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Order in ectoparasite communities of marine fish is
explained by epidemiological processes
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SUMMARY

T'wo kinds of community structure referred to, nestedness and bimodal distribution, have been observed or were searched
for in parasite communities. We investigate here the relation between these two kinds of organisation, using marine fishes
as a model, in order to show that parasite population dynamics may parsimoniously explain the patterns of ectoparasite
species distribution and abundance. Thirty six assemblages of metazoan ectoparasites on the gills and heads of marine fish
showed the following patterns: a positive relationship between abundance and the variance of abundance; a positive
relationship between abundance and prevalence of infection; a bimodal pattern of the frequency distribution of prevalence
of infection; nestedness as indicated by Atmar and Patterson’s thermodynamic measure (a mean of 7:9°C); a unimodal
distribution of prevalence in parasite assemblages with a temperature lower than the mean, and a bimodal distribution in
assemblages with a temperature higher than the mean. We conclude that patterns are the result of characteristics of the
parasite species themselves and that interspecific competition is not necessary to explain them. We emphasize that a holistic
approach, taking all evidence jointly into account, is necessary to explain patterns of community structure. Ectoparasite
assemblages of marine fish are among the animal groups that have been most thoroughly examined using many different
methods, and all evidence supports the view that these animals live under non-equilibrium conditions, in largely non-
saturated niche space in which interspecific competition occurs but is of little evolutionary importance.
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INTRODUCTION

The search of order is intricately linked with the
development of ecological theories, and investigating
patterns (of distribution and abundance of species,
for example) is considered as one way to highlight
the existence of order. Processes are inferred from
observed patterns (May, 1976 ; Brown, 1995). Within
this context, insular biogeography was and still is the
paradigm in evolutionary and ecology research (at
least in a macro-perspective approach). Patterns of
species richness and distribution among islands, and
adaptive radiation and character displacement
through competition between species on islands have
been investigated by many authors (e.g. Grant, 1968,
1975; Brown, 1995).

The concepts developed in insular biogeography
were directly applied to parasites based on the simple
analogy that hosts are islands for parasites (Dritschilo
et al. 1975; Kuris, Blaustein & Ali6 1980). Thus,

arguments of insular biogeography were invoked to
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predict that parasite species richness should be
positively linked with host body size (Kuris et al.
1980; Guégan et al. 1992 ; Morand, 2000, and further
references therein). However, the dynamics of
species diversity, i.e. extinction and colonisation
processes, which are the core of the theory of insular
biogeography, were not taken into account. More-
over, geographic distance, which is an important
feature of the theory, was also ignored, i.e. no
analogy was proposed to adapt some of the hypo-
theses of insular biogeography to the case of host-
parasite systems.

The analysis and interpretation of community
structure were influenced by the hypothesis of
competitive exclusion, according to which species
may coexist only if they differ in certain characters,
e.g. body size or trophic structures (Hutchinson,
1959; MacArthur, 1972; Simberloff & Boecklen,
1981). More specifically, the coexistence of insular
free-living organisms seems to be favoured by
divergence in morphology, especially the mor-
phology of specialised organs such as the feeding
apparatus (Grant & Schluter, 1984). Accordingly, it
was proposed that parasite communities are also
structured by competition (Holmes, 1990). How-
ever, although restriction of niche size by competing
species is observed in the case of some endoparasites
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and mostly in species-rich communities, this is not
the case for most ectoparasites, and there is no
evidence for parasite species exclusion (Rohde, 1977,
1979, 1991).

