CHAPTER 12

How Predators Affect Marine
Parasites and Diseases
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Anieke van Leeuwen, and Robert Poulin

1. Introduction

The pivotal role of predators in driving popula-
tion dynamics of marine organisms and structuring
marine communities is a cornerstone of marine ecol-
ogy. Since the early experimental work by pioneers
such as Bob Paine and Robert Connell (Paine 1966;
Connell 1970), a plethora of studies have identi-
fied strong direct consumptive effects of predators
that have disproportionally large impacts on the
structure of entire communities (“keystone species”)
(Paine 1969; Mills et al. 1993). These direct effects of
predators on the density of their prey can also have
indirect effects on the prey’s resources and thus lead
to trophic cascades (Pace et al. 1999; Terborgh and
Estes 2010; Eriksson et al. 2024). A seminal example
of these density-mediated indirect effects comes
from sea otters in Pacific kelp forests, where the
direct predation of otters on herbivorous sea urchins
indirectly leads to an increase in kelp biomass by
reducing urchin grazing pressure. When sea otter
predation pressure is reduced, such as in regions
where they have been hunted to extinction, mas-
sive increases in sea urchin abundance can intensify
grazing pressure on kelp to the extent that former
kelp forests turn into sea urchin barrens (Estes and
Palmisano 1974; Estes and Duggins 1995).
Alongside these consumptive effects, predators
can also exert non-consumptive effects. In this case,
predators do not consume their prey, but the pre-
dation risk perceived by their prey can lead to
morphological, physiological, or behavioral changes
in prey individuals in an effort to avoid preda-
tion but also to prepare for it through a “flight

or fight” response (Lima 1998; Sheriff and Thaler
2014; Werner and Peacor 2003). As with consump-
tive effects, these predator-induced alterations of
prey traits can lead to trait-mediated indirect effects
involving other species that may modify population
dynamics and community structure (Peacor et al.
2020). For instance, in marine systems, the presence
of sharks can cause herbivorous dugongs to reduce
their grazing pressure on seagrass while engaging
in predator avoidance. Thus, the mere presence of
sharks can indirectly affect the standing stock of
local seagrass meadows, even without consuming
any prey (Wirsing and Ripple 2011).

When considering how predators may affect prey
relationships with other species through consump-
tive and non-consumptive effects, it has become
increasingly recognized that such predator effects
include parasite-host interactions and thereby alter-
ations of infectious disease dynamics. For instance,
when predators preferentially consume or avoid
infected hosts, this can alter parasite infection lev-
els in the host population. Likewise, changes in host
behavior in response to predation risk can change
the likelihood of parasite-host encounters. Under-
standing such predator effects on parasites and dis-
eases is important given the pivotal role of preda-
tion in marine systems as well as large-scale marine
predator declines and rewilding initiatives that
often consist of reintroducing predators (Myers and
Worm 2003; Myers et al. 2007; Heithaus et al. 2008;
Pettorelli et al. 2019). In this chapter, we provide
a conceptual framework for how the consumptive
and non-consumptive effects of predators influence
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Figure 12.1 Conceptual framework of consumptive and non-consumptive effects of predators on parasite—host interactions and diseases.
Both result from direct effects of predators on either hosts or parasites, which in turn can lead to indirect effects on parasites or hosts in

parasite—host interactions.

parasite-host interactions and diseases by affecting
hosts or parasites (Figure 12.1). We build on previ-
ous reviews (e.g., Lopez and Duffy 2021; Shaw and
Civitello 2021; Richards et al. 2023; Thieltges et al.
2024) and illustrate predator effects with empirical
examples from marine ecosystems. We first discuss
consumptive effects, via predation either on hosts
or on parasites, before exploring non-consumptive
effects of predators. Finally, we identify gaps in our
current knowledge and highlight open questions for
future research.

2. Consumptive Effects of Predators

Predators can have consumptive effects on parasites
and diseases by either consuming prey that serve
as hosts to parasites or consuming parasites them-
selves (Figure 12.1). These direct effects of preda-
tors on hosts or parasites by reducing their num-
bers can lead to indirect effects on either player in
the parasite-host interaction and thus alter disease
dynamics (Figure 12.1). While those indirect effects
are largely density-mediated (i.e., caused by a reduc-
tion of host or parasite density through predation),
there can also be other side effects of predation, such
as the release and spread of parasite stages during

what is known as “partial predation” (i.e., when
predators inflict wounds on prey that can become
infection portals) (Lopez and Duffy 2021; Richards
et al. 2023). In the following section, we outline
the main mechanisms behind consumptive effects
of predators on host—parasite interactions and illus-
trate them with examples from marine ecosystems.

2.1. When Predators Consume Hosts

There are several ways the consumption of hosts by
predators can affect parasite-host interactions. First,
a reduction in the density of hosts through preda-
tion can affect infectious disease dynamics because
host population density is often a strong driver of
parasite population size (Arneberg et al. 1998; Gren-
fell and Dobson 1995). This stems from the basic
epidemiological principle that transmission among
hosts is expected to increase with increasing host
density because encounters of susceptible individu-
als with infected hosts or free-living infective stages
of parasites become more frequent, thereby facilitat-
ing transmission. In contrast, when the density of
hosts falls below the threshold level for a specific
parasite population, transmission becomes compro-
mised and can cause local parasite extinction. In
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Figure 12.2 By reducing host density, predators can affect parasites and diseases. (4) Below a critical host density threshold, transmission
may be impaired, leading to local parasite extinction, for example, (B) observed in lobsters preying on sea urchins that are affected by a
bacterial disease (Lafferty 2004). (C) Host density can have the opposite effect on macroparasite intensity in individual hosts through dilution
effects, where infection levels in hosts are driven by exposure to infective stages; however, the total number of parasites in the population
(total parasite abundance) still increases with host density. (D) Both effects can, for example, be observed in mussels infected by trematode

metacercarial (cyst) stages (Levakin et al. 2023).

marine systems, support for such “critical host
density thresholds” (Figure 12.2A) is evident in sys-
tems such as sea lice epidemics in salmon farms,
where high stocking densities above thresholds
facilitate disease outbreaks (Krkosek 2010; Frazer
etal. 2012).

The existence of critical host density thresholds
suggests that predators can initiate indirect effects
on parasite populations and disease dynamics by
altering host densities through predation. In marine
systems, the removal of predators through human
activities such as hunting or fishing can reveal
these indirect effects. For example, in the Califor-
nia Channel Islands, lobsters control the popula-
tions of herbivorous sea urchins through predation,
which allows the kelp forest to grow in a clas-
sic trophic cascade fashion (Lafferty 2004). How-
ever, in areas where lobsters are removed by fish-
ing, this eliminates the top-down control and leads
to an increase in sea urchin populations and a
subsequent overgrazing of local kelp forests. Data
from kelp forest communities at 16 sites over the
course of 20 years indicates that the removal of
top-down control can cause local urchin popula-
tions to exceed the critical host density threshold
for a bacterial pathogen of sea urchins, resulting in

disease outbreaks (Figure 12.2B). As expected for
directly transmitted microparasites that have sim-
ple one-host life cycles, the associated mortalities of
sea urchins are also density-dependent, with high-
density populations showing the highest mortalities
(Lafferty 2004). This example illustrates the poten-
tial for predators to control diseases by reducing host
density. It also illustrates that fisheries can indirectly
affect diseases of non-target organisms by eliminat-
ing the top-down control of host densities through
the removal of their predators.

