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Presentation Notes
Paper abstract:Long-distance animal movements can increase exposure to diverse parasites, but can also reduce infection risk through escape from contaminated habitats or culling of infected individuals. These mechanisms have been demonstrated within and between populations in single-host/single-parasite interactions, but how long-distance movement behaviours shape parasite diversity and prevalence across host taxa is largely unknown. Using a comparative approach, we analyse the parasite communities of 93 migratory, nomadic and resident ungulate species. We find that migrants have higher parasite species richness than residents or nomads, even after considering other factors known to influence parasite diversity, such as body size and host geographical range area. Further analyses support a novel ‘environmental tracking' hypothesis, whereby migration allows parasites to experience environments favourable to transmission year-round. In addition, the social aggregation and large group sizes that facilitate migration might increase infection risk for migrants. By contrast, we find little support for previously proposed hypotheses, including migratory escape and culling, in explaining the relationship between host movement and parasitism in mammals at this cross-species scale. Our findings, which support mechanistic links between long-distance movement and increased parasite richness at the species level, could help predict the effects of future environmental change on parasitism in migratory animals.
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Do highly mobile animals have more or 
fewer parasite species?  

Resident 

photo credit: Julie Rushmore 

Migratory Nomadic 

photo credit: D. Gordon E. Robertson 
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Migration is wide-spread among ungulate species, but movement-type varies and this may have implications for parasite diversity among ungulate species. Ungulates are an important system in which to understand parasite species diversity, because they are a diverse taxa, are herbivores, and are found worldwide. Movement-typeTeitelbaum et al (2018) classified ungulate movement-type using the following three categories:(1) Residents: animals that move within a local area, or disperse randomly short distances, but generally stay in one locality. Common resident ungulate species include impala (shown above), duiker, and white rhinoceros. (2) Migrants: animals that move back and forth annually between separate locations, typically moving long distances between breeding and non-breeding sites. Examples are migratory ungulates are mule deer, mountain goats, bighorn sheep, and wildebeest (shown above). (3) Nomads: animals that move long distances, but in a less predictable way than migrants. For nomads, location at one time of year doesn’t predict location at that time next year. Examples of nomadic ungulates include species such as addax and hartebeest (shown above). Maps below each picture, depict examples of the three common movement-types defined in Teitelbaum et al. For example, resident animals might only move within a local area (here depicted in tan and representing a portion of the total area a migratory or nomadic animal might utilize). In contrast, migrants and nomadic ungulates would likely be present across the total area of the maps presented above, but utilize these areas in different ways.



Animals that move could have fewer parasite 
species than those that move less . . .  

Photo: Julie Rushmore 

Migration is a strenuous process!  
Sicker animals may die during migration,  
leaving fewer parasites in the population.  

This is called migratory culling.  

Annual wildebeest migration, Maasai Mara 

Evidence for migratory culling has been seen in 
Monarch butterflies.  

Figure courtesy of Dara Satterfield 
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Migratory escape and Migratory culling are two theories on why parasites might be lower in migratory animals:Previous studies have shown that migration may actually decrease infection through two different mechanisms; migratory culling and migratory escape. Migratory culling is where infected and sick animals are culled through the strenuous act of migration. Because migration is costly, and migrating while infected is particularly costly, infected migrants are more likely than uninfected ones to die, removing at least some infection from the population. This cost doesn’t exist for residents, so they can more easily maintain infection.Migratory escape (not represented in slide) allows animals to leave behind environments where parasites are present. By staying in one place, residents constantly reinfect their habitats. By moving away, migrants escape these contaminated habitats for at least a part of the year. Studies in birds and in butterflies have shown that this can lead to lower parasite diversity in migratory animals (cite). Studies in birds, reindeer, and butterflies showed that migratory escape can lead to lower parasite prevalence and infection loads in migratory animals (Bartel et al, 2011 (monarchs), Folstad et al,1991 (reindeer).Migration map:http://safari-adventures.com/bestemmingen/tanzania-safari-reizen/serengeti-nationaal-park/migratie-serengeti-map/



But animals that move could also have 
more parasite species . . .  

 

As animals move they can be exposed to 
many different parasites.  

This is called environmental sampling. 

”Hey! Make sure 
you sample all the 

parasites in this 
area!” 

Migratory animals move across many different environments! 

Different kinds of parasites 
live in each environment.  

