
1982; Kennedy, 1995). The term assemblages is
used here to refer to all microhabitat, in
(gastrointestinal) or on (external surfaces) the fish
hosts (Poulin, 2004). These factors include the
following: physiological condition of the fish host,
host diet, host size, evolutionary history and
environmental factors, such as season of the year,
size and type of water body, altitude, temperature,
salinity, oxygen content and pH (Bauer, 1959;
Chubb, 1970; Kennedy, 1978; Esch, 1982; Esch et
al., 1988; Poulin, 2004). Though a number of
chemical and physical factors are known to affect a
wide range of aquatic vertebrate and invertebrate
life cycles, the effect of biotic factors on the
abundance and the prevalence of parasites has
been the main focus of several research efforts.
The ecological relationship between hosts and
parasites are usually influenced by the organism’s
intra and inter-specific interactions with biotic and
abiotic components of the environment (Williams
and Jones, 1994). For instance, temperature is
recognized as the most important factor influencing
the abundance and distribution of worms, yet
temperature vary according to seasons of the year
at various latitudes and longitudes and at varying
depths (Williams and Jones, 1994).

Materials and Methods

A comprehensive literature search was made from
the Internet and serial materials from Nnamdi
Azikiwe Library, University of Nigeria Nsukka,
various journal articles, proceedings of learned
societies of fisheries and parasitology, Food and
Agricultural Organization (FAO) of United Nation
publications and textbooks were consulted vis-a-vis
of the prevalence, intensity and abundance of
parasites in freshwater fishes. Data obtained from
consulted sources were collated and presented in
tables.

Results and Discussion

Host age and size: Generally, standard length of
fish is directly related to age (Shotter, 1973) and
fish body size. Age has often been found to be
positively associated with the prevalence and/or
intensity of parasitic infection (Betterton, 1974;
Madhavi and Rukmini, 1991; Chandler et al., 1995)
(Table 1). Poulin (2000) stated that in fish
population, parasitic infection tends to increase with
increasing host age and size. He argued that older
fish have longer time to accumulate parasites than
younger ones and may provide more internal and
external space for parasite establishment and
therefore tend to have heavier worm burdens
because they eat more parasitized prey and offer
large surface area for skin-attaching parasites.
Muroz and Cribb (2005) reported that larger host
had higher parasites richness, abundance and
intensity than smaller ones. They argued that this
pattern might be explained by combination of
resources, time and prey. In general, large hosts
have more space, more flux of energy (i.e. food)
and microhabitats for parasites than small hosts.
Furthermore, large fish are older than smaller
individuals of the same species so that they have
more opportunities to become infected (Rhode,
1993; Murioz et al., 2002).

During fish ontogenetic development,
various changes may occur in the behavior and in
its biology, in particular, with regard to diet and
physiological conditions. All these changes may
have considerable influence on parasitic fauna,
especially parasite species that utilize various
organisms as intermediate hosts (Takemoto and
Pavanelli, 2000). Those parasites acquired
trophically, uses the fish’s diet as their intermediate
host (Takemoto et al., 1996). Brickle et al. (2003)
reported that larval acanthocephalan C. bullosum
showed a significant increase in abundance with
increasing host length, suggesting that parasite
accumulates more with host length/age (Table 1).
Takemoto and Pavanelli (1994) found species of
proteocephalid cestodes in the upper Parana River,
with positive correlation between prevalence,
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Table 1: Positive correlation between parasitic infection and age/length of fish hosts

Fish host

Genypeterus bransiliensis
Genypeterus bransiliensis
Genypeterus bransiliensis
Pseudoplatystoma corruscans
Dissostichus eleginoides (Toothfish)
Dissostichus eleginoides (Toothfish)
Dissostichus eleginoides (Toothfish)
Dissostichus eleginoides (Toothfish)
Cottus cognatus

Cottus cognatus

Cottus cognatus

Clarias gariepinus and C. anguillaris
Tilapia mariae

Bluehead Catfish

Goat fish

Goat fish

M. aeglefinus (Whiting)
Sorubim lima

Sorubim lima

Hippoglossina macrops (Bigeye Flounder)

