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While vector-borne parasite transmission often operates via generalist-feeding
vectors facilitating cross-species transmission in host communities, theory
describing the relationship between host species diversity and parasite inva-
sion in these systems is underdeveloped. Host community composition and
abundance vary across space and time, generating opportunities for parasite
invasion. To explore how host community variation can modify parasite inva-
sion potential, we develop a model for vector-borne parasite transmission
dynamics that includes a host community of arbitrary richness and species
abundance. To compare invasion potential across communities, we calculate
the community basic reproductive ratio of the parasite. We compare commu-
nities comprising a set of host species to their subsets, which allows for
flexible scenario building including the introduction of novel host species
and species loss. We allow vector abundance to scale with, or be independent
of, community size, capturing regulation by feeding opportunities and non-
host effects such as limited oviposition sites. Motivated by equivocal data
relating host species competency to abundance, we characterize plausible
host communities via phenomenological relationships between host species
abundance and competency. We identify an underappreciated mechanism
whereby changes to communities simultaneously alter average competency
and the vector to host ratio and demonstrate that the interaction can
profoundly influence invasion potential.

1. Introduction

The gain or loss of species in a community and changes in the abundance
of member species are all predicted to affect generalist parasites that require
sufficient transmission to sustain themselves [1-3]. Across space, landscape
heterogeneity may admit or exclude certain species as a direct result of either
environmental conditions or species interactions, including competition [4].
A gradual change in species composition of mammal communities distributed
in space can often lead to patterns of nestedness [5,6]. Over time, communities
can also gradually change their composition by processes including species
invasion [7] and community disassembly in response to habitat degradation
[8,9], both of which may alter the abundance of established community mem-
bers. These examples motivate a general aim to describe changes in parasite
invasion potential across host communities and their subsets.

Among the generalist parasites, vector-borne parasites are of particular
interest. First, systems involving transmission by arthropod vectors, e.g. tick-
borne Lyme disease [10,11] and mosquito-borne West Nile virus [12,13], have
provided striking examples where reduced host species diversity is associated
with increased transmission potential to humans. Second, because transmission
is by generalist-feeding vectors, cross-species transmission is less impacted by
potentially infrequent interspecific contact [14], i.e. different host species are
reasonably well mixed in terms of transmission. Lastly, host community
dynamics may directly influence vector population sizes introducing additional
mechanisms relating to vector to host ratios that impact parasite invasion [15].
For example, if vectors are primarily limited by non-host factors, such as the
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availability of oviposition sites [16], then vector population
sizes may remain constant while the host community size
changes. Conversely, if vectors are limited by blood meals
[17], then the vector population size may scale with the
host community size.

While Lyme disease and West Nile virus demonstrate the
potential for host species diversity to limit the transmission of
generalist parasites, it is a conditional phenomenon only
expected when host species vary in their quality to a parasite,
when higher quality hosts tend to occur in species-poor com-
munities and when lower quality hosts disrupt transmission
by regulating populations of higher quality hosts, the popu-
lation of vectors or host—parasite encounter rates [18].
Across disease systems, evidence for this ‘dilution effect’ is
equivocal [19,20] and has led to a call for a more mechanistic
framework to clarify conditions whereby parasites benefit
from reduced host species diversity [19,21]. While several
modelling studies have collectively begun to answer this
call [14,22,23], few have explicitly included vectors, with
studies limited to tractable, two host species systems [24] or
simulation-based approaches that can handle greater levels
of species diversity [25]. Given the natural and anthropogeni-
cally catalysed changes in host communities involving spatial
heterogeneity, species invasions and community disassembly,
a mechanistic understanding of comparative vector-borne
parasite invasion potential into host communities and their
subsets may potentially explain and predict a large number
of wildlife disease events and concomitant zoonotic risk.

