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At a time when biodiversity is under threat from human

encroachment upon, and destruction of, natural habi-

tats, we are in a dire need of a theory of biodiversity that

integrates what we know of the processes responsible for

the origin and maintenance of species diversity in a

predictive framework. Hubbell (2001) proposes such a

theory, analogous to the neutral allele theory of mole-

cular evolution (Kimura 1983). The latter theory pro-

poses that selectively neutral alleles arise by mutation

and fluctuate randomly in relative abundance; in this

scenario, natural selection is not necessary to explain the

substantial genetic variation observed in natural popula-

tions. Similarly, assuming that all individuals in a

community, whatever their species, have roughly iden-

tical per capita probabilities of birth, death, dispersal

and speciation, Hubbell (2001) shows that ecological

drift coupled with random speciation and dispersal are

sufficient to explain observed patterns of species richness

and relative species abundances on a range of spatial and

temporal scales. The theory is neutral because it

postulates no differences among species in a community

in key per capita demographic parameters, and involves

no competitive interactions. The only other central

assumption of Hubbell’s theory is that the community

is saturated with individuals, with community members

thus engaged in a zero-sum game: an increase in the

abundance of one species must coincide with a decrease

in the collective number of individuals of all other

species. From these two basic assumptions, the neutral

theory of biodiversity predicts many patterns already

documented in nature, especially in tropical tree com-

munities (Hubbell 2001; see also Bell 2000, 2001). For

example, the neutral theory predicts that there will

always be more rare species in local communities than

expected from a lognormal distribution of species

abundance. Still, the quantitative fit between predicted

and observed patterns remains a matter of controversy

(McGill 2003, Volkov et al. 2003), and the future of the

neutral theory of biodiversity will depend on how its

assumptions fare compared to those of competing

models (Nee and Stone 2003).

The neutral theory is in fact a theory of within-

trophic-level diversity. It makes predictions relevant to

ecological communities consisting of trophically-similar,

sympatric species that actually or potentially compete

for the same or similar resources. It thus applies to

species at the same trophic level but not necessarily

belonging to the same feeding guilds. This aspect of

Hubbell’s (2001) neutral theory could make it relevant to

many parasite communities. For instance, gastrointest-

inal helminths in a vertebrate host population, although

belonging to different higher taxa, all live in the same

general habitat (the digestive tract of the host), all feed

on the same or similar food resources, and all potentially

compete for one basic limiting resource: attachment

space. A community of parasitic helminths (or compo-

nent community, following the terminology of ecological

parasitologists; Bush et al. 1997) is spatially fragmented;

each host individual represents a suitable patch for adult

worms, separated from others by an inhospitable envir-

onment. However, all host individuals are exposed to the

same pool of infective larvae, with the probabilities of

infection depending on characteristics of the hosts and

on chance. This is no different from many communities

of free-living organisms, where the habitat is patchy, such

as boulders on a beach used as substrate by intertidal

marine invertebrates settling in as planktonic larvae. The

determinants of species richness in communities of

parasitic helminths have been the focus of much research

over the past two decades (see reviews in Poulin 1997,

1998, Morand 2000). Early predictions were derived

from the theory of island biogeography (MacArthur and

Wilson 1967, Kuris et al. 1980); host features presumed

to promote high rates of parasite colonization or

speciation were expected to explain much of the varia-

tion in parasite species richness among host species.

More recently, epidemiological theory has been provid-

ing a new perspective on the diversity of parasite

communities (Roberts et al. 2002). Epidemiological
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models make predictions about the conditions necessary

for new parasite species to invade and persist in a host

population. For instance, each parasite species has a

threshold host population density above which the

transmission rate of infective stages is sufficient to

maintain the parasite locally. Recent empirical tests

show that epidemiological processes may indeed be

important in determining local parasite species richness

(Morand and Poulin 1998, Arneberg 2002).

Can the neutral theory of biodiversity also be applied

to parasite communities? As emerging diseases are

becoming a growing problem for wildlife and domes-

ticated animals (Daszak et al. 2000, Dobson and

Foufopoulos 2001, Friend et al. 2001, Harvell et al.

2002), it is becoming imperative to understand just what

drives parasite and pathogen biodiversity. Here, I first

take a brief look at patterns of relative species abundance

in intestinal parasite communities of vertebrates to see

whether they show a qualitative fit to those expected

from the neutral theory. I then discuss the two central

assumptions of the neutral theory, the equivalence of

individuals regardless of species and the saturation of

individuals leading to zero-sum community dynamics,

within the context of parasite communities.