Free-living coexisting species usually do not live
in random assemblages. Nested subset structures in
ecological communities are commonly found, that is,
communities with successively lower species rich-
ness tend to be subsets of richer assemblages
(Patterson & Atmar, 1986). Nested subset structure
is often interpreted as the effect of highly predictable
colonisation/extinction processes that determine the
composition of communities (Brown, 1995). Hence,
the search for nested patterns in parasite com-
munities was the subject of several studies, and
emphasis was placed on either the role of hosts
and/or competition (Guégan & Hugueny, 1994,
Hugueny & Guégan, 1997; Poulin & Guégan, 2000).
The intrinsic character of parasites, i.e. their dy-
namics, was rarely taken into account when explain-
ing nestedness patterns (but see Worthen & Rohde
1996; Rohde et al. 1998).

A different kind of community order investigated
in free-living organisms is core-satellite organisation
(Hanski, 1982). The core-satellite hypothesis is
included in metapopulation theory (Hanksi & Gyl-
lenberg 1993). The core-satellite hypothesis predicts
a bimodal distribution of organisms in their en-
vironment, that is, the majority of species is present
in most patches, or in only a small fraction of
patches. The core-satellite hypothesis does not
invoke competition but a rescue effect, i.e. the ability
to re-colonize empty patches after extinction. It is
based on the character of species, i.e. their population
dynamics, and does not need an explanation based
on competition and/or special attributes of the
environment, nor the patch or the host.

The two kinds of community structure referred to,
nestedness and bimodal distribution, have been
observed or were searched for in parasite com-
munities. However, nobody has investigated the
relation between these two kinds of organisation.
Here, using marine fishes as a model, we show that
epidemiology, i.e. parasite population dynamics,
parsimoniously explains the patterns of parasite
species distribution and abundance.

METHODS

Core-satellite hypothesis and the distribution and
abundance of parasites

Morand & Guégan (2000) have investigated the
patterns of abundance and distribution of mam-
malian nematodes. They found a bimodal distri-
bution of worm prevalence and a positive relation-
ship between abundance and prevalence. They
argued that these patterns are not the result of host
specialisation but simply the results of demographic
and stochastic processes.
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Here we propose to reinvestigate this pattern for
the case of fish ectoparasites. We use the data of
Rohde, Hayward & Heap (1995 and unpublished
records of Hayward) on 36 communities of gill and
head ectoparasites of marine fish (only fish species
with at least 5 ectoparasite species were included in
the analyses, a further 97 fish species had fewer
ectoparasite species).

Epidemiological modelling shows that the mean
worm burden M(#) is linked to the prevalence of
infection P(¢) at time ¢ according to:

Pi#)=1—[1+M()/R]"

where k is the parameter of the negative binomial
distribution.

Perry & Taylor (1986) emphasised that % is linked
to the mean worm burden M:

1/k=a M"2—1/M
with a and b the two parameters of
s?=axM"

where a represents a constant parameter, b an index
of spatial heterogeneity, M the mean abundance and
s? its variance (Taylor, Woiwod & Perry 1978,
Taylor et al. 1983)

Measure of order

Several problems may arise when testing for nested
patterns. For example, the lack of a significant nested
pattern does not necessarily imply a random organ-
2000). Atmar &
Patterson (1993) have proposed to use a direct

isation (Poulin & Guégan,

measure of order, which is based on entropy. As
emphasised by Atmar & Patterson (1993): ‘““stat-
istical stochasticity is a concept closely related to
heat, information, noise, order and disorder’’. They
proposed the use of a metric that measures the heat
of disorder inherent in the historical biogeography of
an archipelago (i.e. historical organisation of com-
munities). We use this method because it provides a
simple thermodynamic measure of the order and
disorder to describe nested patterns. A matrix
temperature of perfect order assumes the attributes
of a frozen liquid, where complete order exists only
at 0°C. As the temperature rises, turbulence is
imposed on the system, at 100 °C no discernible
extinction order remains, the presence-absence
matrix has assumed the attributes of a free gas. The
temperature of a matrix is inherent in the manner in
which species are distributed throughout the matrix.
Changes in temperature between 0 °C and 100 °C
are assumed to be continuous.