While the positive relationship between host den-
sity and parasite prevalence is a general epidemio-
logical pattern (Arneberg et al. 1998; Grenfell and
Dobson 1995), host density can have the oppo-
site effect on infection levels in individual hosts of
macroparasites. The latter have complex life cycles
without direct transmission, such that host infection
levels are driven by the exposure to infective stages
(in contrast to microparasites that multiply within
their hosts). In this case, high host densities can lead
to lower infection intensities in hosts as the pool
of infective stages becomes divided among all host
individuals (Figure 12.2C). These encounter-dilution
effects are considered to be one of the adaptive
advantages of living in groups (“safety in numbers”)
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(Mooring and Hart 1992; Co6té and Poulin 1995).
However, the total number of parasites in a local
host population (“total parasite abundance”) can
still be expected to increase with host density as
chances of host encounter increase with host density
(Figure 12.2C). In marine systems, such encounter-
dilution effects have been reported from ectopara-
sitic copepods (sea lice) in Atlantic salmon (Samsing
et al. 2014) and infective stages of trematodes in
mollusks (Mouritsen et al. 2003; Thieltges and Reise
2007; Buck et al. 2017; Magalhdes et al. 2017; Levakin
et al. 2023). Although predator effects on parasites
have not explicitly been studied in these systems, it
is reasonable to assume that predator-driven reduc-
tions of host density would lead to an increase in
infection intensities in individual hosts while total
parasite abundance decreases (Figure 12.2D).

In all these cases, predators usually do not distin-
guish between infected and non-infected prey. How-
ever, predation is often non-random, with infected
and weaker individuals in a host population poten-
tially experiencing higher predation pressure than
do uninfected conspecifics. Such selective preda-
tion on infected hosts can occur as a result of
altered behaviors (e.g., decreased activity levels as
a result of sickness behavior) or other traits (e.g.,
appearance) associated with disease. When preda-
tors selectively remove infected individuals from a
population, this can amplify their effects on par-
asites and disease beyond host density reductions
alone. As a result, the removal of sick or mori-
bund individuals by predators can lower transmis-
sion and disease risk in a host population (“keep-
ing the herds healthy hypothesis”) (Packer et al.
2003). However, in some cases, selective predation
on infected hosts can also increase disease risk when
parasite-induced manipulations of host behaviors or
appearance facilitate transmission to the next host
in complex life cycles (e.g., making prey easier to
find and catch for predators that serve as their hosts)
(Poulin 2010; Poulin and Maure 2015). Examples of
increased trophic transmission in marine systems
include trematode infections in killifish brains that
alter their behavior in a way that increases preda-
tion by bird definitive hosts (Lafferty and Morris
1996) and trematode infections in the feet of clams
that inhibit their burrowing capability and result in
higher rates of predation by downstream hosts com-
pared to uninfected burrowed individuals (Thomas
and Poulin 1998). The increased transmission rates

resulting from higher predation on infected prey
can be expected to have positive effects on parasite
population dynamics and to increase disease risk.
However, in many other cases, selective preda-
tion on infected hosts does not lead to infections of
predators; instead, the removal of infected individ-
uals can reduce parasite population size and disease
risk (Packer et al. 2003). In principle, it is also pos-
sible that some predators preferentially consume
uninfected hosts (e.g., to avoid infection or because
of potentially higher nutritional value of uninfected
prey), but this aspect has been generally little stud-
ied (Gutierrez et al. 2022). In marine systems, studies
on preferential predation by predators on infected
or uninfected prey are surprisingly rare, as indi-
cated by recent meta-analyses on predation and par-
asitism interactions (Richards et al. 2021; Hasik et al.
2023). The existing studies on selective predation
on infected prey indicate that there is no universal
response. For example, in prey choice experiments,
blue crabs did not show a preference for oysters
infected with a protozoan parasite (Perkinsus mari-
nus) (Malek and Byers 2016). In contrast, gastropods
and bivalves infected with shell-boring polychaetes
are preferentially predated by crabs in choice exper-
iments (Kent 1981; Ambariyanto and Seed 1991;
Buschbaum et al. 2007). Likewise, infections with
blood-feeding monogeneans lead to elevated preda-
tion on juvenile flounders (Shirakashi et al. 2008),
and infections with parasitic barnacles increase pre-
dation on mud crabs by larger non-host crabs
(Gehman and Byers 2017; Brothers and Blakeslee
2021). Preferential predation can also be more com-
plex, as in the case of coho salmon that preferentially
prey on pink salmon over chum salmon (Peacock
et al. 2014). When both prey species are parasitized
by sea lice, the prey preference increases, result-
ing in higher predation pressure on pink salmon
and a reduced predation pressure on chum salmon
(Peacock et al. 2014, 2015). Sea lice infections can
thus lower the predation pressure on chum salmon,
which in turn reduces the negative population-level
impact of lice infections (Peacock et al. 2014, 2015).
While all the effects discussed above are largely
density-mediated and result from the complete con-
sumption of prey, predators can also affect par-
asites and diseases through side effects of the
predation process itself. For example, when preda-
tors do not swallow prey in one piece but instead
disrupt prey tissue and release bits and pieces
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into the environment during consumption (“sloppy
predation”), this may release infective stages of par-
asites into the water and lead to increased trans-
mission (Céceres et al. 2009; Lopez and Duffy 2021;
Richards et al. 2023). This type of predator effect may
be very common in marine systems given that pre-
dation by shrimps, crabs, sharks, and other marine
predators usually releases significant amounts of
blood, tissue, and viscera into the water. However,
specific studies and quantifications of the ramifica-
tions for marine parasites and diseases are lacking.
Apart from sloppy predation on whole prey individ-
uals, “partial predation” of prey by predators (i.e.,
non-lethal attacks that may involve a small amount
of consumption) can also affect parasites and dis-
eases (Richards et al. 2023). One way in which this
occurs is through inflicting wounds on prey that
create entry portals for infections from the water
column. Another way is the uptake of infectious
stages by predators from prey during partial preda-
tion and subsequent transfer to other prey that can
lead to increased transmission. Predators can thus
act as mechanical vectors without becoming infected
themselves This effect is probably very common
given that a certain level of parasite specificity will
often prevent infections of predators. However, in
some cases predators can also act as alternate hosts
for parasites from their prey, such that the distinc-
tion between mechanisms may not always be clear.
For example, harbor porpoises can acquire lethal
bacterial infections with Neisseria animaloris follow-
ing traumatic injuries by predatory gray seals (Foster
et al. 2019). These infections are most likely acquired
from the gray seals, whose oral cavities generally
harbor a diverse microbiome that includes poten-
tial pathogens for porpoises and can be found in
wounds inflicted by seals (Gilbert et al. 2020). As not
all of these bacteria are pathogenic for seals, the lat-
ter will function as vectors, reservoirs, or alternate
hosts with respect to infections in harbor porpoises,
depending on the type of bacteria. Similar com-
plexities exist in corallivore fish that can transmit
infectious agents among corals through partial pre-
dation and increase diseases in corals; however, the
exact mechanisms are not always identified and can
range from mechanical vectoring to alternate hosts
as a function of the specific corallivore fish species
(Clemens and Brandt 2015; Renzi et al. 2022). It has
been suggested that it may be the physical degree of
damage inflicted by different fish species (shallow

vs. deep wounds) that dictates this for various coral-
livores (Nicolet et al. 2018).

Finally, parasites from infected hosts may some-
times survive gut passage in the predator and spread
to new hosts or habitats as a result (Duffy 2009;
Reilly and Hajek 2012; Morley 2022). Reports for
gut passage survival from marine systems are few
(Morley 2022), but given the diversity of records
from terrestrial and freshwater systems, the phe-
nomenon may be widespread and could facilitate
both local transmission and large-scale dispersal.
For example, eggs of didymozoid trematodes were
reported to survive the gut passage in marine preda-
tory fish that consume the flatfish hosts of the para-
sites (Lester 1980). Likewise, eggs of zoonotic nema-
todes (Ascaris, Trichinella) have been recorded to sur-
vive the gut passage of predatory marine fish, poten-
tially contributing to dispersal and human exposure
(Ono 1958; Bukina 2014). In some cases, entire hosts
may survive the gut passage together with the para-
sites infecting them. For instance, hydrobiid snails
can survive the passage through the intestines of
shelducks feeding on tidal flats (Cadée 2011). The
snails themselves are known to harbor a high diver-
sity of trematode species (Thieltges et al. 2009a), such
that the survival of hosts in the gut of shelducks
may lead to increased long-distance dispersal of the
parasites.

