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Abstract In order to be able to understand the ecological and evolutionary processes 

involved in the emergence of infectious diseases, one needs to comprehend how parasites 

arrive at new geographical ranges and how they manage to maintain viable populations and 

even expand their ranges. We discuss host specificity in avian haemosporidians and how 

encounter and compatibility filters affect the dispersal of avian haemosporidians, and how 

these filters affect avian haemosporidian assemblages at different spatial and evolutionary 

scales. There are at least three important barriers to the dispersal of avian haemosporidians: 

(i) geographic barriers, (ii) environmental barriers and, (iii) interspecies barriers. In this 

chapter, we discuss the factors involved in these barriers and their effects on the structure of 

avian haemosporidian assemblages. Host specificity plays an important role in parasite 

dispersal, and in the case of avian haemosporidians that are vector-borne parasites, it needs to 

be evaluated both at the vector and bird host level. Understanding the effects of these factors 

on host-vector-parasite dynamics is important to unravel the dispersal and diversification 

mechanisms of avian haemosporidians. We end this chapter reviewing host specialization in 

avian haemosporidians of tropical regions, discussing the mechanisms involved in the 



dispersal and specialisation of these parasites and point out important research gaps that need 

attention. 
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assembly, host shifting, phylogenetic barriers, environmental barriers 

 

 

11.1 Introduction 

How do parasites arrive and establish themselves in new geographic locations? This is a very 

important question to be answered because of the increase in the emergence of infectious 

diseases (Jones et al. 2008). In order to answer this question, one needs to identify the 

barriers involved in the dispersal and establishment of parasites, how these barriers affect 

parasite community assembly and how these barriers affect host shifts (Combes 1991; Clark 

et al. 2018). More importantly, one needs to understand how these barriers work at different 

scales. For example, how does host specificity affect the establishment of novel parasite 

populations in newly colonized areas? Or how do hosts’ life history strategies affect the 

maintenance of a parasite population within a given area?  

 Clark et al. (2018) identified three important barriers for avian haemosporidian 

dispersal: (i) geographic barriers (e.g., distance between regions, presence of mountain 

ranges, presence of water barriers or even scarcity of water between regions); (ii) 

environmental barriers (e.g., temperature and precipitation gradients, habitat differences 

between regions) and; (iii) interspecies barriers (e.g., ecological similarity of hosts, 

immunological similarity of hosts, phylogenetic relatedness of hosts, specificity of vertebrate 

host-vector relationships). These barriers work at different scales, with geographic and 

environmental barriers working at larger scales, while interspecies barriers will act at both 

local and regional scales (Fig. 11.1). At the local scale, diverse ecological communities could 



reduce the spread of avian haemosporidians due to a dilution effect (Civitello et al. 2015), a 

hypothesis that has yet to be formally tested for avian haemosporidian parasites. For example, 

if vectors are not host specific, then encounter rates with the bird host could be reduced 

because of the large presence of other bird species that are incompatible hosts (Fig. 11.1c), a 

circumstance that may be particularly promoted by competition in highly diverse avian 

communities, where the abundance of compatible bird hosts could be reduced leading to a 

reduction in parasite abundance (Keesing et al. 2006; Civitello et al. 2015). However, if avian 

haemosporidians are capable of infecting a broad range of bird species (i.e., host generalists), 

then the dilution effect will be reduced (Fig 11.1b), and depending on the avian assemblage 

abundance structure an amplification effect is possible. Therefore, a specialized parasite 

lineage dispersing to a new location with a diverse host community might be less likely to 

encounter its host and persist than a generalist parasite (e.g., metacommunity dynamics; 

Suzán et al. 2015).  
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Fig. 11.1 The green communities are phylogenetically similar. However, because of a 

geographic barrier (e.g., water barrier), each community has its own avian haemosporidian 

lineages (represented by red squares, yellow circles, red triangles, and yellow diamond). The 

lines show dispersal of infected birds into novel communities and dashed lines when avian 

haemosporidians establish themselves in the novel community. Coloured rectangles represent 

communities that are environmentally similar. Avian haemosporidians can fail to colonize a 

novel community because of environmental barriers, such as lower precipitation in the novel 

community (a). Avian haemosporidians will also fail to colonize a novel community due to 

the interspecies barrier and a potential dilution effect because there will be a higher 

abundance of non-host species (c). However, avian haemosporidians are capable of shifting 

hosts when lineages are host generalist or re-encounter previously compatible host species 

(b). Colonization of novel communities by avian haemosporidians will be more likely to 

occur when the novel community presents phylogenetically similar hosts (i.e., ecological 

fitting) reducing the species barrier (d). Figure is adapted from Clark et al. (2018). Gabriel L. 

M. Rosa designed bird silhouettes. 

 

 Host specificity measures the degree of specialization of a parasite, and is inversely 

proportional to the number and diversity of host species it can infect (Poulin 2007). In the 

case of avian haemosporidians (i.e., vector-borne parasites), host specificity applies to both 

birds and dipteran vectors. According to Combes (1991), two filters should determine the 

distribution of parasites: (i) an encounter filter and (ii) a compatibility filter. Vectors will 

determine the bird hosts that avian haemosporidians will encounter among those available in 

the local parasite community (Fig. 11.2a). In general, there seems to be a vector-family 

specificity in avian haemosporidians (Valkiūnas 2005; Santiago-Alarcon et al. 2012a). 