RESULTS

Abundance—variance relationship

Treating each ectoparasite population as an in-
dependent observation, we found a positive re-
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Fig. 1. (A) Relationship between the logarithms of the
variance (s%) and abundance (M), across populations of
fish ectoparasites, fitted to a power-function with the
intercept a = 0-57 £ 0-:04 and the slope, b = 1:71 £ 0-04
(r* =092; P < 00001; n =171 populations). (B)
Relationship between abundance (average parasite
burden) and prevalence of fish ectoparasites (171
populations). (C) Bimodal distribution of prevalence of
fish ectoparasites.

lationship between the mean abundance (in log) and
the variance of abundance (in log) (Fig. 1A), with
estimates of parameters b = (1:714+0:04) and a =
(0-57 £0:04). The values of these estimates are within
the ranges typically observed in various assemblages
of parasites (Morand & Guégan, 2000).

Bimodal distribution

A positive relationship between abundance and
prevalence of ectoparasites was observed (Fig. 1B).
The frequency distribution of ectoparasite preva-
lence showed a bimodal pattern (Fig. 1C).
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Fig. 2. (A) Unimodal distribution of prevalence of
ectoparasite populations in assemblages characterized by
a low temperature matrix (see Methods). (B) Bimodal
distribution of prevalence of ectoparasite populations in
assemblages characterized by a high temperature matrix
(see Methods).

Temperature of ectoparasite assemblages

The temperatures of ectoparasite assemblages
ranged from 49 °C to 43 °C with a mean value of
7-9 °C+0-5. The assemblages with a temperature
lower than the mean value of 7°9 showed a unimodal
distribution of prevalence (Fig. 2A), whereas the
assemblages with a temperature higher than the
mean value showed a bimodal distribution of
prevalence (Fig. 2B). This suggests that increase of
temperature, i.e. increase in disorder, leads to a core-
satellite distribution of parasites within the assem-
blage.

DISCUSSION

Epidemiological processes appear to be the most
parsimonious explanation for the diversity, abun-
dance and distribution of ectoparasite species infect-
ing fish.

Distribution and abundance of ectoparasites on
marine fish

As predicted by the core-satellite model, rare
(satellite) ectoparasite species were observed to be
more frequent in the environment (host) than locally
abundant (core) species. According to Morand &
Guégan (2000), a positive relationship between
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abundance and prevalence is purely the result of
epidemiological processes. Demographic explan-
ations may therefore explain the observed patterns of
bimodality of prevalence when making Monte-Carlo
simulations using epidemiological modelling frame-
works (Anderson & May, 1985; Morand & Guégan,
2000).

Nestedness is the result of epidemiological processes

Nested patterns, mostly investigated in biogeo-
graphical studies, are said to be the result of
extinction/colonisation events on archipelagos or
isolated habitats (Atmar & Patterson, 1993). The
observation of nested patterns in ectoparasite assem-
blages of tropical fish was explained by consid-
ering host body size as the determinant (Guégan
& Hugueny, 1994), leading to the conclusion that
hosts are a major determinant of parasite infra-
community structure (Guégan & Hugueny, 1994).
But it was also suggested that competition between
species may lead to non-randomness (see Poulin,
1996). Poulin (1997) emphasised that the nested
structure of parasite communities may be the result
of interspecific competition, but found no empirical
support. In contrast, Rohde et al. (1998) emphasised
that nestedness structure of parasite communities is
not a proof for the existence of interspecific com-
petition, since it may also (and more likely) result
from different colonisation sequences, as suggested
by the observation that nestedness in populations of
a marine fish species was found only when juvenile
and adult fish were tested jointly, but not when they
were tested separately (Kleeman, 1996). Host spec-
ificity determines if a parasite is able to colonize a
host and then may affect the nestedness structure
parasite communities (Matejusova, Morand & Gel-
nar, 2000). However, there is not sufficient in-
formation on host specificity concerning marine
ectoparasites to investigate this effect.

