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abstract: Recent years have seen significant progress in under-
standing the impact of host community assemblage on disease risk,
yet diversity in disease vectors has rarely been investigated. Using
published malaria and mosquito surveys from Kenya, we analyzed
the relationship between malaria prevalence and multiple axes of
mosquito diversity: abundance, species richness, and composition.
We found a net amplification of malaria prevalence by vector spe-
cies richness, a result of a strong direct positive association between
richness and prevalence alongside a weak indirect negative asso-
ciation between the two, mediated through mosquito community
composition. One plausible explanation of these patterns is species
niche complementarity, whereby less competent vector species con-
tribute to disease transmission by filling spatial or temporal gaps in
transmission left by dominant vectors. A greater understanding of
vector community assemblage and function, as well as any interac-
tions between host and vector biodiversity, could offer insights to
both fundamental and applied ecology.

Keywords: malaria, vector management, community ecology,
biodiversity-ecosystem function, dilution effect, amplification effect.

Introduction

One of the most publicized areas of research in ecology in
recent years sits at the intersection of conservation and
public health: the study of whether preserving biodiversity
lowers infectious disease risk to humans, livestock, orman-
aged wildlife (Ostfeld and Keesing 2017). Biodiversity can
be measured along several axes, including species abun-
dances, richness (number of species), and composition
(species identity and relative abundance). The so-called
dilution effect—where disease risk to a focal host species
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decreases as the richness of potential host species increases
(Ostfeld and Keesing 2000)—has been documented in a
number of disease systems, including trees and water mold
(e.g., Haas et al. 2011), freshwater fish and trematodes (e.g.,
Lagrue and Poulin 2015), toads and fungal pathogens (e.g.,
Searle et al. 2011), and arthropod-vectored zoonoses, such
as Lyme disease and West Nile fever (e.g., Ostfeld and
Keesing 2000; Levine et al. 2017). Yet the generality of the
dilution effect is strongly debated (Randolph and Dobson
2012), and attempts to broadly characterize the relationship
between host biodiversity and disease risk via meta-analyses
have generated conflicting results. Indeed, studies have re-
ported overall dilution (Civitello et al. 2015), amplification
(i.e., increased risk with increasing diversity; Wood et al.
2017), and no effect (Salkeld et al. 2013).
Given the lack of simple generalities, studies of the in-

fluence of host biodiversity on disease risk are moving to-
ward elucidating mechanisms that give rise to a particular
outcome. One of the best-studied examples of a dilution
effect occurs with Lyme disease, caused by a tick-borne
bacteria that infects a range of mammalian species, includ-
ing humans. Mediating this effect is the fact that the white-
footed mouse is both ubiquitous across communities and
highly susceptible to the parasite (competent; Ostfeld and
Keesing 2000). Species-rich communities therefore contain
more low-quality hosts that act as competitors or predators
regulating mouse population density and/or serve as alter-
native blood hosts for the ticks, reducing the prevalence of
infected ticks in the area (Ostfeld and Keesing 2000). This
case study emphasizes that the influence of host diversity
on disease risk depends on both the variation in host com-
petence and its covariation with other traits that determine
species’ distributions and abundances (see also Joseph et al.
2013).
Like many parasites, this archetypal case study for host