However, blood-sucking dipterans can present plastic feeding behaviour that extends across 



different vertebrate groups (Santiago-Alarcon et al. 2012a,b; Santiago-Alarcon et al. 2013; 

Pettersson et al. 2013; see Chaps. 5 and 6 for a thorough description of blood sucking 

dipteran vectors and a synthesis of research on vectors involved in the transmission of avian 

haemosporidians across tropical regions). This behaviour can lead to host shifts in birds when 

avian haemosporidians encounter other suitable hosts, influencing the distribution of parasites 

in a local community (Santiago-Alarcon et al. 2013). Conversely, vectors will influence the 

structure of parasite-host associations if they feed on a limited range of host species, which 

will restrict transmission of parasites to potentially suitable hosts (Hellgren et al. 2008; 

Malmqvist et al. 2004). Therefore, vectors may serve as ecological barriers to transmission 

because vectors will determine the routes of infection (i.e., network of hosts that vectors feed 

on).  

 The compatibility filter is influenced by both vector and bird hosts (Valkiūnas 2011; 

Medeiros et al. 2013; Gutiérrez-López et al. 2016; Clark et al. 2018). Dipterans can present 

resistance towards avian haemosporidians (Fig. 11.2b), which restricts the parasite lineages 

that are capable of completing their life cycle within a vector (Santiago-Alarcon et al. 2012a; 

Valkiūnas et al. 2013). Avian hosts can also show resistance towards avian haemosporidian 

lineages (Westerdahl et al. 2012, 2013, Sarquis-Adamson and MacDougall-Shackleton 2016), 

which can be qualitative (i.e., prevents parasite infection) or quantitative (i.e., reduces 

infection effects). This compatibility filter at the avian hosts will also structure parasite-host 

associations (Fig. 11.2b). For example, if a vector feeds on a resistant avian host, the parasite 

may not be able to be further transmitted, especially if the avian host is capable of clearing 

the infection (Westerdahl et al. 2012). The complex life cycle of avian haemosporidians 

suggests that these parasites should be host generalist (Noble et al. 1989; Poulin 2007) 

because high host and vector specificity could lead to local parasite extinction when parasites 

face low population sizes of their specific vector or avian host species (for evidence of the 



evolutionary stability of host specific vs generalist parasite strategies, see Pérez-Rodríguez et 

al. 2015, Ellis and Bensch 2018). Understanding these compatibility filters is important 

because host shifting is common in avian haemosporidians with little evidence of co-

speciation (Ricklefs et al. 2014; Ellis et al. 2015; Nylin et al. 2018). 

 

 

Fig. 11.2 Encounter (a) and compatibility (b) filters. In (a), each coloured line represents an 

infection pathway provided by a specific vector species. The blue rectangle represents the 

encounter filter, and dashed lines the avian hosts the vectors did not encounter. In (b), the 

compatibility filter (represented by the orange line), showing the possibility of a vector or 
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avian host acting as incompatible (dead-end) hosts (see host compatibility in the glossary) 

because of their resistance to the avian haemosporidian. Freepik designed Mosquito 

silhouettes, and Gabriel L. M. Rosa designed bird silhouettes. 

 

 

11.2 Host specificity in avian haemosporidians 

Highly specialized parasites are those that are restricted to a single host species, while 

generalist parasites are capable of infecting multiple taxa. However, categorizing a parasite as 

either specialist or generalist can be a difficult task. For example, if a parasite infects more 

than one host species within a genus, would it be considered a generalist? An alternative 

would be to quantify how phylogenetically distant hosts are (Poulin and Mouillot 2003; 

Hellgren et al. 2009; Clark and Clegg 2017), where generalist parasites would be those 

capable of infecting host species that are phylogenetically distant (e.g., infecting bird species 

from different orders). Also, it is important to consider how infection levels vary among the 

different host species being used. For example, parasites may have a main host species while 

infecting other host species at lower intensities or prevalence (Moens et al. 2016; Huang et al. 

2018). Another important aspect to consider is the time scale of the processes involved in the 

host-parasite interaction. For example, recent adaptation to specific host attributes (such as its 

habitat niche) may be responsible for an increase in parasite compatibility (Clark and Clegg 

2017; see Chap. 7 for an introduction to ecological niche modelling and its applications to 

host-parasite interactions). Conversely, ancient processes in the evolutionary history of a 

host-parasite interaction would cause ancestral habitat filtering. In the latter case, parasite 

success or failure in mechanisms such as adaptation to the host immune system and host 

dispersal could lead to the maintenance or loss of the parasite (Clark and Clegg 2017). 



Therefore, host specificity is best seen on a gradient of host specialization that considers 

infection levels and prevalence (Moens et al. 2016; Huang et al. 2018).  

The intensity of infection (or parasitemia) is difficult to measure (see below and 

Chap. 2 for a review of haemosporidian study methods), but an important attribute of the 

parasite that could lead to higher mosquito infection and an increase in parasite transmission 

(Cornet et al. 2014). It has been shown for Plasmodium relictum that mosquitos feeding 

during the acute phase of infection will have higher infection (Pigeault et al. 2015), which 

could lead to a higher transmission of this malaria parasite to other hosts. In accordance with 

this idea, it has also been shown that Plasmodium relictum will have higher within host 

parasitemia in the evening, which is when its vector Culex pipeins is most active (Pigeault et 

al. 2018). Moreover, Plasmodium relictum can react to the biting of uninfected vectors by 

increasing their replication within the host (i.e. higher parasitemia), which will lead to a 

better timing of replication with the presence of vectors, an important attribute in regions that 

have seasonal vector activity (Cornet et al. 2014; Pigeault et al. 2018). This is important 

because it shows that Plasmodium relictum during chronic infections can present flexibility 

regarding its replications that can lead to higher transmission of the parasite during chronic 

infections. Therefore, not only the prevalence of infections in a population will affect parasite 

dispersal, but also parasitemia within hosts can affect the dispersal of avian haemosporidians 

by the potential increase in the infection rate of vectors that could boost parasite transmission 

to other hosts. 