2.2. When Predators Consume Parasites

Predators can also affect parasites and diseases
by consuming parasites. This can happen in var-
ious ways (Johnson et al. 2010), and studies on
parasite-inclusive food webs from estuarine and
coastal ecosystems suggest that between 30% and
66% of all trophic links in these food webs are
predator—parasite links (Thieltges et al. 2013). Most
of these links relate to cases where predators eat
infected prey and consume parasites in the latter
at the same time without becoming infected them-
selves (“concomitant predation”; Figure 12.3). In
some cases, predation on infected hosts leads to
“trophic transmission” when the predator serves as
host for the parasites (Figure 12.3). Although con-
comitant predation appears very common in marine
food webs, the magnitude of the phenomenon and
its consequences for parasite populations and dis-
ease dynamics are largely unknown. Modeling work
on sea lice infecting pink and chum salmon indicates
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Figure 12.3 Proportion of different types of predator—parasite links in estuarine and coastal food webs from Europe, New Zealand, and

North America. For details, see text. Data from Thieltges et al. (2013).

that concomitant predation on both host species
by coho salmon can affect both the parasite and
the prey/host populations through the preferen-
tial predation on one of the two host species, as
discussed in the previous section (Peacock et al.
2014). Sometimes concomitant predation can also
interfere with trophic transmission, as in the case
of the New Zealand cockle. As mentioned in the
previous section, trematode infections in the feet
of the bivalves impair their burrowing behavior so
that they lay on the sediment surface, which leads
to increased trophic transmission to bird defini-
tive hosts. However, this parasite manipulation also
makes cockles more prone to partial predation by
benthic fish, which only consume part of the foot
and thus reduce infection levels in the cockles
(Mouritsen and Poulin 2003). Concomitant preda-
tion can probably often lead to similarly complex
effects in many other systems, but this deserves
more research.

Another common type of predation on parasites is
“predation on free-living infectious stages” (Figure
12.3). Many aquatic parasites (especially macropar-
asites) have one or more infectious stages found in
the environment which may be vulnerable to con-
sumption, especially if they are similar in size to zoo-
plankton or other regular prey. In parasite-inclusive

food webs from estuarine and coastal ecosystems,
this type of predation on parasites is thus rela-
tively high, overall responsible for 4%-30% of all
predator—parasite links (Thieltges et al. 2013). As
in the case of concomitant predation, predation on
infective stages of parasites does not lead to infec-
tions in the predator but instead removes infective
stages from the environment, interfering with para-
site transmission (Johnson et al. 2010; Johnson and
Thieltges 2010). Many types of parasites are known
to be affected by this type of predation (Thieltges
et al. 2008). Probably the best-studied group are
the motile larval (cercarial) stages of trematodes; a
large range of vertebrate and invertebrate non-host
predators are known to remove them from the envi-
ronment through consumption (Koprivnikar et al.
2023). However, predation on free-living parasite
stages also occurs in many other parasite groups
and can affect other helminths, viruses, and bacteria
(Thieltges et al. 2008; Burge et al. 2016; Welsh et al.
2020). While many different types of non-hosts, such
as predators, grazers, and scavengers, can remove
infective stages, the effect is particularly strong for
filter feeders. They can filter large volumes of water
and can thus capture a large number of infective
stages from various parasite groups (Burge et al.
2016). For example, single Pacific oysters can remove
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Figure 12.4 (A) Example of the consumption of infective stages (trematode cercariae) by a non-host (oyster) that can lead to transmission
interference between first and second intermediate (int.) hosts through (B) the removal of infective stages from the environment, which (C)
results in lower infection levels in the downstream second intermediate hosts due to the dose dependency of infections in second intermediate
hosts. Both removal rates of infective stages and infection levels in downstream hosts are correlated with oyster density. For details, see text.

large amounts of cercariae (>30%) from the water
and thus reduce trematode transmission from first
to second intermediate hosts (Figure 12.4A). This
effect increases with oyster density (Figure 12.4B)
(Welsh et al. 2024) as well as with oyster size (Welsh
et al. 2019). As infections in downstream second
intermediate hosts are dose-dependent (i.e., higher
cercarial doses will lead to higher infection levels)
(Liddell et al. 2017), the removal of cercarial stages
from the environment by oysters leads to lower
infection levels in downstream hosts, as observed
in laboratory and field experiments (Figure 12.4C)
(Thieltges et al. 2009b). As the effects of filter feed-
ers on parasite transmission are often strong, they
are also discussed as a potential measure to reduce
disease risk in an aquaculture context (Burge et al.
2016).

Finally, predators can also consume parasites
without consuming the host or the infective free-
living stages by removing ectoparasites from the
host. This type of predation on parasites is a
form of grooming that can occur both intra- and
interspecifically (Johnson et al. 2010). In marine

systems, interspecific grooming in the form of clean-
ing symbioses has received considerable attention
(Coté 2000; Vaughan et al. 2016). In these mutualis-
tic interactions of small “cleaner” fishes and shrimps
with larger fish “clients,” ectoparasites are removed
from the fishes’ skin, which can significantly reduce
parasite intensity on the cleaned fish and thus also
potentially affect parasite populations as a whole.
For example, cleaner fish specialized on ectopara-
sites can remove two-thirds of all gnathiid isopods
that locally infect client fish (Grutter 1996, 2002,
2008). Also, various groups of shrimps have been
reported to be involved in cleaning activities; how-
ever, this has been much less studied than in their
fish counterparts (Vaughan et al. 2016). Like fil-
ter feeders, cleaner fish and shrimps have received
increasing attention as potential biological control
agents in aquaculture (Gonzélez and de Boer 2017;
Vaughan et al. 2018). However, in some cases clean-
ing organisms may also facilitate the transmission
of parasites and increase disease risk, similar to the
corallivore fish discussed in the previous section
(Narvaez et al. 2021, 2022).
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3. Non-consumptive Effects
of Predators

Beyond consuming hosts or parasites, predators can
also have non-consumptive effects on their prey that
can affect parasites and diseases (Figure 12.1). These
effects can occur when prey that serve as hosts to
parasites, or parasites themselves, react to predation
risk cues with changes in behavioral, physiological,
or morphological traits in an effort to avoid or pre-
pare for predation. These direct predator effects on
host or parasite traits can lead to “trait-mediated
indirect effects” that can alter parasite-host inter-
actions and disease dynamics (Figure 12.1). In the
following section, we outline the main mechanisms
of non-consumptive effects of predators in this con-
text and illustrate these with examples from marine
ecosystems.

3.1. When Predators Scare Hosts

Many species that are preyed upon by predators can
react to predation risk cues by inducing behavioral,
physiological, or morphological trait changes to
evade predation or mitigate its effects (Figure 12.5)
(Lima 1998; Sheriff and Thaler 2014; Werner and

Prey trait changes in
response to predation risk

Behavior
Habitat choice
Movement
Group forming
Activity level
Resource use
Feeding rates

Morphology
Body size
Body shape
Body armor

Peacor 2003). These changes are phenotypically flex-
ible (i.e., they are not genetically fixed but instead
induced by predation risk cues). Some of these trait
changes can be short-term responses (e.g., elevated
levels of particular stress-associated hormones, such
as glucocorticoids) in prey to increase vigilance
and escape behaviors (Hawlena and Schmitz 2010).
Other trait changes occur on longer timescales (e.g.,
in the form of increasing body size or growing
thicker shells such as in bivalves exposed to crab
predator cues) (Freeman and Byers 2006). Likewise,
many organisms have a diverse set of defense mech-
anisms against parasites to avoid the usually nega-
tive fitness effects of infections (Figure 12.5). These
anti-parasite defenses include various pre-infection
mechanisms such as changes in movement, habi-
tat choice, or foraging to avoid parasite contact
(Behringer et al. 2018; Buck et al. 2018; Koprivnikar
et al. 2021). In addition, hosts can defend them-
selves against parasites and their negative effects
post-exposure by resistance mechanisms, such as
immune responses and parasite removal (groom-
ing), or by tolerance to infections, for example,
through illness-mediated anorexia or behavioral
fevers (Réberg et al. 2009; Sheldon and Verhulst
1996; Hite et al. 2020). These pre- and post-infection

Pre-and post-infection
defenses against parasites

Pre-infection defenses
Movement
Habitat choice
Selective foraging
Feeding rates
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Mate choice
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Figure 12.5 Examples of prey trait changes in hosts in response to predation risk (/eft) that may affect pre- and post-infection defenses of
prey that serve as hosts to specific parasites (right). This can lead to indirect effects of predators on parasite—host interaction (middle). Based

on Thieltges et al. (2024).
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defenses of hosts against parasites may be altered
by some of the trait changes induced in response
to predation risk cues. In addition, the suitability of
prey as host for parasites may change through these
trait changes. As a result, predation risk-induced
trait changes in hosts can have indirect effects on
parasite-host interactions and diseases (Figure 12.5)
(Thieltges et al. 2024).

