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Parasites are ubiquitous in ecological communities but it is only recently that they have been routinely included in food
web studies. Using recently published data and the tool of network analysis, we elucidate features associated with the
pattern of parasitism in ecological communities. First we show here that parasitism is non-random in food webs. Second
we demonstrate that parasite diversity, the number of parasite species harboured by a host species, is related to the
network position of a host species. Specifically, a host species with high parasite diversity tends to have a wide diet range,
occupy a network position close to many prey species, or occupy a network position that can better accumulate resources
from species at lower trophic levels. Lastly our results also suggest that a host species with higher vulnerability to
predators, being at a network position close to many predatory species, or being involved in many different food chains,
tends to be important in parasite transmission.

Parasites are organisms that live in other organisms, hosts,
from which they obtain nutrients (Marcogliese and Cone
1997, Bush et al. 2002). More than half of the world’s
species behave as a parasite at some point of their life cycle
and most organisms are parasitized (Poulin and Morand
2004). Parasites constitute a substantial proportion of the
entire biomass of an ecosystem (Kuris et al. 2008) and have
very strong community effects (Mouritsen and Poulin
2002, Dobson et al. 2005, Hatcher et al. 2006). However,
despite their importance, the relationships of parasites to
food webs have been neglected due, in part, to practical
problems.
The small size of parasites compared to their hosts (Bush
et al. 2002) has traditionally led to several practical and
theoretical problems in ecology (Pimm 1982). The small
size makes them difficult to detect and invasive techniques
are often required to study parasites inside their hosts. Small
parasites consuming their much larger hosts (Leaper and
Huxham 2002) is also distinct from the majority of trophic
interactions where species at high trophic levels are on
average larger (predatorprey) or similar (parasitoidhost)
in size to those at lower trophic levels (Memmott et al.
2000, Brose et al. 2006). This difference also makes
problematic the use of body size as one of the criteria to
establish trophic hierarchies (although body size is not the
only criteria used) in food web models such as the cascade
model (Cohen et al. 1990, 1993), the niche model
(Williams and Martinez 2000) and the nested hierarchy

model (Cattin et al. 2004). Moreover, many parasites
possess several distinct life stages and each stage may occur
in different hosts or environments making it difficult to
compile a comprehensive host list for the parasite life cycle.
Different stages may thus also have different trophic
positions in the food web raising the question of whether
a parasite species is a single trophic component or several
tropho-species in a food web (Huxham et al. 1995, 1996).
Given these difficulties, it is not surprising that many
ecological studies have practically ignored parasites (Marcogliese and Cone 1997), and new general models are
needed to explain the observed patterns of parasitism in
food webs (Lafferty et al. 2006a, Poulin 2007).
Recent field studies have, however, provided an increasing amount of food web data involving parasites (Huxham
et al. 1995, Thompson et al. 2005, Lafferty et al. 2006b). In
addition, the neglect of parasites in traditional food web
studies is being remedied by studies of what happens when
parasites are included in food webs to fundamental web
properties (Huxham et al. 1995, 1996, Thompson et al.
2005, Lafferty et al. 2006a). A food web is essentially a
network of nodes; in this paper, rather than treating parasite
species as individual nodes in food webs, we simply regard
parasite diversity as a nodal attribute of a host species. We
address a simple question of what determines the parasite
diversity of host species in food webs. Our investigation of
food webs goes a step further than the observation that
parasitism tends to be concentrated at higher trophic levels
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(Lafferty et al. 2006a). We first investigate whether
parasitism is randomly distributed across all non-parasite
species in a food web and second, use the tool of network
analysis to investigate the issue of parasite diversity in food
webs.
As networks, food webs can be analysed using network
analysis, tools that have proven invaluable in several
different fields of biological research from ecology to
molecular biology (Jeong et al. 2001, Jordán et al. 2005,
Liu et al. 2007). Each node occupies a position in a
network, and one particular aspect of network analysis is
how to characterise a network position. There exist different
network indices that can characterise a network position
from different perspectives (Jordán and Scheuring 2004,
Jordán et al. 2006). By considering species as nodes, the
importance of a species is its ability to affect others in the
web by virtue of its network position; therefore, different
network indices reflect different aspects of its importance in
the web. For instance, a species with many direct interactors
is important as it can affect many different species; and a
species might be important if it is at a network position that
serves as a bridge linking species at lower trophic levels to
those at higher ones (e.g. a wasp-waist species in marine
ecosystems). Network position can be expected to influence
the number of parasite species a host species harbours
because a host species can acquire parasites via predator
prey interactions and parasites seem to increase trophic
transmission (Lafferty 1999). Furthermore, many parasite
species have complex life cycles where different developmental stages require different host species. A host species in
a parasite’s life cycle in which the parasite species reaches
sexual maturity is called a definitive host whereas those
involved in earlier stages are called intermediate hosts (Bush
et al. 2002). We therefore also investigate whether there are
differences in network positions between definitive and
intermediate hosts.
The paper is organised as follows. We first describe the
data used in our study. This is followed by a description of
methods, including (1) randomisation tests; (2) network
indices quantifying different aspects of importance of a
network position; and (3) quantifying the propensity of
being an intermediate host. We then present the results and
discuss their implication in terms of the mechanism that
might lead to the observed patterns of parasitism.