Specialist parasites need to cope with fewer defence mechanisms (i.e., host species 

with different immune systems), which could make them more efficient at evading the hosts’ 

immune system and allow them to efficiently replicate and transmit to other hosts (Poulin 

1998). This more efficient performance should result in a greater infection rate (proportion of 

infected individuals – prevalence) and higher parasite intensity (number of parasites found in 



an infected individual) within its host’s population. Conversely, generalist parasites have to 

surpass different immune systems potentially reducing their replication and transmission rate 

(Hellgren et al. 2009). These ecological differences regarding host use can explain 

differences in parasite abundance and occupancy in local communities. According to the 

niche breadth hypothesis, generalist parasites will be more effective at colonizing different 

host communities allowing them to occupy larger distributional ranges when compared to 

specialist parasites (Drovetski et al. 2014). However, the trade-off hypothesis suggests that 

specialist parasites will trade host range for increased prevalence across the geographic 

range of their specific hosts. If these hosts have large distributional ranges, then specialist 

parasites will not only be locally abundant (i.e., highly prevalent), but will also be able to 

attain large distributional ranges themselves (Drovetski et al. 2014; Lima and Bensch 2014).  

In vector-borne parasites, transmission to suboptimal or incompatible hosts may occur 

often, particularly in highly diverse bird communities such as in the Neotropical region 

(Civitello et al. 2015). In this case, generalist parasites might have a competitive edge 

because they will manage to increase their host encounter rate despite infecting suboptimal 

hosts (Keesing et al. 2006). For example, in a megadiverse forest in Ecuador, Haemoproteus 

lineages were considered to be more host generalist than Haemoproteus parasites of 

temperate forests (Moens and Pérez-Tris 2016). This is an interesting result because 

Haemoproteus lineages are usually considered host specific (Beadell et al. 2009; Hellgren et 

al. 2009; Olson-Pons et al. 2015; but see Ellis et al. 2015), but in the Neotropical region of 

South America, they show a more generalist pattern of host use (Belo et al. 2011; Svensson-

Coelho et al. 2013; see Chap. 1 for a synthesis on avian haemosporidian research of the 20th. 

century demonstrating that Haemoproteus are widespread and common across tropical avian 

assemblages). However, the Neotropical region is notorious for a large number of single 

lineage recoveries within communities (Lacorte et al. 2013, Fecchio et al. 2018a), which is 



indicative of unsampled parasite diversity. Further research with increased sampling effort is 

needed to clarify whether these parasites are specific of single host species (which would 

somewhat contradict the expected low specialization of parasites in regions of high avian 

diversity), or whether they are rare but host generalist parasites. 

At a local scale, the prevalence of avian haemosporidians can be associated with host 

abundance (at least at the parasite community level; Ellis et al. 2017), and both specialist and 

generalist avian haemosporidians can infect a similar number of individual hosts (Medeiros et 

al. 2014). Although a reduction in the number of compatible host species should reduce 

transmission and overall parasite prevalence - because the encounter of uninfected vectors 

with infected individuals will be reduced (Keesing et al. 2006) -, specialist avian 

haemosporidians could reach higher prevalence on their specific hosts when compared with 

generalist avian haemosporidians on those same hosts (Medeiros et al. 2014). Also, recent 

data suggests that even generalist parasites will fair better in a set of main host species 

(Huang et al. 2018), indicating that prevalence and infection intensity will vary on a host-by-

host basis, further contributing to the continuous nature of parasite specificity. However, one 

of the difficulties in understanding these trade-offs is determining the intensity of infection 

(i.e., the number of individual parasites infecting a host), which is usually done using either 

microscopy or qPCR (Asghar et al. 2011, Ishtiaq et al. 2017, Huang et al. 2018). The use of 

microscopy is rather challenging because blood smears need to be of high quality and 

evaluated by experienced personnel (Valkiūnas et al. 2008; see Chap. 2 for a review of 

haemosporidian study methods). Also, wild birds will usually have low blood infection 

intensities lacking full-grown gametocytes, making it more difficult to detect and identify 

infections (Moens et al. 2016). Although qPCR methods can quantify infection intensity 

without the need to evaluate blood smears (Ciloglu et al. 2019), determining the standard 

curves using DNA samples of known infection intensity that is accessed by microscopic 



analysis (e.g., Ishtiaq et al. 2017; Asghar et al. 2011; Moens et al. 2016) is required to 

generate comparable estimates of parasitemia. In addition, the direct observation of mature 

gametocytes in peripheral blood is the best standard for scoring a host species as a competent 

reservoir for the parasite (Moens et al. 2016). Therefore, the combination of microscopy and 

molecular techniques (for identification of lineages based on DNA sequence and 

quantification of parasite intensities) is vital to better understand the trade-offs of being a 

specialist or generalist parasite. For example, a parasite well adapted in exploiting its host 

should show a greater capacity of infection (i.e., have high prevalence) together with a 

greater capacity of reproduction (infection intensity) within its host (Huang et al. 2018). 

