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Predators and parasites are critical, interconnected members of the community and 
have the potential to shape host populations. Predators, in particular, can have direct 
and indirect impacts on disease dynamics. By removing hosts and their parasites, 
predators alter both host and parasite populations and ultimately shape disease trans-
mission. Selective predation of infected hosts has received considerable attention as 
it is recognized to have important ecological implications. The occurrence and con-
sequences of preferential consumption of uninfected hosts, however, has rarely been 
considered. Here, we synthesize current evidence suggesting this strategy of selectively 
predating uninfected individuals is likely more common than previously anticipated 
and address how including this predation strategy can change our understanding of the 
ecology and evolution of disease dynamics. Selective predation strategies are expected 
to differentially impact ecological dynamics and therefore, consideration of both strat-
egies is required to fully understand the impact of predation on prey and host densities. 
In addition, given that different strategies of prey selectivity by predators change the 
fitness payoffs both for hosts and their parasites, we predict amplified coevolutionary 
rates under selective predation of infected hosts compared to uninfected hosts. Using 
recent work highlighting the critical role that predators play in disease dynamics, we 
provide insights into the potential mechanisms by which selective predation on healthy 
individuals can directly affect ecological outcomes and impact long-term host–parasite 
coevolution. We contrast the consequences of both scenarios of selective predation 
while identifying current gaps in the literature and future research directions.

Keywords: host–parasite, coevolution, predation, selective predation, disease 
dynamics

Introduction

Parasites are a critical component of many ecological communities and can shape host 
populations and alter community structure (Minchella and Scott 1991, Grenfell and 
Dobson 1995, Zuk et al. 1997). At the same time, other community members such 
as competitors (Holt et al. 2003) and predators (Ives and Murray 1997, Packer et al. 
2003) can limit or promote establishment and persistence of a parasite in a host 
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population. Predators, in particular, can influence disease 
dynamics directly by reducing the abundance of both sus-
ceptible and infected hosts (Packer et al. 2003, Orlofske et al. 
2014). Additionally, when consuming their prey, predators 
indirectly alter parasite populations by consuming their prey’s 
parasites (Ives and Murray 1997). These direct and indirect 
mechanisms can result in changes in both host and para-
site population dynamics and can ultimately shape disease 
transmission.

The effects of predation on disease transmission have 
been investigated using theoretical (Ostfeld and Holt 2004, 
Hall et al. 2005) and experimental approaches (Lafferty 
2004, Duffy et al. 2005, Johnson et al. 2006). Attention 
has been focused on the potential for predators to alter the 
effects of parasites on host population dynamics by selec-
tively predating infected hosts (Packer et al. 2003, Malek 
and Byers 2016, Lopez and Duffy 2021). This approach 
assumes that infected individuals are infectious and symp-
tomatic and we will also make that assumption. Infected 
prey thus suffer from energetic, cognitive or other physi-
ological costs that result in reduced predator avoidance 
or escape ability (Decaestecker et al. 2002), accordingly 
predators are modeled to preferentially consume infected 
individuals (Schaller 1972, Moore 2002). Such increased 
vulnerability to predation due to parasite-induced mor-
bidity is widespread (Moore 2002, Hatcher et al. 2006, 
DeBlieux and Hoverman 2019). In these cases, however, 
predators are not actively selecting infected prey. Rather, 
consumption of infected prey is a consequence of the nega-
tive effect of the parasite on the host/prey.

Although selective predation on infected prey has 
attracted considerable attention, cases of predators prefer-
entially selecting uninfected prey are less often considered 
(Sloan and Simmons 1973, Schlichter 1978). Such preferen-
tial consumption of uninfected prey is likely more common 
than is currently assumed. While limited, there is evidence 
that some predators have the ability to discriminate and 
avoid infected prey thus reducing their likelihood of infec-
tion (Hamilton and Zuk 1982, Jones et al. 2005, Meyling 
and Pell 2006). There is an array of opportunities for selec-
tive predation on healthy hosts that can modulate disease 
dynamics (Holt and Roy 2007, Toor and Best 2015, Vitale 
and Best 2019).

Disease outcomes are shaped by selective pressures 
imposed on the predator, parasite and host which, depend 
on their particular ecological strategies. For example, para-
sites are expected to be selected to manipulate the behavior 
of their hosts such that the latter become more conspicuous 
to predators who can serve as the next host in their lifecycle, 
but to conceal their hosts from predators who are a dead-end 
to the parasite (Moore 2002). Palatable prey, for instance, are 
not expected to opt for traits that increase their conspicu-
ousness to predators, but uninfected individuals may be con-
spicuous as a by-product of selection in other contexts (e.g. 
mating). Similarly, for predators that may be infected by 
consuming infected prey, selective predation on healthy indi-
viduals is expected to evolve. Disease dynamics thus result 

from complex interactions among species specific strategies 
from all of those ecological players.