One of the challenges in developing mechanistic models
of generalist parasite transmission is the limited knowledge
of host species competency, defined as the ability to maintain
and transmit parasites [26] and how competency relates to
natural population abundance and tendency to occur in com-
munities of low species richness. Typically, there is a negative
relationship between species body mass and population size
[27], which can determine competency in two ways. First,
small-bodied, highly abundant species tend to exhibit life-
history traits that correlate with low investment in immunity
[28,29]. Second, parasites are more likely to adapt to abun-
dant host resources [28]. Both of these arguments lead to a
prediction that species with naturally abundant populations
are relatively competent. However, a negative relationship
between body mass and competency is not ubiquitous [30],
and in some cases, species identity is an important predictor
of competence over any trait [31]. Furthermore, some studies
have found that following community disassembly, remnant
communities comprise species of intermediate body size [32].
Consequently, we adopt a flexible approach that allows
positive, negative or no correlation between population abun-
dance and competency, consistent with studies suggesting
that a range of mechanisms and associations probably
occur in nature [22].

Recognizing the common pattern of nested communities,
we develop a model for a vector-borne parasite in a host
community and derive an inequality relating parasite invasion
potential, the community parasite basic reproductive number
(Ro) [2,22,33], in the full community to the equivalent measure
in a subset. This inequality allows conditions to be identified
where parasite invasion potential is higher in either the com-
munity or the subset. Note that we do not assume that the
parasite is evolving. If it were, competition between parasite
strains in invaded communities becomes relevant [34].
Rather, we study changes in Ry owing to both host community

composition and the relative abundance of hosts and vectors,
assuming that the community is yet to be challenged with the
parasite. We select a susceptible-infected-susceptible (SIS)
model that describes a broad class of parasites that do not
confer lifelong immunity [35]. Our version includes an explicit
vector population, an arbitrary number of host species and
demographic dynamics of host and vector populations.
Assumptions about the community subset are minimal;
provided that the new community is less species rich, the
remaining species can be of equal, greater or lesser abundance
compared to their abundance in the full community. We allow
the vector population to either scale with or remain indepen-
dent of community size, reflecting situations where vectors
are limited or unlimited by blood meals.

We apply the R, inequality to three cases. The first
compares the simplest host community of two species to its
subset of one species and is used to clarify how components
of host competence, host species abundance and vector popu-
lation size interact to determine how a decrease in host species
richness affects parasite invasion potential. Next, we consider
an invasion of a multi-species community by a novel host
species. An invasive species may be of low competence
because local parasites that may invade the community, i.e.
are in contiguous host communities but not yet in the focal
community, are not pre-adapted to the invasive species [36].
Alternatively, invasive species may be of high competence
because invasive potential may correlate with those same
life-history traits of small-bodied animals that render them
parasite-competent [37]. Furthermore, the invasive species
may attain high or low abundance in the invaded community
[38] and may be most strongly competing with, and negatively
affecting the population size of, relatively dominant estab-
lished species or rare species [39]. Our broad aim is to
establish which types of biological invasions are likely to pro-
mote the potential invasion of a generalist parasite. Finally, we
consider a community disassembly scenario where the focus is
on characterizing how the relative competency and abundance
of early departing species affect the remnant community in
terms of its potential to be challenged by a novel parasite.
We pay particular attention to the relative changes in the
host community and vector population sizes, as this has been
predicted from theory to strongly impact parasite invasion
into a naive host community [15].

We find that the abundance response of a vector population
to host community dynamics is critical in understanding the
fate of the parasite. When host species do not regulate each
other’s abundance, invasion potential is predicted to decline
in species-rich communities, provided that the vector popu-
lation size does not increase with host community size. This
is most pronounced if a host species added to the community
attains a high abundance and is of relatively low competence.
Conversely, additional host species that render the host com-
munity relatively small, such as those in strong competition
with pre-existing host species, can promote parasite invasion,
especially if the novel species is of high competence. Conse-
quently, invasive species that attain low abundance in novel
communities and suppress the population size of either
abundant resident host species or low competence host species
can enhance parasite transmission, provided the vector popu-
lation size remains similar to pre-invasion levels. In cases
where vector abundance tracks host abundance, parasites
instead benefit from the invasion of abundant, competent
species. During host community disassembly, potential for
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invasion is predicted to increase most significantly when rem-
nant host species do not increase their abundance and are
competent for transmission, and when the vector population
does not decline during disassembly.

