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ABSTRACT: Host specificity has 2 independent facets: the extent to which different host species are used by a parasite, and the
phylogenetic distances among these hosts. Although the number of host species exploited by a parasite commonly is used as a
measure of host specificity, it fails to capture ecological and phylogenetic differences among hosts. Here, a new index of host
specificity, S;p*, is developed and illustrated. This index measures the average taxonomic distinctness among the host species
used by a parasite, weighted for the parasite’s prevalence in the different hosts. For a given number of host species, the index
approaches its minimum value when a parasite achieves high prevalence in a few closely related host species, and the index
approaches its highest value when a parasite reaches its highest prevalence values in distantly related host species. Simple
hypothetical examples are used to demonstrate the index’s computation and some of its properties. The new index is influenced
independently both by the taxonomic (or phylogenetic) affinities of a set of host species and by the distribution of prevalence
values among these hosts. A single value cannot truly capture all the nuances of a phenomenon as complex as host specificity;
nevertheless, the proposed index incorporates the features of specificity that are most relevant to parasitologists and will be a

useful tool for comparative studies.

The measurement of host specificity is of central importance
to the study of parasite ecology and evolution (Adamson and
Caira, 1994; Poulin, 1998). For example, the level of host spec-
ificity shown by parasites has profound implications for their
population dynamics, their probability of local extinction, and
the likelihood that they can switch to new host species (Bush
and Kennedy, 1994; Paterson and Gray, 1997; Poulin, 1998).
Thus, it is imperative that we use a proper measure of host
specificity when comparing different parasite species if we aim
to understand why they show different degrees of specializa-
tion. Traditionally, the number of host species used by a parasite
species, or the host range (Lymbery, 1989), was used as a sim-
ple measure of host specificity. Although easy to compute, this
rough index is inappropriate, because it involves the assumption
that all host species used by a parasite are equal. In fact, the
different host species exploited by a parasite differ on 2 im-
portant levels, and the mere number of host species used fails
to capture these differences.

First, from an ecological perspective, some host species are
used more intensely than others. That is, the prevalence, inten-
sity, or abundance of infection by a particular parasite differs
among its host species. Typically, the parasite will be highly
prevalent in 1 host species but rare in others. It is possible to
include ecological or epidemiological information in an index
of host specificity. Rohde (1980, 1993) has developed indices
of host specificity based on the relative intensity or prevalence
of a parasite in its different host species; these indices provide
a better idea of host specificity than the number of host species
used provides, at least with respect to how evenly the parasite
uses its host resources.

Second, from an evolutionary perspective, some of the host
species used by a parasite are closely related phylogenetically,
whereas others are distantly related. Taxonomic or phylogenetic
data about the host species also carry information about host
specificity. Consider 2 parasite species, each capable of infect-
ing 4 host species. If the first parasite species infects 4 host
species belonging to the same genus but the second parasite
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species infects 4 host species belonging to different families,
then surely we can say that the former is more host-specific
than the latter, because it exploits a narrower taxonomic range
of host species (Caira et al., 2003). Recently, following in the
footsteps of Caira et a. (2003), Poulin and Mouillot (2003)
proposed an index of host specificity that considers the taxo-
nomic structure of the set of host species used by a parasite.
Their index is derived from indices of biodiversity proposed in
the context of conservation biology (e.g., Clarke and Warwick,
1998; Warwick and Clarke, 2001; Barker, 2002), and it mea-
sures the average taxonomic distance among all host species
used by a parasite. This index provides new insight regarding
host specificity and has great relevance for comparative studies
focused on the evolutionary history of parasites (Poulin and
Mouillot, 2003).

To date, and to our knowledge, no attempt has been made to
integrate both ecological and phylogenetic information into a
single, unified index of host specificity. Efforts to combine
these different types of data into measures of biodiversity for
use in conservation biology are progressing steadily (Ricotta,
2004), adthough the measures proposed to date are al inade-
quate for the determination of host specificity. Here, we present
a new index of host specificity, S;p*, which achieves a simple,
intuitive combination of information regarding the taxonomic
or phylogenetic relationships among host species and the prev-
alence achieved by the parasite on these different hosts.