Here, we identify the characteristics of hosts, parasites 
and predators likely to yield a significant role for predators 
to influence disease dynamics. In particular, we discuss the 
mechanisms by which differential predation for infected ver-
sus uninfected individuals may occur and address the eco-
logical and coevolutionary consequences of those strategies. 
While predation, in general, decreases host densities, the eco-
logical and evolutionary outcomes of host–parasite dynam-
ics may be quite different under different selective predation 
strategies. Integrating hypotheses from both disease ecology 
and behavioral ecology, we provide insights into the effects 
of predation strategies in modulating disease dynamics and 
highlight future research directions.

Selective predation on infected individuals

Support for predators selectively predating infected, possibly 
weakened and easier to catch prey, has been widely recog-
nized in experimental studies in which parasite-induced mor-
bidity increases the host’s risk of predation (Schaller 1972, 
Moore 2002). For example, snowshoe hares Lepus america-
nus treated with antihelminthics are less likely to be attacked 
by predators than untreated, infected individuals (Ives and 
Murray 1997). In water fleas, Daphnia spp., multiple lines of 
evidence show that predatory fish preferentially feed on prey 
infected with the chytrid fungus Polycaryum laeve. Similarly, 
fungal infections make zooplankton opaque and conspicuous 
to certain fish predators, increasing predation risk for both the 
host and parasite (Duffy and Hall 2008, Johnson et al. 2010). 
Selective culling of infected individuals due to fish predation 
ultimately reduces infection prevalence in zooplankton pop-
ulations (Hall et al. 2005, 2010). Experimental mesocosms, 
for instance, revealed that infected Daphnia are consumed 
two to five times more frequently than healthy individuals of 
similar size (Galbraith 1967). Field studies further validate 
that yellow perch impose stronger selection against infected 
Daphnia (Johnson et al. 2006). Thus, parasitic infections can 
decrease the effectiveness of anti-predator strategies, resulting 
in higher predation pressure for infected prey.

Predators can also selectively consume infected individuals 
due to higher encounter probabilities with such prey rather 
than a particular preference for attacking susceptible indi-
viduals. This pattern can arise from either host behavioral 
changes due to parasite manipulation (Moore 2002, Lefèvre 
and Thomas 2008) or pathological alterations as a result of 
infection. In parasites with complex life cycles, manipulation 
of intermediate hosts to increase predation risk is common 
resulting in such predation increasing transmission to the final 
host (Moore 2002, Poulin 2010). Likewise, parasite-induced 
changes in host pathology can increase the probability of 
predation for infected individuals. For instance, the abun-
dance of red grouse Lagopus lagopus and their fox predators, 
is influenced by a parasitic nematode Trichostrongylus tenuis 
that exploits red grouse as their host (Hudson et al. 1992). 
Robust evidence that foxes selectively prey on heavily infected 
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grouse comes from comparisons among temporal and spatial 
variation in fox hunting intensity. In areas where gamekeep-
ers control fox abundance, red grouse exhibit seasonal cyclic 
fluctuations in population density predominantly driven by 
a reduction in host fecundity resulting from the parasitic 
infection (Hudson et al. 1998). If the number of predators 
is allowed to increase by removing gamekeepers, however, the 
abundance of grouse is less likely to oscillate (Hudson et al. 
1992). Once predator control methods are resumed, oscil-
lations in red grouse abundance also resume. Comparisons 
between sites with and without gamekeepers show increases 
in nematode infection prevalence in grouse with decreased 
predation pressure due to fox hunting (Hudson et al. 1992). 
Similarly, infections of Spirobacillus cienkowskii, a bacterial 
parasite that infects Daphnia dentifera, display infectious epi-
demics consistent with seasonal changes in predation rates 
(Duffy et al. 2005). The evidence from these studies supports 
the role of predation in decreasing disease prevalence within 
host populations.

Regardless of the mechanism (parasite manipulation or 
pathological effects), as predators eliminate infected individ-
uals from the prey population, they limit the spread of disease 
(Packer et al. 2003) (Fig. 1a). Following the robust evidence 

suggesting infected individuals are more likely to be predated 
over uninfected prey in many systems (Hatcher et al. 2006), 
a growing number of theoretical models and empirical stud-
ies have investigated the relationship between predation and 
infection prevalence in this context. Among the proposed 
conceptual frameworks outlining the potential effects of pre-
dation on disease dynamics, the ‘healthy herds’ hypothesis has 
received the most attention (Packer et al. 2003). Correlative 
evidence of predators reducing the prevalence of disease 
within a host population is abundant. Additionally, several 
models have provided insights into the role selective preda-
tion plays in modulating population densities and therefore 
disease outcomes in their prey population (Hall et al. 2005, 
Duffy and Hall 2008, Vitale and Best 2019).

Selective predation on healthy individuals

We propose that preferential predation of uninfected prey, 
while less often discussed and assumed to be limited, is likely 
common and could occur under different conditions. On one 
hand, it could be the result of predators who can detect and 
avoid consuming infected prey. On the other hand, preferen-
tial predation of uninfected prey could result from predators 

Figure 1. Representation of the effect of selection predation on infected (a) and uninfected (b) prey. In addition to a reduction in host popu-
lation density, selective predation results in different changes in allele frequency of host resistance. Coevolutionary rates are expected to 
increase with selective predation on infected prey (a) and decrease with selective predation on healthy prey (b).
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consuming individuals who, due to their healthy status, display 
traits that make them more likely to be detected and increase 
encounter rates. The outcome in both cases results in consump-
tion of healthy prey. While in the first case predators actively 
avoid infected individuals, in the second one, predators pref-
erentially attack healthy prey. Below we discuss both scenarios.