Parasite

Acanthocolpus bransilieensis
Contracaecum sp

Cucullanus genypteri
Nomimoscolex sodobim
Neopovlosskioides georgianus
Larval acanthocephala
Carynosoma bullosum
Neolepidapedon magnatestis
Echinorhynchus salmonis
Diplostomum species
Tetracotyle species
Eustrongylides afrcanus larvae
Clinostomum tilapiae

Phyllodistomum pawlovskii

Contracaecun species
Anisakis species
Ceratomyxa arcuata
Spatulifer maringaensis
Nupelia portoriquensis

H. chilensis

Source

Alves et al. (2002)

Alves et al. (2002)

Alves et al. (2002)
Machado et al. (1994)
Brickle et al. (2006)
Brickle et al. (2006)
Brickle et al. (2006)
Brickle et al. (2006)
Muzzal and Bowel (2002)
Muzzal and Bowel (2002)
Muzzal and Bowel (2002)
Ibiwoye et al. (2004)
Olurin and Somorin (2006)
Li etal. (2006)

Luque et al. (2002)

Luque et al. (2002)
Mackenzie et al. (2005)
Takemoto and Pavnelli (2000)
Takemoto and Pavnelli (2000)
Gonzalez et al. (2001)

Table 2: Negative correlation with increase in host age/length

Fish host

Parasite

Source

Genypeterus bransiliensis
Dissostichus eleginoides (Toothfish)
Dissostichus eleginoides (Toothfish)
Cottus cognatus

Whiting

Saithe

Sword fish

Hippoglossina macrops (Bigeye
Flounder)
Dissostichus eleginoides (Toothfish)

Lacistorhynchus sp

Larval trpanorhynch
Elytrophalloides oates
Neoechinorhynchus pungitius
Leptotheca informis
Myxidium gadii

Tristoma coccinema

Floridosentis sp

Tetraphyllidean plerocercoids

Alves et al. (2002)
Brickle et al. (2006)
Brickle et al. (2006)
Muzzal and Bowel (2002)
Mackenzie et al. (2005)
Mackenzie et al. (2005)
Matticci et al. (2005)
Gonzaélez et al. (2001)

Brickle et al. (2006)

Table 3: Highest rate of infection at intermediate age/length of hosts

Fish host Parasite
Genypeterus bransiliensis
Chrysichthys nigrodigitatis
Haddock

Stegastes nigricans
Stegastes nigricans

Sparus aurata (Gilthead Sea
Bream)

Polymorphus sp
Henneguya chrysichthys
Leptotheca longipes

Lecithaster sp (D)
Aponurus sp (D)

Cryptosporidium molnari

Source

Alves et al. (2002)
Obiekezie et al. (1988)
Mackezie et al (2005)
Lo et al. (1998)

Lo et al. (1998)

Sitja-Bobadilla et al. (2005)

P = Protozoan; M = Monogenean; D = Digenea, C = Cestoda, (Tapeworms), N=Nematoda (Roundworms), Co = Copepoda; A

= Acanthocephala (Thorny-headed worms)
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intensity and standard length of host. While
studying the parasite fauna of the carnivorous
“pintado”, of the floodplain of upper Parana River,
Machado et al. (1994) found a positive correlation
between prevalence of proteocephalid cestodes,
Nomimoscolex sudobim and standard length of
Pseudoplatystoma corruscans (Table 1).
Furthermore, positive correlation between infection
intensity and standard length of hosts has been
reported for fish infected with cestodes
Nomimoscolex sudobim, Megathylacus travassosi
(Pavanelli and Machado dos Santos, 1991) and H.
kaparari. It has also been found that in
Pseudoplatystoma luetkeni and P. corruscans, as
well as in Sorubim lima, an increase in the size and
age of fish means a significant increase in the levels
of parasitism (Takemoto and Pavanelli, 1994;
Machado et al., 1994) (Table 1).

