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Highlights
Migratory movement shapes infec-
tious disease dynamics within migra-
tory populations, but also impacts
the disease dynamics of resident
(non-migratory) species by transporting
pathogens along migratory routes.

Migratory animals often dominate local
animal biomass and exert strong trophic
effects on the resident species that they
encounter. Many of these trophic effects
could impact infectious disease trans-
Migratory animals can bring parasites into resident animal (i.e., non-migratory)
home ranges (transport effects) and exert trophic effects that either promote or
reduce parasite exposure to resident hosts. Here, we examine the importance of
these transport and trophic effects and their interactions for resident parasite
dynamics. We propose that migrant transport and trophic effects are impacted
by the number of migratory animals entering a resident’s home range (migration
intensity), the amount of time that migrants spend within a resident’s home
range (migration duration), and the timing of migrant–resident interactions. We
then incorporate migration intensity, duration, and timing into a framework for
exploring the net impact of migrant trophic and transport effects on resident
animal parasite prevalence.
mission, yet very little is known about
the role of migrant trophic effects in
shaping resident disease dynamics.

We propose mechanisms via which
migrant trophic effects change the local
infection risk for resident animals. We
then describe a framework that captures
the role of migration intensity and dura-
tion in modifying migrant transport and
trophic effects that can be used to inves-
tigate the complex ecological interac-
tions that determine resident parasite
dynamics in nature.
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Effects of animal migration on resident parasite dynamics
Migratory animals can move parasites that infect resident (i.e., non-migratory) animals into resident
home ranges and also modify resource availability, thereby imposing both transport and trophic
effects on resident parasite dynamics [1,2]. To date, studies of infectious disease in migrant–
resident interactions have focused almost exclusively on transport effects (e.g., the spread of the
haemosporidian parasites by migrating birds to resident birds in South America [3]). By contrast,
intra- and inter-specific trophic interactions are a largely unrecognized component of migrant–
resident parasite dynamics, despite being a common feature of migratory systems with the poten-
tial to change resident parasite transmission [2]. For example, seasonal diet-switching by Alaskan
brown bears (Ursus arctos) from moose (Alces alces) to Pacific salmon (Oncorhynchus spp.)
during the salmonmigration could reduce exposure of resident bears to tapeworms (Taenia arctos)
ingested in infected moose prey [4]. The impact of migration on resident parasite dynamics should
depend on a combination of migrant transport effects, direct and indirect trophic effects, and their
interactions. In this opinion article, we propose that the impact of migrant transport and trophic
effects on resident parasite transmission should be determined by: (i) the number of migrants
entering resident home ranges (migration intensity); (ii) the length of time that migrants spend in
resident home ranges (migration duration); (iii) the infection status of the migrants, and (iv) the
seasonality of migrant–resident interactions. We then generate a set of hypotheses for exploring
the consequences of migrant–resident interactions on resident parasite transmission.

A non-binary view of migratory movement: migration intensity and duration
From the perspective of resident animals, migrants entering and subsequently departing resident
home ranges represent discrete events. The intensity and duration of these events can vary
substantially among, andwithin, study systems [5,6]. Importantly, migration intensity and duration
are inter-related because resource requirements for migrating animals should scale with intensity
(Box 1). For example, among migrating passerine birds using island stopover sites in the North
Sea, birds that arrive in larger groups consume the dominant resource, black elder (Sambucus
nigra) fruit, faster and therefore leave earlier than birds arriving in smaller groups [7]. Thus, for
Trends in Ecology & Evolution, July 2024, Vol. 39, No. 7 https://doi.org/10.1016/j.tree.2024.01.005 625
© 2024 Elsevier Ltd. All rights reserved.

https://orcid.org/0000-0001-9267-3293
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tree.2024.01.005&domain=pdf
https://doi.org/10.1016/j.tree.2024.01.005
CellPress logo


Box 1. The migration intensity and duration trade-off: migrating wildebeest as a case study

The number of animals involved in individual migration events (intensity) can range from hundreds of thousands of animals
to long-distance individual movements [57]. The period of time that these animals spend in any single location (migration
duration) also varies widely, with migrating animals moving for a wide range of reasons, including breeding opportunities,
predator avoidance, or resource access [58]. However, the upper boundary of migration duration will be determined
by resource limitation and this limitation should scale with intensity as more animals deplete resources faster. Thus,
an intensity-duration trade-off should exist within migratory systems, with large groups of animals (high intensity) remaining
for shorter durations than small groups of animals (low intensity). The seasonal migration of Serengeti blue wildebeest
(Connochaetes taurinus) provides an illustrative example of this phenomenon

