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Abstract

Increasing empirical evidence has revealed that host-switching is more common than cospeciation in the history of parasites.
Here, we investigated how the intensity of host-switching, mediated by opportunity and compatibility, affects the phyloge-
netic history and ecology of the parasites. We developed a theoretical model to simulate the evolution of populations of
parasites that can explore and colonize new hosts under variable host-switching intensities. Eco-evolutionary patterns (beta
diversity /normalized Sackin index) obtained from parasite simulations were compared to nine empirical cases. Our model
reproduced the empirical patterns, and such simulations varied in host-switching intensity according to the analysed case. This
intensity does not differ among cases of ecto and endoparasites, but it was stronger in local cases when compared to a regional
scale. Our results highlight the importance of contact opportunity, and suggest that host-switching intensity mediates the

exploration and colonization of new hosts promoting variation in the eco-evolutionary patterns.

INTRODUCTION

The dispersion of parasite individuals followed by colonization of a new host lineage, known as host-switching,
is a common event observed during the evolutionary trajectory of many lineages of parasites (De Vienne
et al. 2013). Initially, host-switching results in the increase of the host repertoire of a parasite (Braga et
al. 2021) which, subsequently, when new hosts can impose reproductive isolation it may result in speciation
of parasite lineages. This is the dynamic of the oscillation hypothesis (Nylin & Soren 2018). Empirical
examples showing high levels of host-switching include symbiotic interactions ranging from host-parasite
and plant-insect systems to microbial pathogens, brood parasitism, plant-feeding insects, and even parasitic
plants (Nylin et al. 2014; Fecchio et al. 2019; Hayward et al. 2021). Consequently, understanding the factors
influencing the success of host-switching and subsequent speciation events is critical for understanding the
parasite diversification.

A recently proposed theoretical framework that accommodates the evolutionary dynamics of host-parasite as-
sociations, the Stockholm Paradigm (Brooks et al. 2014; Brooks et al. 2019), suggests that parasites perform
host-switching by ecological fitting (Agosta & Klemmens 2008; Agosta & Brooks 2020). Ecological fitting is
the process whereby organisms colonize and persist in novel environments, use novel resources or form novel
associations with other species through a set of traits they already possess (Agosta & Klemmens 2008). The
expression of these unexplored capabilities is mediated by the opportunity of interaction (temporal, spatial,
ecological), which determines the possibility of encounters between hosts and unfamiliar parasites. After the
encounter, and if the interaction is compatible, it is followed by the resolution of subsequent conflicts that
emerge from the basic dynamics of “living together”, which should result in co-accommodation (Brooks &
McLennan 2012; Araujo et al. 2015).



The chances of parasites dispersing from one host species to another are influenced also by ecological and
life-history traits. These include characteristics of all organisms within the interaction system, such as niche
similarity among host species, modes of transmission of parasites, dietary preferences of the vector (if there is
one), and also ecosystemic characteristics as the host community composition and shared phylogenetic history
are relevant factors that define the chances of host-switching (Bush et al. 2006; Jaramillo & Rivera-Parra
2018). Niche similarity among host species is one fundamental element constraining the incorporation of new
host species by ecological fitting. This is because the capacity of a parasite species to use new resources is
related to the phylogenetic conservatism of the resource provided by the host species. Phylogenetic distance
between the original and new host species represents an adequate proxy for the nature of the resource which
is tracked by the parasite lineage (Charleston & Robertson 2002; Agosta & Klemmens 2008; Engelstiddter
& Fortuna 2019). Consequently, the host phylogenetic conservatism can define the arena of possibilities for
host-switching.

Several studies have indicated the ubiquity and relevance of host-switching in nature (Engelstéidter & Hurst
2006; De Vienne et al. 2007; Cuthill & Charleston 2013; De Vienne et al. 2013; Engelstédter & Fortuna 2019).
Although, few have explored the relationship between the switches and the evolutionary histories of host
species (see Cuthill & Charleston 2013; Engelstidter & Fortuna 2019). Moreover, the effect of compatibility
and interaction opportunity for parasite propagation between host species, as well as the influence of such
factors in the patterns of parasite communities remain unexplored. Here, we aim to fill these unexplored gaps
by proposing a novel approach to investigate how the intensity of host-switching, mediated by opportunity
and compatibility of interaction, affects the phylogenetic history and ecology of the parasites. We proposed
a theoretical model based on parasite individuals that can switch among host species during their evolution
according to phylogenetic conservatism; that is, the probability of parasites switching hosts decreases with
increasing divergence in the evolutionary time of the host. We compared the eco-evolutionary pattern that
emerged from the model to nine empirical communities of parasites to predict their intensity of host-switching.
These communities were classified by the parasitism type (ecto or endoparasites) and their spatial scale (local
or regional). We analysed how the predicted host-switching varied over these classifications and discussed
how they are mediated by opportunity and compatibility of interaction.