Nested patterns were observed in some studies
(Guégan & Hugueny, 1994; Hugueny & Guégan,
1997), but in the majority of cases nested patterns
were rarely observed and ectoparasite communities
of fish seem to form random, unstructured assem-
blages (Rohde et al. 1994, 1995, 1998 ; Poulin, 1996;
Worthen & Rohde, 1996).

Rather than using a dichotomic classification of
nestedness (nested versus non-nested) as done in
previous studies, we preferred here to use a measure
of order following Atmar & Patterson (1993) that
permits a continuous gradation from 0-nestedness to
100 9 nestedness. We found that each assemblage of
ectoparasite species is characterized by a temperature
cooler than expected by chance. We also found that
assemblages characterized by a low temperature
form unimodal distributions and that assemblages
characterized by a hot temperature form bimodal
distributions (i.e. core satellite pattern) (Fig. 3). We
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suggest that nestedness is the result of differential
colonisation/extinction processes acting at the level
of each parasite These differential
colonisation/extinction processes are attributes of
species and related to birth and death processes in
population dynamics, i.e. they are not the conse-

species.

quence of interspecific competition, as further dis-
cussed below.

Competition is not important

A large number of field observations indicate that
interspecific competition does not affect the ““struc-
ture’” of ectoparasite assemblages (Rohde, 1979,
1989, 1991, 2001; Rohde & Heap, 1998; Simkova et
al. 2001; Lo & Morand, 2000, 2001). Morand et al.
(1999) showed a lack of saturation of fish ectoparasite
communities suggesting that infracommunities of
parasites are not saturated by local parasite residents.
This implies that resources provided by the fish are
far from being totally exploited by parasites, as
previously shown by Rohde (e.g. 1979, 1989, 1998,
2001).

Coexistence of ectoparasites is favoured by intra-
specific aggregation, which is the common feature of
parasite distribution (Morand et al. 1999; Lo &
Morand, 2001). The increase of intraspecific ag-
gregation compared with interspecific aggregation
when total parasite species richness increases facil-
itates ectoparasite species coexistence (Morand et al.
1999). However, this does not suggest that inter-
specific aggregation is a response to interspecific
competition, for which there is no evidence. Rather,
interspecific aggregation is likely to be the result of
behavioural characteristics of each ectoparasite
species.

In conclusion, epidemiology is the most par-
simonious explanation of the order that may be
observed in ectoparasite assemblages. The obser-
vation of pattern (or the lack of pattern) is simply the
result of demographic characteristics of each ecto-
parasite species in an assemblage, and competition
does not need to be invoked. The assemblage pattern
that can emerge may be the consequence of many
different factors that affect the probability of a given
host of being infected by a particular parasite.

A holistic approach to understanding parasite
assemblages

We have shown above that ectoparasites of marine
fish do not live in entirely random assemblages. Core
and satellite species can be distinguished and some
degree of nestedness occurs. However, these patterns
can be explained by epidemiological processes, i.e.
by characteristics of the various parasite species. It is
not necessary to invoke interspecific interactions to
explain them. Nevertheless, we wish to emphasize
that different methods and different approaches may
lead to different conclusions. Therefore, a holistic
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Fig. 3. Link between nested structure and prevalence distribution of parasites. (A) a nested structure, generally
characterized by a low temperature, leads to a unimodal distribution of ectoparasite prevalence values. (B) a non
nested structure, generally characterized by a high temperature, leads to a bimodal distribution of ectoparasite

prevalence values.