Avoidance of infected prey requires external cues of para-
sitism and a high cost of infection for the predators. The cues 
may be a non-adaptive side effects of infection or may occur 
when infected prey carry specialized parasites who exploit 
predators as the next host in their lifecycle. These parasites 
may be able to manipulate their intermediate host to increase 
transmission to final hosts. To reduce infection risk and 
costs, final hosts may be under selection to avoid infected 
prey. Along these lines, predators that have evolved with the 
parasite of an intermediate host consume fewer infected prey 
compared to a naive predator (Sheath et al. 2018). For exam-
ple, Anthocoris nemorum, the common flowerbug, a generalist 
predator that can be infected by Beauveria bassiana, a fungal 
pathogen transmitted by foraging on plants with the fungus, 
can detect and avoid infected plants (Meyling and Pell 2006). 
These predation strategies can reduce infection risk and costly 
consequences for the predator.

Predators often use visual cues, such as prey size, to modu-
late their foraging strategy. For instance, red-winged black-
birds Agelaius phoeniceus in captive feeding trials prefer to 
forage on army-worms Spodoptera frugiperda that are not par-
asitized by an ectoparasitoid wasp Euplectrus plathypenae as 
non-infected worms grow larger in size compared to infected 
army-worms (Jones et al. 2005). Similarly, black-capped 
chickadees Parus atricapillus showed a preference for foraging 
upon larger galls on Canada goldenrod Solidago canadensis 
that are not parasitized by mordellid beetle larvae (Schlichter 
1978). In these cases, however, it is unclear if predators are 
avoiding infected prey, choosing higher reward prey due to 
their larger size, or both. While detection of infected prey has 
been described mainly in systems where infection results in 
changes in prey-emitted visual cues, other sensory modalities 
are likely to provide information about infection status.

Alternatively, selective predation of healthy individuals 
could result from lower prey encounter rates with infected 
individuals due to reduction of host activity associated with 
infection. Vector-borne diseases, for example, often elicit 
symptoms that reduce host mobility (Moore 2002) and can 
result in increased predation rates of uninfected individuals. 
Consistent with this prediction, infection with avian malaria 
Plasmodium in blue tits Cyanistes caeruleus is associated with 
lower recapture rates than uninfected birds (Lachish et al. 
2011). To our knowledge, however, few studies have exam-
ined the role of predators at modulating host and vector 
born disease dynamics (Møller and Nielsen 1997). Similarly, 
pathological consequences of infection can dampen traits that 
increase prey detectability to natural enemies. This phenom-
enon has been shown in Eastern tree hole mosquito larvae 
Aedes triseriatus infected with gregarines Ascogregarina bar-
retti (Jones et al. 2016). While this parasite alone does not 
affect mortality of this mosquito larvae, in the presence of the 

predatory larval, elephant mosquito Toxohrynchites rutilus, 
uninfected individuals experience higher mortality rates. 
Compared to uninfected larvae, infected larvae are less active 
and thus less likely to be detected by predators. Unlike cases of 
host manipulation, parasite-induced changes in these scenar-
ios are side effects of infection and not adaptive physiological 
changes mediated to promote the transmission of the parasite.

A common scenario that also results in selective preda-
tion of healthy individuals is the production of conspicuous 
mating signals. It has long been proposed that individuals 
with more conspicuous mating signals are less likely to be 
infected by parasites as a result of heritable resistance (known 
as the Hamilton–Zuk hypothesis (Hamilton and Zuk 1982). 
Although evidence supporting this hypothesis is inconclu-
sive (Balenger and Zuk 2014), in multiple systems there is 
decreased infection prevalence among individuals who pro-
duce conspicuous signals and such individuals suffer higher 
predation rates. For example, parasitic infections reduce the 
degree of expression of carotenoid colors therefore reducing 
the conspicuousness of male sexual signals in Trinidadian 
guppies Poecilia reticulata (Houde and Torio 1992). Male 
guppies displaying more conspicuous signals are more likely 
to be approached, attacked and captured by predatory blue 
acara cichlid fish Aequidens pulcher (Godin and McDonough 
2003). Given that individuals with more conspicuous signals 
are more easily detected by predators (Endler 1991), which 
may occur due to their non-infected status, this system is a 
prime example of selective predation on healthy individu-
als. Investigating similar systems with conspicuous signals, 
focusing on those modified by parasitic infection (Jones et al. 
2016), would provide a better estimate of the frequency of 
selective predation on healthy individuals. The Hamilton–
Zuk hypothesis has received considerable attention in behav-
ioral ecology (Balenger and Zuk 2014), but exploration of 
its role in altering host–parasite dynamics has been limited. 
We propose that this scenario of eavesdropping predators 
selectively removing healthy (presumably uninfected) indi-
viduals represents a potentially important mechanism that 
can affect host–parasite dynamics. Theoretical and empirical 
approaches that assess the impact on parasite prevalence and 
virulence when predators eavesdrop on prey mating signals 
would provide valuable insights into the consequences of 
these interactions on disease dynamics. This type of selective 
predation, for instance, is likely to alter frequency-dependent 
host–parasite dynamics during the breeding season of the 
host. In some species thus, in- and out-of-breeding season 
periods may result in alternations between different types of 
selective predation ultimately shifting short-term temporal 
disease dynamics. One mathematical model has considered 
switches in selective predation during the lifetime of the host 
(Mukhopadhyay and Bhattacharyya 2009) but to our knowl-
edge, no observational or experimental studies have consid-
ered the impact on parasite population dynamics.