diversity generating a dilution effect (Lyme disease) has
multiple vector species, yet the influence of vector diver-
sity on disease risk is underappreciated (Blaustein et al.
2010; Godfray 2013). Variation in the distribution, life
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history, and behavior of vectors will influence each spe-
cies’ capacity to transmit disease (i.e., vector competence;
table 1). As a consequence, one might predict vector spe-
cies richness to amplify disease risk if variation in traits
across species includes variation in, for example, feeding
time or seasonality, potentially increasing vector-host
contacts in space and time. However, in reality, as with
host diversity, the influence of vector diversity on disease
risk will depend on the covariance between species rich-
ness, abundance, and community composition, and both
negative (dilution) and positive (amplification) effects could
arise in natural systems (table 2; Johnson et al. 2013; Mi-
haljevic et al. 2014; Rohr et al. 2020). Classic diversity-
abundance scaling suggests that more diverse communi-
ties will be the ones with the highest total abundance
(Fisher et al. 1943; Srivastava et al. 2008). In these cases,
regardless of the distribution of community competence,
increasing diversity is likely to increase disease risk, al-
though potentially through different mechanisms (table 2,
top row). In contrast, some areas with high species diversity
show little difference in total abundance (table 2, bottom
row), such as when strong interspecies interactions regulate
densities or when environmental differences favor more
species but similar total abundances (MacArthur 1984). Re-
gardless of the cause, the influence of vector diversity on
disease risk in the absence of increasing total abundance
will depend on the order in which vector species are added
and the covariation between rarity in the regional pool and
competence (table 2, bottom row; Roche et al. 2013).
A small body of theoretical and empirical work on vector

diversity has provided support for some of these predictions
borne out of general ecological theory. For example, when
greater species diversity is associated with a large increase
in total vector abundance, theory predicts that an increase
in competent vectors can overwhelm any negative influence
of including less competent vectors in the community, re-
sulting in elevated disease risk (Roche et al. 2013). An am-
plification effect may also occur if competent vectors are
Table 1: Summary of phenological and behavioral traits of four species of Anopheles mosquitoes present on Kenyan Coast
Anopheles
arabienesis
Anopheles
funestus
Anopheles
gambiae
Anopheles
merus
 References
Season
 Dry
 Dry
 Rainy
 Dry
 Lindsay et al. 1998; Minakawa
et al. 2002; Derua et al. 2012
Larval habitat
preference
Well lit, clear,
flowing water
Well lit, clear,
fresh water
Well lit, clear,
fresh, still water
Brackish and
still water
Sinka et al. 2010
Endophilicitya
 .49 (0–1)
 .54 (0–1)
 .57 (.15–1)
 No data
 Massey et al. 2016

Affinity for

humansb

.42 (0–.80)
 .87 (.64–1)
 .81 (.63–.93)
 .12
 Killeen et al. 2017
Biting time
 Dusk to night
 Night to dawn
 Night to dawn
 Night
 Sinka et al. 2010

a Data are mean (range) of proportion of mosquitoes found biting indoors.
b Data are mean (range) of proportion of blood meals obtained from humans. Only surveys that employ both indoor and outdoor sampling were included

here.
Table 2: Predicted effects of vector diversity on disease risk driven by covariance between abundance, composition,
and species richness
Competent species are rare
 Competent species are common
Low variance
in community
competency
High variance
in community
competency
Low variance
in community
competency
High variance
in community
competency
Species richness
and abundance
covary
Amplification: total
abundance
increased
Amplification: competent
species added
Amplification: total
abundance
increased
Amplification: abundance
of competent species
increased
Communities
differ only in
species richness
Little effect: species
replaced by
something similar
Amplification: low-competence
species displaced by compe-
tent ones
Little effect: species
replaced by
something similar
Dilution: competent
species displaced by
less-competent ones
Note: Communities may differ in species richness because of having more or fewer individuals or via other processes, while abundance remains unchanged.
When competent species are rare, community competence exhibits a left-skewed distribution, and these species tend to occur only in rich communities. The
opposite holds when competent species are common. This—along with the variance in competence among species—determines the order in which species are
added and thus how community competency and disease risk will change with increasing species richness. We note that these same predictions should apply to
host communities as well.



