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ABSTRACT – Studies on acanthocephalans underscore many aspects of parasite biology. They are implicated
to play vital roles in shaping ecosystems through regulation of their hosts’ community structure. Studies have
also shown both their potential as agents of disease upon reaching epizootic levels and biomonitors of
environmental changes. This research was conducted to describe the distribution pattern of an unidentified
acanthogyrid acanthocephalan infecting cultured Oreochromis niloticus in Sampaloc Lake, Laguna,
Philippines. Results showed that Acanthogyrus sp. had a non-random distribution pattern among their fish hosts
(P<0.001). Subsequent analysis showed a highly aggregated distribution (D=0.82; Variance/mean=4.403).
Larger Nile tilapia appears to harbor more parasites than smaller-sized ones as indicated by positive correlations
between intensity and fish length (r=0.40, P<0.001) and weight (r=0.30; P<0.001). This study could serve as
baseline information for future investigation on the ecology and infection dynamics of Acanthocephala,
especially in the Philippines.
Keywords: Acanthocephala, Acanthogyrus, Aggregation, Correlation, Oreochromis niloticus,
Parasitology, Poulin’s Index of Discrepancy, Quadrigyridae

INTRODUCTION
The Phylum Acanthocephala is a
monophyletic group with all members exclusively
parasitic (Kennedy 2006). They are considered
highly successful group of parasites for they infect
all classes of vertebrates. All species have similar
fundamental life history. They all have a freeliving egg (acanthor), require an arthropod
intermediate host for the larval acanthella and
cystacanth stages, and exploit a vertebrate
definitive host upon reaching adulthood (Amin
1998). The main underlying feature in studying
acanthocephalans is to demonstrate several aspects
of parasite biology (Lassiere 1989). This includes
understanding more fully the host-parasite

relationship in an ecological and evolutionary
perspective.
Although acanthocephalans are of little
importance as agents of disease relative to other
parasites, their role in aquatic ecosystems can be
remarkable. They are implicated in host
manipulation (Latham and Poulin 2002; Dezfuli et
al. 1994). They may impact the food web patterns
and community structure of their hosts.
Acanthocephalans also respond to changes
especially in aquatic habitats, making them good
bioindicators of environmental degradation.
Several studies have shown the effectivity of
acanthocephalans as biomonitors of heavy metal
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pollution in aquatic ecosystems (Thielen et al.
2004; Sures 2003; 2002; Sures et al. 1994a; 1994b).

and intermediate hosts
parasites.

for

acanthocephalan

Acanthocephalans may exhibit seasonality in their
definitive host. For aquatic species, their
distribution and abundance depend primarily on the
population dynamics of their intermediate hosts
(Ohtaka et al. 2002; Mayama 1989). Some species
of acanthocephalans also show some degree of
aggregation both in their intermediate and
definitive hosts (Outreman et al. 2002; Brattey
1988; 1986; Crofton 1971a). In general, the
distribution of parasites fit to the negative binomial
form suggesting an aggregated dispersal among
their hosts (Outreman et al. 2002; Shaw et al. 1998;
Schmid and Robinson 1972; Crofton 1971b). This
pattern has been suggested as a significant factor in
the dynamics of host-parasite interactions (Wilson
et al. 2002; Rosà 2003).
This report describes the distribution pattern of an
acanthogyrid
acanthocephalan
parasite,
Acanthogyrus sp. in their fish host, Oreochromis
niloticus from Sampaloc Lake, Philippines. This
research could serve as benchmark information for
future studies on the ecology of Acanthocephala,
particularly for the genus Acanthogyrus.
MATERIALS AND METHODS
Description of the Study Site. Sampaloc Lake
(14°4’44.77”N; 121°19’47.49”E) is the largest of
the seven crater lakes of San Pablo City,
Philippines (Fig. 1). The lake is of volcanic origin.
It has a circular surface area of 104 ha, a 3.5 km
perimeter, an average depth of 20 m with a
maximum depth of 27 m. The lake is
limnologically classified as warm monomictic and
eutrophic (Santiago and Arcilla 1991).
Approximately 16 ha of its total area are devoted
for cage tilapia aquaculture with 227 active
operators as approved by the LLDA in 2002. The
lake is inhabited by several species of fish and
crustaceans that may serve as potential definitive
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Figure 1. Map showing the location of Sampaloc
Lake in the Philippine archipelago.
Fish Collection and Processing. A total of 550 fish
(Oreochromis niloticus) were randomly sampled
using scoop nets from different cages in 2010 to
2012. The samples were transported on ice to the
laboratory and were processed immediately within
the day. The standard length (cm) and weight (g) of
each fish were measured using a caliper (Mitutuyo,
Japan) and a digital weighing scale (Tamika,
Japan), respectively. Each fish was dissected and
the intestine was isolated into a Petri dish
containing physiological saline solution. These
were examined for the presence of adult
Acanthogyrus
sp.
under
a
dissecting
stereomicroscope (Leica EZ4, China), counted, and
identified using the key to species provided by
Amin (2005). The parasites were photographed
under scanning view (x20) using a digital camera
(Canon A2300, China).
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Statistical Analyses. The distribution of the
acanthocephalan in their fish hosts was
characterized using goodness-of-fits including
Kolmogorov-Smirnov test, index of discrepancy,
and negative binomial distribution (NBD) models.
Where appropriate, the k parameter of the negative
binomial and/ or the discrepancy value (D) was
interpreted to estimate the degree of aggregation.
Pearson’s product moment correlation was used to
determine the relationship between infection
intensity and size in terms of length and weight
(two-tailed) of infected fish. The tests were
performed at 95% confidence level. Statistical
computations were done using the software
Quantitative Parasitology (QP) version 3.0 (Rózsa
et al. 2000) and Predictive Analytics SoftWare
(PASW) version 18.0 (IBM Corporation, CO,
USA).