2. Methods

We model a host community comprising an arbitrary number of
host species (X) and a single vector species using an SIS model fra-
mework for transmission dynamics (equation (2.1)). A simple form
for demography is used in which susceptible individuals of host
species i (S;) are born at constant rate 1; and experience a natural
per capita mortality rate y;. These demographic processes define
the disease-free equilibrium population size as K; = A;/u;. The
host community disease-free equilibrium population size is
the sum of the individual species abundances C = 3% | K;. The
vector population is modelled with similar demography, rep-
resented by parameters Ay, yv and Ky with state variables Sy and
Iy. We chose to use this simple formulation for demography as
all subsequent analyses only use the disease-free equilibrium
value, defined as K;. Specifically, we are asking if the change
in the community composition of a parasite-free community
affects the potential for future parasite invasion. Consequently,
provided the demographic construction results in a disease-free
equilibrium, the specific mechanisms involved (i.e. fecundity,
survivorship, linear and nonlinear) will not influence these results.

Vectors bite hosts at rate by, and it is assumed that the bite
rate is distributed equally across hosts species (by/C). When
infected vectors bite susceptible hosts (S;), successful trans-
mission of the parasite occurs with probability z;y. Susceptible
hosts transition to the infected class at the rate (by/C)7vSily,
where individuals recover at per capita rate y; or die at per
capita rate p;. Susceptible vectors become infected at the rate
le (bo/C)1yiSvl; (zy; is the probability of successful transmission
to the vector from infected host i) and infected vectors die at a
per capita rate py:

ds; b
dftl =Ai — EOTiVSiIV + vili — wiSi,
dl; b
cth :60 TvSilv — vili — wili,
dsSy X bo (2.1)
E =Ay — 267\”5\/1" - MVSV
dly b
and ar : el 7viSvli — pyly.

The next-generation matrix method allows for the calculation
of a multi-species community Ry, when the model includes more
than one infectious class [2,14,35] and results in equation (2.2) for
the model specified by equation (2.1):

(2.2)

This expression is written in abbreviated form using two
composite parameters: the relative abundance of host species
i (pi=K;/C) and the host competency of species i
(; = mivrvi/I7), where a host species is competent owing to
low recovery or mortality rates, I';=y;+u;, and high probability
of passing and acquiring the parasite during transmission oppor-
tunities (r parameters). While we assumed no disease-induced
mortality in the system, this could be encapsulated in the compo-
site host parameter I'; and could be included as additional loss
for infected vectors. Importantly, while mortality in susceptible
and infected classes is different in the above case, it does not

affect disease-free equilibrium analyses, which would proceed
as presented but with numerically higher mortality rates.

We compared a two host and single-host community using the
inequality describing when parasite invasion potential into the
single species community is higher than in the two species com-
munity (R} > Rg]/z). This allows demarcation of regions where
R} > R}* as a function of parameters Ky/C, p;, 7 and I from
which we generated two sets of parameter spaces to investigate
the change in invasion potential with: (i) the relative competency
of host traits and (ii) the relative abundance of host and vector
communities. To investigate the effect of host traits, the proportion
of hosts belonging to species 1 (p;€{0.1, 0.5, 0.9}), the relative host
community abundance (C'2/C! € {0.5, 1.0, 2.0}) and the relative
vector abundance (IQ,2 /Ky =1) were held constant. Relative
transmission probability (7va7v/7viTiv) was varied between
[0,10] and relative recovery (I1/I,) was varied between (0,2].
To investigate the influence of the relative abundance of host
and vector communities, the relative abundance of host species
1 (p1€{0.1, 0.5, 0.9}) and the relative competency of the second
host species (¢ = ), /¢;; £€{0.5, 1.0, 2.0}) were fixed while the rela-
tive host community abundance (C'?/C!) and the relative vector
abundance (K\/K\,) were varied between (0,2]. For each space,
we plotted the line that defines when R, remains constant.
Regions on either side of the line are when R, increases or
decreases following the addition of host species 2.

We generalized this approach to establish conditions for
decreased parasite invasion potential in host communities of
any species richness using equation (2.2) to compare R, for a
community to its subset. The following two scenarios were
developed to examine how predictable changes in community
composition following invasion or disassembly determine Ry.
In each scenario, we used two versions of the vector-borne trans-
mission model: one where vector abundance changes by the
same proportion as the host community abundance (vector track-
ing) and one where the vector population abundance remains
constant (vector constant).