The occurrence of negative correlations, i.e.
an increase in the host's size with a reduction in
levels of parasitsm has been reported
(Zdzitowiecki, 1988; Oliva et al., 1990) (Table 2).
Negative correlation may be due to changes in the
feeding habit (the fish may give up feeding on a
certain item which functions as an intermediate host
in the adult phase) or to the development of the
immunity reaction that occurs in older fish (Adams,
1985).

In similar studies on marine and freshwater
fish ectoparasites, Shotter (1973), Hanek and
Fernando (1978 a, b), Fernandez (1985), Valtonen
et al. (1990) and Roubal (1990) found higher levels
of parasitism in hosts with intermediate lengths and
suggested that fish acquired the parasites in their
youth phase which are eliminated in the fish’s adult
phase suggesting the possibility of the development
of immunological resistance in adults. Obiekezie et
al. (1988) reported heaviest parasite burden in the
adult C. nigrodigitatus 50 cm total length for the
Henneguya chrysichthyi and Ergasilus latus
parasites (Table 2). The worm burden increased
with fish length up to 50 cm. Chapman et al. (2000)
found that parasite prevalence increased with host
body size only up to 700 mm; larger individuals
showed lower prevalence. Such a pattern they
argued could reflect the premature mortality of
infected older individuals (Pennycuick, 1971;
Anderson and Gordon, 1982; Gordon and Rau,
1982) or the lower prevalence in larger individuals
may be due to the development of immunity with
age.

Host size and parasite size: Several studies found
a positive correlation between total parasite length
and host body size (Table 3) (Morrand et al., 1996;
Sorci et al., 1997; Sasal et al., 1998; Lo et al., 1998;
Morrand, 2000). This positive relationship was
explained by a selective advantage for increasing
fecundity through large size in larger hosts because
large body size is correlated with high fecundity
(Morrand and Sorci, 1998). It may also be due to a
costly adaptation to host environment (Sasal et al.,
1998) arising from the necessity to develop large
attachment organs in larger hosts (Sasal et al,
1998, Morrand, 2000). In another report, larger fish
subject ectoparasites to stronger water currents and
have large gill area per unit body weight (Hughes,
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1966). Parasites living on larger hosts have to adapt
their hooking system to the gill filament in order to
remain attached (Sasal et al, 1998; Morrand,
2000). The factors controlling the growth of helminth
parasites in their host are of current interest (Barber
2005). Parker et al. (2003) suggested that the size
attained by larval cestodes might reflect either host-
imposed resource constraints on growth, or arise as
a result of evolved life history strategies. Barber
(2004) observed that the growth of Solidus
plerocercoids in stickleback host was consistent
with the view that parasite growth was limited by
host resources. Others suggested that plerocercoid
growth might also be related to the diversity of the
host's major histocompatibility complex (MHC)
(Milinski, 2003; Kurtz et al., 2004).

Host specificity: Host specificity differs widely
among parasite groups (Poulin, 1998; Sasal et al.,
1998). Monogenean species are considered to be
highly host specific in comparison to other parasitic
groups of fish (Bauer, 1959; Noble and Noble 1982;
Sasal et al., 1998). Rhode, (1978, 1989) explained
differences in host specificity between monogenean
and other parasitic species in relation to their life
cycle. It has been suggested that parasites with
simple life cycles such as monogeneans are more
host specific than parasites with complex life cycles
such as the digeneans (Morrand, 1996). Sasal et al.
(1998) also pointed out that ectoparasitic copepods
that are directly transmitted are not highly host
specific (Table 4).