RESULTS AND DISCUSSION
The over-all dataset for the frequency
distribution of Acanthogyrus sp. (Fig. 2) in fish
host, O. niloticus, was examined to determine the
type of dispersion pattern. There was a very strong
evidence (P<0.001) that the distribution pattern of
Acanthogyrus sp. in their final host followed a nonrandom pattern of dispersal, not the usual normal
distribution. According to Kennedy (2006), the
skewed to the left frequency distribution shown by
Acanthogyrus sp. (Fig. 3) is characteristic of fish
acanthocephalans. Consequently, the dataset was
examined using Poulin’s index of discrepancy, D,
as an appropriate measure to estimate the degree of
aggregation in their fish hosts (Poulin 1993).
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Figure 2. Photomicrographs of (A) female and (B)
male Acanthogyrus sp. infecting Nile tilapia in
Sampaloc Lake, Philippines. (x20, bar = 1 mm).
The discrepancy index is a mathematical
expression that quantifies parasite aggregation as
the discrepancy between the observed parasite
distribution and the hypothetical distribution
whereby all hosts are used equally and the
infrapopulation in or on the hosts are of the same
quantity (Wilson et al. 2002). It is a measure of the
relative departure of the observed frequencies from
a uniform distribution. According to Poulin (1993),
parasite is said to be aggregated when a large
proportion of the host population comprises
lightly-infected or uninfected individuals and a
large proportion of the parasite population occupies
the few heavily infected hosts. The index, D, has a
given range of zero to one. Zero (0) suggests the
theoretical value of no aggregation so that all hosts
in the sample are equally infected with the same
number of parasite. One (1) is the theoretical limit
where all parasites in the sample are concentrated
in one host (Wilson et al. 2002). The computed D
value of 0.819 in this study indicates that
Acanthogyrus sp. was highly aggregated among
their fish hosts.
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Figure 3. Frequency distribution of Acanthogyrus
sp. (N=539; mean intensity and standard
deviation=3.35±0.37) among infected cultured
Nile tilapia (N=161).
Poulin’s aggregation index is one of the several
indices used to estimate parasite aggregation. One
method examines the variance (s2) and the mean
(m) of parasite distribution whereby random
pattern corresponds to a statistical result indicating
an approximate equality of variance and the mean
(i.e. s2=m); whereas, an aggregated distribution is
indicated when the variance is significantly greater
than the mean (i.e. s2>m). Consequently, the degree
of aggregation can be quantified by the ratio of the
variance to the mean (i.e. s2/m) (Wilson et al.
2002). In this study, the resulting variance of 4.315
was greater than the mean 0.98, and the
corresponding variance-to-mean ratio of 4.403
showed a significant departure from uniform
distribution.
Another method of predicting the distribution
pattern of parasites is by fitting the observed dataset
to the negative binomial distribution (NBD) model.
This is the widely used index of parasite crowding
among epidemiologists since majority of parasite
datasets are usually described by the NBD (Crofton
1971a, 1971b; Shaw and Dobson 1995; Grenfell et
al. 1995; Shaw et al. 1998). Moreover, the exponent
k of the expression’s expansion [i.e. (q – p)-k, where
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q=1 + p and k is positive (Crofton 1971a)] can be
easily interpreted to capture parasite overdispersion (Wilson et al. 2002). The exponent k of
NBD is an inverse measure of aggregation. That is,
as the k value decreases, the degree of aggregation
increases (Elliot, 1977). In this study, the dataset
did not fit the NBD (P<0.05); hence the computed
k value of 0.204 cannot be interpreted to quantify
aggregation. This inconsistent result may be due to
statistical artifacts or the unsuitability of NBD to
characterize parasite distribution patterns (Poulin
1993). In fact, the use of NBD fitting has been
criticized, as the k value is not sensitive to the tail
of the distribution that corresponds to
superinfection (Scott 1987). The study results
suggest that NBD is not universal for parasite
datasets and the use of index of discrepancy is
relatively robust in profiling parasite distributions.
The overdispersed pattern of parasite
distribution especially in the case of parasitic
helminthes and arthropods is a usual encounter
(Crofton 1971a; Shaw and Dobson 1995). A metaanalysis on patterns of macroparasite aggregation
in wildlife host populations was conducted,
whereby 90% of the datasets have corresponded to
an aggregated form (Shaw et al. 1998). In this type
of distribution pattern, it appears that among the
susceptible hosts available for infection, only few
are actually infected by a certain species of parasite
(Poulin 1993). For instance, Newey et al. (2005)
showed that the helminth Graphidium strigosum
had low prevalence and was highly aggregated
among its hare hosts Lepus timidus from the
Central Highlands of Scotland. Aggregation of a
trematode parasite Diplostomum spathaceum in
their fish hosts was also reported (Pennycuick
1971).
According
to
Kennedy
(2006),
acanthocephalan populations are over dispersed
under most conditions. In this study, only 161 or
29% (95% CI: 26-33%) of the fish samples were