In the invasion scenario, we defined a resident host commu-
nity of three host species in which each distinct species was either
of high (100), medium (50) and low abundance (25). The compe-
tence of the species () was high (1.0), medium (0.5) or low (0.25).
Three potential relationships between host abundance and
competency were implemented: a positive relationship where
the most abundant species was the most competent, no relation-
ship between competency and abundance (neutral) where each
species had the same competency (y=0.5), and a negative
relationship where the most abundant species was the least
competent. In the pre-existing community, the vector population
had an abundance of 250 individuals.

We assumed novel hosts invaded the community at either a
high (100 individuals) or low (25) abundance and had a high
(v =1.0) or low (y = 0.25) competency. The invader also influenced
the abundance of one resident species (with effect denoted as a€l0,
1]). When a =0, the invader species drove the targeted species
locally extinct. When a =1, the invader species had no effect on
the abundance of the target species. For our simulations, we
selected one level representing a weak interaction (o= 0.9, popu-
lation reduced by 10%) and one representing a strong interaction
(@=0.1, 90% reduction). For each invaded community, R, was
calculated and compared to the R, for the uninvaded community.

For community disassembly, we generated a host community
of four host species, with abundances 100, 50, 25 and 5 and com-
petencies 1.0, 0.5, 0.25 and 0.05. We implemented three
disassembly rules. For the subtractive rule, we assumed that
the abundance of each species did not change with species rich-
ness (parameter C in equation (2.2)). For the substitutive rule,
when a species is removed from the community, the number of
removed individuals was equally distributed and added to
the abundance of the remaining species abundances. Under the
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Figure 1. Parameter spaces where lines separate regions of increased and decreased parasite invasion potential (R,) following the addition of a second host species.
Each column represents the relative species 1 abundance. (a—c) The parameter space is defined by relative host recovery and relative host transmission potential
determined from equation (3.1). Regions above and to the right of each of the lines define scenarios where parasite invasion is promoted in the more speciose
community, whereas invasion is hindered in the complementary region. Each line colour represents the change in host community abundance following the addition
of a second host species. The dotted vertical and horizontal black lines are reference lines denoting where the two host species have equal components of com-
petency. (d—f) The parameter space is defined by relative host community abundance and relative vector population abundance determined from equation (3.2).
Regions above and to the left of each line define scenarios where parasite invasion is promoted in the more speciose community, whereas invasion potential
decreases in the complementary region. Each line colour represents the relative competency of the second host species compared to the first. The solid black
line is where the vector population increases proportionally with community abundance. (Online version in colour.)

Species 1 Advantage rule, when a species is removed from the
community, the number of individuals of the removed species
is added to the most abundant species. In each step of the simu-
lation, we sequentially removed the host species with the lowest
abundance in the original community ending with the single,
most abundant host species. Following the removal of a species,
the Ry of the community was compared to the respective R, for
the original host community. In the disassembly scenarios, the
competency for the neutral abundance-competency relationship
was the average competency from positive and negative relation-
ships (y; = 0.45). The vector population had an abundance of 250
individuals in the original community.

3. Results

Comparing a two species community with a single species
community, the resulting equality (equation (3.1)) represents
the scenarios when R, remains constant:

V2TV c2/c K%//Kifz -m I
TVITIV 1-—pm I

(3.1)

For the parasite to have increased invasion potential in the
more speciose community, the second host species needs to be
more competent for the parasite in either transmission or

infectious period so long as relative community size
(C'2/C') remains the same or increases (figure la—c).
However, if community size decreases, then the parasite can
benefit even when the additional host species is poorly compe-
tent. Furthermore, in larger community sizes (blue lines in
figure 1a—c), the second host species must compensate for its
rarity by increased competence in terms of relative trans-
mission and infectious period for the parasite to benefit.

To further investigate changes in host and vector abun-
dance, we wused equation (3.3), which describes the
conditions for constant R, across the two communities as a
function of the relative abundance of the vector community
(K2 /KD):

1,2 K1’2

o= (e(1 —p1) +P1)K—\é.