MATERIAL AND METHODS
Model general overview

We modeled the eco-evolutionary trajectories of parasites influenced by their host evolutionary history and
host-switching events. Thus, we assumed that the evolutionary history of the host can represent a proxy for
the resources for parasite species (Agosta et al. 2010; Imrie et al. 2021). We also assumed that the probability
of host-switching decreases as the phylogenetic distance between the species of host involved in the event
(original and new host species) increases. Finally, the model assumes that parasite evolution occurs at the
same evolutionary time scale as the host, which increases possibilities for host-switching as host speciation
occurs. Parasite individuals are explicitly modeled and characterized by their used host species and genetic
identity, following the description of the model proposed by Higgs & Derrida (1991) and Manzo & Peliti
(1994). This approach allows us to model parasite speciation. The host species are modeled as resources that
impose a carrying capacity to parasite species, analogous to islands in the Manzo-Pelit model (Manzo &
Peliti 1994), but in the present model, the islands (hosts species in our case) emerge (as a new host species
that speciate) and the distance between them varies over time, according to a predetermined time host
diversification (i.e. based on ultrametric empirical phylogenies). The model does not consider the selection
pressure imposed by parasites on the evolution of the resource. Therefore, we are not modeling a process of
reciprocal evolution, or co-evolution.

Host and parasite characterization

Following the model proposed by Higgs & Derrida (1991), parasite individuals are explicitly modeled by
biallelic sequences of infinite sites, a simplified form to represent their genomes and heritable trait. Individuals
are monoic and engage in sexual reproduction, with non-overlapping generations. The empirical data have



evolutionary times in the order of millions of years, and to maintain this time scale in the model would
demand a higher computational cost. As proposed by Costa et al. (2019), in our approach we adopted a
higher value of mutation rate in order to decrease the number of iterations necessary for speciation (time
steps or generations) to happen. Furthermore, we assumed that, due to the shorter life cycle of parasites,
they have a faster speciation rate (Dowton & Austin 1995; Light & Hafner 2007). To satisfy these conditions,
we rescaled the whole host phylogeny assuming that the smaller branch length consists of the minimal time
for parasites to speciate in allopatry (?,generations - see the details in supplemental information I). The
simulation starts with a clonal parasite population using a unique host species. The first host speciation
occurs only after?, generations, accumulating genetic variation before the first host speciation (the root of
the host phylogeny). Each host species imposes a carrying capacity of K parasite individuals. Thus, the
overall carrying capacity increases by Kindividuals at each new host speciation.

Parasite reproduction

Reproduction is sexual and occurs between parasite individuals that are in the same host and that have a
minimum genetic similarity, qmin, measured based on the Hamming distance between genomes. In each host
species, K offspring are born, replacing the parental population. We establish a maximum of K random
trials with reposition to find one compatible partner. The offspring is generated by locus recombination of
the parents and eachlocus has a probability u of mutation. We setgmin = 0.5¢,, where go is the expected
mean similarity within one population in equilibrium, because it avoids the occurrence of parasite speciation
within the same host species. Consequently, parasite speciation only happens when more than one host
species is used. For a more detailed description of the method, see the supplemental information I.

Host-switching

After the first host speciation, parasite individuals in a host species can switch to another host. For each
parasite individual, we randomly selected a host species, including the one in use. If the selected host
species is not the original host (donor), we follow a probability function for the host-switching event. This
probability of host-switching events (Pps ) decreases over time, representing the loss of opportunity and/or
compatibility of parasites associated with the evolutionary history of hosts. The probability of a parasite
individual successfully migrate (host-switching) from one host to another host species, in a given generation
n , is defined as:

Pys( n)=exp [—r * (n —ny)], (1)

where r is a positive parameter that controls the decay of the host-switching probability, and ng is the
generation that the common host ancestor had speciated (then, n-ng is how long the two host species had
diverged). If r = 0, these probabilities are equal to 1 regardless of the host divergence time, meaning that
there is no restriction to host-switching. As a consequence, parasite gene flow is continuous and speciation
does not occur. At the other extreme, for sufficiently large r values (Pps ~0), host-switching is absent, and
cospeciation between hosts and parasites is expected. For intermediary r value, some parasite individuals
can eventually switch hosts. This will increase the host repertoire of the parasitic species, and also enable
speciation by isolation (by host use), similar to the speciation by founder’s effect (Mayr 1999; Gavrilets &
Hastings 1996). In order to better interpret the effect of parameter r on the trajectories and compare the
results between the communities, we do not present our results in terms of r, but how much it changes
the overall host-switching events. To obtain this overall metric, we calculated the expected percentage of
parasite individuals that switch hosts over the entire simulation and we call it ashost-switching intensity