Methods
Data
We used three datasets: ‘Car’, the Carpinteria salt marsh
community near Santa Barbara, USA (Lafferty et al.
2006b); ‘Com’, the intertidal mudflat community of
Company Bay in Otago Harbour, New Zealand (Thompson et al. 2005); and ‘Yth’, the Ythan Estuary in Scotland,
UK (Huxham et al. 1995). Since we are only interested in
parasite diversity of non-parasite species and their network
positions in food webs, we only considered predatorprey
links (i.e. the conventional food webs) and numbers of
parasite species per host species (i.e. parasitism) for all three
datasets. Included in the Car dataset but not in the other
two are micropredators (leech and two mosquitoes) and
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microparasites (virus and malaria); we therefore initially
omitted them from the analysis but subsequently analysed
how retaining them (Car) might affect the results.
Bacteria can function both as food sources and decomposers, and we treated them as food sources in our analysis
here. The Com and Yth food web data include a small
number of loops (i.e. species A consumes species B, and
species B consumes species A). Two of the network indices
used rely on the partitioning of species into distinct trophic
levels and this is impossible if there are loops. When we
calculated these two network indices we therefore removed
predatorprey links that create loops but used all the data
otherwise. Details of the three food webs can be found in
the original sources (Huxham et al. 1995, Thompson et al.
2005, Lafferty et al. 2006b).
The Car and Com datasets give clear definitions of
intermediate and definitive hosts (Thompson et al. 2005,
Laffterty et al. 2006b), but the original Yth data does not
(Huxham et al. 1995, 1996). We therefore derived this
information from Yamaguti (1975) and labelled all host
species as either intermediate or definitive hosts for the Yth
dataset. However, the Yth data is missing, in a few cases, the
hosts required for a particular parasite to complete its life
cycle. Thus, some host species occupy the final position in
all identifiable transmission pathways but do not harbour
sexually mature parasites. We refer to these hosts as ‘final
hosts’ and reserve ‘definitive host’ for species containing the
sexually mature stage of the parasite species.
Descriptive statistics
For each web, we determined the number of non-parasite
species (Hos), the number of parasite species (Par), the
number of predatorprey links (LT) and the number of
parasitehost interactions (LP). For each non-parasite
species (i), we determined the number of parasite species
it harbours (i.e. parasite diversity, Pi) and for each parasite
species (i), the number of different host species it uses (i.e.
host specificity, Hi).
Randomisation of parasitism
For each original web, we generated 10 000 simulations. In
each simulation only parasitism were randomised but the
predatorprey links remained intact. For a parasite species i,
this was achieved by randomly choosing Hi different host
species from the total Hos non-parasite species in the web.
The process was repeated for all the web’s parasite species.
An expected distribution of Pi was then obtained from those
simulations and we used a modified x2-test (to avoid low
expected values and for continuity) to compare the observed
and expected distributions of Pi.
For each web, we also determined the trophic position
(Levine 1980) of each non-parasite species. We then
determined for each web the mean trophic position of
hosts species with parasites. Using the same procedure as
before we again generated 10 000 simulations for each of
which we then calculated the mean trophic position of
hosts. The data mean should be well within the 95%
confidence intervals of the model mean distribution if
parasitism is indeed random.