Moreover, adaptation to hosts can vary, and this variation should be reflected in the 

prevalence and intensity of infection. Therefore, in order to determine if an avian 

haemosporidian lineage is a generalist or specialist parasite, one needs to consider both the 

prevalence and infection intensities in each host species (Moens et al. 2016; Huang et al. 

2018). With these data, one can answer questions such as 1) does the same avian 

haemosporidian lineage have similar prevalence and infection intensity in the same host 

species independent of locality? 2) Are there particular host species that are more susceptible 

to avian haemosporidians? And 3) how does infection intensity and prevalence vary when co-

infections of avian haemosporidians occur? (e.g., Palinauskas et al. 2018). Answering these 

questions will greatly contribute to our understanding of parasite dispersal and host ranges. 

 Studies on the association between avian haemosporidian lineages and vectors are 

scarce (see Chap. 6 for a synthesis of the current knowledge on dipteran vectors of avian 

haemosporidian parasites). The difficulty resides in identifying the vector species 

(particularly in tropical regions; see Chap. 5 for a thorough introduction to blood sucking 

Diptera families across tropical regions), which lineages are capable of infecting vectors and 

also discovering the species that vectors prefer feeding on. The development of molecular 



markers has allowed great advances in the study of avian malaria (Bensch et al. 2009; see 

Chap. 4 for a presentation and discussion of molecular methods used in avian 

haemosporidian research). However, the identification of avian haemosporidians lineages 

within insect vectors does not necessarily mean that they are capable of completing 

sporogony (see Chaps. 2 and 6; Njabo et al. 2011; Valkiūnas 2011). Current data on 

molecular markers suggests that most Plasmodium lineages are capable of infecting several 

vector species (Kimura et al. 2010; Martínez-de la Puente et al. 2011; Njabo et al. 2011; but 

see Gager et al. 2008). For example, Plasmodium relictum, can infect over 20 different 

mosquito species belonging to at least four different genera (Santiago-Alarcon et al. 2012a). 

Moreover, different vector species can share similar or identical Plasmodium lineages 

(Ferraguti et al. 2013). Data on vector competence of other avian haemosporidians also show 

several cases of large vector range for several Haemoproteus and Leucocytozoon lineages, as 

well as the same vector species being capable of harbouring several lineages (Santiago-

Alarcon et al. 2012a). Data also suggest that the encounter filter might not be a strong driver 

in the structuring of Plasmodium assemblages (Medeiros et al. 2013). However, for 

Leucocytozoon, evidence suggests that vectors can work as encounter filters because 

blackflies feed on a subset of vertebrate hosts (Hellgren et al. 2008). Transmission success 

will depend on both the host and vector range of avian haemosporidians, wherein one 

extreme there will be lineages that are both vector and host generalist, and in the other 

extreme lineages that are both vector and host specialists. Understanding how transmission 

varies is important because it has direct consequences on the dispersal and transmission of 

diseases in the wild. For example, avian malaria parasites that are transmitted by a wide range 

of vectors and capable of infecting a wide range of birds should have high transmission and 

dispersal success (Martínez-de la Puente et al. 2011).  

 



11.3 Dispersal and colonization of communities 

Dispersal of avian haemosporidians relies mainly on the bird hosts because vector dispersal is 

usually limited (Ejiri et al. 2011; but see discussion in Ellis et al. 2019). Moreover, bird hosts 

are endotherms and have longer lifespans, which guarantees a more constant environment 

when compared to vectors that are ectotherm and have very short lifespans (Seghal et al. 

2015; Fecchio et al. 2019; see Chap. 5). Vector specificity seems to play a minor role in the 

dispersal and structuring of avian haemosporidian communities (Gager et al. 2008; Njabo et 

al. 2011; Medeiros et al. 2013), probably because avian haemosporidian lineages are less 

selective regarding vector use (Kimura et al. 2010; Njabo et al. 2011) and vectors are less 

selective regarding which bird hosts they feed on (Santiago-Alarcon et al. 2012a,b; Santiago-

Alarcon et al. 2013; Medeiros et al. 2013). However, some avian haemosporidian lineages 

can be vector specialists (Gager et al. 2008) and more studies are needed on vector use by 

avian haemosporidians, particularly experimental studies in order to determine vector 

specificity and other factors that can affect the transmission of these parasites (Valkiūnas et 

al. 2013; Palinauskas et al. 2015).  

 If the bird hosts indeed are the main drivers in avian haemosporidian distribution and 

dispersal, then one can expect lineage turnover to follow bird host turnover (with a role for 

vectors as parasite-vector and bird-vector relationships probably follow similar patterns). 

Indeed, bird community similarity can predict parasite similarity (Ellis et al. 2015; Clark et 

al. 2018; Fecchio et al. 2018a). Therefore, the overlap of host species across different 

communities will connect these communities and allow the dispersal of avian 

haemosporidians (Clark et al. 2018). For example, in the Amazonian region, areas of bird 

endemism also constrained the distribution of Plasmodium lineages despite them presenting 

low host specificity and lack of specific phylogenetic constraint (Fecchio et al. 2018a). Also, 

generalist avian haemosporidians should be able to disperse more easily because more than 



one host species could provide a link between communities. However, dispersal will be 

limited if communities present interspecies barriers (Fig. 11.1). Indeed, phylogenetic host 

relatedness may to a variable extent determine avian haemosporidian turnover (Ellis et al. 

2015; Clark and Clegg 2017; Clark et al. 2018), which suggests that dispersal will be more 

likely to occur between phylogenetically similar host communities (controlling for 

geographic distance, as phylogenetically similar host communities tend to be geographically 

close), a pattern that occurs for both generalist and specialist avian haemosporidians. 