infected with Acanthogyrus sp. Similarly, by using
the dataset of Hynes and Nicholas (1963), Crofton
(1971a) showed in his proposed model that the
acanthocephalan parasite Polymorphus minutus
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was over dispersed among their hosts. Moreover,
among the infected hosts sub-population, most
harbors few parasites while the remaining
succumbs to superinfection (Shaw and Dobson
1995). This was also evident in the present study
wherein majority of infected fish harbors one to
three adult acanthocephalans whereas relatively
few (less than 50 samples) had up to 12
acanthocephalans per fish.
Wilson et al. (2002) expressed that such
heterogeneities are generated when individual
hosts vary in their exposure to infective stages of
the parasite and/or differences on the susceptibility
of each potential host once they encounter the
infectious agent. Even small differences in
susceptibility between hosts can rapidly produce
non-random distributions of parasites (Anderson
and May 1978). The sampled Nile tilapia from
Sampaloc Lake apparently has varying level of
exposure to cystacanth-infected intermediate hosts.
Variability in exposure to infective stages can be
attributed to external heterogeneity, which is not
considered attributes of the host or the parasite.
Such heterogeneity can be manifested by
difference in spatial distribution of infective
external stages (Wilson et al. 2002).
Heterogeneities in parasite intensities across the
host population can occur when there is spatial
variation in the density of infective stages in the
environment and when different hosts exhibit
certain preference of location in their habitat.
Keymer and Anderson (1979) showed in their
experiment that the mean intensity of the tapeworm
Hymenolepis diminuta in flour beetle (Tribolium
confusum) increased as the density of the egg
increased per unit area. Clearly, the rate of infection
acquisition increases with the frequency of contact
between the host and the infective stages.
Moreover, as the eggs in the external environment
became increasingly aggregated, so did the parasite
distribution in the host population (Keymer and
Anderson, 1979).
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Assuming that all individuals of Nile tilapia in
Sampaloc Lake have equal chances of ingesting an
infected intermediate host, it was possible that
some Nile tilapia resisted the establishment of
infection by the acanthocephalan parasite. Infected
fish samples were not able to do so, as manifested
by the presence of adult worms. Infection
physiology, by operational definition, is a series of
events required prior to development and/ or
reproduction (Brown et al. 2005). Evidently, the
mature forms of Acanthogyrus sp. in the gut of Nile
tilapia had demonstrated efficiency in establishing
infection physiology. Direct reproduction of
parasites within the hosts may also cause
overdispersion of (Anderson and Gordon 1982).
However, as in the case of N. rutili from Loch
Maragan, Scotland (Lassiere 1989) the cultured
Nile tilapia could not have autoinfection of
Acanthogyrus sp. because the latter was an obligate
endoparasite that required an intermediate host to
complete its life cycle.
The distribution of parasites can also be a function
of host age and is termed as age-intensity profile
(Duerr et al. 2003). This may change throughout
the lifespan of a host with changes in demographic,
physiological, and ecological factors (Kennedy
2006). The analysis of infection intensity as
influenced by age of hosts may reveal demographic
related causes of aggregation. However, ageintensity profiles are difficult to interpret because
several processes underlying the parasite
metapopulation can affect them. These processes
may include age-dependent exposure to parasites,
parasite-induced host mortality, and densitydependent parasite mortality and establishment
(Duerr et al. 2003).
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Figure 4. Correlation between parasite infection
intensity and fish (A) length and (B) weight.
In this study, size-intensity profile was used to find
association between host’s size and degree of
infection with Acanthogyrus sp. Correlation
analyses (Fig. 4) showed a significant but weak
positive relationship between intensity and length
(r=0.40; P<0.001) as well as the weight (r=0.30;
P<0.001). This suggests that the parasite load
increased with increasing fish size, and indicates
that Acanthogyrus sp. appeared to aggregate in
larger Nile tilapia.
Some studies have been conducted to describe sizeintensity profiles for natural populations of
acanthocephalans in fish. The studies of Muzzall
and Bullock (1978) and Walkey (1967) on N.
saginatus in fallfish and for N. rutili in sticklebacks
showed that the number of worms was directly
proportional to the fish length. Diamant (1989) also
found similar results and attributed such size-based
distribution of acanthocephalans to host habitat,
feeding habits, extended exposure to infections,
age-related segregation, larger microhabitats, and
physiological conditions to maturity. In this study,
the relative heavy infection encountered in larger
Nile tilapia might be due to its higher feeding
behavior in response to metabolic demands for
growth. Cultured Nile tilapias in Sampaloc Lake
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were dependent on organic feeds provided by the