Photo by Julie Rushmore 
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Environmental sampling and environmental tracking are theories on why parasite diversity might be higher in migratory animals:Environmental sampling is one theory behind why migratory animals host more diverse parasites. By sampling a variety of different environments during the process of migration, animals are exposed to and pick up parasites from different environments. In contrast, resident animals, would only be exposed to parasites within the region where they reside. Above, the graphic on the left shows a migratory animal would be in three different environments and therefore exposed to parasites in each environment. In contrast, a resident animal might only be in one environment and therefore only be exposed to one type of parasite. The picture on the left shows is of wildebeest on part of their annual migration that travels through parts of Kenya and Tanzania. Map on previous slide depicts typical wildebeest migration route and timing.  Environmental tracking (not represented in slide) is another theory on why migratory animal might host more diverse parasites than resident or nomadic animals. Parasites, like their hosts, survive better when they are in suitable environments. Environmental tracking predicts that as hosts move to find more suitable environments in terms of food and weather, their parasites also benefit, thereby allowing higher parasite survival in migratory animals. 



hartebeest, photo credit: D. Gordon E. Robertson 

Teitelbaum et al., used previous reports on movement and infection to show that 
animals that move more DO have more kinds parasites 

• Records for 93 ungulate species with 765 different parasites were analyzed. (Data 
for parasite diversity was sourced from the Global Mammal Parasite Database 
version 2.0) 
 

• Linear models were used to analyze predictors of parasite diversity in ungulates 
 

So, which is it??  

Resident Migratory Nomadic 

wildebeest impala 
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Presentation Notes
Teitelbaum et al (2018) show that migratory ungulates host more parasite species than either resident or nomadic ungulate hosts. They used data from the Global Mammal Parasite Database v 2.0 to look at parasite richness between resident, migratory, and nomadic ungulates. In total, they looked at data from 93 different ungulate species. 765 different parasite species were associated with these species. Linear models were used to look at whether movement strategy was predictive of parasite richness (number of different parasites species per host). 



Main Result: migratory ungulates had 3.7 times as 
many parasite species as nomads 

Resident 
    Parasite diversity 

 The best model predicted that migratory animals 
have 3.7 times as many unique parasite species as 
nomadic ungulates and 2.4 times as many as 
resident ungulates. Different letters above boxes 
represent significantly different predictions 
(Tukey test, α=0.05). 
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The main result from Teitelbaum et al (2018) was that migratory ungulates host 3.7 times as many unique parasite species as nomadic ungulates, and 2.4 times as many as resident ungulates. 



Tracking favorable weather and food conditions helps 
wildlife survive, but it might also help their parasites 

survive – AND could be a reason migratory animals have 
more parasites.  

This is known as environmental tracking.  

Why do animals that move have more 
parasite species?  

Even though parasite diversity increases 
with habitat diversity . . . BUT, parasites that live in migratory animals get  

to travel year-round to where the  
weather is better . . .  
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Animals that move don’t occupy more 
habitats, so environmental sampling isn’t 
the reason . . .  

Habitat Sampling 

migratory nomadic resident 
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“Hey Friend! It’s 
getting a little cold 
here. Time to move 

south for the winter!” 
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Why do animals that move more have more parasites?To determine why migratory ungulates had more parasites species than resident or nomadic ungulates, the authors looked at whether of not, migratory ungulates “sample” more habitats. The figures on the left show that although parasite diversity increases with the number of different habitats (top left figure) an animal “samples”, migratory animals do not sample more habitats than resident or nomadic ungulates (bottom left figure). This points away from environmental sampling being the reason ungulates have more parasite species. Another theory (mentioned earlier) on why migratory animals could host more parasite species is environmental tracking. Since the authors did not have evidence to support environmental sampling, they point to environmental tracking as a reason these migratory ungulates host more parasite species than their counterparts that do not migrate. 



Why does this matter? 

• Wildlife can infect domestic animals 
• example: African buffalo can infect domestic cattle with 

tuberculosis 
 

• Wildlife diseases can also impact human health 
• example: hendra virus from flying foxes infected horses, 

which then transmitted the disease to humans 
 

Migratory animals can take parasites with them across many environments – once in 
those new environments, parasites might infect other wildlife, domestic animals, and 

even humans. 
 

     ECONOMICS & HEALTH CONSERVATION & 
BIODIVERSITY 

• Other wildlife species might be infected 
• In some cases this can lead to mass die-offs 

or extinction 

Photo: Navinder Singh 

In 2015, more than 200,000  saiga antelope died due to a pathogen 
that may have been transmitted from domestic animals.  
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Why does this study matter? There are several reasons why it is important to understand how parasite richness varies between ungulates with different movement types. Two of the main reasons are economic and conservation-related. Economic: Because ungulates are closely related to many domestic livestock species, they can share parasites. When there is close contact or a shared environment between ungulates and livestock, this can be a way parasites are transmitted. Ungulates can serve as potential reservoirs for certain livestock diseases. For example, African buffalo are frequently infected with bovine tuberculosis and can spread this to cattle that through contact.  Human can also be infected. One example of this is hendra virus, which was spread from flying foxes to horses and subsequently infected humans. Conservation & Biodiversity: Parasites can affect vulnerable populations of wildlife. Understanding how many parasites animals have and how they interact with these parasites will help predict how biodiversity (of both hosts and parasites) might be impacted.
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