(3.2)

Parasite invasion may be promoted following the
addition of a second host species, provided the relative
vector abundance exceeds the relative host community abun-
dance (figure 1d—f). However, following the addition of a less
competent host, the vector population abundance must
change by a much higher proportion than the host commu-
nity for the parasite to benefit. When the additional host is

71976107 1987 g 20S Y 20id  qdsi/jeusnol/bi0°buiysiigndAianosiesol H



weak interaction
low competence high competence

o .. -
.= positive 2.
z &
5 =
.2 o
< neutral £

g 8 g

s > =

% 2 negative ]
= g )

S 3

o

52

=

2

S 0 e —

3 positive 19

29 E
3 P
: g
= neutral g
= 2
8 5
< . (e}

negative o

1 2 3 1 2 3

affected resident host

low competence high competence
o positive =8
:: (1]
< =
= o
2 neutral =)
= 2

o0 3 )

g » i g

2 g negative &

g 3

C 2

$—

S E s —_

o © positive 3

[P ENS] g

- {

2 =
< neutral 5
e o
=] 1)
= 5
Qo . (e}
< negative ]

1 2 3 1 2 3
affected resident host

abundance—competency relationship

abundance—competency relationship

strong interaction
low competence high competence

positive =5
aQ

B _— =

i)

neutral g
jo=]

o

o

. =S
negative 8
positive =

€
&
neutral £
g
=

. | (e}

negative I &
Ry ratio
1 2 301 2 3

affected resident host .ig

low competence high competence {(2)

0.8

positive = -

0
=
&
neutral =
=
o
o)

. =
negative e
positive >

£
o
=3
neutral 15
o
o

; 3

negative IS

1 2 3 1 2 3
affected resident host

Figure 2. Heatmaps detailing the change in parasite invasion potential (R,) following invasion by a novel host species. Each column represents the strength of
interaction the invading host has on a resident host species. Each row is the response the vector population has to changes in host community abundance. For each
combination, there are four heatmaps, where the columns and rows represent the competence and abundance of the invading host species. The x-axis of each
heatmap shows the identity of the resident host species that the invading host requlates. Affected resident host 1 is always the most abundant species and 3 the
least abundant. The y-axis represents the abundance—competency relationship of the uninvaded community. Cell colour represents the Ry ratio of the invaded
community (four species) to the uninvaded community (three). Red colours (and ‘+ symbol when Ry ratio >1.01) identify scenarios where the invaded community
benefits the parasite and blue colours represent the opposite. (Online version in colour.)

more competent, vector abundance can decrease proportion-
ally more than the host community and the parasite can still
benefit. Should both host species have the same competency,
the parasite will benefit simply when there are more vectors
per host. When the community is dominated by species 1, the
competency of additional host species 2 plays a lesser role in
determining if the parasite benefits (shown by the angular
spread of lines in figure 1d—f).

The following inequality describes conditions for
increased Ry when the host community (Y) loses a set
of hosts (Y-X):

KX Ky
Z(CY( lX__V Y)‘l’z chp]

(3.3)

For invasion potential to increase,
community should consist of highly competent species, which
is especially true when these competent species are dispropor-
tionately represented in the community. Parasite invasion is

the species-poor

promoted owing to reduced vector to host ratios (K/C terms),
but these component effects do not guarantee an increase in

Ry; rather, their combined effect ultimately determines if the
parasite will benefit in the lower richness community.

A highly competent invader that strongly regulates other
host species and itself reaches a low abundance enhances para-
site transmission if the vector population remains constant
(figure 2; top-right panel: high competence-low abundance).
However, should the vector population track the community
size, the effect is much reduced, and even reversed if the host
species impacted by the invader is abundant and competent
(figure 2; bottom-right panel: high competence-low abun-
dance). A highly competent invader will have no effect on
parasite invasion potential or can even reduce it if the invader
has a negligible regulatory effect on the abundance of other
species in the community and the vector population remains
constant (figure 2; top-left panels: high competence). This
effect is much stronger if the invader is of low competence,
when R is reduced regardless of the response of the vector
population (figure 2; left-hand panels: low competence). A
low competence invader with strong interspecific regulation
will dramatically reduce transmission should it invade at high
abundance (figure 2; top-right panel: low competence-high

71976107 1987 g 20S Y 20id  qdsi/jeusnol/bi0°buiysiigndAianosiesol H



abundance—competency relationship

By aps
2, positive
QO’I»Q
O[QO
e -
£
8 R
3 @y
s © .= f
2 S
© @,
= %,
Q c. + t =l
2]
2 v
< 7 S
w
3 D
z;
z ER 1> f
g BY,
g s,
= Y,
9] +
et S8
z
= l?C[(II,G +