farmers. However, larger fish may encounter
intermediate hosts such as shrimps or copepods and
may feed on these unselectively as part of their agerelated diet preference. Lassiere (1989) showed
that larger trout from Lock Maragan were more
heavily infected relative to smaller trout; and
reasoned the adoption of piscivorous feeding habit
on minnows by larger trout (indicating the
importance of post-cyclic transmission) as basis for
this observation. On the other hand, parasite
accumulation may also be a factor for the observed
high frequency of acanthocephalans in larger fish.
This can be due to the life history of
Neoechinorhynchid acanthocephalans in having 60
to 90 days of cystacanth development to adulthood
(Harms 1965). It could be inferred that parasite
recruitment occurred during the juvenile stage of
the fish (when they were smaller in size) and
greater number of adult parasites were observed as
the fish became older and larger. This result could
only be interpreted for certain size-range of Nile
tilapia. It was observed in this study that very large
and older fish samples did not harbor Acanthogyrus
sp., signifying the termination of the parasite
generation.
The characteristic aggregated distribution of
macroparasites in their hosts is a key feature of
host-parasite population biology (Grenfell et al.
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1995). The over dispersion of Acanthogyrus sp.
among Nile tilapia in Sampaloc Lake has allowed
the regulation and stability of the host-parasite
system. The observed superinfection in a few of the
sampled hosts demonstrated that acanthocephalans
have ensured both the overproduction of eggs while
maintaining minimum rates of host mortality. Over
dispersion promotes the mating probability of
parasites since the chance of a parasite meeting the
opposite sex increases when they are numerous in
a single host (Kennedy 2006). Over dispersion, as
such, can be interpreted as an adaptive mechanism
by macroparasites. In fact, Crofton (1971a)
suggested that over dispersion should form part of
parasite definition. Another feature of parasite
aggregation pertains to host survival and mortality.
It is empirical that parasites increase mortality of
hosts in instances of superinfection (Kennedy
2006). Death of host would also mean death of
parasites. Hence, aggregation, in effect, ensures
that only few members of potential hosts are
superinfected and may succumb to death as a
consequence.
The importance of predicting the distribution
pattern of parasites also underscores which
appropriate statistical methods should be used in
quantifying infection patterns. Considering an over
dispersed parasite distribution, there is an
increasing argument on whether central tendencies
(e.g. mean intensity, mean abundance, etc.) would
still be the best measure to quantify the degree of
parasitism in samples of hosts (Rózsa et al. 2000).
When the distribution of the parasite is highly
aggregated (i.e. non-random), comparing central
tendencies between two or more samples of hosts
may be inappropriate as it violates the normality
assumption of parametric tests such as the
Student’s t-test and Analysis of Variance
(McDonald 2009). Techniques involving log
transformation or omission of some data, which
appear as outliers to achieve Gaussian datasets, are
conventional. However, parasite distributions are
generally considered highly aggregated as shown
in loads of empirical datasets, such that even log
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transform cannot fix the skewness nature (Rózsa et
al. 2000). This was demonstrated in the present
study whereby a non-log normal dataset was
obtained. Moreover, intensity values indicating
superinfection (also observed in this study) should
not be considered as outliers because it is one of the
prominent features of the host-parasite population
dynamics (Crofton 1971a). Non-parametrics,
bootstrapping, and randomization tests are
recommended as appropriate statistical analyses in
comparing highly aggregated infrapopulations of
parasites in samples of hosts (Rózsa et al. 2000).
CONCLUSION
The frequency distribution of the adult worms was
significantly different from the theoretical normal
distribution suggesting a non-random pattern of
dispersal. The adult worms were over dispersed
among their fish hosts. There was also a positive
correlation between infection intensity and size of
fish in terms of length and weight. It was observed
that larger Nile tilapia harbored more parasites
relative to smaller sized ones. However, this could
not be a general pattern because of the weak
relationship between fish size and infection
intensity. The characteristically aggregated
distribution of Acanthogyrus sp. in their fish hosts
was attributed to heterogeneities in host
susceptibility to infection. These include the hosts’
chance to encounter infected intermediate hosts
and/ or differential reaction towards the cystacanth
as a function of varying immunity levels. However,
these factors were difficult to confirm in the field.
Results herein would remain open for assumptive
interpretations until further field and laboratorybased investigations. The over dispersed
distribution of Acanthogyrus sp. was consistent
with most empirical datasets of macroparasites.
This type of distribution has been proposed as a
mechanism to maintain the equilibrium of the hostparasite relationship.