Network indices for measuring the importance of a
network position
We selected and used twelve network indices that, together,
cover different aspects of importance of a network position
(Jordán et al. 2006). Broadly speaking, these indices fall
into two groups: centrality measures (Wassermann and
Faust 1994, Jordán et al. 2006) and keystone measures
(Jordán et al. 1999).
Centrality measures

Degree (Di) is the number of nodes directly linked to a given
node i. For a non-parasite species it is simply the number of
its prey and predator species. The degree of a non-parasite
species i can be decomposed into in-degree (Din,i) and outdegree (Dout,i) to account for the direction of the links. Indegree is the number of species preyed upon and out degree
is the number of predator species a species has. A species
with high degree, in-degree or out-degree centralities is
important because it directly interacts with many others.
Closeness centrality (Ci) measures how close node i is to
all others in the network:
Ci 

N
X

dij ;

(1)

j1;i"j

where dij is the length of the shortest path (distance)
between nodes i and j, and N is the number of nodes in the
network (i.e. N Hos). Closeness centrality is small if a
node is very close to other nodes in the same network.
Thus, the importance of such a node is that it can rapidly
affect others and be affected quickly by others. Including
the direction of links allows quantification of in-closeness
(Cin,i) and out-closeness (Cout,i) for a given node i. These
are different because, when links have direction, a pair of
nodes may be linked in one direction but not in the other.
In-closeness is calculated using Eq. 1 but replacing dij by
di0j which is the length of the shortest path from node i to
node j. Out-closeness is calculated similarly but dij is
replaced by dj0i, the length of the shortest path from node j
to node i. The quantities di0j and dj0i are always greater
than or equal to dij, and not necessarily equal to each other.
In-closeness centrality measures how quickly food and
energy can reach node i through predatorprey interactions.
Similarly, out-closeness centrality measures how fast such
resources from node i can reach all other nodes.
Betweenness centrality (Bi) measures how frequently
node i lies on all shortest paths between all other pairs of
nodes in the network:
X
gjk (i)=gik
(2)
Bi 
jk

where i"j and k; gjk is the number of equally shortest paths
between nodes j and k, and gjk(i) is the number of these
shortest paths that include node i. A node with high
betweenness centrality is important in that it mediates many
indirect interactions between pairs of nodes. To include the
direction of interaction, directed betweenness centrality
(Bdir,i) is calculated using Eq. 2 but replacing gjk by gj0k
and gjk(i) by gj0k(i). The quantity gj0k is the number of
directed equally shortest paths from node j to k, and gj0k(i)
is the number of these shortest directed paths that include

node i. Thus the importance of a node with high directed
betweenness centrality is that it mediates many of the
shortest food chains. All these centrality based-indices were
calculated using UCINET (Borgatti et al. 2002).
Keystone measures

The second type of network indices includes the keystone
indices that quantify the bottomup and topdown effects
within a food web (Jordán et al. 1999). Defining these two
network indices require non-parasite species to be partitioned into clear trophic levels without loops.
From the bottomup direction, the keystone index of a
species i (Kbu,i) is defined as:
Kbu;i 

n
X
1
(1K bc );
c1 dc

(3)

where n is the number of predatory species eating species i
(i.e. n Dout,i), dc is the number of prey species of its cth
predator and Kbc is the bottomup keystone index of the
cth predator. The bottomup keystone index of a given
species measures its importance in terms of the diet range of
its predators and of other species at higher trophic levels. It
measures how well the efforts of predatory species are
focused on a particular prey species. Symmetrically, from
the topdown direction, the keystone index of a species i
(Ktd,i) is defined as:
Ktd;i 

m
X
1
(1Kte )
f
e1 e

(4)