approach is necessary, an approach that takes all
evidence jointly into account, as suggested by Rohde
(in press) when considering evidence for the mating
hypothesis of niche restriction, that is, for the
hypothesis that facilitation of mating is of great
importance in restricting niches of parasites.
Assemblages of ectoparasites (and to a lesser
degree of endoparasites) of marine fishes are now
among the best known animal groups that have been
studied with regard to the question of whether
equilibrium or non-equilibrium conditions prevail.
The evidence given by various authors for equi-
librium conditions is complete or partial competitive
exclusion or habitat shifts in the presence of other
species, character displacement and particularly
differences in the size of feeding organs of species
using similar food resources (e.g. Krebs, 1997), as
well as an asymptotic relationship between local and
regional species richness (Cornell & Lawton, 1992).
Many studies have shown that, for marine parasites,
all evidence very strongly suggests that these animals
live under non-equilibrium conditions. Evidence is
as follows: (1) there is a high degree of non-
saturation, i.e. many habitats are empty, as shown by
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comparison of host species of similar size and from
similar habitats with few and many parasite species
(e.g. Rohde, 1979); (2) many species are little or not
affected by the presence of other potentially com-
peting species (e.g. Rohde, 1991 and further refer-
ences therein); (3) differences in the size of feeding
organs do also occur when resources are in unlimited
supply, suggesting that such differences may be
fortuitous (Rohde, 1991); (4) many examples of
character displacement (of reproductive organs) can
best be explained by reinforcement of reproductive
barriers, and niche restriction may often be the result
of selection to facilitate mating and not of com-
petition (Rohde, in press); (5) an asymptotic re-
lationship between local and regional diversity may
be a consequence of differential likelihoods of species
to appear in a community because of different
colonization rates and life spans, and interactions
between species are not necessary to explain the
relationship (Rohde, 1998); (6) interspecific aggreg-
ation is reduced relative to intraspecific aggreg-
ation (Morand et al. 1999); (7) positive associa-
tions are much more common than negative ones
(Rohde et al. 1994); (8) hyperparasites of various
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degrees are very rare, i.e. many habitats (hosts) are
empty for future colonization (e.g. Rohde, 1989); (9)
parasites do not conform to the packing rules derived
from spatial scaling laws (fractional geometry)
(Rohde, 2001); (10) nestedness, when it occurs, is
not the result of interspecific competition but of
characteristics of the various species themselves (this

paper).

REFERENCES

ANDERSON, R. M. & MAY, R. M. (1985). Helminth infection
of humans: mathematical models, population
dynamics and control. Advances in Parasitology 24,
1-101.

ATMAR, W. & PATTERSON, B. D. (1993). The measure of
order and disorder in the distribution of species in
fragmented habitat. Oecologia 96, 373-382.

BROWN, J. H. (1995). Macroecology. Chicago, University
Chicago Press,.

CORNELL, H. V. & LAWTON, J. H. (1992). Species
interactions, local and regional processes, and limits in
the richness of ecological communities: a theoretical
perspective. Journal of Animal Ecology 61, 1-12.

DOBSON, A. P. (1990). Models for multi-species-host-
communities. In Parasite Communities : Patterns and
Processes (ed. Esch, G. W., Bush A. O. & Aho,

J. M), pp. 260-288. London, U.K. Chapman & Hall
Ltd.

DRITSCHILO, W., CORNELL, H., NAFUS, D. & O'CONNOR, B.
(1975). Insular biogeography: of mice and mites.
Science 190, 467—469.

GRANT, P. R. (1968). Bill size, body size, and the
ecological adaptations of bird species to competitive
situations on islands. Systematic Zoology 14, 319-333.

GRANT, P. R. (1975). The classical case of character
displacement. Evolutionary Biology 8, 237-337.

GRANT, P. & SCHLUTER, D. (1984). Interspecific
competition inferred from patterns of guild structure.
In Ecological Communities: Conceptual Issues and the
FEvidence (ed. Strong, D. R., Jr., Simberloft, D.,
Abele, L. G. & Thistle, A. B.), pp. 201-231.
Princeton, New Jersey, Princeton University Press.

GUEGAN, J. F. & HUGUENY, B. (1994). A nested parasite
species subset pattern in tropical fish: host as major
determinant of parasite infracommunity structure.
Oecologia 100, 184-189.