Approximately 1.3 million wildebeest follow a seasonal migration pattern in the Serengeti-Mara ecosystem in East Africa
that is driven by availability of fresh grass growth [59,60]. The absolute limit for herds of migrating wildebeest to remain
in any given location is set by local resource availability and should scale with resource demand (i.e., herd size) [60]. This
relationship should result in a herd size (intensity) versus duration trade-off, such that large herds (high intensity) are unable
to spend long periods (long duration) in a single location.

The snapshot Serengeti camera grid is an array of 150+ camera traps that cover the south-eastern section of the annual
wildebeest migratory route (Figure IA [61]). Observations from 7 years of images in the grid identify an intensity/duration
trade-off in the wildebeest migration (Figure IB). The number of wildebeest involved (intensity = number of wildebeest images
captured per day) in discrete migration events (contiguous days of wildebeest presence) sets an upper threshold for the
number of days (duration) that herds remain at any given camera trap location. This is clear from the complete absence of
high-intensity/long-duration migration events recorded in over 3000 documented events. At the extreme end of the intensity
gradient, wildebeest become limited by resource availability andmove on quickly, resulting in high-intensity/short-duration events.
Conversely, long-duration events only involve a few animals. Below this resource-associated threshold, individual groups of
wildebeest make movement decisions due to myriad other local drivers that are unrelated to resource limitation [60] and there
are numerous events involving herds of animals leaving prior to resource depletion (i.e., low-intensity/short duration).
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Figure I. Intensity (number of daily captures of wildebeest) as a function of duration (number of contiguous
days with wildebeest captures) for individual migration events captured by 150 cameras within the
Snapshot Serengeti camera trap grid from 2012 to 2018. Note the presence of high-intensity/short-duration
(HiInt/ShDur), low-intensity/long-duration (LoInt/LgDur), and low-intensity/short-duration (LoInt/ShDur) events and the
absence of high-intensity/long-duration events (HiInt/LgDur).
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any migratory system, the intensity of the migration event should dictate the upper boundary of
the duration of that event, resulting in an intensity–duration trade-off, with high intensity events
having short durations and vice versa (see Figure I in Box 1). Given this trade-off, high intensity/
long duration migration events should be rare and largely restricted to non-forage driven migra-
tions, for example, high numbers of European roach (Rutilus rutilus) avoid predation by restricting
their feeding to spend winter in low-resource refuge streams [8]. The vast majority of migrant–
resident interactions should exhibit a range of intensities and durations below some resource-
626 Trends in Ecology & Evolution, July 2024, Vol. 39, No. 7
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imposed threshold, with migrants leaving an area for myriad reasons beyond local resource de-
pletion (e.g., predation risk [9], or mating opportunities [10]).

Transport and trophic effects are generally considered separately within the contexts of animal
migration and parasite transmission.While it has been established that both transport and trophic
effects independently influence parasite dynamics by modifying host exposure risk [11,12], these
two processes may act simultaneously. For example, the trematode Telogaster opisthorchis can
be transported by migratory inanga (Galaxias maculatus) upstream, where they infect longfin eels
(Anguilla dieffenbachii), when the latter consume infected inanga [13,14]. Crucially, both the
magnitude of transport and trophic effects and their interactions should depend on migration
intensity and duration. For example, during periods of overlap between migrants and residents,
migration events temporarily increase the combined (migrant + resident) local animal population
density. Increasing host densities raises the risk of parasite transmission [15,16] and, therefore,
greater migration intensity can drive higher infection rates in migrants [17], which should impact
the transmission risk for susceptible resident hosts. This effect is exacerbated by the fact that
larger groups of migrants are more likely to include highly infected individuals in systems where
parasite infection is aggregated [18]. Thus, the intensity of transport effects should scale, possibly
nonlinearly, with migration intensity. Likewise, extending the duration of a migration event also
increases the period of time during which contacts between migratory and resident hosts can
occur [19]. Finally, because migration can influence migrant population parasite prevalence
through the processes of migratory culling and migratory escape [17], and because seasonality
can impact resident host–pathogen dynamics [20], the timing of migrant–resident spatial overlap
may be a key factor modulating the strength of transport effects (Figure 1).