THE NEW INDEX S;p*

The proposed specificity index, S;p*, measures the average
taxonomic distinctness of all host species used by a parasite
species, weighted by the prevalence of the parasite in these
different hosts. The taxonomic side of the index is similar to
an earlier index, S;p, proposed by Poulin and Mouillot (2003).
When the host species are placed within a taxonomic hierarchy
based on the Linnean classification into phyla, classes, orders,
families, genera, and species, the taxonomic distinctness be-
tween any 2 host species is the mean number of steps up the
hierarchy that must be taken to reach a taxon common to both
(Fig. 1). Thus, if 2 host species are congeners, then 1 step
(species-to-genus) is necessary to reach a common node in the
taxonomic tree; if the 2 species belong to different genera but
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the same family, then 2 steps will be necessary (species-to-
genus and genus-to-family); and so on. For any given host-
species pair, the number of steps corresponds to half the path
length connecting 2 species in the taxonomic tree, with equal
step lengths (of 1) being postulated between each level in the
taxonomic hierarchy.

Here, a brief mention of a previous index is necessary. The
path length for all pairs of host species is simply a taxonomic
distance, and we must point out that Rao (1982) already pro-
posed a quadratic entropy index (Q) expressing the average
distance between 2 randomly selected individuals in a sample
comprising S species:

s s
Q= 211:21 d;pip;

where d; is the distance between the 2 speciesi and j and where
p; and p; are the proportions of individuals belonging to species
i and j, respectively. However, prevalences in different host spe-
cies cannot be compared to species proportions in a community,
because the proportions must add up to 1 and the prevalences
do not. In addition, Rao’s (1982) index is dependent on species
richness (the average distance between 2 randomly selected in-
dividuals increases with richness). Therefore, although we use
the same kind of weighting method as Rao (1982), our new
index must deal with prevalences and be independent from the
number of host species used by a parasite to add orthogonal
information.

We now return to the description of our index. Taxonomic
distinctness is computed for all possible pairs of host species
and then weighted by the product of the parasite’s prevalence
in each host species in a pair. Prevalence is defined here as the
proportion of hosts harboring the parasite species. The weight-
ing factor has a maximum value of 1 when the prevalence is
100% in both host species in a pair, and it converges toward O
when the prevalence in the host speciesis very low. Thus, more
weight is given to the taxonomic distance between 2 host spe-
ciesif the parasite achieves high prevalence in these hosts than
is given if the parasite occurs infrequently in these hosts. This
way, the average weighted taxonomic distinctness will reflect
the taxonomic distances among the main hosts of the parasite
more strongly. The index S;p* is the ratio of the sum of the
weighted taxonomic distinctness values to the sum of the
weighting factors. More formally, the index is computed as fol-
lows:

2 2 o;(pip;)
Srpr = = )
2 E (pip)
i<j
where the double summation isover theset {i = 1,...,s;] =
1, ...,s such that i < j and sis the number of host species

used by the parasite}; w; is the taxonomic distinctness between
host speciesi and j, or the number of taxonomic steps required
to reach a node common to both; and p; and p; are the preva-
lences of the parasite in host speciesi and j, respectively.
Figure 1 shows 4 hypothetical sets of host species for 4 dif-
ferent parasite species. In each case, the average (unweighted)
taxonomic distance among host species is the same, and the
prevalence values are the same. What differs is the taxonomic
structure linking the host species, the distribution of prevalence

Class
Order
Family
Genus

Species
1

Class
Order
Family
Genus

D
9

Species

Class
Order
Family
Genus

D
1

Species

(i
<IN

Class
Order

Family
Genus

1
1
1
/(\D
1. 0.1 . 9

Ficure 1. Taxonomic structure of the sets of hosts for 4 hypothetical
parasites, with prevalence in each host indicated below. Four host spe-
cies, A to D, appear in each example. Average (unweighted) taxonomic
distinctness is the same (3.33) in al cases, as are the prevalence values.
However, either the structure of the taxonomic tree or the distribution

of prevalence values among host species changes from 1 example to
the next. See Table | for computation of the index S;5*.