where m is the number of prey eaten by species i (i.e. m 
Din,i), fe is the number of predators of its eth prey and Kte is
the top-down keystone index of the eth prey. The top
down keystone index measures the importance of a given
species by taking into account its diet range, that of its prey,
and those of species at lower trophic levels. It thus measures
how well resources are channelled into the focal species.
Measure of trophic position
We also quantified the trophic position of every nonparasite species in each of the three webs. Trophic position
is defined as the averaged path length over which a species
obtains energy from basal species (Levine 1980). This
energy budget-based measure differs from the conventional
trophic level in allowing loops in food webs. It measures the
trophic function of a focal species by considering all paths
leading to this species.
We determined trophic position by first creating a
square matrix R for each web where the i,jth element
represents the fraction of energy of species i that is from
species j. We then rearranged R to create a new matrix, S, in
which all species to be considered basal come first. Basal
species have a trophic position of zero by definition.
Embedded in S is a sub-matrix W, which describes the
energy flow between non-basal species. From W we then
calculated the trophic position of non-basal species as:
(5)
y (IW)1
where I is the identity matrix and y is a vector containing
the trophic position of non-basal species. We determined
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the trophic position of non-parasite species for all three
webs from the bottomup (Tbu,i) and topdown (Ttd,i)
directions.
The propensity of being an intermediate host
Parasites often have a definitive host in which they
reproduce sexually and intermediate hosts in which they
grow or reproduce asexually. A non-parasite species may
thus be a definitive host for one parasite species and an
intermediate host for another. We quantified the propensity
of being an intermediate host (Qi) for a non-parasite species
i as:
Qi 

hi
Hi

Parasitism is not a random process
The random model of the number of non-parasite species
having a given number of parasite species produces Poissonlike expected frequency distributions, whereas the observed
frequency distributions are overly dispersed (Fig. 1). There
are significant differences between the expected and observed frequency distributions for all three webs (Car: x2 
204.59, DF 7, x2a0.001 24.32, pBBB0.001; Com:
x2 47.96, DF 3, x2a0.001 16.27, pBBB0.001; Yth:

(6)

where Hi is the number of parasite species in host species i
while hi is the number of parasite species passed onto at
least one predator of the focal species i via predatorprey
interaction. Some parasites are not transmitted by trophic
interactions but, like the free living cercariae of some
trematodes, use non-predatorprey interactions (Bush et al.
2002). We therefore identified and excluded such parasites
when determining hi. If a non-parasite species is the
intermediate host for all of its parasite species, Qi 1. If
it is the final host for all of its parasite species, then Qi 0.
The index is undefined for non-parasite species in the web
that are not a host for at least one parasite species.
Statistical tests
We tested the correlation between parasite diversity (P) and
each network index calculated for the non-parasite species
(D, Din, Dout, C, Cin, Cout, B, Bdir, Kbu, Ktd, Tbu and Ttd).
We used the Spearman rank correlation coefficient because
the distributions of these indices are not suitable for the
Pearson correlation tests. We also determined the Spearman
rank correlation coefficient between the propensity of being
an intermediate host (Q) and each of those twelve network
indices. To avoid the family-wise error rate during the
multiple pairwise comparisons, we apply Bonferroni corrections to adjust the p values at different levels of significance.
The adjusted p-value equals the original p value multiplied
by twelve since there are twelve network indices.

Results
In the Car web there are 83 non-parasite and 40 parasite
species, with 496 predatorprey links and 515 parasitehost
interactions. In Com, there are 67 non-parasite and 9
parasite species, with 428 predatorprey links and 71
parasitehost interactions. In Yth, there are 92 non-parasite
and 42 parasite species, with 417 predatorprey links and
177 parasitehost interactions. Among the parasitehost
interactions realised, 82% of them in Car transfer parasites
to their definitive hosts while only 56% do so in Com and
55% in Yth.
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Figure 1. The distribution of the number of parasite species
(parasite diversity) for the Carpinteria (Car), Company Bay
(Com), and Ythan Estuary (Yth) ecosystems. The observed
distributions (Data) are shown in filled bars and the expected
distributions according to a random model (Random) are in open
bars.
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Of the twelve network indices calculated, five are significantly correlated with parasite diversity (P) for all three
webs (Table 1). These five indices are in-degree centrality
(Din), in-closeness centrality (Cin), topdown keystone
index (Ktd), bottomup trophic position (Tbu), and top
down trophic position (Ttd). Degree centrality (D) and
betweenness centrality (B) show significant correlation with
parasite diversity for Com and Yth webs. Out-degree
centrality (Dout), out-closeness centrality (Cout) and
bottomup keystone index (Kbu) only significantly correlate
with parasite diversity for the Car web. Closeness centrality
(C) only shows significant correlation with parasite diversity
for the Com web. Directed betweenness centrality (Bdir) is
the only centrality measure that is not significantly
correlated with parasite diversity for any of the three
webs. Across all three webs, Din, Cin and Ktd show strong
correlation with parasite diversity. Thus parasite diversity is
associated with having a wide diet range (Din), being at a
network position close to many prey species (Cin), or
occupying a network position that can accumulate resources
from species at lower trophic levels (Ktd).
Some network indices show similar correlations with
parasite diversity (Table 1). This might be the result of
some indices being intrinsically related as they quantify
similar characteristics of a network position. Principal
component analysis (PCA) was then performed on those
indices in order to determine their interrelationships. In the
PCA (Fig. 2), the first and the second principal axes
together explain 77.89% of the variance in the Car data,
76.32% of that for Com and 75.66% for Yth. The
centrality measures D, B and Bdir form a small cluster for
all three webs (Fig. 2) indicating they measure similar
characteristics of a network position. Other indices seem to
be relatively far from this cluster but there are two loose
clusters. One of these is Din, Ktd, Tbu and Cout and the
other is Dout, Kbu, Ttd and Cin, with C as an outlier. The
three clusters and C represent four moderately different
qualities of a network position.