Predators that disproportionately prey upon healthy prey, 
as discussed above, could ultimately increase disease preva-
lence of prey populations (Fig. 1b). In general, predation 
decreases host densities resulting in fewer opportunities for 



5

disease transmission. However, predators that exhibit a pref-
erence for uninfected prey could alter the ratio of infected 
to uninfected individuals within a population, increasing the 
probability of susceptible individuals encountering parasites, 
ultimately raising transmission rates. Additionally, selective 
predation of healthy individuals is expected to change the 
cost of infection imposed on the host. Infected prey would 
have a lower risk of predation and thus reduced predation 
mortality rates compared to healthy individuals. We thus 
suggest that the benefit of increased survival due to reduced 
predation may, under some circumstances, partially offset the 
fitness cost of a parasitic infection.

Coevolutionary consequences of selective 
predation

In the previous section we highlighted how selective preda-
tion of healthy individuals versus infected individuals can 
result in contrasting ecological outcomes. Here we discuss the 
role that selective predation plays in long-term, evolutionary 
disease dynamics and how their disparate disease outcomes 
are expected to alter host–parasite coevolutionary dynamics. 
Selective predation may result in coevolutionary changes in 
host resistance and parasite virulence but the diverse conse-
quences of removal of infected or uninfected hosts have not 
been fully explored (but see Best 2018). Different predation 
strategies have the potential to shape the evolutionary conse-
quences of selective predation on host–parasite interactions.

Equivalent to the mechanisms proposed by the ‘healthy 
herds’ hypothesis addressing predation on infected individu-
als, a reduction of both host and parasite population densi-
ties would be expected. The combination of an increase in 
host resistance, increased predation of infected hosts and a 
decrease in host and parasite densities could lead to evolu-
tionary changes in parasite populations. As result of the now-
shorter host life span and thus a shorter infectious period, 
an increase in the selective pressure for parasites with the 
highest transmission potential would be expected (Poulin 
and Combes 1999, Combes 2001, Krist et al. 2004). Such 
selection for increased parasite transmission would in turn 
increase selection for higher host resistance, which could 
increase the frequency of host resistance alleles. In the same 
way that the prevalence of parasites selects for increased host 
resistance (Minchella 1985), selective predation of infected 
individuals is expected to lead to an increase in selection 
intensity in the frequency of alleles for host resistance. 
Ultimately, the increase selective pressures on both the para-
site and host would amplify the rate at which they coevolve 
in response to one another (Fig. 2a). While the link between 
parasite virulence and disease transmission remains unclear 
(Williams et al. 2014, Ben-Ami 2017, Ben-Shachar and 
Koelle 2018), there is strong evidence for a positive relation-
ship between within host replication and virulence, as well as 
between replication and transmission (Acevedo et al. 2019, 
Turner et al. 2021). Reduced infectious periods, as a result of 
selective predation on infected individuals, is thus expected 

to increase the replication rate of parasites, amplifying the 
strength of selection between parasites and their hosts. Yet, 
in Daphnia, some theoretical models suggest parasite viru-
lence may not increase in all systems due to the joint effect of 
selective predation and rapid host evolution (Hall et al. 2007, 
Duffy and Hall 2008, Best 2018). In general, there is lim-
ited clarity about how the different direct and indirect effects 
of consumption of infected individuals interact with dis-
ease dynamics over evolutionary time. Experimental studies 
examining the effect of this predation pattern on the coevolu-
tion between hosts and parasites are needed to further clarify 
allele frequency dynamics associated with parasite virulence 
and host resistance.

Given the distinct patterns between selective predation 
on infected versus healthy individuals, we predict changes 
in rates of host–parasite coevolution. If a predator selectively 
removes healthy individuals from the population, the number 
of resistant hosts is also expected to be reduced. Meanwhile, 
infected prey would experience a decrease in predation-
induced mortality resulting in an extended time for parasite 
transmission. Under these circumstances, the reduced cost of 
infection for the host is expected to decrease selection for host 
resistance alleles and therefore, reduce the selective pressure 
for higher virulence in parasites. Accordingly, we predict that 
the combination of selective predation on uninfected indi-
viduals and the subsequent relaxed selection for host resis-
tance and parasite transmission would dampen the rate of 
coevolution between hosts and their parasites (Fig. 2b). The 
net costs of infection and evolutionary outcomes likely differ 
when predators selectively avoid infected prey versus when 
eavesdroppers are preferentially attracted to uninfected prey. 
Estimating the net cost of infection, however, may be difficult 
in systems where predation costs are linked to mating costs 
that may be suffered due to the production of less conspicu-
ous mating signals (e.g. reduced mate attraction). We identify 
specific research avenues that can improve our understanding 
of the way selective predation impacts disease dynamics.