@)
A B C
0 09 0.2 0.
(b)
A B C
0 041 0.2 0.
(©
A B C
0 0.9 0.2 0.
(d)
Species A B C
0 0.2 0
values among host species, or both (Fig. 1). A summary of the
computations required to compute the index for each of these
4 hypothetical cases is shown in Table |I. The value of S;.*

increases as the taxonomic distinctness between the high-prev-
alence hosts increases. Therefore, the value of the index Sip*



TaBLE |. Summary of the computations required to obtain the index
Sip* for the hypothetical examples in Figure 1.

Unweighted Weighting Weighted

Host distinctness factor distinctness

pair [wy] [pp] [w; (PPY] Srp*
Example a

A-B 1 0.90 0.90

A-C 4 0.20 0.80

A-D 4 0.10 0.40

B-C 4 0.18 0.72

B-D 4 0.09 0.36

cC-D 3 0.02 0.06

Total 20 1.49 3.24 2.17
Example b

A-B 1 0.10 0.10

A-C 4 0.20 0.80

A-D 4 0.90 3.60

B-C 4 0.02 0.08

B-D 4 0.09 0.36

C-D 3 0.18 0.54

Total 20 1.49 5.48 3.68
Example ¢

A-B 2 0.90 1.80

A-C 4 0.20 0.80

A-D 4 0.10 0.40

B-C 4 0.18 0.72

B-D 4 0.09 0.36

C-D 2 0.02 0.04

Total 20 1.49 4.12 2.77
Example d

A-B 2 0.10 0.20

A-C 4 0.20 0.80

A-D 4 0.90 3.60

B-C 4 0.02 0.08

B-D 4 0.09 0.36

CcC-D 2 0.18 0.36

Total 20 1.49 5.40 3.62

actually is inversely proportional to specificity. A high index
value means that the host species most frequently used by a
parasite are, on average, not closely related. Both ecological
and phylogenetic data have separate and independent influences
on the value of S;p*. For a given taxonomic structure among a
set of host species, changing the distribution of prevalence val-
ues among them will affect Sp* (see examples avs. b and ¢
vs. d in Fig. 1 and Table ). Similarly, for a given distribution
of prevalence values, altering the taxonomic structure of the set
of host species also affects S;p* (compare examples avs. ¢ and
bvs. dinFig. 1 and Table ). In the examples used here, chang-
ing the taxonomic structure of the set of host species appears
to have a lesser effect on S;p* compared to changing the dis-
tribution of prevalence values. This results only because of the
nature of the examples chosen, however, and because the av-
erage (unweighted) taxonomic distance among host species was
kept the same in all of them. More drastic changes to the tax-
onomic structure of the set of host species would have greater
impact on S;p*.

We developed a computer program using Borland C++
Builder 6.0 to compute S;p* (available at http://www.otago.ac.
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nz/zool ogy/downloads/poulin/TaxoBiodiv2). A guide accom-
panying the program explains how the data need to be format-
ted. All that is needed is a taxonomic hierarchy for the sets of
host species used by each parasite species included and the
prevalence of these parasites in each of their host species.

When prevalence values in all host species are the same, the
index S;p;* converges toward the earlier index Syp, in which
prevalence was not incorporated (Poulin and Mouillot, 2003).
The range of possible values for S;p* also are the same as that
for S;p. Using the standard 5 taxonomic levels that occur above
species (i.e., genus, family, order, class, and phylum), the max-
imum value that the index S;p* can take (when all host species
belong to different classes) is 5, and the minimum value (when
al host species are congeners) is 1. Given that few (if any)
parasite species at a given stage in their life cycle infect hosts
belonging to different phyla, this range is sufficient for all prac-
tical purposes, and we recommend it as a standard procedure.

The only apparent weakness of S;p* is that it cannot be ap-
plied to parasite species infecting only a single host species.
These cases have no pair of host species from which a taxo-
nomic distance can be computed. Such highly host-specific par-
asites can be dealt with in 2 obvious ways. First, they can be
excluded from any comparative analysis in which S;p* is com-
puted for other, less specific parasite species. After al, they
show maximum specificity, and the computation of an index
will not tell us more about them. Second, they can be assigned
a default S;p* value of 1 (or even 0), because by definition,
“all” host species for such specialized parasites belong to the
same genus.