Moreover, recalling what was discussed above, dispersal of avian haemosporidians between 

different populations of bird hosts from different bird communities is more likely to occur for 

avian haemosporidian lineages that have a large geographic range (Drovetski et al. 2014; 

Mata et al. 2015). For example, specialist avian haemosporidian lineages will only occur in 

more than one bird community or be able to cross biogeographic barriers if their specific bird 

host is abundant in both communities (Mata et al. 2015; Clark et al. 2018). Conversely, 

generalist lineages should be less limited geographically because of their capability of 

infecting several host species, which could increase their connectivity with different host 

communities (Ewen et al. 2012). 

 Environmental and ecological conditions can also affect the dispersal and distribution 

of avian haemosporidians (Fecchio et al. 2019; Clark et al. 2016, 2018). Climate will affect 

the distribution of host species and vectors (Fig. 11.3), but could also affect the development 

of avian haemosporidians directly when they are infecting their ectothermic vectors 

(Paaijmans et al. 2010). For example, Plasmodium relictum requires a temperature of over 

13ºC to complete its development within the vector Culex quiquefasciatus (LaPointe et al. 

2010). Moreover, evidence suggests that host specificity may be a labile trait that varies 

biogeographically, potentially as a response to climate variation (Fecchio et al. 2019). For 

example, regions that have marked rainfall seasonality or wetter dry seasons have more 



specialized avian haemosporidian lineages (Fecchio et al. 2019). Interestingly, regions of 

high bird diversity such as the Amazonia and the Andes, which have high rainfall, tend to 

have less specialized lineages with host switching as the main diversification mechanism 

(Galen and Witt 2014; Moens and Pérez-Tris 2016; Fecchio et al. 2018b). However, water 

availability is an important environmental predictor of vector abundance (Smith et al. 2004; 

Okanga et al. 2013; Sehgal 2015; see Chaps. 5 and 6), which can lead to higher incidence of 

avian haemosporidians in wild birds (Wood et al. 2007; Krama et al. 2015; Ferraguti et al. 

2018; Santiago-Alarcon et al. 2019). Landscape features and other environmental variables 

seem to be important in determining the distribution of avian haemosporidians lineages 

(Pérez-Rodríguez et al. 2013a; Sehgal et al. 2015; Ferraguti et al. 2018; see Chaps. 10 and 

14). For example, temperature and distance to artificial water reservoirs can be important 

predictors of avian haemosporidian prevalence (Pérez-Rodríguez et al. 2013a; Sehgal et al. 

2011; González-Quevedo et al. 2014). It is possible that at a more local scale, landscape 

features will have a stronger effect on vector distribution and abundance, which in turn will 

structure avian haemosporidian assemblages locally by increasing the incidence of infection 

and potential dispersal (i.e., spillover) to uninfected bird hosts (e.g., Renner et al. 2016; 

Santiago-Alarcon et al. 2019; Fig. 11.3). 

 Understanding host-parasite dynamics is crucial for understanding parasite dispersal 

and how different ecological factors will act on different scales. For example, increased 

vector abundance should lead to the increase of local parasite prevalence (Fig. 11.3). Even on 

a local scale, avian haemosporidian prevalence can vary substantially because of local 

environmental features such as distance to water, variation in vegetation cover and 

temperature (Wood et al. 2007; Seghal et al. 2011; González-Quevedo et al. 2014; Renner et 

al. 2016; Ferraguti et al. 2018). Also, prevalence can vary seasonally due to climatic 

differences and the entering of new recruits (after the breeding season) that are expected to be 



immunologically naïve (Cosgrove et al. 2008), which in turn can increase the incidence of 

infection (Fig. 11.3). Therefore, dispersal of avian haemosporidians rely on several factors: 

(i) host and vector specificity; (ii) environmental factors that affect the distribution and 

abundance of vectors and bird hosts; (iii) breeding season of bird hosts (increase of 

immunologically naïve hosts); (iv) vector community composition (abundance, richness, 

phylogenetic diversity, phylogenetic similarities between different communities); and (v) bird 

community composition (abundance, richness, phylogenetic diversity, phylogenetic 

similarities between different communities). For example, bird communities that have high 

phylogenetic diversity and bird richness provide a more diverse array of available niches for 

parasites (Lacorte et al. 2013; Clark and Clegg 2017; Clark et al. 2018), which should lead to 

higher avian haemosporidian diversity (Fig. 11.3). Testing the effects of the factors presented 

in Figure 11.3 is important to determine how avian haemosporidians dispersal is affected and 

should help in the understanding of how avian haemosporidians communities are structured 

and connected locally and regionally. 



 

 

Fig. 11.3 Hypotheses on how environmental and biological factors can affect the incidence, 

transmission, and dispersal of avian haemosporidians. Understanding the effects of these 

factors on host-parasite dynamics should help unravel the dispersal and diversification 

mechanisms of avian haemosporidians, which in turn can help the understanding of the 

emergence of infectious diseases in wildlife and humans. Lines show positive and negative 

effects, while dashed lines show potential positive effects when there is an increase in one of 

the parameters inside the box. For example, vector communities that are richer in species 

and/or have higher abundance of vectors should have higher parasite niche diversity, which 

in turn should lead to an increase in avian haemosporidian diversity. The same idea applies 

for the bird community box. Conversely, host community similarity (i.e. high phylogenetic 

similarity between bird communities), should increase connectivity for many parasites 

species, which in turn could lead to more similar avian haemosporidian communities. 