Transport effects are only relevant when migrants carry parasites that infect resident animals.
Conversely, trophic effects can manifest whenever migrants share resources with, or alter the
habitat of, resident animals. Trophic interactions can be direct or indirect and consumer-
resource ecology suggests that both processes should increase in strength withmigration intensity
and duration. A direct trophic effect can occur when migrants feed in resident home ranges and
ingest (and therefore remove, if migrants either leave before becoming infectious or act as dead-
end hosts) parasites that infect residents. This trophic effect has been demonstrated with invasive
dace (Leuciscus leuciscus), which ingest the helminth Pomphorhynchus tereticollis during feeding.
Since dace are incompetent hosts for P. tereticollis, their presence reduces infection risk for native
brown trout (Salmo trutta) [21]. Migrants could exert similar trophic effects if they act as parasite
sinks in systems with trophically transmitted parasites or parasites that have free-living life stages
that can be eaten bymigrants (e.g., ticks, helminths). In these situations, greater migration intensity
or duration should lead to increased consumption and stronger direct effects (Figure 1).

Indirect trophic effects occur when migrants impact resource availability, modifying resident
exposure to parasites. For example, many apex predators are infected by trophically transmitted
parasites (e.g., cestodes), and during migration events resident predators regularly switch from
feeding on resident prey to predominantly consuming more abundant migratory prey [22,23]. If
parasites are more abundant in resident than migratory prey, migration events could reduce
predator exposure to trophically transmitted parasites (and vice versa if parasites are more abun-
dant in migratory prey). Greater migration intensity and duration both increase migrant–resident
trophic interactions [24,25], andmigrant indirect trophic effects should scale with migration inten-
sity and duration. Unlike direct trophic effects, indirect effects could alter resident infection risk
from directly transmitted parasites if they change resident host behavior. For example, in
Tanzania, the presence of migrating ungulate prey in the home ranges of resident spotted hyenas
(Crocuta crocuta) results in increased adult hyena presence at den sites [26], and higher adult
Trends in Ecology & Evolution, July 2024, Vol. 39, No. 7 627
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Figure 1. A framework for understanding migration effects on resident parasite burdens. The net response of resident parasite infection risk to migration events
will be dictated by the relative strength of migrant transport effects and the trophic effects they exert on resident parasite transmission. The timing of migrant–resident
overlap will impact the initial parasite prevalence of migrant and resident hosts because migrant parasite prevalence changes over the course of their migratory
movement and resident infection prevalence fluctuates seasonally. The initial parasite prevalence of both migrants and residents will set the baseline for resident host
responses to parasites transported by migrants. The intensity and duration of migration will impact the transport and direct trophic effects by increasing the magnitude
of the response. However, if migration intensity is high enough or duration long enough to exert indirect trophic effects on resident parasite transmission, then indirect
effects have the capacity to dominate the net response of resident parasite prevalence, particularly when migrations remain until their resource-imposed threshold.
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presence at den sites in turn changes the transmission rates of directly transmitted hookworms
(Ancylostoma) in juvenile hyenas [27].

A framework for integrating migration intensity and duration with transport and trophic effects
Transport effects are determined by initial conditions
Transport effects bring new parasites into areas occupied by residents and the effect on resident
parasite burdens should always be positive or neutral. For example, studies of interactions
between migratory saiga antelope (Saiga tatarica) and domestic sheep (Ovis aries) suggest that
the transport of feces by saiga into pasture used by domestic sheep consistently elevates gastro-
intestinal helminth burdens in sheep [28]. In ecosystems where migrants do not exert trophic
effects, the infection status of both the migratory and resident animals at the start of their spatial
overlap should determine the strength of the transport effect (Figure 1). This happens because
when residents are uninfected by focal parasites, any transport effect from migrants (even
those with low parasite prevalence) increases resident exposure risk. This phenomenon may
account for documented cases of migration resulting in the introduction and dissemination of
parasites into new areas/hosts (e.g., the protozoan parasite Toxoplasma gondii transported by
migratory geese [29]). Conversely, resident populations with already high parasite prevalence
628 Trends in Ecology & Evolution, July 2024, Vol. 39, No. 7
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will be less likely to experience further increases in prevalence as a result of migrant inputs.
Because seasonality has strong impacts on parasite prevalence [30], the seasonal timing
of migrant–resident overlap may determine the strength of transport effects (Figure 1). For
example, in China, migrating waterbirds that transport haemosporidian parasites may have a
lower impact on avian malaria infections in resident birds if they arrive in summer, when prevalence
in resident birds is already high, than if they arrive in spring when prevalence is low [31].