Studies investigating the impact of predators on dis-
ease have generally been conducted using systems where 
infected individuals experience increased predation pres-
sure (Schlichter 1978, Ives and Murray 1997, Moore 2002, 
Johnson et al. 2006). Thus, the potential for predators to 
decrease the number of infected hosts and reduce parasite 
transmission has been well-documented (Combes 2001, 
Moore 2002). Studies focusing on host and parasite changes 
under selective predation of healthy individuals will be criti-
cal for a comprehensive understanding the mechanisms by 
which predators ultimately alter host–parasite dynamics.

Towards understanding how selective 
predation modulates host–parasite 
dynamics

Here we identify specific venues of research that need par-
ticular attention to move the field forward at understand-
ing the way selective predation impacts disease dynamics. 
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Examining the influence of predation on host–parasite inter-
actions requires knowledge of predator, prey and parasite life 
history traits that can shape disease outcomes. For instance, 
predator feeding behavior and its effects on the behavior 
of their prey can be affected by the host’s infection status 
(Decaestecker et al. 2002, Moore 2002, Hatcher et al. 2006). 
Under distinct predation strategies, prey could experience dif-
ferent levels of predation pressure, altering the cost of a para-
sitic infection for the prey. These changes in the virulence of 
such parasites can also mediate the degree and rate of changes 
in predator–prey and host–parasite dynamics. Similarly, sea-
sonal changes in host behavior, predator feeding preferences 
or the cost of infection could modulate disease dynamics. 
Given that in many organisms their reproductive behavior 
is restricted to certain times of the year, and it requires high 
energetic demands, seasonality in life history traits associated 
with disease dynamics are likely. Additionally, the potential 
for genetic correlations between host resistance to parasites 
and resistance to predators may affect responses to selection 
on host–parasite coevolution (Friman and Buckling 2013). 

Few study systems, however, seem to have such information 
available across hosts, their predators and parasites. Further 
studies that exploit natural variation in life history traits and 
genetic mechanisms that influence disease outcomes and 
examine those traits associated with selective predation for 
uninfected individuals, could reveal previously unconsidered 
disease dynamics.

Additionally, the structure of parasitic communities can alter 
critical disease factors, such as the cost of infection for hosts 
and predators and shape the way predators interact with their 
prey. Co-occurrence of different species of parasites in a host 
population can influence the host-choice behavior of parasites. 
In cases where one parasite species is competitively dominant 
and reduces the successful establishment of another species, 
the subordinate parasite may alter their host-choice strategy. 
Free-living larval stages of subordinate trematode species detect 
and avoid potential snail hosts infected with dominant para-
sites to increase their establishment success (Allan et al. 2009, 
Vannatta et al. 2020). Such host-choice behavior could lead 
to the aggregation of the subordinate parasites’ population in 

Figure 2. Illustration of frequency-dependent mechanisms that could lead to a change in the rate of coevolution between hosts and parasites 
as a result of selective predation pressure on infected (a) and uninfected (b) prey.
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a small number of hosts. Even though this type of host choice 
behavior has not been directly linked to aggregation of para-
sites in hosts, aggregation is common (Combes 2001, Poulin 
2013). Changes in parasite load can alter the cost of infection 
through increased parasite-induced mortality or risk of preda-
tion. Interactions among species of parasites within a commu-
nity through predation of infected or healthy individuals can 
shift the interplay between hosts, parasites and predators and 
influence disease transmission rates.

Investigations across multiple locations could provide 
instances of different selective predation strategies across 
populations allowing direct comparisons of these strategies 
on host–parasite interactions. Potential scenarios that could 
provide opportunities for assessing the differential role of 
selective predation include taking advantage of natural varia-
tion in predator abundance and distribution. For example, as 
species become isolated on predator-free islands (Blumstein 
2002), insular systems could be used to contrast disease and 
prey dynamics with their mainland counterparts. Similarly, 
human-driven control of predators across populations, have 
and can offer valuable study systems to examine patterns of 
disease dynamics. For example, variation in fox hunting prac-
tices served as an opportunity to observe differences in red 
grouse infections between populations (Hudson et al. 1998). 
Investigating communities with natural variation in preda-
tion pressure could provide insights into the role of predators 
in moderating host and parasite population interactions.