Vector Diversity and Disease E63
rare and thus more likely found in species-rich sites (i.e., a
sampling effect), independent of any effects of abundance,
as was found for the mosquito communities that vector
West Nile virus (Martínez-De La Puente et al. 2018). Given
the potential for vector diversity to impact disease risk in
ways that are complex, indirect, and not always intuitive,
there remains a need for dissecting these relationships in
natural systems, especially since they could provide crucial
insights for vector management programs (Allan et al.
2009; Ostfeld 2009; Tran et al. 2017).
In this paper, we use previously published data on ma-

laria prevalence in humans and sampling of a diverse
mosquito vector community (Mbogo et al. 2003) to un-
derstand how disease prevalence changes with vector di-
versity and to disentangle the effects of vector abundance,
species richness, and community composition on this re-
lationship. We first test how these factors independently
influence the prevalence of malaria and quantify the over-
all effect of vector species richness in this system.We then
use path analysis (fig. 1A) to distinguish whether the ef-
fect of species richness we observe is driven by changes
in (1) abundance, (2) community composition, or (3) spe-
cies richness per se (i.e., the relative strengths of paths d#b,
e#c, and b, respectively). The four species found in this
region (Anopheles arabiensis, Anopheles funestus, Anoph-
eles gambiae sensu stricto [hereafter An. gambiae], and
Anopheles merus; fig. A1, available online) are all consid-
ered competent vector species of malaria (i.e., capable of
transmitting the disease; Hay et al. 2010; Sinka et al.
2010), although they differ in behavior, life history, and
seasonal phenology (table 1; Mbogo et al. 2003). Notably,
An. arabiensis andAn. funestus are both dry season species
thought to play important roles in sustaining transmission
between rains (Minakawa et al. 2002). We therefore pre-
dict an amplification effect driven by the prolonged trans-
mission period at villages with high vector species richness.
In this region, however, the species often considered to be
the most important vector for malaria because of its high
affinity to humans (An. gambiae; table 1; Killeen et al.
2017) is also the most common (fig. A1). This obscures
the effect of increasing species richness, as we could pre-
dict either amplification or dilution to occur depending
on how richness changes with abundance (table 2). Our
analysis allows us to distinguish between these contradictory
aTotal
abundance

c

b

d

e

DF = 2, Fisher’s C = 2.07, p = 0.36

A) Hypothesized relationships B) Model fit results

Community
composition

R2 = 0.30

Species
richness
R2 = 0.42

0.48
(0.12)

0.65
(0.040)

0.36 (0.032)

0.54
(0.095)

-0.58 (0.17)

Total
abundance

Malaria
prevalence
R2 = 0.42

Malaria
prevalence

Community
composition

Species
richness

Figure 1: Path diagram representing hypothesized relationships between characteristics of vector communities and malaria prevalence (A)
and results from fitting this model (B). Paths (arrows) represent the direction of the hypothesized causal relationship between variables, with
the arrow pointing from the predictor to the response. See table 3 for a detailed explanation of each path. In A, paths are labeled with letters to
facilitate discussion in the text. In B, path labels represent standardized coefficient estimates (i.e., expressed in standard deviation units), with
standard errors from our path analysis reported in parentheses. Note that increasing community composition in path c represents a high
abundance of Anopheles arabiensis relative to Anopheles gambiae. Black paths were statistically significant at the a p 0:05 level, while gray
paths were not. Fisher’s C statistic and associated P value from goodness-of-fit test (below path diagram) confirmed that the hypothesized
model is consistent with data.
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predictions by explicitly modeling the relationships be-
tween predictors and to calculate their relative contribu-
tions to disease transmission.
Methods