Trait changes in hosts in response to predation risk
can affect parasite-host interactions at four steps in
the life cycles of parasites: (1) during host encounter,
(2) when parasites establish infections after host
encounter, (3) infection persistence and effects on
infected hosts, and (4) parasite propagule produc-
tion (Thieltges et al. 2024).

Many hosts have developed strategies to avoid
encounters with parasites, driven by the fact that
such avoidance strategies are probably less costly
than infection resistance or tolerance (Gibson and
Amoroso 2022; Hart 1990; Hart and Hart 2018).
Any trait changes in potential hosts induced by
predation risk that alter the likelihood of parasite-
host encounters can thus affect parasite-host inter-
actions. A common predator avoidance strategy of
prey is to move to different habitats; however, this
habitat change may increase exposure of prey to
parasites. For example, gastropods that move to
the intertidal to avoid predation pressure by subti-
dal crabs and sea stars are exposed to trematodes
and incur higher infection levels than in the sub-
tidal (Byers et al. 2015). Seeking safety in num-
bers through shoaling is another common anti-
predator behavior of organisms in marine systems
that may, in turn, increase exposure to directly
transmitted parasites, as observed with sea lice in
salmon farms (Krkosek 2010; Frazer et al. 2012).
In contrast, in the case of indirectly transmitted
parasites, shoaling could reduce individual host
exposure and lead to lower infection levels (see
Figure 12.2).

Small-scale, refuge-seeking behaviors in response
to predation risk can also indirectly alter parasite—
host encounter probabilities. For example, mussels
residing in the matrix created by intertidal oys-
ter beds experience lower crab and bird preda-
tion but at the same time endure increased infec-
tions with trematode in response to higher exposure
to cercariae emerging from gastropods also living
inside the oyster bed matrix (Goedknegt et al. 2020).
However, the same mussel hosts experience lower
infections with endoparasitic copepods as oysters

probably dilute the settlement of infective stages
from the water column (Goedknegt et al. 2020).
This example shows that predation risk effects on
parasite-host encounter probabilities are unlikely to
be universal but rather context-dependent.

After the initial encounter of parasites and hosts,
trait changes in hosts in response to predation risk
can affect the establishment success of parasites.
Exposure to stress factors, such as fear of predators,
often initiates up-regulation of specific hormones
(particularly cortisol and corticosterone); long-term
elevations of these can in turn lead to immunosup-
pression that makes hosts more susceptible to infec-
tions (Romero 2004; Sapolsky et al. 2000; Adamo
et al. 2017). Behavioral changes in hosts in response
to predation risk can also affect parasite establish-
ment. For example, sessile marine bivalves can-
not easily move away from predators but instead
quickly close their valves when they perceive preda-
tor presence to avoid predation. As a consequence of
this behavior, filtration of the bivalves ceases. Infec-
tive stages of trematode parasites can then no longer
infect the bivalves after encounter, and the predator
avoidance response thus results in reduced infec-
tion levels in the bivalve hosts (Figure 12.6A, C)
(Cornelius et al. 2023).

Trait changes in hosts in response to predation
risk can affect the persistence and pathogenicity of
infections by altering host physiological resistance
or tolerance. While stress due to fear of predation can
often lead to immunosuppression (especially over
prolonged periods), it can sometimes also increase
immune function (Adamo et al. 2017, Duong and
McCauley 2016). This, in turn, can affect the resis-
tance of hosts to infections and could also reduce the
persistence of infections. Hence, the indirect effects
of predation risk responses on parasites may not
always be beneficial for parasites. When parasites
are able to persist in hosts, trait changes of their host
in response to predation risk may alter the effects
of parasites on their hosts. For example, in marine
gastropods infected by trematodes, predation risk
cues can amplify personality effects, in the form of
high intra-individual repeatability of behaviors such
as climbing height, time spent out of water, and
time spent out of refuge, which can all be consid-
ered to be related to predation risk (Salerno et al.
2023).

Finally, parasite propagule production can be
affected by predation risk-induced trait changes
of their hosts. Stress responses of hosts under
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Figure 12.6 (A) Example of how crab predation risk can affect parasite transmission by (B) altering traits in first intermediate (int.) hosts
leading to higher cercarial emergence and (C) inducing trait changes in second intermediate hosts that lead to reduced infection levels in the
presence of crab cue. For details see text. Based on Cornelius et al. (2023).

perceived predation risk could compromise the
condition of hosts so that fewer resources are avail-
able for parasite propagule production, leading
to lower transmission. In contrast, the opposite
effect can also occur when propagule production
is elevated under predation risk. For example, the
emergence of infective stages of trematodes from
their intertidal gastropod hosts increases when crab
predation cues are present (Figure 12.6B) (Cornelius
et al. 2023). The latter causes the gastropods
to be more active, and the associated elevated
metabolism may facilitate increased propagule
production.

3.2. When Predators Scare Parasites

In principle, parasites might also respond to preda-
tor presence to avoid predation if they regularly
experience consumption by non-hosts (see above;
Johnson et al. 2010; Johnson and Thieltges 2010;
Koprivnikar et al. 2023). However, to the best of
our knowledge, this has not been investigated in
marine or other ecosystems to date. The only rea-
sonable line of support right now may be that the

circadian rhythms of trematode cercarial emergence
(Combes et al. 1994) could reflect avoidance of pre-
dation as well as maximizing encounter with the
next host. It is not unlikely that parasites may be
able to perceive predation cues given that many
free-living infective stages of parasites possess a
diversity of sensory mechanisms (e.g., mechanisms
responsible for chemical taxis, phototaxis, geotaxis)
to facilitate host finding (Chaisson and Hallem 2012;
Haas 2003). In the case that parasites are indeed able
to perceive predation cues and mount avoidance
responses, this could be expected to lead to similar
indirect effects on parasite-host interactions as the
other consumptive and non-consumptive effects of
predators (Figure 12.1).

4. Knowledge Gaps and Future
Research Areas

While various consumptive and non-consumptive
effects of predators on parasites and diseases have
been reported from marine systems, as discussed
above, research on the matter is still in its infancy.
Observational and experimental studies are needed
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to identify and quantify the diversity of predator
effects in specific parasite-host systems. In particu-
lar, potential non-consumptive effects of predators
on parasites and their infective stages deserve more
research effort as it is currently completely unknown
whether parasite infectious stages can perceive pre-
dation cues and exhibit anti-predator defense mech-
anisms. Our knowledge is still very limited also for
non-consumptive effects on parasite-host interac-
tions through predation risk-induced trait changes
of hosts (Thieltges et al. 2024). In addition, there
are currently clear taxonomic and habitat biases in
research as most of our knowledge stems from inver-
tebrates (mollusks, crustaceans) in coastal and inter-
tidal habitats. Hence, extensive progress in the field
could be gained from expanding the scope to open
pelagic habitats and/or other animal taxa and from
conducting experimental studies that identify non-
consumptive effects via predation risk-induced trait
changes in hosts or in parasites.