Empirical database

Nine studies from empirical communities of parasite-host associations (Table 1) were used for comparative
purposes. Selection criteria was that, in addition to information on species interaction, these communities
essentially needed to have published phylogenies for hosts and parasites (see the details in supplemental
information IT). We separated these communities according to the parasitism type and spatial scale (Table 1



- Fig. S5-S13). For all empirical studies selected, parasite groups are monoxenic (both ecto-endoparasites),
with simple life cycles that encompasses a single host species. All ectoparasites analysed herein can be
transmitted during the larval and adult stages while endoparasites can be transmitted only during the larval
stage. Hence, ectoparasites are likely more prone to explore and colonize new hosts (Boeger et al. 2005;
Malcicka et al. 2015). A total of 50 runs were performed with 250 individuals of carrying capacity, for each
configuration of the parameters of host-switching intensity.

Characterization of the ecological and evolutionary patterns of parasites

We expected that the ecological and evolutionary processes leave signatures in the resulting composition of
parasite species and phylogenetic trees of parasites; thus, we compared both the structure of phylogenies
and the composition of the parasite species in the empirical data with those resulting from the simulations.
We compared the species composition using the beta diversity of multiple-site dissimilarities (3 - Baselga
2010; 2013a, b). The structure of the phylogenetic trees was characterized by measuring the tree imbalance,
using the normalized Sackin index (I, - Blum & Frangois 2005). As each empirical case represents particular
ecological and evolutionary processes, we analysed whether there was an optimal range of host-switching
intensity that reproduced each composition () and normalized Sackin index (I,,). To reproduce the scenarios
that best fit the empirical situations, we assumed that the simulations needed to reproduce both the 8 and the
I, metrics simultaneously (with a £5%confidence interval). Then we compared the resulting host-switching
intensity among the empirical cases analysed to understand how it varied for different evolutionary histories.
Statistical analyses were performed using ‘ape’ (Paradis & Schliep 2019), ‘betapart’ (Baselga et al. 2018)
‘picante’ (Kembel et al. 2010), ‘phytools’ (Revell 2012) and ‘vegan’ (Oksanen et al. 2013) R packages.

Statistical analysis

To test whether the parasitism type and spatial scale modulates the host-switching intensity in the empirical
cases analysed, a linear mixed-effects model (LMM) was performed using the lmer function from the ‘lme
4’ package (Bates et al. 2015). For this analysis the host-switching intensity, the type of parasitism as well
as the spatial scale as fixed variables were included, and empirical cases were treated as random variables.
After performing the LMM analysis, an analysis of variance (ANOVA) was used to determine significant
differences (p-value [?] 0.01) using the Anova function in the ‘car’ package (Fox & Weisberg 2019). All
statistical analyses were performed in R v.4.0.0 (R Core Team 2020) and Rstudio v.1.3.959 (RStudio Team
2020).

RESULTS

The beta diversity and normalized Sackin index of parasites varied according to the host-switching intensity
(i.e. the expected percentage of parasite individuals that switch hosts during the entire history of the host
community). To illustrate the prevalent beta diversity and normalized Sackin index according to the host-
switching intensity, we presented the case of feather mites associated with birds (ID. 1 - Fig. 1). As expected,
beta diversity decreases as host-switching intensity increases regardless of the studied case (Fig. la and Fig.
S14). Tt occurs because the increase of host-switching promotes the interaction of different host species with
the same parasite species. Additionally, for each value of host-switching intensity, there is a small variation
in the beta diversity (Fig. la and Fig. S14). The only exception was ID. 4, which resulted in a wide variation
in beta diversity under high host-switching intensity (Fig. S14).

When host-switching intensity is low (below 5%), the normalized Sackin index (I,,) for the simulated parasite
phylogenies assumes exactly the same value of the one obtained from the empirical phylogeny of the host
(note the dashed line in Fig. 1b and also Fig. S15). This low host-switching intensity does not allow the
establishment of a population in a new host. As a consequence, the simulated parasite phylogenies have
the same normalized Sackin index of the empirical host phylogeny. For higher host-switching intensity,
colonization followed by speciation is more likely to occur and the normalized Sackin index varies over
simulations even when they are under the same host-switching intensity (Fig. 1b and Fig. S15). The wide
variation in the normalized Sackin index for a given host-switching intensity reveals that stochastic host-
switching events, even if more likely occurring between closely related species, can change the structure of



the resulting phylogenetic tree. The normalized Sackin index tends towards zero (balanced tree) as host-
switching intensity goes to one, regardless of the community (Fig. S15), resembling a neutral speciation
scenario Yule model (Yule 1924; Aldous 2001).