GUEGAN, J. F., LAMBERT, A., LEVEQUE, C., COMBES, C. &
EUZET, L. (1992). Can host body size explain the
parasite species richness in tropical freshwater fishes?
Oecologia 90, 197-204.

HANSKI, 1. (1982). Dynamics of regional distribution: the
core and satellite species hypothesis. Otkos 38,
210-221.

HANSKI, 1. & GYLLENBERG, M. (1993). T'wo general
metapopulation models and the core-satellite species
hypothesis. The American Naturalist 142, 17-41.

HOLMES, J. C. (1990). Helminth communities in marine
fishes. In Parasite Communities: Patterns and Processes
(ed. Esch, G. W., Bush, A. O. & Aho, J. M.), pp.
101-130. London, New York, Chapman and Hall.

HUGUENY, B. & GUEGAN, J. F. (1997). Community
nestedness and the proper way to assess statistical

https://doi.org/10.1017/50031182002001464 Published online by Cambridge University Press

562

significance by Monte-Carlo tests: some comments on
Worthen and Rohde’s (1996) paper. Oikos 80,
572-574.

HUTCHINSON, G. E. (1959). Homage to Santa Rosalia, or
why are there so many kinds of animals? American
Naturalist 93, 145-159.

KLEEMAN, 8. (1996). Community ecology of ecto- and
endoparasites of a tropical fish species, Siganus doliatus.
BSc. Honours thesis, University of New England.

KREBS, C.J. (1997). Ecology: The Experimental Analysis
of Abundance and Distribution. 4th ed. N. Y. Harper
and Row

KURIS, A. M., BLAUSTEIN, A. R. & ALIO, J. J. (1980). Hosts
as islands. American Naturalist 116, 570—586.

LO, C. M. & MORAND, s. (2000). Spatial distribution and
coexistence of monogenean gill parasites inhabiting
two damselfishes from Moorea island (French
Polynesia). Journal of Helminthology 74, 329-336.

LO, C. M. & MORAND, s. (2001). Gill parasites of
Cephalopholis argus (Teleostei: Serranidae) from
Moorea island (French Polynesia): site selection and
coexistence. Folia Parasitologica 48, 30-36.

MACARTHUR, R. H. (1972). Geographical Ecology: Patterns
in the Distribution of Species. New York, Harper &
Row.

MATEJUSOVA, I., MORAND, S. & GELNAR, M. (2000).
Nestedness in assemblages of gyrodactylids
(Monogenea: Gyrodactylidae) parasitising two species
of cyprinid — with reference to generalists and
specialists. International Journal for Parasitology 30,
1153-1158.

MAY, R. M. (1976). Patterns in multi-species
communities. In Theoretical Ecology. Principles and
Applications (ed. May, R. M.), pp. 142-162. Oxford,
U.K, Blackwell.

MORAND, S. (2000). Wormy world: comparative tests of
theoretical hypotheses on parasite species richness. In
Evolutionary Biology of Host-parasite Relationships :
Theory Meets Reality, pp. 63-79 (ed. Poulin, R.,
Morand, S. & Skorping, A.), pp. 63-79. Amsterdam,
Elsevier.

MORAND, S. & GUEGAN, J. F. (2000). Abundance and
distribution of parasitic nematodes: ecological
specialisation, phylogenetic constraints or simply
epidemiology? Ozikos 55, 563-573.

MORAND, S., POULIN, R., ROHDE, K. & HAYWARD, C. (1999).
Aggregation and species coexistence of ectoparasites of
marine fishes. International Fournal for Parasitology
29, 663-672.

PATTERSON, B. D. & ATMAR, W. (1986). Nested subsets and
the structure of insular mammalian faunas and
archipelagos. Biological Journal of the Linnean Society
28, 65-82.