The timing of migrant–resident encounters along the migratory trajectory should also affect
outcomes for residents (Figure 1). Migration can either decrease migrant parasite prevalence
(via the mechanisms of migratory culling and migratory escape [32–34]), or increase it if migrants
move through regions with high infection risk [35]. Residents that encounter migrants during the
early stages of migration, whenmigrant parasite loads are often high, for example, monarch butter-
flies (Danaus plexippus) in North America at the beginning of their fall migration southward [36], may
experience a net increase in parasite burdens. Conversely, residents encountering the same
migrants at the end of themigration cycle may not experience an increased risk of infection, if highly
infectedmigrants have been culled from the population (e.g., monarch butterflies toward the end of
their southward migration [36]). Alternatively, some migrants may accumulate parasites over the
course of migration with parasite loads higher during later stages of migration. For example, sea
lice (Lepeophtheirus salmonis) infections on migrating juvenile pink salmon (Oncorhynchus
gorbuscha) increase with greater exposure of salmon to sea lice during seaward migration [37].
In this case, exposure risk to residents would increase toward the end of the migratory period.

Transport effects interact with direct trophic effects
The capacity for migrants to transport parasites of public health or economic concern has driven
research on animal migrations as superspreader events [38]. However, consumptive effects by
migrants may simultaneously remove parasites and this can reduce exposure in residents [2].
This interpretation is supported by observations from mixed livestock grazing systems, where
gastrointestinal helminth burdens in horses are lower on farms with mixed horse–cattle grazing
compared with specialized horse farms, likely because cattle (which are incompetent hosts for
horse helminths) inadvertently consume horse-specific helminth larvae on pasture during grazing,
thereby reducing horse exposure to these parasites [39]. Similar effects could be driven by
migrants that do not transport the focal parasite.

When migratory hosts transport parasites while simultaneously removing them through feeding,
the overall effect on resident parasite prevalence should be determined by the combined transport
inputs and direct trophic removal effects (Figure 1). There is growing evidence that migration can
reduce parasite prevalence in migrant hosts [18,34,40] and migrants with low infection rates
entering resident home ranges could act to reduce resident exposure if they remove more para-
sites than they transport in. An applied implication of this phenomenon relates to the management
of free-ranging livestock, which overlap spatially with migratory herbivores inmany systems globally
[41]. If migratory species remove more parasites than they bring into livestock ranges, they may
reduce overall infection risk for livestock.

Variation in migration duration is also important for resident parasite dynamics. If migrants have
low parasite prevalence when entering a resident home range, they may initially impose direct
consumptive effects that remove more parasites than are added. However, if migrants remain
in a resident home range until they become infected and are capable of infecting others, the
high host population density (migrants + residents) may introduce higher parasite numbers
than are removed. A mechanism for this process has recently been demonstrated in the water
flea Daphnia dentifera; a change from low to high host density initially diluted host encounters
Trends in Ecology & Evolution, July 2024, Vol. 39, No. 7 629
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Outstanding questions
How is the effect of interactions
between transport and trophic effects
and migration intensity and duration on
transmission influenced by parasite life
history strategy (e.g., transmission
mode, host specificity, host exploitation
strategy, virulence).

How do parasite-induced changes in
the behavior ofmigrants affect themag-
nitude of transport and trophic effects?

Can migrant–resident interactions and
the intensity and duration of migratory
events affect immune responses of
resident species? How do these effects
translate to variation in the quality and
quantity of parasite defenses in
residents?

How do abiotic factors (e.g., tempera-
ture, rainfall, fire, etc.) modify the trans-
port and trophic effects that migrants
exert on residents?
with the fungal parasite Metschnikowia bicuspidate, reducing inadvertent ingestion of infective
spores [42]. However, over time, higher host densities supported greater spore production and
resulted in increased infection risk [42]. Under these scenarios, the intensity–duration trade-off
suggests that high-intensity/short-duration events are most likely to result in decreases in
infection risk, while low-intensity/long-duration events could increase it.