Using long-term ecological studies would add to our 
understanding of the effects of predators on disease as eco-
logical and evolutionary timescales differ among predators, 
prey and parasites. While some mathematical models have 
considered the disease outcomes of selective predation over 
multiple generations (Packer et al. 2003, Hoyle et al. 2012, 
Best 2018), most observational and experimental studies 
focus on short-term changes in disease dynamics (Duffy et al. 
2005, Johnson et al. 2006; but see Ives and Murray 1997). 
Long-term ecological studies of prey population densities and 
parasite prevalence under varying conditions could uncover 
dynamic patterns in the cost of infection for predators and 
prey. For instance, as the prevalence of infected prey changes, 
the probability of a predator consuming infected prey and 
becoming infected will change, impacting the overall cost 
of infection. Cases in which there is a significant increase in 
prevalence and cost of disease could lead a predator to modify 
their predation strategies. Practical constraints of long-term 
studies including the generation time of the study systems 
and limitations in sampling frequency and duration may inac-
curately capture natural dynamics. Despite these limitations, 
the conclusions of long-term studies would allow for more 
robust predictions of disease transmission and prevalence.

A challenge inherent to studying these complex, three 
player interspecific interactions is the variance associated with 
studies in natural settings. Systems amenable to mesocosms 
or laboratory experiments can simulate predation pressure 
by selectively removing infected or uninfected individuals 
under more controlled conditions. This approach can be 
implemented in species such as those in the genus Daphnia 

or Drosophila that can be readily cultured in replicated ‘popu-
lations’, allowing parasite infection to be manipulated and 
predation preference simulated. For example, the results of 
measuring changes in population densities and infection rates 
in Daphnia, under artificial selective predation over multiple 
generations, suggest that the benefits of low susceptibility in 
these predation treatments may be outweighed by associated 
tradeoffs (e.g. reduced fecundity) (Gutierrez et al. unpubl.). 
Similarly there is great potential in building upon recent 
work on Drosophila fruit flies that have been used to investi-
gate changes in activity levels in response to parasite exposure 
(Horn et al. 2020). Expanding on this research to include a 
predator would provide an ideal opportunity to explore the 
effect of predation pressure on host–parasite interactions. 
Studies under controlled conditions with varying disease 
prevalence and population densities could reveal patterns, 
exceptions and factors modulating such dynamics over dif-
ferent timescales. Understanding the ecological and evolu-
tionary consequences of selective predation we can begin to 
unravel the complex influences of predation on host–parasite 
interactions and the resulting outcomes.

Concluding remarks

Current evidence suggests selectively predating of uninfected 
individuals is likely more common than previously antici-
pated. Selective predation both on infected and uninfected 
individuals impacts host and parasite population dynamics. 
This ecological interaction can also result in long-term coevo-
lutionary consequences for disease transmission. Selective 
predation on either healthy or infected prey is predicted to 
have different evolutionary outcomes on host–parasite sys-
tems. Whereas selective predation on infected individuals 
is predicted to intensify the coevolution between hosts and 
parasites, preferential consumption of healthy individuals is 
predicted to dampen the reciprocal selective pressures between 
hosts and parasites. Coevolutionary rates could vary in sys-
tems with diverse costs of mating signals. Testing these predic-
tions in theoretical and empirical work using a diverse array of 
systems will enhance our understanding of the role that preda-
tion plays in host–parasite coevolution and disease dynamics.

Acknowledgement – We would like to thank J. Lucas, S. Guzey and 
D. Zielinski as well as the Minchella and Bernal laboratory groups 
for comments that improved early versions of this manuscript.
Funding – This material is based upon work supported by the 
National Science Foundation (IOS no. 1433990 and no. 2054636 
to XEB) and Graduate Research Fellowship to SOG.

Author contributions

Stephanie O. Gutierrez: Conceptualization (lead); 
Visualization (lead); Writing – original draft (lead); 
Writing – review and editing (lead). Dennis J. Minchella: 
Writing – review and editing (equal). Ximena E. Bernal: 
Conceptualization (equal); Writing – original draft (equal); 
Writing – review and editing (equal).



8

Data availability statement

Data sharing is not applicable to this article as no new data 
were created or analyzed in this study.

References

Acevedo, M. A. et al. 2019. Virulence-driven tradeoffs in disease 
transmission: a meta-analysis. – Evolution 73: 636–647.

Allan, F. et al. 2009. Host choice and penetration by Schistosoma 
haematobium miracidia. – J. Helminthol. 83: 33–38.

Balenger, S. L. and Zuk, M. 2014. Testing the Hamilton–Zuk 
hypothesis: past, present and future. – Integr. Comp. Biol. 54: 
601–613.

Ben-Ami, F. 2017. The virulence–transmission relationship in an 
obligate killer holds under diverse epidemiological and eco-
logical conditions, but where is the tradeoff? – Ecol. Evol. 7: 
11157–11166.

Ben-Shachar, R. and Koelle, K. 2018. Transmission-clearance trade-
offs indicate that dengue virulence evolution depends on epi-
demiological context. – Nat. Commun. 9: 2355.

Best, A. 2018. Host–pathogen coevolution in the presence of pred-
ators: fluctuating selection and ecological feedbacks. – Proc. R. 
Soc. B 285: 20180928.

Blumstein, D. T. 2002. Moving to suburbia: ontogenetic and evo-
lutionary consequences of life on predator-free islands. – J. 
Biogeogr. 29: 685–692.