D

Network indices and parasite diversity

Table 1. Spearman rank correlations between parasite diversity (P) and different network indices (as identified by the top row) for each of the webs studied (as identified by the left column). In each cell the
top value is the Spearman rank correlation and the bottom value is the associated levels of significance after Bonferroni corrections (*: pB0.05, **: p B0.01, ***: p B0.001, ns: not significant). Entries in
bold indicate significant correlations at the 0.05 level.

x2 132.81, DF 5, x2a0.001 20.52, p BBB0.001).
Thus, in the three webs, the pattern of parasitehost
interactions is not consistent with their being formed at
random.
For the Car web, the average bottomup trophic
position of host species participating in parasitehost
interactions is 2.10, for Com it is 2.47 and for Yth 1.98.
The mean for the random Car web is 1.61 (95% CI 
1.551.67), for Com 1.60 (1.431.77) and for Yth 1.68
(1.571.80). Thus species that are hosts to parasites tend to
be in higher trophic positions than expected in the random
model. From the topdown direction, the average trophic
position is 0.43 for the Car web, 0.77 for Com and 0.87 for
Yth. The expected values derived from the random model
are Car 0.91 (0.850.97), Com 1.54 (1.351.73) and Yth
1.28 (1.131.43). This suggests that there are more parasite
species on hosts near the end of food chains than would be
expected by chance. Parasitism is thus evidently not random
and there is great heterogeneity in the number of parasite
species a host species harbours.
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Cout, Kbu and Bdir persistently show strong correlation with
Q. Thus, in general, being an intermediate host for several
species is linked with higher vulnerability to predators
(Dout), being at network positions close to predatory species
(Cout and Kbu) or being involved in many different food
chains (Bdir).
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C is now significant (Table 2).
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parasite richness of different parasite taxa across vertebrate
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congruent with previous findings in the comparative study of
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Figure 2. PCA plots of the twelve network indices measuring
different characteristics of a network position for the Carpinteria
(Car), Company Bay (Com), and Ythan Estuary (Yth) ecosystems.
There are four visible clusters. The first consists of degree,
betweenness and directed betweenness centralities that form a
tightly packed cluster. Closeness centrality stands out from other
network indices while the remaining ones form two loosely packed
clusters.
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Table 2. Spearman rank correlation between the propensity of being an intermediate host (Q) and different network indices (as identified by the top row) for each of the webs studied (as identified by the
left column). In each cell the top value is the Spearman rank correlation and the bottom value is the associated levels of significance after Bonferroni corrections (*: p B0.05, **: p B0.01, ***: p B0.001,
ns: not significant) Entries in bold indicate significant correlations at the 0.05 level.