Seasonality: Obiekezie et al. (1988) reported the
gill myxozoan Henneguya chrysichthyi exhibited
marked seasonality in prevalence and intensity.
Both parameters reached peaks of 76% and 100%
per host respectively in the late rainy season month
of October in C. nigrodigitatus from Cross river
estuary, Nigeria (Table 5). For the monogenean,
Protancylodiscoides chrysichthes (Paperna, 1979),
infections were consistently above 70% with low
intensity during the heavy rain months of July-
October. The larval nematode Hysterothylacium
occurred in C. nigrodigitatus throughout the year
with no defined peak of intensity, (Obiekezie et al.,
1988). The Sciaenid fish Pseudotolithus elongatus
showed 100% all year round infection with the same
larval Hysterothylacium sp. The crustacean
copepod, Ergasilus latus occurred throughout the
year with mean monthly prevalence of 31% and a
mean intensity of 4.1 (Paperna, 1979). Gee and
Davey (1986) reported seasonal variation in
infection of Mytilicola intestinalis in blue mussels
with higher intensity of infection in late autumn. This
was associated with occurrence of egg production
in Mytilicola intestinalis between June and August.
Eggs hatched in summer and produce larvae that
become infective adults during the autumn and
could result in increase in the intensity during the
autumn (Gee and Davey, 1986). Studies on four
species of clariids (Ezenwaji and llozumba, 1992) in
Nigeria, and on Channa punctata (Bloch) in India
(Gupta et al., 1984) indicated a higher abundance
of parasites in the dry months before the rainy
season. It has been suggested that this is due to an
increase in host density and greater overlap of
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Table 4: Host Specificity of fish parasites

Fish species Parasite Prevalence Source

Vimba vimba tenella Dactylogyrus cornu (M) 100% Ozer and Ozturk (2005)

Stegastes nigricans Haliotrema sp (M) 94.4% Lo et al (1998)

Xiphias gladius (Swordfish) Pennella instructa (Co) 100% Mattiucci et al (1998)

Xiphias gladius (Swordfish) Fistulicola plicatus (C) 88.9% Mattiucci et al (1998)

Xiphias gladius (Swordfish) Hysterothylacium sp (N) 94.6% Mattiucci et al (1998)

Solea solea (Soleidae) Entobdella soleae (M) 77.3% Whittington et al (2000)

M= Monogenean; C=Cestoda, N=Nematoda; Co= Copepoda

Table 5: Influence of seasons on prevalence of fish parasite

Fish host Parasite Season Source

Dry wet Sp Su Au Wi

Chrysichthys Henneguya chrysichthys 34 76% - - - - Obiekezie et

nigrodigitatus al (1987)

Pygocentrus Branchiurans sp (Cr) 74.63% 38.24% - - - - Carvallo et al

nattereri (2003)

Serrasalmus Branchiurans sp (Cr) 21.67 11.43 - - - - Carvallo et al

spiloplenra (2003)

Serrasalmus Branchiurans sp (Cr) 16.67 11.76 - - - - Carvallo et al

marginatus (2003)

Semotilus Allocreadium lobatum 33% 2% - - - - Willis (2001)

atromaculatus

Vimba vimba Dactylogyrus cornu - - 10% 60% 45% 0% Oztiirk and
Altunel (2006)

Blicca bjoerkna Dactylogyrus sphyrna - - 1.% 40% 80% 1% Oztiirk and
Altunel (2006)

Rutilus rutilus Dactylogyrus crucifer - - 80% 1% 50% 40% Oztiirk and
Altunel (2006)

Scardinius Dactylogyrus difformis - - 0% 100% 0% 0% Oztiirk and

erythrophthalmus Altunel (2006)

Sparus aurata Cryptosporidium molnari - - P< - - - Sitja-

(Gilthead Sea 0.001). Bobadilla et al

Bream) (2005)

Dissostichus Neopavlovskioides - - - - - P<0.01 Brickle et al

eleginoides georgianus (M) (2006)

(Toothfish)

Dissostichus Gonocerca phycidis (M) - - - - - P<0.01 Brickle et al

eleginoides (2006)

(Toothfish)

Dissostichus Elytrophalloides oatesi - - - P< - - Brickle et al

eleginoides 0.01 (2006)

(Toothfish)

Sp= Spring; Su= Summer; Au= Autumn; Wi= Winter, P=Protozoan; M= Monogenean; D=Digenea, C=Cestoda, (Tapeworms),
Cr = Crustacea; N=Nematoda (Roundworms), Co= Copepoda; A=Acanthocephala (Thorny-headed worms)