DISCUSSION

Advances in our understanding of parasite ecology and evo-
lution require, among other things, that we properly measure
the various parameters under scrutiny. Host specificity is a key
property of parasites, and to elucidate how it has evolved, we
first must be able to measure it. Most previous comparative
studies of host specificity (e.g., Poulin, 1999; Barger and Esch,
2002) have used the number of host species exploited by a
parasite as a measure of host specificity. Clearly, this simple
number does not capture the differences that exist among host
species with respect to how important they are to the parasite’s
population dynamics or the taxonomic (phylogenetic) distances
that the parasite had to *‘jump’ to colonize al these hosts. A
more recent study, which used a measure of host specificity that
took into account the taxonomic affinities of host species but
not the relative prevalence of the parasite among them, showed
that using such an index leads to conclusions different from
those based merely on the number of host species used (Poulin
and Mouillot, 2004). Here, we propose a new, simple-to-com-
pute index that encapsulates both the relevant ecological and
phylogenetic information about the set of hosts used by a par-
asite. For a given number of host species, parasites that achieve
high prevalence in few closely related host species are scored
as more host specific (lower S;p* value) than those that achieve
their highest prevalence values in distantly related host species.

Some features of the index require discussion. First, the index
Sip* uses taxonomic information and not phylogenetic data,
although the latter no doubt are preferable. The concept of tax-
onomic distinctness can easily be used in a full phylogenetic
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context by replacing taxonomic trees, such as those in Figure
1, with proper phylogenetic trees having known branch lengths
with only a slight modification to the computations involved
(e.g., Clarke and Warwick, 2001). Indeed, one need only use
actual branch lengths, based on molecular data, in our formula
instead of the arbitrary taxonomic distances we postulate. How-
ever, given that we do not yet have fully resolved phylogenies
for all host taxa and are unlikely to have them within the next
several years, it probably is more practical to stay within a
taxonomic framework, at least at present.

Second, the index S;p* uses data regarding prevalence rather
than other measures of infection level, such as intensity or
abundance. For some types of parasites, the latter 2 measures
may be better descriptors of parasite epidemiology and infec-
tion level. Prevalence, however, usually is strongly correlated
with intensity and abundance (e.g., Shaw and Dobson, 1995;
Morand and Guégan, 2000). Using in our index either intensity
or abundance as a weighting factor instead of prevalence would,
therefore, make little difference. In addition, for many types of
parasites, prevalence often is the only meaningful measure of
infection level, or the only measure that can be obtained. This
is true of many parasites that multiply rapidly within the host,
such as protozoans in vertebrates or larval trematodes in snails,
and of parasites that occur at such high intensities that counts
of parasites per host are logistically impossible. Prevalence also
is the only variable available when indirect evidence of infec-
tion is used to assess host specificity, such as when antibody
titers or fecal egg counts are used instead of actual parasite
numbers. Thus, the use of prevalence in our index not only is
justified but also broadens the index’s potential application.

Third, athough the index S;p* combines data regarding pat-
terns of host specificity on 2 scales (i.e., host use in ecological
time and host colonization over evolutionary time), it does not
incorporate information regarding the smallest of scales. Within
the host, different parasite species may be specialized for dif-
ferent microhabitats, such as different parts of the gastrointes-
tinal tract. It is difficult to imagine how a general index could
capture this level of specificity and still remain useful for many
kinds of parasites living in different organs that are not easily
comparable.

Fourth, unlike the quadratic entropy proposed by Rao (1982),
our new index does not have a clear combinatorial meaning,
because the prevalence values are not normalized to a proba-
bility space (i.e., their sum is not always 1). Nevertheless, from
a biological perspective, this does not affect the index’s poten-
tial usefulness.

In summary, the new index S,* integrates distinct ecological
and phylogenetic information about the host species used by a
parasite to capture, in a single number, the main components
of host specificity. Clearly, a single number cannot express all
the nuances associated with a phenomenon as complex as host
specificity. Nevertheless, we are confident that the aspects of
host specificity most relevant to parasitologists are incorporated

into our index, and we especialy recommend its use for com-
parative purposes.
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