The data used in our analyses were collected byMbogo et al.
(2003). Briefly, they conducted entomological surveys at
30 villages along the eastern Kenyan coast from June
1997 to May 1998. Overnight human-landing catches were
performed in 10 huts per village every 2 months over the
course of the year-long study. Mosquito species were iden-
tified via molecular methods, and their abundances were
recorded. At the end of the vector survey period (May
1998), 76–100 school children (ages 6–12) were sampled
for malaria at each village. Endemic parasite prevalence
(i.e., chronic and asymptomatic malaria) was estimated as
the proportion of samples that showed blood-stage para-
sites in stained blood smears. Plasmodium falciparum was
found to be responsible for more than 95% of the malaria
cases in this region and thus is the only parasite species con-
sidered here. The longitudinal mosquito diversity data was
aggregated (representing cumulative exposure to vectors
over the entire study period) to match the cross-sectional
nature of the malaria prevalence data. The data set we an-
alyzed thus consisted of malaria prevalence, mosquito spe-
cies richness, and mosquito species abundance from each
village, with a sample size of 30 villages. We note that our
measure of species richness is unlikely to capture every
mosquito species that occurs in a locality but instead pro-
vides an estimate of the species that people are likely to en-
counter in huts over the course of a year.
We performed a principle component analysis (PCA)

on the relative abundance of mosquito species in each
community. We retained only those axes that explained
at least 25% of the variation in species relative abundance
as our measures of mosquito community composition.
Next, we constructed a series of linear models to assess
the relationship between malaria prevalence and mosquito
abundance, species richness, or community composi-
tion (equivalent to assessing paths a, b, and c in fig. 1A in-
dependently; see app. B; apps. A–C are available online).
We first modeled each predictor on its own and then si-
multaneously in amultiple regression (app. B).We checked
for spatial autocorrelation (geographic coordinates of the
villages obtained from the Malaria Atlas Project database
and provided in app. C; Hay and Snow 2006) and con-
firmed thatmalaria prevalence andmosquito diversitymea-
sures were not correlated between spatially proximate vil-
lages (Moran’s I: [20.05, 0.05]; P 1 :1 for all).
In order to account for potential relationships between

predictors (fig. 1A, paths d and e) and to test all hypotheses
under one unifying framework, we conducted a path anal-
ysis on the hypothesized full model, as depicted in figure 1A,
using the R package piecewiseSEM (Lefcheck 2016). The
rationale for the model structure, including direction-
ality of relationships, is detailed in table 3. All statistical
Table 3: Rationale for each modeled path, their standardized effect sizes (and standard errors) from path analysis,
and interpretation of observed relationships
Path
 Rationale
 Magnitude
 Interpretation
a. Abundance →
malaria prevalence
High vector abundance increases vector-
host contact rates, which in turn in-
creases disease transmission.
.36 (.032)
 There is no direct effect of vector abundance
on malaria prevalence.
b. Species richness→
malaria
Species richness may dilute or amplify
disease risk.
.48 (.12)*
 High vector species richness results in high
malaria prevalence.
c. Composition →
malaria prevalence
Certain vector species combinations
achieve high disease transmission, for
example, via efficient niche partitioning.
2.58 (.17)*
 A high Anopheles arabiensis to Anopheles
gambiae ratio is associated with low
malaria prevalence.
d. Abundance →
species richnessa
When local communities result from
sampling a larger regional pool, high-
abundance samples will include more
species.
.65 (.04)*
 High vector abundance sites consist of more
species.
e. Species richness →
composition
If certain species are ubiquitous, compo-
sition will converge in depauperate
communities.
.54 (.095)*
 Species-depauperate communities tend to be
dominated by An. gambiae, in particular,
relative to An. arabiensis. This ratio
decreases as species richness increases.
a The directionality of this path can, in theory, be reversed (e.g., high species richness leads to high abundance via niche complementarity). Here, we spec-
ified our model after Grace et al. (2007), who found abundance → species richness to dominate in natural systems. Competing alternative versions of our
model (fig. 1A, with path d in the opposite direction; fitted with R package lavaan [Rosseel 2012]) confirmed that the model with abundance→ species richness
has a much better fit according to the corrected Akaike information criterion (210.75 vs. 65.33).