As most parasite-host systems are probably sub-
jected to various consumptive and non-consumptive
effects of predators at the same time, it will be
relevant to quantify the relative importance of the
different mechanisms for specific parasite-host sys-
tems. In some cases, consumptive effects of preda-
tors on parasite-host interactions are likely to dom-
inate, in particular when hosts or parasites do not
show strong trait changes in response to predator
cues. In contrast, strong trait changes in hosts or
parasites in response to predator cues could result
in non-consumptive effects overriding consumptive
effects. Disentangling the relative importance of con-
sumptive and non-consumptive effects in specific
parasite-host systems will require more complex
experimental approaches, which may pose chal-
lenges for some systems (e.g., ethics around exper-
iments involving vertebrate predators).

Related to the relative importance of consump-
tive and non-consumptive effects of predators on
parasite-host interactions is the question of whether
the individual-level responses of parasites and hosts
to predators observed in small-scale experiments
also scale up to population-level consequences (i.e.,
whether they will ultimately affect host and disease
dynamics). While it is easy to see that consumptive
effects of predators may indeed affect population
dynamics of hosts and parasites by reducing their
density, this is less obvious for non-consumptive
effects of predators because these only affect trait

expression in parasites or hosts but not their densi-
ties. In general, evidence for population-level con-
sequences of non-consumptive predator effects is
poor, not only with respect to parasite-host interac-
tions but also for predation risk effects on predator—
prey and herbivore—plant interactions (Sheriff et al.
2020). One can speculate that trait changes with
strong, direct consequences on growth, fecundity, or
survival of parasites or their hosts have a greater
chance of affecting populations relative to those
with only subtle effects (Sheriff et al. 2020; Thieltges
et al. 2024). The population-level importance of non-
consumptive effects can also be expected to depend
on parasite pathogenicity and the intensity depen-
dence of the pathology for a specific parasite-host
system (Thieltges et al. 2024). The strongest popula-
tion effects can be expected when parasites exhibit
high pathogenicity and when pathology is strongly
intensity-dependent. In these cases, changes in host
encounter, parasite establishment, or infection per-
sistence due to predation risk-induced trait changes
are likely to lead to population-level effects. A com-
bination of experimental and modeling approaches
will be needed to explore the population-level
importance of consumptive and non-consumptive
predator effects on parasites and diseases. In addi-
tion, it will be interesting to explore the extent to
which anti-parasite and anti-predator defenses may
be in conflict with one another. If so, this could
result in poor prey/host outcomes if one type of
natural enemy becomes more dominant than the
other.

Finally, while these consumptive and non-
consumptive predator effects act on ecological
timescales (i.e., on parasite and host populations
and disease dynamics), changes in predation pres-
sure over time may exert selective pressures on
parasites to adapt in the long run. This evolutionary
timescale may be relevant in regard to range shifts
of marine predators in response to climate change
(Pinsky et al. 2020; Braun et al. 2023) that will
introduce new selective predation pressures for
hosts and parasites. This could affect parasites not
only through host density changes but also through
alterations of host species richness and evenness.
For example, an introduced or newly stocked
predator may preferentially consume one type of
prey such that it changes community composition
and thereby the balance of competent versus less
competent hosts (biodiversity-dilution effects).
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In addition, future temperature increases in the
ocean are likely to intensify predation pressure
(Schemske et al. 2009; Englund et al. 2011; Ash-
ton et al. 2022), which may, in turn, also alter
ecological and evolutionary responses of parasites
and hosts. Selective landscapes of predation pres-
sure can also change through conservation mea-
sures and increasing rewilding initiatives, especially
when reintroducing predators to marine systems
(Pettorelli et al. 2019; Clover 2023). The opposite
effect of relaxed predation pressures may result from
large-scale predator declines in the ocean, mainly
due to fisheries (Myers and Worm 2003; Myers et al.
2007). The removal of top predators from the oceans
not only reduces predation pressure and weakens
trophic cascades but can also alter the magnitude of
non-consumptive effects from predators (Heithaus
et al. 2008). These indirect effects will also affect the
selective pressures for parasites and hosts.

In conclusion, this chapter discussed the diver-
sity of mechanisms through which consumptive
and non-consumptive effects of predators can affect
parasite-host interactions and disease dynamics in
marine ecosystems. At the same time, it highlighted
large gaps in our understanding of the magnitude
and relative importance of these effects for marine
parasites and diseases. A holistic approach, combin-
ing empirical data, experimentation, and modeling
scenarios, is most promising to further explore con-
sumptive and non-consumptive effects of predators
on marine parasites and diseases.

References

Adamo, S. A., R. Easy, I. Kovalko, et al. 2017. “Preda-
tor Stress-Induced Immunosuppression: Trade-off,
Immune Redistribution or Inmune Reconfiguration?”
Journal of Experimental Biology 220: 868-75.

Ambariyanto and R. Seed. 1991. “The Infestation of
Mytilus edulis Linnaeus by Polydora ciliata (Johnston) in
the Conwy Estuary, North Wales.” Journal of Molluscan
Studies 57: 413-24.

Arneberg, P., A. Skorping, B. Grenfell, and A. F. Read.
1998. “Host Densities as Determinants of Abundance
in Parasite Communities.” Proceedings of the Royal Soci-
ety London B 265: 1283-89.

Ashton, G. V., A. L. Freestone, J. E. Duffy, et al. 2022.
“Predator Control of Marine Communities Increases
with Temperature Across 115 Degrees of Latitude.”
Science 376: 1215-19.

Behringer, D. C., A. Karvonen, and J. Bojko. 2018. “Para-
site Avoidance Behaviours in Aquatic Environments.”

Philosophical Transactions of the Royal Society B 373:
20170202.

Braun, C. D., N. Lezama-Ochoa, N. Farchadi, et al.
2023. “Widespread Habitat Loss and Redistribution of
Marine Top Predators in a Changing Ocean.” Science
Advances 9: eadi2718.

Brothers, C. A., and A. M. H. Blakeslee. 2021. “Alien vs
Predator Play Hide and Seek: How Habitat Complex-
ity Alters Parasite Mediated Host Survival.” Journal of
Experimental Marine Biology and Ecology 535: 151488.

Buck, J. C., R. F. Hechinger, A. C. Wood, T. E. Stewart,
A. M. Kuris, and K. D. Lafferty. 2017. “Host Den-
sity Increases Parasite Recruitment but Decreases
Host Risk in a Snail-Trematode System.” Ecology 98:
2029-38.

Buck, J. C., S. B. Weinstein, and H. S. Young. 2018. “Eco-
logical and Evolutionary Consequences of Parasite
Avoidance.” Trends in Ecology & Evolution 33: 619-32.

Bukina, L. A. 2014. “Marine Fish from the Coastal Areas
of the Chukotka Peninsula as a Mechanical Transmit-
ters of Trichinella spp. Larvae.” [In Russian.] Rossiiskii
Parazitologicheskii Zhurnal 1: 60-63.

Burge, C. A.,C.]. Closek, C. S. Friedman, et al. 2016. “The
Use of Filter-Feeders to Manage Disease in a Changing
World.” Integrative and Comparative Biology 56: 573-87.

Buschbaum, C., G. Buschbaum, I. Schrey, and D. W.
Thieltges. 2007. “Shell-Boring Polychaetes Affect Gas-
tropod Shell Strength and Crab Predation.” Marine
Ecology Progress Series 329: 123-30.

Byers, . E., A.J. Malek, L. E. Quevillon, I. Altman, and
C. L. Keogh. 2015. “Opposing Selective Pressures
Decouple Pattern and Process of Parasitic Infection
over Small Spatial Scale.” Oikos 124: 1511-19.

Céceres, C. E.,, C. ]J. Knight, and A. R. Hall. 2009.
“Predator-Spreaders: Predation Can Enhance Para-
site Success in a Planktonic Host-Parasite System.”
Ecology 90: 2850-58.