7

de la Cruz, et. al.

ACKNOWLEDGEMENT
This research was made possible through the
support of the Philippine Council for Aquatic and
Marine Research and Development of the
Department of Science and Technology
(PCAMRD-DOST), the National Research
Council of the Philippines (NRCP), and the
Commission on Higher Education (CHED).
STATEMENT OF AUTHORSHIP
All authors contributed equally on the study design,
gathering of empirical data and related literature,
and writing of the manuscript. Results presented
herein are portions of the thesis of the first author
for the degree of Master of Science in Zoology at
the University of the Philippines Los Baños. The
first three authors conducted the actual fieldwork
and laboratory analyses. The last author served as
the research adviser.
REFERENCES
Amin OM. 1998. Marine flora and fauna of the
Eastern United States: Acanthocephala.
NOAA Technical Report NMFS 135: 1-15.
Amin OM. 2005. Occurrence of the subgenus
Acanthosentis Verna & Datta, 1929
(Acanthocephala: Quadrigyridae) in Japan,
with the description of Acanthogyrus
(Acanthosentis) alternatspinus n. sp. and A.
(A.) parareceptaclis n. sp. from Lake Biwa
drainage fishes and a key to the species of the
subgenus. Systematic Parasitology 60: 125137.
Anderson RM and May RM. 1978. Regulation and
stability
of
host-parasite
population
interactions I: regulatory processes. Journal of
Animal Ecology 47: 219-247.
Anderson RM and Gordon DM. 1982. Processes
influencing the distribution of parasite
numbers within host populations with special
emphasis
on
parasite-induced
host
mortalities. Parasitology 85: 373-398.