* P ! :05.
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analyses were conducted with R statistical software ver-
sion 3.5.0 (R Development Core Team 2018).
Results

A PCA of the relative abundance of mosquito species
across 30 villages in Kenya (from Mbogo et al. 2003)
showed that PC1 was occupied primarily by Anopheles
funestus, while Anopheles gambiae and Anopheles arab-
iensis loaded onto PC2 in opposite directions (fig. 2). To-
gether, these two axes explained 190% of the variance in
the vector data. Results of univariate regression models
are presented in appendix B. In brief, we confirmed that
both mosquito abundance and community composition
(PC2 only) were correlated with species richness (Pearson
correlation coefficientp 0:45 and 0.53, respectively; P ! :01
for both). Abundance and species richness were positively
associated with malaria prevalence (fig. 3; table B1; tables B1,
C1 are available online). Only PC2 (and not PC1) pre-
dicted malaria prevalence (table B1); therefore, we used
this axis to represent community composition for the re-
mainder of the analyses.
The path analysis showed that higher species richness

(fig. 1B, path b) and changes in community composition
that were more likely at high richness (fig. 1B, paths c
and e) had the largest impacts on malaria prevalence. Con-
sistent with our prediction of an amplification effect due to
variation in vector phenology, an increase in species rich-
ness caused an increase in malaria prevalence (fig. 1B; path
b was positive). A high An. arabiensis to An. gambiae ratio
was associated with decreased malaria prevalence (path c
was negative), and this particular combination occurs at
high vector species richness (path e was positive). This in-
direct dilution effect was relatively weak (obtained by mul-
tiplying the path coefficients of c and e: 0:54#20:58 p
20:31), causing the overall effect of species richness to be
positive (obtained by summing the direct and indirect ef-
fects, paths b1 c#e: 0:481 (20:31) p 0:17). Mosquito
abundance had only an indirect influence on malaria prev-
alence through its impact on species richness (fig. 1B; path a
in gray was not significant, but paths b and dwere). In sum,
we found that villages with high malaria prevalence were
characterized by high mosquito species richness and had
a high An. gambiae to An. arabiensis ratio.
Discussion

In this study, we investigated several axes of vector diversity
as drivers of disease risk and found that increasing mos-
quito species richness leads to a net increase in prevalence of
gambiae
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Figure 2: Biplot depicting similarities in relative abundances of mosquito species at each site. Principle component (PC) 1 explained 64.2%
of the variation in the data, while PC2 explained 26.1%. Blue arrows p species loadings; circles p sites. Color scheme corresponds to total
vector abundance at each site.
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malaria (figs. 1B, 3). The two components thatmade up this
amplification effect were (1) a strong direct positive effect of
species richness on malaria prevalence and (2) a weak indi-
rect negative effect of richness mediated through commu-
nity composition, which occurred only when the relative
abundance of Anopheles gambiae—known to be a key vec-
tor of malaria parasites (Sinka et al. 2010)—decreased with
increasing species richness. These results point to the com-
plex nature of vector diversity and disease relationships,
where any effect of species richness can be modified by
the specific species composition present. Our path analysis
was also able to distinguish between the influence of species
richness and abundance on malaria prevalence, and coun-
terintuitively, we found no significant direct effect of vector
abundance on malaria prevalence (fig. 1B, path a). Al-
though these results are broadly similar to those obtained
from multiple regression (app. B) and other published
reports (Park et al. 2015; Martínez-De La Puente et al.
2018), the path analysis was able to disentangle the direct
and indirect pathways through which diversity can impact
disease prevalence, and it revealed simultaneous dilution
(indirect via community composition) and amplification
(direct) effects of species richness in this system (Luis
et al. 2018).
Principles of community assembly have been instru-