Cadée, G. C. 2011. “Hydrobia as “Jonah in the Whale”:
Shell Repair After Passing Through the Digestive Tract
of Shelducks Alive.” Palaios 26: 245-49.

Chaisson, K. E.,, and E. A. Hallem. 2012. “Chemosen-
sory Behaviors of Parasites.” Trends in Parasitology 28:
427-36.

Clemens, E., and M. E. Brandt. 2015. “Multiple Mecha-
nisms of Transmission of the Caribbean Coral Disease
White Plague.” Coral Reefs 34: 1179-88.

Clover, C. 2023. Rewilding the Sea: How to Save Our Oceans.
Ebury Publishing.

Combes, C., A. Fournier, H. Moné, and A. Théron. 1994.
“Behaviors in Trematode Cercariae That Enhance Par-
asite Transmission: Patterns and Processes.” Parasitol-
ogy 109: S3-13.

Connell, ]J. H. 1970. “A Predator-Prey System in the
Marine Intertidal Region. I. Balanus glandula and Sev-
eral Predatory Species of Thais.” Ecolological Mono-
graphs 40: 49-78.

920z Ae|\ Gz uo Jasn salelqi] opelojo) Jo Alsianiun Aq 929000095/181deyd/ |, 9GZ9/300q/wod dno-olwapede//:sdjy woly papeojumod



HOW PREDATORS AFFECT MARINE PARASITES AND DISEASES 247

Cornelius, A., C. Buschbaum, M. Khosravi, A. M. Waser,
K. M. Wegner, and D. W. Thieltges. 2023. “Effect of
Predation Risk on Parasite Transmission from First
to Second Intermediate Trematode Hosts.” Journal of
Animal Ecology 92: 991-1000.

Coté, 1. M. 2000. “Evolution and Ecology of Cleaning
Symbioses in the Sea.” Oceanography and Marine Biol-
ogy 38: 311-55.

Coté, I. M., and R. Poulin. 1995. “Parasitism and Group
Size in Social Animals—A Meta-analysis.” Behavioral
Ecology 6: 159-65.

Duffy, M. A. 2009. “Staying Alive: The Post-
consumption Fate of Parasite Spores and Its
Implications for Disease Dynamics.” Limnology
and Oceanography 54: 770-73.

Duong, T, and S. J. McCauley. 2016. “Predation Risk
Increases Immune Response in a Larval Dragonfly
(Leucorrhinia intacta).” Ecology 97: 1605-10.

Englund, G., G. Ohlund, C. L. Hein, and S. Diehl.
2011. “Temperature Dependence of the Functional
Response.” Ecology Letters 14: 914-21.

Eriksson, B.K., U. Bergstrom, L. L. Govers, and J. S. EKI6f.
2024. “Trophic Cascades in Coastal Ecosystems.” In
Treatise on Estuarine and Coastal Science, edited by D.
Baird and M. Elliott, 5-49. 2nd ed. Academic Press.

Estes, J. A., and D. O. Duggins. 1995. “Sea Otters and
Kelp Forests in Alaska: Generality and Variation in
a Community Ecological Paradigm.” Ecological Mono-
graphs 65: 75-100.

Estes, J. A., and J. F. Palmisano. 1974. “Sea Otters: Their
Role in Structuring Nearshore Communities.” Science
185: 1058-60.

Foster, G., A. M. Whatmore, M. P. Dagleish, et al. 2019.
“Forensic Microbiology Reveals That Neisseria ani-
maloris Infections in Harbour Porpoises Follow Trau-
matic Injuries by Grey Seals.” Scientific Reports 9:
14338.

Frazer, L. N., A. Morton, and M. Krkosek. 2012. “Critical
Thresholds in Sea Lice Epidemics: Evidence, Sensitiv-
ity and Subcritical Estimation.” Proceedings of the Royal
Society B 279: 1950-58.

Freeman, A.S., and J. E. Byers. 2006. “Divergent Induced
Responses to an Invasive Predator in Marine Mussel
Populations.” Science 313: 831-33.

Gehman, A. L. M., and ]. E. Byers. 2017. “Non-native
Parasite Enhances Susceptibility of Host to Native
Predators.” Oecologia 183: 919-26.

Gibson, A. K., and C. R. Amoroso. 2022. “Evolution
and Ecology of Parasite Avoidance.” Annual Review of
Ecology, Evolution, and Systematics 53: 47-67.

Gilbert, M. ]., L. L. IJsseldijk, A. Rubio-Garcia, et al. 2020.
“ After the Bite: Bacterial Transmission from Grey Seals
(Halichoerus grypus) to Harbour Porpoises (Phocoena
phocoena).” Royal Society Open Science 7: 192079.

Goedknegt, M. A, C. Buschbaum, J. van der Meer, K.
M. Wegner, and D. W. Thieltges. 2020. “Introduced

Marine Ecosystem Engineer Indirectly Affects Para-
sitism in Native Mussel Hosts.” Biological Invasions 11:
3223-37.

Gonzélez, E. B, and F. de Boer. 2017. “The Develop-
ment of the Norwegian Wrasse Fishery and the Use
of Wrasses as Cleaner Fish in the Salmon Aquaculture
Industry.” Fisheries Science 83: 661-70.

Grenfell, B. T.,and A. P. Dobson. 1995. Ecology of Infectious
Diseases in Natural Populations. Cambridge University
Press.

Grutter, A. S. 1996. “Parasite Removal Rates by the
Cleaner Wrasse Labroides dimidiatus.” Marine Ecology
Progress Series 130: 61-70.

Grutter, A. S. 2002. “Cleaning Symbioses from the Para-
sites’ Perspective.” Parasitology 124: S65-81.

Grutter, A. S. 2008. “Interactions Between Gnathiid
Isopods, Cleaner Fish and Other Fishes on Lizard
Island, Great Barrier Reef.” Journal of Fish Biology 73:
2094-2109.

Gutierrez, S. O., D. J. Minchella, and X. E. Bernal. 2022.
“Survival of the Sickest: Selective Predation Differen-
tially Modulates Ecological and Evolutionary Disease
Dynamics.” Oikos 2022: e09126.

Haas, W. 2003. “Parasitic Worms: Strategies of Host
Finding, Recognition and Invasion.” Zoology 106:
349-64.

Hart, B. L. 1990. “Behavioral Adaptations to Pathogens
and Parasites: Five Strategies.” Neuroscience & Biobe-
havioral Reviews 14: 273-94.

Hart, B. L., and L. A. Hart. 2018. “How Mammals Stay
Healthy in Nature: The Evolution of Behaviours to
Avoid Parasites and Pathogens.” Philosophical Transac-
tions of the Royal Society B 373: 20170205.

Hasik, A. Z., D. de Angeli Dutra, J.-E. Doherty, M. A.
Duffy, R. Poulin, and A. M. Siepielski. 2023. “Resetting
Our Expectations for Parasites and Their Effects on
Species Interactions: A Meta-analysis.” Ecology Letters
26: 184-99.

Hawlena, D., and O. ]J. Schmitz. 2010. “Physiological
Stress as a Fundamental Mechanism Linking Preda-
tion to Ecosystem Functioning.” The American Natural-
ist 176: 537-56.

Heithaus, M. R., A. Frid, A. ]J. Wirsing, and B. Worm.
2008. “Predicting Ecological Consequences of Marine
Top Predator Declines.” Trends in Ecology & Evolution
23:202-10.

Hite, J. L., A. C. Pfenning, and C. E. Cressler. 2020.
“Starving the Enemy? Feeding Behavior Shapes Host—
Parasite Interactions.” Trends in Ecology & Evolution 35:
68-80.

Johnson, P. T. J., A. Dobson, K. D. Lafferty, et al. 2010.
“When Parasites Become Prey: Ecological and Epi-
demiological Significance of Eating Parasites.” Trends
in Ecology & Evolution 25: 362-71.