12 3 41

neutral

2

negative

JUeISUO0I J0JOA

Sunyoen 10300A

3 4 1 2 3 4

species richness

Figure 3. Heatmaps detailing the change in parasite invasion potential (Ry) following host community disassembly from a full community with four host species to
a single species population. Each column represents the abundance—competency relationship. Each row is the response the vector population has to changes in host
abundance. The x-axis of each heatmap is the species richness of the community. The y-axis is the pattern of host community assembly. Each cell colour is the R,
ratio of the community with the specified richness (x-axis) to the community with all four host species. Red colours (and ‘+" symbol when R, ratio >1.01) identify
scenarios where the invaded community benefits the parasite and blue colours represent the opposite. (Online version in colour.)

abundance). By contrast, parasite invasion can be promoted if
a low competence, low abundance invader suppresses a low
competence, high abundance resident host (figure 2; right-
hand panels: low competence-low abundance).

There are also interesting scenarios where the resulting Ry is
determined by a single factor. For example, when a highly
competent invader joins a community at a high abundance
and weakly interacts with resident hosts, the regulation of
the vector population determines if R, increases or decreases
(figure 2; left-hand panels: high competence-high abundance).
For invasion potential to increase, the vector population
must track the host community so that bites per host remain
constant, but the community competence increases. The abun-
dance-competency relationship determines the change in R,
when a competent and abundant invader strongly regulates
a host and there is a constant vector population (figure 2;
top-right panel: top right). For R, to increase, the invading
host must strongly regulate low competence, abundant hosts,
thereby increasing host community competence offsetting the
decrease in bites per host (figure 2; right-hand panels: negative
abundance-competency relationship). However, the change in
community competence cannot sufficiently offset the decrease
in bites per host for Ry to increase when the invader regulates
low abundance, low competence hosts (figure 2; right-hand
panels: positive abundance-competency relationship).

When a community disassembles, parasite invasion is most
likely promoted when it is the more competent host species that
remain in a species-poor community (positive abundance-
competency relationship), and if there is a subtractive disassem-
bly pattern. This is because the remnant community is of higher
average competency compared with the original community,
but the remnant community size is relatively small, increasing
the ratio of vectors to hosts (figure 3; top-left panel). However,
if the vector population size scales with host community size,
the disassembly rule (species 1 advantage, substitutive or sub-
tractive) has little influence on changes in R (figure 3; bottom
panels). If abundant, late-leaving host species are of poor

competence, parasite invasion is hindered during community
disassembly (figure 3; right-hand panels), but this effect is
diminished if the community size shrinks (subtractive disas-
sembly) and the vector population size does not track
community size (vector constant), because reductions in aver-
age competency are partly offset by increases in vector to host
ratios. Under most other assumptions, particularly those that
assume no relationship between host competency and natural
abundance, parasite invasion potential is relatively invariant
across stages of community disassembly.

4. Discussion

Across time and space, host community composition can
vary owing to a variety of mechanisms, often resulting in a
nested host community structure [5,6]. Vector-borne parasites
present the opportunity to better understand how parasite
invasion potential responds to changes in community com-
position as vectors feed on multiple species and often carry
generalist parasites, but they require special consideration.
First, we needed to define how the vector population
responds to changes in the host community. Second, commu-
nity competence may change via changes in the relative
abundance of the member species, including loss of species
as well as the addition of new host species. Our approach
allowed us to navigate these complexities and derive an
expression for the reproductive ratio of the parasite in an arbi-
trary host community in which the vector population size
may scale with, or be independent of, the host community
size. We have demonstrated that these two considerations
of parasite invasion can act synergistically or antagonistically.

Echoing the equivocal findings in support of dilution
effects across disease systems [19,20], our results identify
mechanisms that demonstrate the conditional nature of this
expectation. For example, although it is intuitive to expect
that the addition of a more competent species to a community
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would lead to an increase in parasite invasion potential, our
results collectively show that if the vector to host ratio
decreases following this addition, then invasion potential
can decrease even though average competency increases.
This underscores the importance of evaluating what regulates
vector abundance. For example, habitat constraints may limit
abundance by restricting oviposition site availability [40], and
climate can impact abundance via effects on development,
survivorship and fecundity [41]. Alternatively, vector popu-
lations may be primarily limited by the availability of blood
meals [42]. There is evidence that many vector species
capable of transmitting zoonotic parasites are habitat- and
host-generalists, which may cause these species to be
sensitive to changes in host community size [42,43]. Further-
more, environmental drivers may influence both the host
community and vector population simultaneously, creating
a novel environment for the parasite in terms of average
competency and vector to host ratios [44].