Journal of Nature Studies 12 (2)

Brattey J. 1986. Life history and population
biology of larval Acanthocephalus lucii
(Acanthocephala: Echinorhynchidae) in the
isopod Asellus aquaticus. Journal of
Parasitology 72: 633-645.
Brattey J. 1988. Life history and population
biology of Adult Acanthocephalus lucii
(Acanthocephala:
Echinorhynchidae).
Journal of Parasitology 74: 72-80.
Brown SP, Andrè JB, Ferdy JB and Godelle B.
2005. Subverting hosts and diverting
ecosystems: an evolutionary modeling
perspective. In: Thomas F, Renaud F, and
Guègan JF (Eds.). Parasitism and
Ecosystems. Oxford University Press Inc.,
140-154.
Crofton HD. 1971a. A quantitative approach to
parasitism. Parasitology 62: 179-193.
Crofton, HD. 1971b. A model of host-parasite
relationships. Parasitology 63: 343-364.
Dezfuli BS, Rossetti E, and Fanno EA. 1994.
Occurrence of larval Acanthocephalus
anguillae (Acanthocephala) in the Asellus
aquaticus (Crustacea, Isopoda) from the
River Brenta. Bollettino di Zoologia 61: 7781.
Diamant A. 1989. Ecology of the acanthocephalan
Sclerocollum rubrimaris Schmidt and
Paperna,
1978,
(Rhadinorhynchidae:
Gorgorhynchinae) from wild populations of
rabbitfish (genus Siganus) in the northern Red
Sea. Journal of Fish Biology 34: 387-397.
Duerr HP, Dietz K, and Eichner M. 2003. On the
interpretation of age-intensity profiles and
dispersion patterns in parasitological surveys.
Parasitology 126: 87-101.
Elliot JM. 1977. Some methods for the statistical
analysis of samples of benthic invertebrates.
Freshwater Biological Association.

8

Distribution Pattern of Acanthogyrus sp. (Acanthocephala: Quadrigyridae) in Nile
Tilapia (Oreochromis Niloticus L.) From Sampaloc Lake, Philippines

Grenfell BT, Wilson K, Isham VS, Boyd HEG, and
Dietz K. 1995. Modeling patterns of parasite
aggregation
in
natural
populations:
trichostrongylid nematode – ruminant
interactions as a case study. Parasitology 111:
135-151.
Harms CE. 1965. The life cycle and larval
development of Octospinifer macilentis
(Acanthocephala:
Neoechinorhynchidae).
Journal of Parasitology 51: 286-293.
Hynes, HBN and Nicholas WL. 1963. The
importance
of
the
acanthocephalan
Polymorphus minutus as a parasite of
domestic ducks in the United Kingdom.
Journal of Helminthology 37: 376-83.
Kennedy CR. 2006. Ecology of Acanthocephala.
Cambridge University Press.
Keymer AE and Anderson RM. 1979. The
dynamics of infection of Tribolium confusum
by Hymenolepis diminuta: the influence of
infective stage density and spatial
distribution. Parasitology 79: 195-207.
Lassiere
O.
1989.
The
ecology
of
Neoechinorhynchus rutili (Acanthocephala)
in Scottish freshwater lochs. PhD Thesis:
University of Glasgow.
Latham ADM and Poulin R. 2002. Effect of
acanthocephalan parasites on hiding behavior
in two species of shore crab. Journal of
Helminthology 76: 323-326.
Mayama H. 1989. Seasonal changes in the
infection
of
Acanthocephalus
sp.
(Acanthocephala) in juvenile Masu salmon
Oncorhynchus masou. Nippon Suisan Gakk
55: 1517-1522.
McDonald JH. 2009. Handbook of Biological
Statistics (2nd Ed.). Sparky House Publishing.
Muzzall PM and Bullock WL. 1978. Nomenclature
Seasonal occurrence and host-parasite
relationships
of
Neoechinorhynchus
saginatus Van Cleave & Bangham, 1949 in