mental in elucidating plausible effects of species richness
on disease risk (tables 2, 3). In addition to the direct effect
of species richness, associated shifts in abundance and
composition as species richness increases can influence
the distribution of vector competence in a community
and therefore the number of effective bites a focal host pop-
ulation will receive. Species richness can amplify disease
risk due to total (or individual species) abundance rising si-
multaneously, dilute disease risk when individuals of one
species are replaced by those of a less competent species,
or have little to no effect when replaced by individuals with
similar competence. Our path analysis suggests that in our
system, abundance only influenced malaria prevalence in-
directly through its effect on richness (fig. 1B; path a was
not significant). However, the strong correlation between
abundance and species richness here and in the literature
more broadly suggests that in the absence of other informa-
tion, total vector abundance could act as a surrogate to cap-
ture some of the consequences of higher species richness.
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Figure 3: Relationships between mosquito species richness, abundance, and malaria prevalence. Malaria prevalence is positively related to
mosquito species richness. Black line p predicted malaria prevalence from linear model with number of mosquito species as predictor
(b p 0:22, SE p 0:10, P p :03; see table B1 [available online], model 1). Shaded area p 95% confidence interval of predicted values. Each
point represents a single village in Kenya, as reported in Mbogo et al. (2003), and the colors show a positive relationship between mosquito
abundance and malaria prevalence (b p 0:06, SE p 0:03, P p :03; see table B1, model 2).
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The variation in community composition across sites
(fig. 2) suggests that abundances of different species accumu-
lated at different rates. More specifically, although An.
gambiae was ubiquitous (fig. A1), it tended to dominate at
low-abundance sites, while Anopheles funestus dominated
higher-abundance communities (fig. 2). The rate of increase
of An. gambiae abundance therefore slowed as species rich-
ness increased. This effect was captured in part by the posi-
tive association between community composition (PC2 as
proxy) and species richness (fig. 1A, path e). Despite
species-rich communities harboring a greater proportion of
the more generalist vector, Anopheles arabiensis, relative to
the human specialist vector, An. gambiae (fig. 1A, path e;
table 1), we found that increasing species richness tended
to increase malaria prevalence.We hypothesize that malaria
transmission could bemostly driven byAn. gambiae, but the
other species, despite lower affinity for humans,fill transmis-
sion gaps in time and/or space. Since themost common spe-
cies in our study area,An. gambiae, is also the only rainy sea-
son species, the presence of any other species is likely to
prolong transmission into the dry season (table 1;Minakawa
et al. 2002). This highlights the often neglected roles of op-
portunistic vector species, as they may possess other traits
important to disease transmission (Kiware et al. 2012;Waite
et al. 2017). Understanding the correlations between traits in
vectors (e.g., competitiveness, host-seeking behavior, com-
patibility with parasite, phenology) and how they scale up
to influence community assemblage and function will be
an asset in making accurate predictions about diversity-
disease relationships (Strauss et al. 2015).
The complex epidemiology of malaria involves seasonal