Indirect trophic effects are strongly linked to intensity and duration
Migrants can profoundly affect available resources and alter habitat utilization and/or foraging rates
of resident species [1], possibly increasing (if the effect is facilitative) or decreasing (if the effect is
competitive) resident exposure to parasites in the environment. For example, when resident
animals compete with migratory animals for food (e.g., migrating insectivorous birds compete
with, and slow down feeding rates of, resident insectivorous rufous-capped warblers (Basileuterus
rufifrons) in Mexico [43]), then the presence of migrants should slow down resource and parasite
intake by residents. A similar mechanism has been observed in D. dentifera, which consume infec-
tive fungal spores during grazing: infection prevalence declines when Daphnia densities become
high enough that interference competition suppresses feeding rates and individual fungal spore
intake declines [44]. Crucially, indirect trophic effects are driven by migrant resource utilization
and will require a threshold intensity or duration to impact resident parasite transmission
(Figure 1). For example, migratory snow geese (Anser caerulescens) facilitate grazing by resident
species through the formation of grazing lawns [45] and may indirectly stimulate parasite intake.
This same trophic effect will not occur if geese numbers are too low to drive grazing lawn formation
and low-intensity/short-duration events are unlikely to have strong indirect trophic effects on
residents. Conversely, high-intensity or long-duration events that remain until a resource-imposed
threshold is reached (e.g., migratory snow geese flocks can reach extremely high abundances
and completely remove local vegetation, resulting in long-term trophic effects on resident herbivores
[46]) could exert extreme indirect trophic effects on resident parasite transmission risk and need to
be considered in any system where indirect trophic interactions occur.

Seasonal environmental conditions that change resource availability will impact the time it takes for a
migration to begin displaying indirect trophic effects. If migrants overlap with residents during a
period of limitation (e.g., insectivorous songbirds migrate to the neotropics and overlap with
resident insectivorous birds during the dry season when insect abundance is relatively low [47]),
then indirect trophic effects would require fewer migrants to manifest, or occur faster, than would
be the case when resources are plentiful (e.g., in North America, migrating sandhill cranes
(Antigone canadensis) have winter ranges that overlap with multiple bird species on
supplemental corn crops that provide an essentially unlimited food resource [48]). Extreme
trophic scenarios may also occur when unusually long periods of migrant–resident overlap are
enforced by perturbations that restrict migrant dispersal (e.g., dams restricting migrating fish, or se-
vere weather grounding avian migrants for long periods), or during rare high-intensity/long-duration
events when migrants remain at limited resource sites in the absence of viable alternative locations
(e.g., the persistent use of stopover sites in the Yellow Sea by migrating shorebirds despite declining
resource availability [49]). The timing of migration events in relation to seasonal resource availability
will therefore impact the migration intensity and duration required to initiate indirect trophic effects.

Concluding remarks
The potential impact of animal migrations on parasite transmission in resident species is of global
relevance to both animal and human health. Our conceptual framework (Figure 1), which
captures the role of migration intensity and duration in modifying transport and trophic effects
of migration on parasite transmission, uncovers a set of novel hypotheses (Figure 2) that can
help move research on migrant–resident parasite transmission away from a binary (presence/
630 Trends in Ecology & Evolution, July 2024, Vol. 39, No. 7
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Figure 2. Hypotheses for resident parasite responses to different migrant–resident interactions and potential migrant–resident–parasite systems that
allow for these hypotheses to be tested. Supporting references [47,53–56]. Photograph credits from top to bottom: Anna Karp (Unsplash), Jason Donaldson, Erik
Karitz (Unsplash), Bob Brewer (Unsplash), SteffiWacker (Pexels), Basil Senso, OVasik (iStock), Mirecca (iStock), Sinhyu (iStock), Patrice Bouchard (Unsplash), Edwin Pérez
(Pexels), Josef Reischig, Jason Donaldson, Jason Donaldson, Basil Senso.
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absence) perspective of migration and towards a more nuanced view of the complex ecological
interactions that determine the outcomes of host–parasite interactions in nature. It also raises a
number of novel questions about other aspects of the migrant–host interaction that may affect
parasite dynamics in migratory systems (see Outstanding questions). More generally, it provides
useful insight into how human-driven changes that are increasingly altering or stopping animal mi-
grations [50–52] could have cascading consequences for parasite dynamics in resident species.
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