Johnson, P. T. J., and D. W. Thieltges. 2010. “Diver-
sity, Decoys and the Dilution Effect: How Ecological

920z Ae|\ Gz uo Jasn salelqi] opelojo) Jo Alsianiun Aq 929000095/181deyd/ |, 9GZ9/300q/wod dno-olwapede//:sdjy woly papeojumod



248 THIELTGES ET AL.

Communities Affect Disease Risk.” Journal of Experi-
mental Biology 213: 961-70.

Kent, R. M. L. 1981. “The Effect of Polydora ciliata on the
Shell Strength of Mytilus edulis.” Journal du Conseil—
Conseil International pour I'Exploration de la Mer 39:
252-55.

Koprivnikar, J.,, A. Rochette, and M. R. Forbes.
2021. “Risk-Induced Trait Responses and Non-
Consumptive Effects in Plants and Animals in
Response to Their Invertebrate Herbivore and Par-
asite Natural Enemies.” Frontiers in Ecology and
Evolution 9: 667030.

Koprivnikar, J., D. W. Thieltges, and P. T. ]J. Johnson.
2023. “Consumption of Trematode Parasite Infectious
Stages: From Conceptual Synthesis to Future Research
Agenda.” Journal of Helminthology 97: 1-19.

Krkosek, M. 2010. “Host Density Thresholds and Disease
Control for Fisheries and Aquaculture.” Aquaculture
Environment Interactions 1: 21-32.

Lafferty, K. D. 2004. “Fishing for Lobsters Indirectly
Increases Epidemics in Sea Urchins.” Ecological Appli-
cations 14: 1566-73.

Lafferty, K. D., and A. K. Morris. 1996. “Altered Behav-
ior of Parasitized Killifish Increases Susceptibility to
Predation by Bird Final Hosts.” Ecology 77: 1390-97.

Lester, R. J. G. 1980. “Host-Parasite Relations in Some
Didymozoid Trematodes.” Journal of Parasitology 66:
527-53.

Levakin, I. A., K. E. Nikolaev, and K. V. Galaktionov.
2023. “The Effect of Host Density on Parasite Infection:
A Power-Law Model and an Experimental Test with
Trematode Larvae Infecting Mussels.” Marine Biology
170: 13.

Liddell, C., J. E. Welsh, J. van der Meer, and D. W. Thielt-
ges. 2017. “Effect of Dose and Frequency of Exposure
to Infectious Stages on Trematode Infection Intensity
and Success in Mussels.” Diseases of Aquatic Organisms
125: 85-92.

Lima, S. L. 1998. “Nonlethal Effects in the Ecology of
Predator-Prey Interactions: What Are the Ecological
Effects of Anti-predator Decision-Making?” Bioscience
48:25-34.

Lopez, L. K., and M. A. Duffy. 2021. “Mechanisms by
Which Predators Mediate Host—Parasite Interactions
in Aquatic Systems.” Trends in Parasitology 37: 890-906.

Magalhaes, L., R. Freitas, A. Dairain, and X. de Mon-
taudouin. 2017. “Can Host Density Attenuate Para-
sitism?” Journal of the Marine Biological Association of
UK 97: 497-505.

Malek, J. C., and J. E. Byers. 2016. “Predator Effects on
Host-Parasite Interactions in the Eastern Oyster Cras-
sostrea virginica.” Marine Ecology Progress Series 556:
131-41.

Mills, L. S., M. E. Soule, and D. F. Doak. 1993. “The
Keystone-Species Concept in Ecology and Conserva-
tion.” BioScience 43: 219-24.

Mooring, M. S., and B. L. Hart. 1992. “Animal Group-
ing for Protection from Parasites: Selfish Herd and
Encounter-Dilution Effects.” Behaviour 123: 173-93.

Morley, N. J. 2022. “Vertebrates as Uninfected Dissem-
inators of Helminth Eggs and Larvae.” Advances in
Parasitology 115: 45-170.

Mouritsen, K. N., S. McKechnie, E. Meenken, J. L.
Toynbee, and R. Poulin. 2003. “Spatial Heterogene-
ity in Parasite Loads in the New Zealand Cockle: The
Importance of Host Condition and Density.” Jour-
nal of the Marine Biological Association of the UK 83:
307-10.

Mouritsen, K. N., and R. Poulin. 2003. “Parasite-Induced
Trophic Facilitation Exploited by a Non-host Predator:
A Manipulator’s Nightmare.” International Journal for
Parasitology 33: 1043-50.

Mpyers, R., and B. Worm. 2003. “Rapid Worldwide Deple-
tion of Predatory Fish Communities.” Nature 423:
280-83.

Myers,R. A.,]. K. Baum, T. D. Shepherd, S. P. Powers, and
C. H. Peterson. 2007. “Cascading Effects of the Loss of
Apex Predatory Sharks from a Coastal Ocean.” Science
315: 1846-50.

Narvaez, P, A. Morais, D. B. Vaughan, A. S. Grutter,
and K. S. Hutson. 2022. “Cleaner Fish Are Potential
Super-spreaders.” Journal of Experimental Biology 225:
jeb244469.

Narvaez, P, D. B. Vaughan, A. S. Grutter, and K. S.
Hutson. 2021. “New Perspectives on the Role of Clean-
ing Symbiosis in the Possible Transmission of Fish
Diseases.” Reviews in Fish Biology and Fisheries 31:
233-51.

Nicolet, K. J., K. M. Chong-Seng, M. S. Pratchett, B. L.
Willis, and M. O. Hoogenboom. 2018. “Predation Scars
May Influence Host Susceptibility to Pathogens: Eval-
uating the Role of Corallivores as Vectors of Coral
Disease.” Scientific Reports 8: 5258.

Ono, H. 1958. “Ascaris Eggs and Shore Fishes and Shell-
fishes.” [In Japanese.] Igaku Kenkyu 28: 4463-70.

Pace, M. L., J. ]. Cole, S. R. Carpenter, and J. F. Kitchell.
1999. “Trophic Cascades Revealed in Diverse Ecosys-
tems.” Trends in Ecology & Evolution 14: 483-88.

Packer, C., R. D. Holt, P. . Hudson, K. D. Lafferty, and
A. P. Dobson. 2003. “Keeping the Herds Healthy and
Alert: Implications of Predator Control for Infectious
Disease.” Ecology Letters 6: 797-802.

Paine, R. T. 1966. “Food Web Complexity and Species
Diversity.” The American Naturalist 100: 65-75.

Paine, R. T. 1969. “A Note on Trophic Complexity and
Community Stability.” The American Naturalist 103:
91-93.

Peacock, S. J., B. M. Connors, M. Krkosek, J. R. Irvine,
and M. A. Lewis. 2014. “Can Reduced Predation
Offset Negative Effects of Sea Louse Parasites on
Chum Salmon?” Proceedings of the Royal Society B 281:
20132913.

920z Ae|\ Gz uo Jasn salelqi] opelojo) Jo Alsianiun Aq 929000095/181deyd/ |, 9GZ9/300q/wod dno-olwapede//:sdjy woly papeojumod



HOW PREDATORS AFFECT MARINE PARASITES AND DISEASES 249

Peacock, S. J., M. Krkosek, A. W. Bateman, and M. A.
Lewis. 2015. “Parasitism and Food Web Dynamics of
Juvenile Pacific Salmon.” Ecosphere 6: 1-16.

Peacor, S. D., B. T. Barton, D. L. Kimbor, and A. Sih.
2020. “A Framework and Standardized Terminology
to Facilitate the Study of Predation-Risk Effects.” Ecol-
ogy 101: e03152.

Pettorelli, N., S. M. Durant, and J. T. du Toit, eds. 2019.
Rewilding. Cambridge University Press.

Pinsky, M. L., R. L. Selden, and Z. ]J. Kitchel. 2020.
“Climate-Driven Shifts in Marine Species Ranges:
Scaling from Organisms to Communities.” Annual
Review of Marine Science 12: 153-79.

Poulin, R. 2010. “Parasite Manipulation of Host Behav-
ior: An Update and Frequently Asked Questions.”
Advances in the Study of Behavior 41: 151-86.