Combes, C. 2001. Parasitism: the ecology and evolution of intimate 
interactions. – Univ. of Chicago Press.

DeBlieux, T. and Hoverman, J. 2019. Parasite-induced vulnerabil-
ity to predation in larval anurans. – Dis. Aquatic Org. 135: 
241–250.

Decaestecker, E. et al. 2002. In deep trouble: habitat selection con-
strained by multiple enemies in zooplankton. – Proc. Natl 
Acad. Sci. USA 99: 5481–5485.

Duffy, M. A. and Hall, S. R. 2008. Selective predation and rapid 
evolution can jointly dampen effects of virulent parasites on 
Daphnia populations. – Am. Nat. 171: 499–510.

Duffy, M. A. et al. 2005. Selective predators and their parasitized 
prey: are epidemics in zooplankton under top–down control? 
– Limnol. Oceanogr. 50: 412–420.

Endler, J. A. 1991. Variation in the appearance of guppy color pat-
terns to guppies and their predators under different visual con-
ditions. – Vision Res. 31: 587–608.

Friman, V. P. and Buckling, A. 2013. Effects of predation on real-
time host–parasite coevolutionary dynamics. – Ecol. Lett. 16: 
39–46.

Galbraith, M. G. 1967. Size-selective predation on Daphnia by 
rainbow trout and yellow perch. – Trans. Am. Fish. Soc. 96: 
1–10.

Godin, J. G. J. and McDonough, H. E. 2003. Predator preference 
for brightly colored males in the guppy: a viability cost for a 
sexually selected trait. – Behav. Ecol. 14: 194–200.

Grenfell, B. T. and Dobson, A. P. (eds) 1995. Ecology of infectious 
diseases in natural populations. – Cambridge Univ. Press (Pub-
lications of the Newton Inst.).

Hall, S. R. et al. 2005. Selective predation and productivity jointly 
drive complex behavior in host–parasite systems. – Am. Nat. 
165: 70–81.

Hall, S. R. et al. 2007. Eating yourself sick: transmission of disease 
as a function of foraging ecology. – Ecol. Lett. 10: 207–218.

Hall, S. R. et al. 2010. Why are Daphnia in some lakes sicker? 
Disease ecology, habitat structure and the plankton. – BioSci-
ence 60: 363–375.

Hamilton, W. D. and Zuk, M. 1982. Heritable true fitness and 
bright birds: a role for parasites?. – Science 218: 384–387.

Hatcher, M. J. et al. 2006. How parasites affect interactions between 
competitors and predators. – Ecol. Lett. 9: 1253–1271.

Holt, R. D. and Roy, M. 2007. Predation can increase the preva-
lence of infectious disease. – Am. Nat. 169: 690–699.

Holt, R. D. et al. 2003. Parasite establishment in host communities. 
– Ecol. Lett. 6: 837–842.

Horn, C. J. et al. 2020. Extending the ecology of fear: parasite-
mediated sexual selection drives host response to parasites. – 
Physiol. Behav. 224: 113041.

Houde, A. E. and Torio, A. J. 1992. Effect of parasitic infection on 
male color pattern and female choice in guppies. – Behav. Ecol. 
3: 346–351.

Hoyle, A. et al. 2012. Evolution of host resistance towards pathogen 
exclusion: the role of predators. – Evol. Ecol. Res. 14: 125–146.

Hudson, P. et al. 1992. Do parasites make prey vulnerable to preda-
tion? Red grouse and parasites. – J. Anim. Ecol. 61: 681.

Hudson, P. J. et al. 1998. Prevention of population cycles by para-
site removal. – Science 282: 2256–2258.

Ives, A. R. and Murray, D. L. 1997. Can sublethal parasitism desta-
bilize predator–prey population dynamics? A model of snow-
shoe hares, predators and parasites. – J. Anim. Ecol. 66: 265.

Johnson, P. T. J. et al. 2006. Dining on disease: how interactions 
between infection and environment affect predation risk. – 
Ecology 87: 1973–1980.

Johnson, P. T. J. et al. 2010. When parasites become prey: eco-
logical and epidemiological significance of eating parasites. – 
Trends Ecol. Evol. 25: 362–371.

Jones, G. A. et al. 2005. Parasitized and non-parasitized prey selec-
tivity by an insectivorous bird. – Crop Protect. 24: 185–189.

Jones, R. S. et al. 2016. ‘Parasite-induced aposematism’ protects 
entomopathogenic nematode parasites against invertebrate 
enemies. – Behav. Ecol. 27: 645–651.

Krist, A. C. et al. 2004. Effects of host condition on susceptibility 
to infection, parasite developmental rate and parasite transmis-
sion in a snail–trematode interaction. – J. Evol. Biol. 17: 33–40.

Lachish, S. et al. 2011. Fitness effects of endemic malaria infections 
in a wild bird population: the importance of ecological struc-
ture. – J. Anim. Ecol. 80: 1196–1206.

Lafferty, K. 2004. Fishing for lobsters indirectly increase epidemics 
in sea urchins. – Ecol. Appl. 14: 1566–1573.