Journal of Nature Studies 12 (2)

the fallfish Semotilus corporalis (Mitchell).
Journal of Parasitology 64: 860-865.
Newey S, Shaw DJ, Kirby A, Montieth P, Hudson
PJ, and Thirgood SJ. 2005 Prevalence,
intensity, and aggregation of intestinal
parasites in mountain hares and their potential
impact on population dynamics. International
Journal for Parasitology 35: 367-373.
Ohtaka A, Saito T, Kakizaki T, Ogasawara S,
Ohtomo C, and Nagasawa K. 2002. Seasonal
and regional occurrence of Acanthocephalus
sp. (Acanthocephala: Echinorhynchidae) in
fishes and isopods (Asellushilgen dorfi) in
lake system in northern Japan. Limnology 3:
143-150.
Outreman Y, Bollache L, Plaistow S, and Cézilly
F. 2002. Patterns of intermediate host use and
levels of association between conflicting
manipulative parasites. International Journal
for Parasitology 32: 15-20.
Pennycuick L. 1971. Frequency distributions of
parasites in a population of three-spined
sticklebacks, Gasterosteus aculeatus L., with
particular reference to the negative binomial
distribution. Parasitology 63:389-406.
Poulin R. 1993. The disparity between observed
and uniform distributions: a new look at
parasite aggregation. International Journal of
Parasitology 23: 937-944.
Rosà R. 2003. The importance of aggregation in the
dynamics of host-parasite interaction in
wildlife: a mathematical approach. PhD
Thesis: University of Stirling.
Rózsa L, Reiczigel J, and Majoros G. 2000.
Quantifying parasites in samples of hosts.
Journal of Parasitology 86: 228-232.
Santiago AE and Arcilla RP. 1991. Tilapia cage
culture and the dissolved oxygen trends in
Sampaloc
Lake,
the
Philippines.
Environmental Monitoring Assessment 24:
243-255.

9

de la Cruz, et. al.

Shaw DJ and Dobson AP. 1995. Patterns of
macroparasite abundance and aggregation in
wildlife populations: a quantitative review.
Parasitology 111: 111-133.

Sures B. 2002. Competition for minerals between
Acanthocephalus lucii and its definitive host
perch (Perca fluviatilis). International Journal
for Parasitology 32: 1117-22.

Shaw DJ and Grenfell, BT, and Dobson AP. 1998.
Patterns of macroparasite aggregation in
wildlife host population. Parasitology 117:
597-610.

Sures B. 2003. Accumulation of heavy metals by
intestinal helminths in fish: an overview and
perspective. Parasitology 126: 53-60.

Scott M.E. 1987. Temporal changes in aggregation:
a laboratory study. Parasitology 94: 583-595.

Thielen F, Zimmerman S, Baska F, Taraschewski
H, and Sures B. 2004. The intestinal parasite
Pomphorhynchus laevis (Acanthocephala)
from barbel as a bioindicator for metal
pollution in the Danube River near Budapest,
Hungary. Environmental Pollution 129: 421-9.

Schmid WD and Robinson, EJ, Jr. 1972. The
pattern of a host-parasite distribution. Journal
of Parasitology 58: 907-910.
Sures B, Taraschewski H, and Jackwerth E. 1994a.
Lead accumulation in Pomphorhynchus
laevis and its hosts. Journal of Parasitology
80: 355-7.
Sures, B, Taraschewski H, and Jackwerth E. 1994b.
Lead content of Paratenuisentis ambiguus
(Acanthocephala), Anguillicola crassus
(Nematodes) and their host Anguilla anguilla.
Diseases of Aquatic Organisms 19: 105-107.

Journal of Nature Studies 12 (2)

Walkey
M.
1967.
The
ecology
of
Neoechinorhynchus rutili (Muller). Journal of
Parasitology 53: 795-804.
Wilson K, Bjømstad ON, Dobson AP, Merler S,
Poglayen G, Randolph SE, Read AF, and
Skorping A. 2002. Heterogeneities in
macroparasite infections: patterns and
processes. In: Hudson PJ, Rizzoli A, Grenfell
BT, Heesterbeek H, and Dobson AP (Eds.).
Ecology of Wildlife Diseases. Oxford
University Press Inc.

10
0