transmission driven by climate-regulated mosquito popu-
lation dynamics (Selvaraj et al. 2018) as well as chronic in-
fections that may persist for manymonths. Thus, while the
malaria prevalence data reported in Mbogo et al. (2003)
was collected in May 1998, it is impossible to tell when
those infections were acquired. The appropriate compara-
tor vector data are also not intuitive (Gu et al. 2003; Sel-
varaj et al. 2018).We chose to correlate malaria prevalence
with vector abundance and diversity measures aggregated
over the year-long study (June 1997–May 1998). This ag-
gregation provides an estimate of the cumulative exposure
to vectors and is akin to annual entomological inoculation
rate (number of infectious bites per person per year), which
is a common metric of malaria endemicity and transmis-
sion intensity (Beier et al. 1999; Hay et al. 2000). Nonethe-
less, we do caution that the temporal aggregation of vector
diversity data may lead to biased effect estimates if there is
high turnover in the species that drive transmission (Sajjad
et al. 2017). Future studies that explicitly track disease inci-
dence and host/vector population dynamics over multiple
transmission seasons will be crucial for pinpointing mech-
anisms (e.g., Park et al. 2015).
This study emphasizes the importance of considering
multiple axes of vector diversity when investigating cor-
relates of disease risk, and future work could extend this
in a couple of ways. The data set we analyzed considered
a single mosquito genus collected during in-hut catches
(Mbogo et al. 2003). In-hut catches may result in under-
estimation of the abundances of outdoor-feeding species
(although the species reported here exhibit similar pro-
pensities to feed indoors vs. outdoors; table 1), while em-
ploying mixed survey design can improve the accuracy in
quantifying vector abundance and community composi-
tion (Killeen et al. 2017). Although the genus Anopheles is
responsible for malaria transmission, if ecological inter-
actions among mosquito genera are important (e.g., com-
petition for breeding sites), then studies that capture this
broader diversity will be important. Our analyses also can-
not account for any variation in abundance or composi-
tion of species fed on by the vectors. Although humans
are the only major host species for Plasmodium falci-
parum, diversity in available sources of blood meals could
produce a dilution effect if mosquito feeding patterns
track that availability (Roche et al. 2013). This interaction
of biodiversity at different trophic levels has been studied
in avian malaria and West Nile virus systems, which en-
compasses multiple bird, mosquito, and parasite species.
In those systems, malaria prevalence in birds depends on
mosquito species richness (Martínez-De La Puente et al.
2018), vector host preference (Martínez-De La Puente
et al. 2018), contact rate between hosts and vectors (Me-
deiros et al. 2015), geographic range of vectors (Fecchio
et al. 2017), and parasite-host compatibility when vectors
are all generalists (Medeiros et al. 2013). While the diver-
sity of Anopheles species captured in our study, with dis-
tinct feeding preferences (table 1), may capture some of
the consequences of diversity at other trophic levels, these
remain mostly unexplored for vector-borne diseases. Fu-
ture work in this area will not only enrich our under-
standing of community assemblage and functioning but
also have implications for applied ecology as well.
Vector management plays an integral role in the con-

trol of malaria and other diseases (Godfray 2013). Knowl-
edge of how mosquito communities are structured and
function can bring important insights on how to design
effective management programs, for example, by suggesting
particular species or sites to target and enabling predictions
for how those communities will respond following inter-
vention. Vector management for the control of malaria
aims to decrease mosquito density (e.g., through the appli-
cation of insecticides) and/or decrease host-vector contact
rate (e.g., through the distribution of bed nets), but any
strategymay have unintended consequences for the broader
vector community. For instance, depending on the relative
sensitivity and behavior of each species, insecticides could
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lead to competitive release of competent vector species
(Coetzee et al. 2000; Godfray 2013; Mwangangi et al.
2013). Further, if competent vectors have high abundance
at broader spatial scales, then they may be able to recolo-
nize cleared-out patches quickly, compromising the efficacy
of a localized eradication strategy (Laporta et al. 2013).
The efficacy of bed nets for reducing contact rates between
hosts and vectors could similarly be compromised if the
vector communities are dominated by outdoor, opportu-
nistic feeders. In such areas, so-called zooprophylaxis may
be a successful alternative (Asale et al. 2017). This strategy,
dating back to the 1950s, introduces alternative sources
of blood meals (such as domesticated animals) with the
expectation of diverting mosquitoes away from humans
(Macdonald 1956; Asale et al. 2017).
There is no doubt that managing vectors is key for con-

trolling disease transmission. Taking a community ecol-
ogy perspective can help shape vector management strat-
egies by shedding light on the characteristics that make
certain communities the most important ones to target.
We as well as others (Roche et al. 2013; Park et al. 2015;
Martínez-De La Puente et al. 2018) have demonstrated
that the predicted beneficial effects of diversity for disease
risk (i.e., the dilution effect) do not necessarily apply to
vectors. Although we know of no one advocating for the
conservation of, for example, mosquitoes, moving forward
it will be important to determine if and how maintaining
diversity in host communities influences diversity of any
associated vector communities. Put another way, could at-
tempts to reduce the risk of one disease inadvertently in-
crease the risk of another? Preserving biodiversity has in-
trinsic value and many important benefits, but its impact
on disease prevalence is unlikely to be straightforward and
should be promoted with caution.
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