Lefèvre, T. and Thomas, F. 2008. Behind the scene, something else 
is pulling the strings: emphasizing parasitic manipulation in 
vector-borne diseases. – Infect. Genet. Evol. 8: 504–519.

Lopez, L. K. and Duffy, M. A. 2021. Mechanisms by which pred-
ators mediate host–parasite interactions in aquatic systems. – 
Trends Parasitol. 37: 890–906.

Malek, J. C. and Byers, J. E. 2016. Predator effects on host–parasite 
interactions in the eastern oyster Crassostrea virginica. – Mar. 
Ecol. Prog. Ser. 556: 131–141.

Meyling, N. V. and Pell, J. K. 2006. Detection and avoidance of 
an entomopathogenic fungus by a generalist insect predator. – 
Ecol. Entomol. 31: 162–171.

Minchella, D. J. 1985. Host life-history variation in response to 
parasitism. – Parasitology 90: 205–216.

Minchella, D. J. and Scott, M. E. 1991. Parasitism: a cryptic deter-
minant of animal community structure. – Trends Ecol. Evol. 6: 
250–254.



9

Møller, A. and Nielsen, J. 1997. Differential predation cost of a 
secondary sexual character: sparrowhawk predation on barn 
swallows. – Anim. Behav. 54: 1545–1551.

Moore, J. 2002. Parasites and the behavior of animals. – Oxford 
Univ. Press on Demand. <https://books.google.com/
books?id=a-0KJfHO0AIC&printsec=frontcover&dq=parasites
+and+the+behavior+of+animals&hl=en&newbks=1&newbks_
redir=0&sa=X&ved=2ahUKEwi7u4CdpZrnAhWTHc0KHat
QCcoQ6AEwAHoECAIQAg#v=onepage&q=parasites and the 
behavior of animals&f=false>, accessed 23 January 2020.

Mukhopadhyay, B. and Bhattacharyya, R. 2009. Role of predator 
switching in an eco-epidemiological model with disease in the 
prey. – Ecol. Model. 220: 931–939.

Orlofske, S. A. et al. 2014. Predation and disease: understanding 
the effects of predators at several trophic levels on pathogen 
transmission. – Freshwater Biol. 59: 1064–1075.

Ostfeld, R. S. and Holt, R. D. 2004. Are predators good for your 
health? Evaluating evidence for top–down regulation of zoonotic 
disease reservoirs. – Front. Ecol. Environ. 2: 13–20.

Packer, C. et al. 2003. Keeping the herds healthy and alert: impli-
cations of predator control for infectious disease. – Ecol. Lett. 
6: 797–802.

Poulin, R. 2010. Parasite manipulation of host behavior: an update 
and frequently asked questions. – Adv. Study Behav. 41: 151–186.

Poulin, R. 2013. Predator–prey and parasite–host interactions, 
brenner’s encyclopedia of genetics. – Elsevier Inc.

Poulin, R. and Combes, C. 1999. The concept of virulence: inter-
pretations and implications. – Parasitol. Today 15: 474–475.

Schaller, G. B. 1972. The Serengeti lion: a study of predator–prey 
relations. – Univ. of Chicago Press. <https://books.google.com/

books?hl=en&lr=&id=7ann2dYn9iYC&oi=fnd&pg=PR7&dq
=the+serengeti+lion+a+study+of+predator+prey&ots=l0eSA5a
9xc&sig=5udCtsJvGdZxW9oBxgi6f12FNNU#v=onepage&q
=the serengeti lion a study of predator prey&f=false>, accessed 
23 January 2020.

Schlichter, L. 1978. Winter predation by black-capped chickadees 
and downy woodpeckers on inhabitants of the goldenrod ball 
gall. – Can. Field Nat. 92: 71–74.

Sheath, D. J. et al. 2018. Winning the arms race: host–parasite 
shared evolutionary history reduces infection risks in fish final 
hosts. – Biol. Lett. 14: 1–4.

Sloan, N. F. and Simmons, G. A. 1973. Foraging behavior of the 
chipping sparrow in response to high populations of jack pine 
budworm. – Am. Midl. Nat. 90: 210.

Toor, J. and Best, A. 2015. The evolution of host resistance to 
disease in the presence of predators. – J. Theor. Biol. 365: 
104–111.

Turner, W. C. et al. 2021. The roles of environmental variation and 
parasite survival in virulence–transmission relationships. – R. 
Soc. Open Sci. 8: 210088.

Vannatta, J. T. et al. 2020. The road not taken: host infection status 
influences parasite host-choice. – J. Parasitol. 106: 1–8.

Vitale, C. and Best, A. 2019. The impact of selective predation 
on host–parasite SIS dynamics. – Bull. Math. Biol. 81: 
2510–2528.

Williams, P. D. et al. 2014. Evidence of tradeoffs shaping virulence 
evolution in an emerging wildlife pathogen. – J. Evol. Biol. 27: 
1271–1278.

Zuk, M. et al. 1997. Ecology of infectious diseases in natural pop-
ulations. – J. Wildl. Manage. 61: 1448–1449.