 



 

11.4 Dispersal of avian haemosporidians on islands 

Colonization of islands by vector-borne parasites such as avian haemosporidians is a complex 

process. Avian haemosporidian must first manage to arrive at an island, which can occur via 

host migration or dispersal or even due to the arrival of vagrant hosts or windblown vectors 

(Clark and Clegg 2015; see Parker 2018 for a review of research on the Galápagos Islands). 

However, several factors are expected to affect the persistence of avian haemosporidians on 

islands (see Chap. 8 for a thorough review of research on avian haemosporidian island 

biogeography). For example, host specificity can play a significant role in determining the 

persistence of avian haemosporidians on islands, where generalist avian haemosporidian 

lineages are expected to have a higher probability of persistence (Ewen et al. 2012; Pérez-

Rodríguez et al. 2013a; Clark et al. 2014) and also a higher probability of becoming invasive 

(Mack et al. 2000; see Chap. 15 for an in depth treatment of the role of parasites on invasion 

biology). Generalist parasites should be better colonizers because they could switch to other 

more abundant host species present on the invaded island, allowing them to persist despite 

having a low prevalence in the arriving host species (Ewen et al. 2012; Pérez-Rodríguez et al. 

2013a). The presence of suitable vectors on islands is also important for the maintenance of 

arriving avian haemosporidians, which might have a greater difficulty of arrival (particularly 

for more isolated islands) and persistence. It is known that temperature and water availability 

are important elements for the development of vectors (Lapointe et al. 2010; Okanga et al. 

2013; see Chaps. 5 and 6) and will also affect the prevalence of avian haemosporidians 

(Seghal et al. 2011; González-Quevedo et al. 2014; Ferraguti et al. 2018). Therefore, 

depending on the environmental conditions of the islands, vector abundance and diversity 

may be limited.  



 The diversity of haemosporidians on oceanic islands is lower than for continental 

areas (Clark et al. 2014), which is expected. Also, avian haemosporidian lineages that have 

large geographical range sizes or that are more common on the mainland will usually be more 

common on islands (Santiago-Alarcon et al. 2010; Ewen et al. 2012; Perez-Rodríguez et al. 

2013a), and islands closer to the mainland tend to have higher avian haemosporidian 

diversity (Fallon et al. 2005; Ricklefs et al. 2011; Perez-Rodríguez et al. 2013a). Thus, 

dispersal of avian haemosporidians to islands is facilitated if islands are close to the continent 

or have been connected to mainland in the past (Fallon et al. 2005; Perez-Rodríguez et al. 

2013a, Soares et al. 2017). Moreover, the prevalence on islands can be lower when compared 

to the mainland and can have lower temporal stability (Perez-Rodríguez et al. 2013a), which 

can lead to increase lineage turnover due to colonization and extinction events (Fallon et al. 

2004).  

 Biogeographic patterns and dispersal can vary regarding Plasmodium and 

Haemoproteus. For example, Haemoproteus distribution in southern Melanesia was more 

associated with the presence and availability of bird hosts, while Plasmodium distribution 

was more associated with geography and local island conditions instead of host availability 

(Olsson-Pons et al. 2015). Moreover, generalist lineages are usually more common on islands 

(Ishtiaq et al. 2008; Clark and Clegg 2015). Evidence suggests that Haemoproteus lineages 

are less frequent on islands at the global scale (Clark et al. 2014), which could be explained 

by the fact that Haemoproteus parasites tend to be more specific regarding bird hosts 

(Beadell et al. 2004, 2009; but see Moens and Pérez-Tris 2016; Ellis et al. 2015) and vector 

species (Martínez-de la Puente et al. 2011). More research is needed, however, given the 

current island geographical sampling bias (i.e., Hawaii, Galápagos, Caribbean Antilles), 

where on some archipelagos Haemoproteus is the dominant avian haemosporidian genus 

(Parker 2018). It is also possible that there is a paucity of suitable vectors (Diptera: 



Ceratopogonidae) for Haemoproteus parasites on islands or a lack of suitable vector habitat. 

Vector specificity would explain the lower colonization success of Haemoproteus compared 

to Plasmodium, a parasite genus that has been a protagonist of notorious cases of invasion of 

island bird communities (Beadell et al. 2006; Ewen et al. 2012). 

 

 

11.5 Host specialization in tropical avian malaria  

Understanding parasite diversity and specificity in tropical habitats is important for public 

health and the conservation of biodiversity. Tropical bird communities might be reservoirs of 

parasites that could cause tremendous problems if moved away from their native range, either 

by their impact on poultry or their effects on native wildlife (Vanstreels et al. 2014; Moens 

and Pérez-Tris 2016; see Chap. 15). Conversely, the valuable biodiversity of tropical habitats 

may be threatened by invasive parasites (Marzal et al. 2015). The degree of specificity of 

host-parasite interactions plays an undoubtedly prominent role in parasite exchange, both by 

determining the capability of tropical parasites to infect a wide range of host species (and 

therefore cause problems if moved outside their native range [Ewen et al. 2012; Moens and 

Pérez-Tris 2016]), or the compatibility of tropical bird species as hosts of generalist parasites 

that might be imported into the tropics, causing disease (Marzal et al. 2015, Ferreira-Junior et 

al. 2018, Ortiz-Catedral et al. 2019). 