and in hostparasite interaction networks (Vázquez et al.
2005). Parasitism therefore fits the general rule that
interaction ties in ecology, for instance predatorprey links
and plantpollinator interactions, tend to be non-random
(Dunne et al. 2002, Montoya and Solé 2002, Bascompte et
al. 2003, Vázquez and Aizen 2003, Vázquez et al. 2005,
Poulin 2007).
There have been repeated studies of factors contributing
to non-randomness in parasitism. These have included life
history traits (i.e. body size, geographic range and diet) and
epidemiological parameters (i.e. host density, host longevity
and parasite transmission rate) (Poulin and Morand 2004).
Our study examines parasite diversity from a different
perspective by looking at the network position of host
species in the food web. A large part of the non-randomness
in parasite diversity is, as we have demonstrated, strongly
related to the network position of host species. The
importance of a species is its ability to affect others in the
web by virtue of its network position. We used different
network indices to emphasize different aspects of a network
position. High parasite diversity is associated with species
having a wide diet range, occupying a network position
close to many prey species, and species to which many
resources are efficiently channeled. Thus the better a species
can acquire or accumulate resources from species at lower
trophic levels, the more parasite species it is likely to have.
Factors such as ‘what you eat’ and the ‘feeding habit of your
prey’ importantly affect the likelihood of a host species
acquiring many parasite species (Marcogliese 2002).
The three webs do not have exactly the same parasite
diversitynetwork position relationships. In particular, only
in the Car web is there a significant relationship between
parasite diversity and host species with few predators. At
this stage, with only three webs, it is not possible to say
whether Car is unusual. Such a decision awaits the
examination of many more webs. The discrepancy might
be due simply to the uniqueness of the Carpinteria salt
marsh system. Alternatively, the difference may relate to
Car having a much larger proportion (82%) of parasite
host interactions connecting parasites to their definitive
hosts than do the other two webs. Parasites at the final stage
of their life cycle might prefer a stable host environment in
which to fully complete their development; and host species
that are free from predation might just be good targets for
those parasites. Theoretical models illustrate that selective
predation on prey with many macroparasites can rapidly
drive extinct the parasite species (Packer et al. 2003,
Hatcher et al. 2006), and macroparasites are usually highly
aggregated on certain individuals of a host population
(Poulin 1998, 2007). Extending this idea to the ecosystem
raises the expectation that parasites may persist if they
exploit host species that suffer low predation, and this may
be the case in Car.
One reason why high parasite diversity is associated with
important or prominent network positions may be that a
non-parasite species at a more peripheral position may be
prone to extinction. This is because such a species relies on
only a few species for its survival (Allesina et al. 2006).
Therefore, over time, parasites of such a host species will
experience more fluctuations in host availability and be at a
greater risk of extinction. Host species occupying prominent network positions, in contrast, have many interacting
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partners and the associated parasite species are therefore
buffered against fluctuations in host availability. If an
interacting partner goes extinct the parasite can use others
to continue its life-cycle and survive. The correlation with
important network positions might be counteracted, however, by competition between parasite species (Bates and
Kennedy 1990). The correlations between parasite diversity
and network indices do not, of course, exclude other factors
that might influence the pattern of parasitism. These factors
include the abundance of host species (Vázquez et al. 2005,
2007) and phylogenetic constraints (Mouillot et al. 2008).
Species serving as intermediate hosts tend to lie in
different food web positions to that for host species in
general. Species occupying these positions tend to have
many different predators, are the focus of many predatory
effects from species at higher-trophic levels, or mediate
many food chains. Such properties favour frequent and
stable predatorprey interactions between host species that
can ensure successful completion of parasite life cycles. Our
finding that the network position of intermediate hosts is
associated closely with material accumulation and transmission is therefore similar to the notion of PITT (parasite
increased trophic transmission) (Lafferty 1999, Mouritsen
and Poulin 2002).
The study of food webs with parasites is a new challenge
in ecology. There are two dimensions of complexity. The
first is the interaction between parasites and their definitive
hosts (Vázquez et al. 2005, 2007). The second is that of
how parasites are intertwined with food webs such that
parasites can be transmitted from one host species to
another via predatorprey links (Dobson et al. 2005,
Lafferty et al. 2006b). The existing food web models
(Cohen et al. 1990, Williams and Martinez 2000, Cattin
et al. 2004) do not portray the interplay between parasitism
and food webs, and we argue there is a need for a new food
web model with parasites. Such a new model has to capture
the characteristics of the underlying food web as well as the
pattern of parasitism; and our results indicate that the
network position of hosts is an important factor influencing
the pattern of parasitism.
Our results make a substantial contribution to a general
law for food web models by demonstrating two important
features of parasitism in food webs. The first of these is that
parasitism is not random within food webs. The second is
that parasite diversity is positively related to the network
position of the host species. Parasites preferentially exploit
highly connected hosts species at higher trophic positions as
well as those with wide diet range. There are also more
parasite species using hosts mediating many food chains and
those vulnerable to many predators. Considering parasitism
from a network perspective as we have done reveals strong
general patterns of parasitism in food webs.
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