The straightforward assumption that the bites of a vector
population are distributed proportionally among component
host species allows us to retain tractability when comparing
communities that vary in composition, abundance and com-
petency. However, the approach we present can be extended
to include vector feeding preference [45]. Feeding preferences
may manifest in several ways and have been shown to impact
transmission in both West Nile virus [46] and Lyme disease
systems [42]. In the West Nile virus system, feeding prefer-
ence for American robins, an important reservoir species for
the virus, can increase the number of infected vectors
[31,46]. Furthermore, infection status of individuals may
influence their attractiveness to a vector. Birds infected with
the avian malaria parasite Plasmodium relictum have been
shown to be more attractive to susceptible vectors [47]. Infec-
tion could also alter host behaviour such that vectors can
more easily feed [48], potentially promoting parasite inva-
sion. Furthermore, the vectors themselves may represent
communities of several species with distinct demography,
phenology and biting preferences that could be included in
bespoke models tailored to a specific system [45,49].

Our results illustrate that the relationship between compe-
tence and abundance can be critical in determining how
parasite invasion responds to changes in the parasite-free
host community, and point to the importance of establishing
these relationships in the host species of the generalist parasite
being studied. Often, host species with fast life-history traits,
i.e. species that often have a large number of offspring and
are highly abundant, are also more competent in terms of para-
site transmission, including in several multi-host vector-borne
disease systems [28,30]. There are at least two explanations for
this trend. First, parasites may be pre-adapted to abundant
host species in the community, as the parasite is likely to
have encountered individuals of those species in neighbouring
communities [42,43,50]. Second, species of this type have been
found to invest less in key aspects of immunity compared to
reproduction, rapid growth and development [51]. Therefore,
life-history data for a host species may allow the prediction of
competency. For example, invasive species often are able to
reach high abundances but may not be competent for parasite
transmission, as the parasite may instead be adapted to native
host species [36], which are likely to be present in the contigu-
ous communities where the parasite originates. Alternatively,

more generalist parasites may benefit from invasive species

owing to the congruence between invader traits and fast
pace of life traits [52].

To chart the general mechanisms influencing parasite
invasion potential in host communities, we assume that
competency is constant for a given species, but it may not be
a fixed trait of a species. Interspecific interactions with other
hosts, and non-hosts, in the community can alter the ability of
a host to acquire and transmit a parasite [53,54]. For example,
competitive interactions may reduce the availability of
resources resulting in decreased body condition of the host
[55], which could affect the infectious period of the host,
positively via a reduced parasite clearance rate or negatively
via a reduced survivorship. Spatially aggregated resources
may reduce competency by increasing host condition but
could augment transmission via host aggregation [56]. How-
ever, in contrast to directly transmitted parasites, vector-borne
parasite invasion will be largely determined by the resulting
vector to host ratios in such aggregated host communities.
Beyond competition, predatory interactions may also influence
host competency. The presence of a predator may not only
reduce encounter rates between hosts and vectors through
changes in host behaviour [53] but may also induce stress on
the host, which could compromise immune function [57].
These examples emphasize the importance of considering
host competency as a dynamic trait that can be influenced by
community composition. Future work may investigate how
trophic structure can induce a range of density- and trait-
mediated effects on vector-borne parasite invasion potential.

Host community composition can vary across space and
time via a variety of mechanisms and has been shown to influ-
ence parasite invasion. We have demonstrated that community
abundance and competence, and the ratio of vectors to hosts
may vary simultaneously, creating a rich, but tractable, set of
consequences for parasite invasion. Notably, our results empha-
size that parasites do not consistently benefit from invading
lower richness communities, but rather the interplay between
average competency in the host community and the vector to
host ratio is key to understanding transmission potential. Our
modelling approach also enables predictions of how parasite
invasion potential will change as a result of commonly observed
phenomena, such as biological invasions and community
disassembly, provided we understand how species regulate
abundance [14], that we can anticipate how vector populations
will change as a result of community dynamics and we have esti-
mates of the competency of the host species in the community.
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