 Most research on avian malaria parasites has traditionally been done in temperate 

regions of the world (Bensch et al. 2009; see Chap. 1 for a review of avian haemosporidian 

research in tropical regions of the world during the 20th century). Studies in tropical regions 

are scarce and are concentrated in a few areas (Clark et al. 2014). As a consequence, the 

current knowledge of the diversity and host specificity of avian malaria parasites in the 

tropics remains incomplete (Outlaw et al. 2017), making it difficult to establish general 



patterns for tropical parasites. Various studies have tried to point out the singularity of 

tropical habitats from this perspective, aiming at identifying different factors that may affect 

diversity and specificity of parasites in the tropics (e.g., Svensson-Coelho et al. 2014). A 

general conclusion is that tropical and temperate communities are formed by different 

parasite species, with a minority of elements of parasite diversity being shared between 

regions (Svensson-Coelho et al. 2013; Moens and Pérez-Tris 2016). This is a remarkable 

observation, given the fact that migratory birds usually carry parasites acquired in temperate 

areas to the tropics and vice versa, yet the parasites typically fail to thrive in different regions 

(Hellgren et al. 2007, Pérez-Rodríguez et al. 2013b, Ricklefs et al. 2017; see Chap. 16 for a 

synthesis of current research on avian migration and its role on avian haemosporidian 

latitudinal dispersal). Knowing what keeps parasites confined to different transmission areas 

(from phylogenetic similarity of host communities to variable availability of competent 

vectors, see e.g. Ricklefs et al. 2017) is central to our understanding of the evolution of 

parasite specificity in the tropics.  

 The most immediate elements invoked to explain the structure of tropical parasite 

assemblages are climate and vector diversity. Environmental factors and most notably 

temperature may affect parasite life cycles, even blocking their development in vectors in 

climatically unsuitable habitat (LaPointe et al. 2010). This could explain why the 

transmission of avian haemosporidian lineages that are brought over by migratory birds in 

their peripheral blood is interrupted during the reproductive season (and reciprocally, 

temperate avian haemosporidian lineages fail to establish themselves in tropical nonbreeding 

habitats when birds return; Hellgren et al. 2007; Ricklefs et al. 2017). Parasites may be 

therefore constrained to exploit the subset of compatible host species that are encountered by 

their vectors during periods of favourable environmental conditions, increasing specificity as 



a consequence. In fact, climate has recently been identified as a relevant factor explaining 

geographical variation in specificity of avian haemosporidian parasites (Fecchio et al. 2019).  

 However, climate is too variable in the tropics to make it possible to define a common 

scenario for the evolution of parasite specificity in the region, where sharp environmental 

gradients take place at small geographic scales compared with temperate regions (Malhi et al. 

2010). For example, tropical mountain ranges such as the Andes create broad geographic 

areas characterised by sharp elevational gradients from the lowland rainforest at the sea level 

to the open Paramo ecosystem well above 3000 m asl. These gradients may contribute to the 

structuring of parasite assemblages among the bird species that occur at different elevations, 

increasing parasite diversity and specificity at the regional scale (Galen and Witt 2014). On 

the other hand, these gradients might favour environmentally generalist parasites that are 

capable of thriving across the broad range of environmental conditions that their hosts may 

encounter within short distances (i.e., from tens to couple hundred kilometres). Conversely, 

climate may constrain parasite geographic distributions if parasites are unable to thrive in 

unsuitable climatic regions (e.g., colder habitats at higher elevations, drier habitats such a 

tropical seasonally dry forests), although such climate constraints may attenuate due to global 

change, which is of major concern for tropical birds inhabiting high-elevation and 

geographically restricted habitats (Prieto-Torres et al. 2016; Liao et al. 2017). Whether 

regional climatic gradients promote or reduce parasite-host specificity remains an open 

question, on which research in tropical habitats may shed much light. 

 In combination with climatic effects, the specificity of parasite-vector associations 

may contribute to shaping the network of bird-parasite interactions, increasing or lowering 

the specificity of their relationship in different regions (Santiago-Alarcon et al. 2012a). As it 

was discussed above, the diversity of vectors changes across geographic regions, both 

qualitatively and quantitatively, and this may affect the patterns of parasite distribution 



among bird hosts (see Chap. 6). Only a few studies have analysed the role of dipteran vectors 

in structuring bird-parasite relationships, showing that compatibility filter (Fig. 11.2) is more 

likely to be operating at the bird host level (Medeiros et al. 2013). However, we know too 

little on the diversity of vectors and the structure of parasite-vector interactions to confidently 

interpret the role of vectors in shaping bird-parasite relationships. This lack of knowledge is 

probably more limiting in the tropics (Santiago-Alarcon et al. 2012a; Chap. 6), where an 

increased diversity of dipteran species capable of transmitting parasites is probably increasing 

the complexity of bird-vector-parasite interactions, obscuring the role of vectors in the 

structuring of bird-parasite relationships  (Svensson-Coelho et al. 2016). 

