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Summary

1.

 

Modelling species abundance patterns, i.e. the distribution of relative abundance among

species within the same community, has become a common framework in community

ecology. To describe species abundance patterns several statistical models have been

proposed, e.g. the log-normal distribution, but these do not provide an ecological explanation

of the underlying processes.

 

2.

 

Tokeshi introduced (1990) and developed (1993, 1996, 1999) a series of niche-orientated

stochastic models to fit species abundance patterns. They suggest that abundance of

species are proportional to the resources they apportion. Following this hypothesis,

Tokeshi defined some processes in resource partitioning to explain species abundance

patterns.

 

3.

 

To study the rules which govern species assemblages, parasite communities present

advantages because each host harbours a replicate community, the total niche is limited

to the body of the host and demographic processes are usually similar for all parasite

species in a community. Using five Tokeshi models, we searched for common rules struc-

turing the parasite communities of six species of marine fish from the coast of Chile. The

biovolume of each parasite species was preferred as a measure of its ‘abundance’ over

actual numerical abundance, to account for the considerable variation in body size

among parasite species.

 

4.

 

The random assortment model, which suggests a lack of competition and interaction

and independent apportionment of resources between species in the community, was

fitted successfully to the parasite communities of three fish species for both means and

variances of abundance ranks using a new Monte-Carlo method.

 

5.

 

These results are in accordance with current knowledge on parasite coexistence

rules, i.e. that most parasite communities appear non-saturated with species, with many

empty niches and with interspecific competition not playing a major structuring role.
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Introduction

 

The central aim of community ecology has been, and

remains, to understand what determines the number of

species in an assemblage, and their relative abundance

patterns (e.g. May 1975; Pielou 1975; Tokeshi 1999; Weiher

& Keddy 1999; He & Legendre 2002). The search for

general rules underpinning community structure, how-

ever, is proving difficult (see Lawton 1999). One common

problem is the low number of replicate communities

available in most tests of community structure, which

limits the power of any analysis used to detect existing

patterns. Parasite communities have been proposed as

model systems for tests of community structure because

they alleviate this problem: each host individual can

harbour a replicate community, allowing robust statis-

tical testing (Holmes & Price 1986; Naeem & Hawkins

1994). Moreover, the demographic processes giving

rise to assemblages of metazoan macroparasites of

vertebrate hosts are similar across all the parasite
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species in the community: the population dynamics of

macroparasites are open systems driven by recruitment

(Poulin 1998). In contrast, in free-living communities,

the population dynamics of different organisms will

show much more variation.

Over the past decade several studies have used par-

asite communities in analyses of community structure.

In particular many investigators have used presence–

absence data to test for patterns of parasite species

co-occurrence that depart from various null models

(Guégan & Hugueny 1994; Poulin 1996; Worthen &

Rohde 1996; Poulin & Valtonen 2001; Gotelli & Rohde

2002). Taken as a whole, these investigations have

revealed that departures from random species assem-

bly do occur, but they are the exceptions rather than the

norm: most patterns of species co-occurrence are no

different from those predicted by null models and in

some cases, when a non-random parasite community

structure is observed in one host species, it is not nec-

essarily repeatable in space or time, i.e. seen again in the

same population at other times, or seen at all in adja-

cent host populations (Poulin & Valtonen 2002). Ana-

lyses based on parasite species abundance (in this study,

the term ‘abundance’ is the number of parasites per

individual host) rather than mere presence–absence

data also failed to reveal general patterns that are appli-

cable to other but similar parasite communities (e.g.

Haukisalmi & Henttonen 1998; Dezfuli 

 

et al

 

. 2001).

The null models used in these earlier studies may be

wrong, which would explain the lack of consistent results.

Alternatively, general patterns may exist but not be

apparent in analyses based on either the presence or

abundance of parasite species. The biomass of different

parasite species in a community is likely to be a better

measure of their apportionment of available resources

than relative abundance (Poulin 1998). In this study, we

used total parasite volume instead of the ‘abundance’

of parasites species. In ecology, the term species ‘abund-

ance’ is often used as if synonymous with the number

of individuals per unit area or volume, i.e. density. For

example, in work on the relative abundance distri-

butions of free-living animals, density is used almost

exclusively (Tokeshi 1993). Where individual body size

is constant within a species, the expression of abun-

dance in terms of density is justified. However, when

individual body size varies greatly within a species, the

estimation of species abundance becomes problematic,

and this is the case in parasite communities. It is mislead-

ing to use density when this implies that an individual

weighing a few micrograms has the same importance as

an individual of several grams. This is particularly true

when we use niche-orientated models to explain the rel-

ative abundance distribution, because it seems more

relevant to consider the relation between the resource

apportioned and the species biomass instead of the

species density. One approach to this problem has been to

use a composite ‘importance’ index, combining measures

such as cover, frequency and density (Curtis 1947;

Whittaker 1965). The central aim remains to choose

an ‘abundance metric’ in relation with the ecological

process or the functional explanation of the process

(Camargo 1996; Guo & Rundell 1997; Chiarucci 

 

et al

 

.

1999; Mouillot 

 

et al

 

. 2001). In our study parasite volume,

which is proportional to biomass, seems the best ‘abund-

ance metric’; this choice assumes that the total resource

is divided continuously rather than discretely among

species.

Traditionally, species abundance patterns or ‘abund-

ance distributions’ have been fitted by either niche-

orientated models or statistically orientated models

(Pielou 1975; Engen 1978; Frontier 1985; Wilson 1991;

Tokeshi 1999; Mouillot 

 

et al

 

. 2000; Engen 

 

et al

 

. 2002).

The latter models, like the lognormal model (Preston

1948, 1962), test more the probability distributions of

species than any ecological hypothesis (Pielou 1975).

To overcome this statistical interpretation, McArthur

(1957) proposed ecological mechanisms, based on niche -

division (of a total resource represented by a one-

dimensional stick) that produce abundance patterns.

Generally, can we expect niche partitioning models to

explain community structure, and can we find rules

predicting how species divide resources (Sugihara 1980,

1989; Harvey & Godfray 1987)?

Recently, Tokeshi (1990, 1993, 1996, 1999) developed

a series of niche-orientated models to provide mechan-

istic explanations of species abundance patterns.

Although designed originally for analyses of patterns

in the relative abundance of species, they can be used

with biomass data (Fromentin 

 

et al

 

. 1997). The models

are each based on the total niche, or total resource,

being broken into smaller subunits as new species are

added to a community, but the way in which the divi-

sion occurs differs among models. If we consider an

individual host as a resource for the parasite com-

munity that it harbours, then the relative biomass of the

different parasite species reflect how this resource is

partitioned among species. Even if the total resource

provided by the host is not used by the parasite com-

munity, we can consider that the total niche in the hosts

is the niche occupied by the parasite community, i.e. the

one that the community can apportion. With each indi-

vidual host harbouring a replicate community, we can

compare the average partitioning of the total parasite

biomass among ranks of parasite species with the pre-

dictions derived from Tokeshi’s models. If one model in

particular fits the observed data consistently, we might

obtain an insight into some general rules of parasite

community structure.

Here, we confront the predictions of five models of

resource apportionment (Tokeshi 1990, 1993, 1996, 1999)

with biomass data on the metazoan parasite com-

munities of six species of marine fishes with a new fitting

procedure based on species ranks. The use of relative

biomass data allows us to quantify resource use more

appropriately than in earlier studies based strictly on

species abundance data, and a comparison of the results

obtained for different host fish species will reveal the

existence of general patterns, if any.