Poulin, R., and F. Maure. 2015. “Host Manipulation
by Parasites: A Look Back Before Moving Forward.”
Trends in Parasitology 31: 563-70.

Raberg, L., A. L. Graham, and A. F. Read. 2009. “Decom-
posing Health: Tolerance and Resistance to Parasites
in Animals.” Philosophical Transactions of the Royal Soci-
ety B 364: 37-49.

Reilly, J. R., and S. E. Hajek. 2012. “Prey-Processing by
Avian Predators Enhances Virus Transmission in the
Gypsy Moth.” Oikos 121: 1311-16.

Renzi, J. J., E. C. Shaver, D. E. Burkepile, and B. R.
Silliman. 2022. “The Role of Predators in Coral Disease
Dynamics.” Coral Reefs 41: 405-22.

Richards, R. L., J. M. Drake, and V. O. Ezenwa. 2021. “Do
Predators Keep Prey Healthy or Make Them Sicker? A
Meta-analysis.” Ecology Letters 25: 278-94.

Richards, R. L., B. D. Elderd, and M. A. Dulffy. 2023.
“Unhealthy Herds and the Predator-Spreader: Under-
standing When Predation Increases Disease Incidence
and Prevalence.” Ecology and Evolution 13: €9918.

Romero, L. M. 2004. “Physiological Stress in Ecology:
Lessons from Biomedical Research.” Trends in Ecology
& Evolution 19: 249-55.

Salerno, C. M., J. C. Buck, and S. J. Kamel. 2023. “Pre-
dation Cues Amplify the Effects of Parasites on the
Personality of a Keystone Graze.” Journal of Animal
Ecology 92: 813-25.

Samsing, F, F. Oppedal, D. Johansson, S. Bui, and T.
Dempster. 2014. “High Host Densities Dilute Sea Lice
Lepeophtheirus salmonis Loads on Individual Atlantic
Salmon, but Do Not Reduce Lice Infection Success.”
Aquaculture Environment Interactions 6: 81-89.

Sapolsky, R. M., L. M. Romero, and A. U. Munck. 2000.
“How Do Glucocorticoids Influence Stress Responses?
Integrating Permissive, Suppressive, Stimulatory, and
Preparative Actions.” Endocrine Reviews 21: 55-89.

Schemske, D. W., G. G. Mittelbach, H. V. Cornell,
J. M. Sobel, and K. Roy. 2009. “Is There a Latitudi-
nal Gradient in the Importance of Biotic Interactions?”

Annual Review of Ecology, Evolution, and Systematics 40:
245-69.

Shaw, K. E., and D. J. Civitello. 2021. “Re-emphasizing
Mechanism in the Community Ecology of Disease.”
Functional Ecology 35: 2376-86.

Sheldon, B. C., and S. Verhulst. 1996. “Ecological
Immunology: Costly Parasite Defenses and Trade-offs
in Evolutionary Ecology.” Trends in Ecology & Evolu-
tion 11: 317-21.

Sheriff, M. J., S. D. Peacor, D. Hawlena, and M. Thaker.
2020. “Non-consumptive Predator Effects on Prey
Population Size: A Dearth of Evidence.” Journal of
Animal Ecology 89: 1302-16.

Sheriff, M. L., and ]. S. Thaler. 2014. “Ecophysiologi-
cal Effects of Predation Risk; an Integration Across
Disciplines.” Oecologia 176: 607-11.

Shirakashi, S., K. Teruya, and K. Ogawa. 2008. “Altered
Behaviour and Reduced Survival of Juvenile Olive
Flounder, Paralichthys olivaceus, Infected by an Inva-
sive Monogenean, Neoheterobothrium hirame.” Interna-
tional Journal for Parasitology 38: 1513-22.

Terborgh, J., and J. A. Estes, eds. 2010. Trophic Cascades:
Predators, Prey, and the Changing Dynamics of Nature.
Island Press.

Thieltges, D. W., P-A. Amundsen, R. F. Hechinger, et al.
2013. “Parasites as Prey in Aquatic Food Webs: Impli-
cations for Predator Infection and Parasite Transmis-
sion.” Oikos 122: 1473-82.

Thieltges, D. W., M. A. D. Ferguson, C. S. Jones, L. R.
Noble, and R. Poulin. 2009a. “Biogeographical Pat-
terns of Marine Larval Trematode Parasites in Two
Intermediate Snail Hosts in Europe.” Journal of Bio-
geography 36: 1493-1501.

Thieltges, D. W., K. T. Jensen, and R. Poulin. 2008.
“The Role of Biotic Factors in the Transmission of
Free-Living Endohelminth Stages.” Parasitology 135:
407-26.

Thieltges, D. W., P. T. ]J. Johnson, A. van Leeuwen,
and J. Koprivnikar. 2024. “Effects of Predation Risk
on Parasite-Host Interactions and Wildlife Diseases.”
Ecology 105: e4315.

Thieltges, D. W., and K. Reise. 2007. “Spatial Heterogene-
ity in Parasite Infections at Different Spatial Scales in
an Intertidal Bivalve.” Oecologia 150: 569-81.

Thieltges, D. W., K. Reise, K. Prinz, and K. T. Jensen.
2009b. “Invaders Interfere with Native Parasite-Host
Interactions.” Biological Invasions 11: 1421-29.

Thomas, F, and R. Poulin. 1998. “Manipulation of a
Mollusc by a Trophically Transmitted Parasite: Con-
vergent Evolution or Phylogenetic Inheritance?” Par-
asitology 116: 431-36.

Vaughan, D. B., A. S. Grutter, M. J. Costello, and K. S.
Hutson. 2016. “Cleaner Fishes and Shrimp Diversity
and a Re-evaluation of Cleaning Symbioses.” Fish and
Fisheries 18: 698-716.

920z Ae|\ Gz uo Jasn salelqi] opelojo) Jo Alsianiun Aq 929000095/181deyd/ |, 9GZ9/300q/wod dno-olwapede//:sdjy woly papeojumod



250 THIELTGES ET AL.

Vaughan, D. B., A. S. Grutter, and K. S. Hutson. 2018.
“Cleaner Shrimp Are a Sustainable Option to Treat
Parasitic Disease in Farmed Fish.” Scientific Reports 8:
13959.

Welsh, J. E., A. Hempel, M. Markovigc, J. van der Meer,
and D. W. Thieltges. 2019. “Consumer and Host Body
Size Effects on the Removal of Trematode Cercariae by
Ambient Communities.” Parasitology 146: 342-47.

Welsh, J. E., M. Markovic, J. van der Meer, and D.
W. Thieltges. 2024. “Non-linear Effects of Non-host
Diversity on the Removal of Free-Living Infective
Stages of Parasites.” Oecologia 204: 339-49.

Welsh, J. E., P. Steenhuis, K. Ribeiro de Moraes, J. van der
Meer, D. W. Thieltges, and C. P. D. Brussaard. 2020.
“Marine Virus Predation by Non-host Organisms.”
Scientific Reports 10: 5221.

Werner, E. E., and S. D. Peacor. 2003. “A Review of Trait-
Mediated Indirect Interactions in Ecological Commu-
nities.” Ecology 84: 1083-1100.

Wirsing, A. J., and W. J. Ripple. 2011. “A Comparison
of Shark and Wolf Research Reveals Similar Behav-
ioral Responses by Prey.” Frontiers in Ecology and the
Environment 9: 335-41.

David W. Thieltges et al., How Predators Affect Marine Parasites and Diseases. In: The Ecology and Evolution of Marine Parasites and Disease.
Edited by: James E. Byers, April M. H. Blakeslee, and John P. Wares, Oxford University Press. © Oxford University Press (2026).

DOI: 10.1093/9780197790847.003.0013

920z Ae|\ Gz uo Jasn salelqi] opelojo) Jo Alsianiun Aq 929000095/181deyd/ |, 9GZ9/300q/wod dno-olwapede//:sdjy woly papeojumod



	12 How Predators Affect Marine Parasites and Diseases 