 If the diversity of vectors is an important factor explaining bird-parasite relationships 

in the tropics, the diversity of bird hosts may also be relevant in this regard. Tropical habitats 

are renown by their great bird diversity, which may promote dilution effects and select for 

generalist strategies of host exploitation among avian malaria parasites (this may lead to 

amplification effects on other geographical areas with less host diversity, if such generalist 

parasites are able to reach them). Supporting this idea, the megadiverse rainforests of the 

Amazonian slopes of the Andes are home to the most generalist members of the genus 

Haemoproteus reported so far (Moens and Pérez-Tris 2016). However, this pattern is far from 

general: a comparison of two bird-parasite interaction networks (one in temperate and one in 

tropical habitat) failed to detect any difference in the degree of host specialization of both 

parasite communities. In fact, parasites showed high host specialization in both cases, 

meaning that a generalist strategy is not necessarily general among the parasites that occur in 

bird diverse regions (Svensson-Coelho et al. 2014). There is also evidence of environmental 

influences contributing to the variation in host specificity of avian malaria parasites. For 

example, in tropical Africa parasite diversity and specialization was found to be higher in 

lowland rainforests compared to the more climatically variable highland forests (Loiseau et 



al. 2012). In addition, the diversity of host life histories may also contribute to increase the 

variation in parasite host ranges. For example, long-lived or abundant host species favour 

parasites that specialize in their exploitation (e.g., Santiago-Alarcon et al. 2016; Svensson-

Coelho et al. 2016). These processes may increase modularity in the network of bird-parasite 

interactions, which in turn may increase variance in the success of specialists and generalist 

parasites among bird communities (Pinheiro et al. 2016). To sum up, we still know very little 

about the relative influence of habitat features and bird communities in shaping avian malaria 

relationships. This knowledge gap may be of conservation concern, because the above 

influences may prove critical for the understanding of human impacts on the ecology of 

wildlife diseases, such as those associated with habitat modification and hunting (Chasar et 

al. 2009; see Chap. 14). 

 To further complicate our understanding of bird-parasite relationships in the tropics, 

local variation in the intensity of infection among the many hosts infected by generalist 

parasites, indicates that even the most generalist parasites seem to be more specialized than 

they appear based solely on their list of infected species. For example, Haemoproteus witti, a 

parasite first discovered in hummingbirds, scores the greatest host range among parasites of 

its genus in various bird communities in the Neotropics, where it infects birds of several 

orders. However, this parasite is only found to produce gametocytes detectable in peripheral 

blood in hummingbirds, supporting the idea that H. witti is more specific than its reported list 

of infected hosts may suggest (Moens et al. 2016). 

 In summary, our knowledge of the patterns of host specialization and dispersal of 

avian malaria parasites is in its infancy. We are well aware of the importance of these 

attributes of parasites for understanding their patterns of global distribution, both in space and 

among host species, which ultimately determine (or are the result of) the capability of 

parasites to colonize new hosts or geographic regions (Ewen et al. 2012). In order to 



anticipate future problems associated with disease emergence, we must disentangle the 

network of bird-vector-parasite interactions, and understand how its architecture promotes or 

constraints parasite transmission across species or geographic areas. Research in the tropics 

may prove influential in this field because of the existence of sharp environmental gradients 

associated with tropical mountains, which may facilitate the analysis of environmental 

influences on bird-parasite relationships at more local scales compared to other regions. From 

a conservation perspective, we also need to improve the current understanding of the impact 

of native and introduced parasites on tropical avifauna, in order to design management plans 

to avoid and/or contain parasite spread.  
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Glossary of technical terms 
 
 
Amplification effect. A positive correlation between host diversity and parasite 
transmission success. In avian haemosporidians an amplification effect may be expected 
when the parasite increases host range (i.e., becomes more generalist) in diverse 
ecological communities. 
 
Compatibility filters. The different biological barriers that prevent certain elements in 
the network of host-vector-parasite relationships from establishing an interaction. 
 
Dilution effect. A negative correlation between host diversity and parasite transmission 
success. In avian haemosporidians a dilution effect may be expected when the 
proportion of incompatible or suboptimal hosts increases in diverse ecological 
communities. 
 
Encounter filter. The ecological barriers that prevent the parasite to encounter a 
potential compatible host. 
 
Environmental barrier. Environmental features that potentially affect the distribution of 
species (parasite, host and vector). For example regions may have different habitats, 



macroclimates, topography and landscape (i.e., variation in the land surface regarding 
the distribution of habitats) 
 
Geographic barrier. Natural geographic features that act as physical barriers to the 
dispersal of avian haemosporidians between different regions. These physical barriers 
are present in the land surface, such as the presence of a mountain range or a water 
body.  
 
Host compatibility. The capacity of a bird species to act as a suitable host for a parasite. 
Incompatible hosts, also known as dead-end hosts, cannot be successfully exploited by 
the parasite, either because the host clears the infection before the parasite can be 
transmitted by vectors (i.e., the host is resistant to the infection) or because the parasite 
fails to develop transmissible blood stages. Host compatibility can also be applied to 
vector species 
 
Host range. Also known as host breath. It represents the diversity of host species that a 
parasite can exploit, which can be measured by the richness or phylogenetic diversity of 
compatible host species. 
 
Host shift. The event that leads to the colonization of a new host species in the 
evolutionary history of interactions of a parasite. 
 
Host specificity. The degree to which a parasite is specialized in a subset of the 
vertebrate host or vector species.  
 
Host susceptibility. The degree to which a host may be exploited by a parasite. When 
hosts are not susceptible at all they are termed incompatible or non-competent hosts. 
 
Interspecies barrier. The variation in the attributes of host and vector species that 
prevent the transmission/spread of parasites into different host and vector species. 
These attributes can include ecological traits, such as nesting and foraging behaviour of 
hosts, vector feeding behaviour and microhabitat use of both hosts and vectors. 
Immunological similarities of hosts and vectors (i.e., phylogenetic relatedness) should 
also have an important role. 
  
Parasitemia. An index of infection level. When applied to avian haemosporidian 
parasites, it is measured as the proportion of circulating red blood cells that are 
occupied by parasites. 
 
Transmission. The passage of a parasite from one vertebrate host to the next assisted by 
an insect vector.  
 
 
 