Table 6: Influence of Sex on prevalence of parasite

Fish host Parasite Prevalence Source

Male Female
Hippoglossina macrops H. chilensis (Co) * Gonzalez et al (2001)
Centropomus undecimaltis Acanthlochus unisagittatus 95.7% 81.5% Tavarse and Luque (2004)
Salmon Ichthyophonus 25.9% 32.5%) Kocan et al (2004)
Semotilus atromaculatus Allocreadium lobatum p>0.01 Willis (2001)
Hemisorubim platyrhynchos Goezeella paranaensis (C) p>0.01 Guidelli et al (2003)
Hemisorubim platyrhynchos Mariauxiella piscatorum (C) p > 0.01 Guidelli et al (2003)

C = Cestoda, Co = Copepoda

intermediate and definitive hosts as water bodies
shrink (Ezenwaji and llozumba, 1992) or due to pre-
spawning congregation of hosts (Gupta et al.,
1984), both of which facilitate transmission. In
contrast, Zaman (1985) and Zaman and Seng
(1989) found increases in parasite abundances of
two species of clariid catfish coincided with increase
in rainfall in Malaysia, but the parasites of one
species, C. batrachus, showed an additional peak in

the dry month of January in one of the two locations
surveyed. Although Akhtar et al. (1992) stated that
the comparatively higher rate of infestation in
Heteropneustes fossilis (Bloch) was observed in the
rainy season, their data also indicated that a
number of helminth species increased in prevalence
and intensity during the dry months between
November and March, with marked oscillations in
abundance through the year. Brickle et al. (2006)
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reported that out of the parasites examined for
seasonality, four species showed significant
differences in seasonal prevalence of parasites.
Monogenean, N. georgianus and cyst of unknown
etiology (CUE) had their highest prevalence in
winter, while G. phycidia and E. oatesi were more
prevalent in winter with lower prevalence in summer
and spring. Choudhury et al. (2004) observed
seasonal patterns of infection with B. acheilognathi.
They reported that there was a general trend of low
abundance in summer months with significant
higher abundance in the following fall (September).
The seasonal patterns were attributed to
temperature related dynamics in line with finding of
earlier studies (Granath and Esch, 1983;
Marcogliese and Esch, 1989a, b) that demonstrated
the effect of temperature related dynamics on
prevalence of B. acheilognathi. Chubb (1977) had
identified temperature as the most important single
factor controlling the seasonal prevalence of
occurrence of Dactylogyrids and Gyrodactylids.
Obiekezie et al. (1988) opined that as warm
temperature would hasten the generation time, the
absence of seasonal fluctuation in temperature
would suggest a dynamic equilibrium of the parasite
population with constant infection and maturation.

Host diet: Diet plays a major role in the
composition of parasite communities in the fish gut
(Dogiel, 1961). Examination of the diet of different
species of subtropical and tropical freshwater fish
and comparison with the richness and
characteristics of the parasite community indicated
that the richest enteric helminth fauna was found in
fish with mixed carnivorous diets (invertebrates and
fish) e.g. some clarid and mochokid catfish,
followed by invertebrate feeders e.g. Citharinus
citharus while many algal feeders and herbivores as
well as some zooplankton specialist had poor
enteric helminth fauna e.g. some Alestes species,
Tilapia species and Labeo species (Bashirullah,
1973; Choudhury and Dick, 2000). Guidelli et al.
(2003) observed that host feeding habit and diet
were important in helminth acquisition while Dogiel
(1970) commented that the habitat from which the
main bulk of food is obtained was as important as
the diet in parasite fauna composition. McClain et
al. (1996) studied food preferences of juvenile and
adult sculpins using length as the criteria for
classification into juvenile and adult and reported
that juvenile sculpins (up to 50 mm in length)
consume small invertebrates such as copepods
while adults (above 50 mm in length) shift to larger
prey such as isopods, opossum shrimps Mysis
relicta, Loven, 1861, snails and fish fry. Muzzal and
Bowen (2002) examined the differences in the
endohelminths among the host size classes to
study how the shift in food preferences with host
size affected the changes in acquisition of helminth
parasite infracommunities. They reported higher
prevalence, mean intensity, and mean abundance
of N. punititus in small sculpins, whereas, higher
prevalence, mean intensity, and mean abundance
of E. salmonis were observed in large sculpins.