Relative species abundance in parasite communities

To illustrate general patterns of relative species abun-

dance, I chose three communities of intestinal helminths

in bird hosts with very different species richness. These

may not be representative of all helminth communities,

but there is no reason to believe that they are unusual in

any way. The first is the community of helminths from

lesser scaup ducks Aythya affinis in Alberta, Canada

(Bush and Holmes 1986). A total of almost one million

worms were recovered from 45 adult birds; these belong

to 52 different helminth species, making it one of the

most diverse helminth communities reported in the

literature. The second helminth community is that of

cattle egrets Bubulcus ibis in Alabama (Stuart et al.

1972). Over 5000 worms belonging to 10 species were

recovered from 30 individual birds; this sort of species

richness is more typical of that observed in aquatic birds

in general. Finally, the third helminth community

considered here is that found in the red-necked grebe

Podiceps grisegena in Alberta, Canada (Stock and

Holmes 1987). A sample of 33 birds yielded almost

90 000 worms belonging to 23 species, giving it a

helminth diversity intermediate between those of the

two other communities.

The frequency distributions of species abundance for

these three helminth communities are shown in Fig. 1.

The distributions all have an internal mode, but all show

an excess of rare species, too. Had many more individual

worms been recovered from much larger samples of bird

individuals, the shape of the distribution would be

different: the peaks on the left would probably be

replaced by a very long tail of very rare species. Hubbell’s

(2001) neutral theory predicts that species abundances

should follow a statistical distribution known as the

zero-sum multinomial, which differs from the lognormal

distribution in usually having a long tail of rare species.

The presence or length of that tail depends on the

magnitude of dispersal limitation of species in the

metacommunity (i.e. among communities within a

Fig. 1. Frequency distribution of the abundances of gastro-
intestinal helminth parasite species in three different bird
species. Note that abundance (number of individuals per
species) is log2-transformed, as in Hubbell (2001).
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region). Thus, at a glance, data from the three bird

communities agree with this expected pattern.

Another way of looking at these data consists of

plotting relative species abundance, expressed as a

percentage of all individuals in the community, against

the rank in abundance of the species (Fig. 2). The curve

for cattle egret, in which helminth species richness is

lowest, is steeper than for the other two bird species,

indicating that one or very few helminth species achieve

numerical dominance in the community when the

community is species-poor. The general shape of these

dominance-diversity curves, and the way in which it

changes with increasing species richness, are also in

general accordance with expectations of the neutral

theory (Hubbell 2001).

Qualitatively, therefore, these patterns fit what is

expected under the neutral theory. Whether a quantita-

tive fit can also be achieved will become clearer once

tables for the zero-sum multinomial distribution are

published, as promised by Hubbell (2001). But I have no

doubt that the theory’s expectations can be fitted to the

patterns observed in parasite communities. The question

will be then whether the fit is coincidental or whether it

truly reflects the operation of the ecological processes

postulated by the neutral theory.

Parasites and the assumptions of the neutral theory

The neutral theory of biodiversity appears quite robust

to violations of its assumptions (Hubbell 2001). Still, one

would expect the assumptions to be generally correct, or

at least a caricature of reality.

One of the two fundamental assumptions of the

neutral theory of biodiversity is that communities are

saturated with individuals engaged in a zero-sum game

competing for some limiting resource (Hubbell 2001).

There has been a debate in the parasitology literature

regarding whether or not helminth parasite communities

are saturated with species (Kennedy and Guégan 1996,

Rohde 1998). However, with respect to individual

helminths, there is no debate: host populations (i.e.

parasite component communities) are not saturated with

individual parasites. For instance, in the lesser scaup

mentioned above, the number of individual worms per

bird host ranged from B/100 to �/100 000 (Bush and

Holmes 1986). All birds sampled were breeding adults,

and this huge variation is not merely the outcome of

gross differences in host age or body mass. There are

always many lightly-infected host individuals in natural

systems. Although a few host individuals may be

saturated with worms, many more are far from full.