PERRY, J. N. & TAYLOR, L. R. (1986). Stability of real
interacting populations in space and time:
implications, alternatives and the negative binomial k..
Fournal of Animal Ecology 55, 1053-1068.

POULIN, R. (1996). Richness, nestedness, and randomness
in parasite infracommunity structure. Oecologia 105,
545-551.

POULIN, R. (1997). Species richness of parasite
assemblages: evolution and patterns. Annual Review of
Ecology and Systematics 28, 341-358.

POULIN, R. & GUEGAN, J. F. (2000). Nestedness, anti-


https://doi.org/10.1017/S0031182002001464

Order in fish parasite communities

nestedness, and the relationship between prevalence
and intensity in ectoparasite assemblages of marine
fish: a spatial model of species coexistence.
International Journal for Parasitology 30, 1147-1152.

ROHDE, K. (1977). A non-competitive mechanism
responsible for restricting niches. Zoologischer
Anzeiger 199, 164-172.

ROHDE, K. (1979). A critical evaluation of intrinsic and
extrinsic factors responsible for niche restriction in
parasites. American Naturalist 114, 648—671.

ROHDE, K. (1989). Simple ecological systems, simple
solutions to complex problems? Evolutionary Theory
8, 305-350.

ROHDE, K. (1991). Intra- and interspecific interactions in
low density populations in resource-rich habitats.
Oikos 60, 91-104.

ROHDE, K. (1998). Latitudinal gradients in species
diversity. Area matters, but how much? Ozkos 82,
184-190.

ROHDE, K. (2001). Spatial scaling laws may not apply to
most animal species. Oikos 93, 499-504.

ROHDE, K. (in press). Niche restriction and mate finding

in vertebrates. In Behavioural Ecology of Parasites (ed.

Lewis, E. E., Campbell, J. F. & Sukhdeo, M. V. K.)
Wallingford, Oxford, CAB International.
ROHDE, K., HAYWARD, C. & HEAP, M. (1995). Aspects of

the ecology of metazoan ectoparasites of marine fishes.

International Journal for Parasitology 25, 945-970.

ROHDE, K., HAYWARD, C., HEAP, M. & GOSPER, D. (1994). A

tropical assemblage of ectoparasites: gill and head

https://doi.org/10.1017/50031182002001464 Published online by Cambridge University Press

S63

parasites of Lethrinus miniatus ('T'eleostei lethrinidae).
International Journal for Parasitology 24, 1031-1053.

ROHDE, K. & HEAP, M. (1998). Latitudinal differences in
species and community richness and in community
structure of metazoan endo- and ectoparasites of
marine teleost fish. International Journal for
Parasitology 28, 461-474.

ROHDE, K., WORTHEN, W. B., HEAP, M., HUGUENY, B. &
GUEGAN, J.-F. (1998). Nestedness in assemblages of
metazoan ecto- and endoparasites of marine fish.
International Journal for Parasitology 28, 543—549.

SIMBERLOFF, D. & BOECKLEN, W. J. (1981). Santa Rosalia
reconsidered: size ratios and competition. Evolution
35, 1206-1228.

SIMKOVA, A., MORAND, S., MATEJUSOVA, I., JURAJDA, P., &
GELNAR, M. (2001). Local and regional influences on
patterns of parasite species richness of central
European fishes. Biodiversity & Conservation 10,
511-525.

TAYLOR, L. R., TAYLOR, R. A. J., WOIWOD, I. P. & PERRY,
J. N. (1983). Behavioural dynamics. Nature 303,
801-804.

TAYLOR, L. R., WOIWOD, I. P. & PERRY, J. N. (1978). The
density-dependence of spatial behaviour and the rarity
of randomness. Journal of Animal Ecology 47,
383-406.

WORTHEN, W. B. & ROHDE, K. (1996). Nested subset
analyses of colonization-dominated communities:
metazoan ectoparasites of marine fishes. Oikos 75,

471-478.


https://doi.org/10.1017/S0031182002001464