Host sex: Reimchem and Nosil (2001) pointed out
that there are theoretical, experimental and field
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evidence to suggest that males are to be more
heavily infected than females (Table 6), possibly
due to the cost of sexual selection (Batra, 1984;
Folstad et al., 1989; Folstad and Karter, 1992;
Poulin, 1996; Wedekind and Jacobson, 1998) It has
been argued that competition for mates extract
costs on reproductive males and consequently,
males may be operating closer to their physiological
limits than females (Trivers, 1972; Zuk, 1990;
Clutton-Brock and Parker, 1992). Cost of
reproduction for males may be especially high for
fishes where males provide all the parental care
and exhibit all the territorial defense (van den
Assem, 1967; Fitzgerald et al., 1989; De-Fraipont et
al, 1992; Baker, 1994). This can result in higher
levels of stress and reduced immunocompetence in
males relative to females (Herbert and Cohen,
1993). Sex-biased parasitism can result from
differences in immunocomptence with males
predicted to bear a greater cost of sexual selection
and immunosuppressive effects of testosterone
production (Folstad et al., 1989; Folstad and Karter,
1992; Clutton-Brock and Parker, 1992; Zuk, 1990)
and thus to become more susceptible to parasitic
infection than females.

However, differences in parasitic infection
between genders might also arise ecologically. For
example, niche partitioning involving habitat or diet
(Grant, 1975; Reimchem, 1980; Grant, 1985; Shine,
1989; Raymond et al., 1990; Houston and Shine,
1993; Selander, 1996) can result in differential
exposure to parasites unrelated to the unequal
costs of reproduction (Tinsley, 1989). Such an
ecological origin of parasitism would predict that
either males or females could exhibit excess
parasitism dependent on their probability of
encountering the parasite and that excess
parasitism in males may not be as a result of
reduced immunocomptence. Kennedy (1975) had
argued that quantitative differences in parasite
infection between sexes can be expected and may
be explained as a consequence of different habitat
occupied by males and females, differences in the
diet and/or physiology.

However, several researchers found no
consistent pattern of infection in terms of
prevalence and intensity between males and
females (Oliva et al., 1990). In a study of flat fish,
Paralichthys adspersus, (Pleuronectiformes) they
found that sex affects mean abundance and
prevalence for only six out of twenty five parasites,
all of which are trophically transmitted parasites.
They observed that this means that differences are
due mainly to diet and or physiology, but no
differences in habitat could be expected for male
and female flatfishes, as suggested by the absence
of differences in monoxenic parasites. Moreover,
Kong et al. (1995) were unable to find differences in
diet of male and females of P. adspersus. Thus,
differences in some ecological parameters of the
infectious process could be a consequence of
differential physiology of male and female flatfishes.
Guidelli et al. (2003) reported that out of forty- one
females and eighty-seven males of Hemisorubim
platyrhychos studied, there was a significant
relationship between host sex and prevalence with
the females being more infected.
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Environmental factors: It has been pointed out
that certain habitat characteristics either physical or
chemical may facilitate the establishment and
proliferation of parasite in particular host population
(Bagge et al., 2004). In fish hosts for instance
variables such as lake size, water pH or distance
from other lakes have been associated with either
the number of parasite species per host population
or with abundance of given parasites (Kennedy,
1978; Marcogliese and Cone, 1991; Hartvigsen and
Halvorsen, 1994; Karvonen et al., 2003). Saariem
and Taskiem (2004) reported that stagnant waters
were optimal habitat for P. rylovi whereas the
flowing waters of rivers provide suboptimal
environment. Gee and Davey (1986) reported lower
levels of infection by copepod Mytilicola intestinalis
in blue mussels Mytilus edulis in turbulent regions
as compared with calm regions. The differences in
the rate of infection, they argued, may be due to
infection process of the parasitic species. The
parasites that infect fish hosts slowly e.g. via
filtration are likely to have lower infection rate in
flowing rivers as larvae may be washed away
before they become infective in flowing rivers (Gee
and Davey, 1986; Saarinem and Taskiem, 2004).
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