There must therefore always be numerous empty spaces

potentially available for parasite settlement in a helminth

community. The reason for this is the tendency for

metazoan parasites to be aggregated among their hosts

(Poulin 1998, Wilson et al. 2002). The distribution of

individuals of the same helminth species among host

individuals is far from even or random: it follows a

negative binomial distribution characterised by most

individual hosts being free of parasites and a few hosts

harbouring the majority of parasites. Aggregation results

from a combination of slight differences in susceptibility

among individual hosts and stochastic processes (Poulin

1998, Wilson et al. 2002). Summing up the aggregated

distributions of the different helminth species co-occur-

ring in a host population generates a complex distribu-

tion pattern, but one that still leaves many unexploited

spaces in the digestive tracts of host individuals. The

global distribution of all worms (all species combined)

within a host population may be less intensely aggre-

gated than that of any given helminth species, but it may

also be much more aggregated: positive pairwise asso-

ciations between the abundances of helminth species are

very common (see Bush and Holmes 1986, Lotz and

Font 1994). The point of the above arguments is that

helminth communities in vertebrate hosts are generally

not saturated with individual helminths. The population

dynamics of different helminth species are to some

extent independent of one another, and the community

members are not locked in a zero-sum game.

The second cornerstone assumption of the neutral

theory is that individuals of all species are identical, on a

per capita basis, in their probabilities of birth, death or

dispersal (Hubbell 2001). Although this statement will

certainly raise objections, Hubbell (2001) does a great

job in supporting it. With respect to parasites, however, I

see at least one way in which inequalities among

individuals of all species can greatly affect the predic-

 

 

Fig. 2. Patterns of relative species abundance in the gastro-
intestinal helminth parasite communities of three different bird
species. Helminth species in each community are ranked in
percentage relative abundance from commonest (left) to rarest
(right). Note that the percentage relative abundance on the y-
axis is on a logarithmic scale.
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tions of the neutral theory. I am not referring to

inequalities in competitive abilities between parasite

species. This has been demonstrated by the asymmetrical

nature of competition between many helminth species,

the obvious positional shift shown by one or both

species in a pair when co-occurring in the same host

individual, and the possible exclusion of one species by

another (see Poulin 1998 for review). Instead, I want to

address the huge inequalities in body size among and

within helminth species. Based on his experience with

close-canopy forests, Hubbell (2001) visualizes a com-

munity as a multidimensional matrix in which each cell

is occupied by one individual. When this individual dies,

the cell is then taken up by a recruit from the same

species or from another species. In this situation, where

all individuals have roughly the same size (i.e., they all fit

in one cell), probabilities of colonizing the cell may well

be similar across the different species in the community.

Helminths of different species, however, are not simi-

larly-sized. Some species of cestodes, or even acantho-

cephalans and nematodes, are several orders of

magnitude larger than other community members in

the same feeding guild. If helminth communities were

saturated with individuals, then the death of a small-

bodied worm would create a vacancy that could not

equally be filled by any species (and again under

saturation, the death of a large-bodied worm could

open up spaces for many small-bodied worms, violating

the rules of the zero-sum game). To complicate matters

further, there is also much intraspecific variability in the

adult sizes of certain helminth species, such as some

cestodes and nematodes parasitic in fish (Shostak and

Dick 1987, Szalai and Dick 1989). In any event, with or

without saturation of individuals in helminth commu-

nities, huge inequalities in body sizes among species in

the same community defy the assumption of equivalence

among all individuals.

The neutral theory of biodiversity asserts that com-

munities are dispersal-assembled rather than niche-

assembled (Hubbell 2001). Recently, Mouillot et al.

(2003) attempted to fit the relative abundance patterns

of species in helminth communities from fish hosts to

niche-assembly models using biomass rather than abun-

dance data. This approach took into account the

inequalities in size mentioned above. Mouillot et al.

(2003) found support for the random assortment model,

which suggests that different species apportion resources

independently from one another (Tokeshi 1999). This

agrees with the view that most parasite communities are

non-saturated with species or individuals, with many

empty spaces, and with interspecific competition not

playing a major structuring role. Dispersal-assembly

models, such as the neutral theory, could possibly fit

these data well, but they will need to be based on realistic

assumptions about parasites to achieve broad accep-

tance.

Concluding remarks

Time will tell whether the neutral theory of biodiversity

can be applied successfully to parasite communities. It

would not surprise me if its predictions prove a good

quantitative fit to observed patterns of parasite species

richness and relative abundance. However, this accuracy

may be based on biological assumptions that are invalid.

Several centuries ago, when the geocentric view of the

universe was accepted by all, good mathematical models

allowed one to predict the movement of celestial bodies

across the heavens. These models were replaced by new

ones once it became accepted that the Earth orbited the

Sun. The new models provided only marginally more

accurate predictions of the planets’ movements, but they

were immensely preferable because they were based on

what had become accepted facts. The neutral theory’s

predictions regarding patterns of species richness and

relative abundances in parasite communities may prove

accurate enough, but their biological foundation clashes

with evidence coming from several fronts. The challenge

ahead will be to reconcile its mathematics with biological

reality.
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