For all cases, there is a host-switching intensity that simultaneously reproduces the empirical beta diversity
and the parasite normalized Sackin index (Fig. 2). As mentioned before, both metrics are sensitive to host-
switching intensity, but still restricted to some combinations of beta diversity and Sackin index (see in Fig.
2, the graphs showing the beta diversity vs. normalized Sackin index are not fully filled). Generally, the beta
diversity and the parasite normalized Sackin index obtained under high host-switching intensity (greater
than 50%) are far from the empirical pattern (see Fig. 2, the yellow dots rarely approach the intersection of
the solid lines). Then, host phylogeny is an important proxy for host-switching events.

The simulated host-switching intensity that simultaneously fit beta diversity and parasite normalized Sackin
index of each empirical case (5% confidence interval) recovered a range of 0.06% to 22.07% of host-switching
intensity. Within this range, the associations between mammals and lice presented the lowest host-switching
intensity (case ID. 2 with 0.07% - 1.13%), followed by that involving birds and feather mites (case ID. 1 with
0.06% - 8. 17%), wildlife and arthropod parasites (case ID. 3 with 0.82% - 2.69%), frogs and Polystomatidae
(case ID. 7 with 0.22% - 3.71%), frogs and Rhabdias spp. (case ID. 8 with 1.99% - 4.94%), frogs and
Oswaldocruzia spp. (case ID. 9 with 5.29% - 5.91%), fish and Gyrodactylidae (case ID. 6 with 9.35%), -
the highest intensities of host-switching were observed between rodents and fleas (case ID. 5 with 13.47% -
16.87% and case ID. 4 with 0.43% - 22.07%). For ectoparasites, the switching intensity of hosts observed
in the simulations was 0.06% to 22.07% and, for endoparasites, it was in the range of 0.22% to 5.91% but
no significant correlation was observed between host-switching intensity and parasitism type (LMM: beta=
-0.007, SE= 0.018, df = 5.98, t=-0.6, p = 0.70, ANOVA: F=0.16, p = 0.69, Fig. 3). The host-switching
events are more frequent in studies conducted in a local scale (blue color in Fig. 3) than in regional scales
(salmon color in Fig. 3) (LMM: effect of host-switching intensity on spatial scale: beta= 0.08, SE= 0.18, df
= 6.12, t= 4.66, p = 0.003, ANOVA: F = 21.75, p = 0.003, Fig. 3).

DISCUSSION

In this study, we proposed a theoretical model to investigate how the intensity of host-switching, mediated
by opportunity and compatibility of interaction (using host phylogenetic distance as proxy), shapes the phy-
logenetic history and ecology of the parasites. Our results indicated that different host-switching intensities
can drive distinct ecological and evolutionary patterns of the parasite lineages. The model reproduced the
eco-evolutionary pattern of all analysed empirical cases, but the range of predicted host-switching inten-
sity varied among them. The parasitism type did not explain this variation, but the extent of the spatial
scales of the empirical cases analysed present some correlation with the predicted intensity of host-switching.
Host-switching intensity was higher for local empiric cases when compared to regional scale cases.

Variation in host-switching intensity through history influences the resulting eco-evolutionary patterns of
the parasites involved. When the frequency of host-switching is sufficiently high, parasites can maintain the
gene flow among infrapopulations of distinct hosts and speciation does not occur. On the other hand, if
the gene flow is reduced, reduction in host-switching favours parasite speciation (see the eco-evolutionary
dynamics in the movie available in supplemental information IIT S16 and S17). This was the general pattern
observed for all simulated communities, strongly suggesting that host-switching is an important driver for
parasite evolution. During simulations, in line with the oscillation hypothesis, species first increase their
host repertoire (generalize) and then speciate (specialize) (Janz & Nylin 2008; Braga et al. 2018).

Our results also support that host phylogenetic relationship is a good predictor of host-switching - i. e.
host-switching is most likely to occur between related host species. There is probably some common trait,
such as a specific physiological mechanism that has evolved and may be being expressed through phylogeny.
The dispersion of parasites followed by colonization of a new host lineage has been increasingly investigated
in the Stockholm Paradigm (Agosta et al. 2010; Araujo et al. 2015; Nylin et al. 2018; Brooks et al. 2019).
For a parasite lineage, the closer (phylogenetically) the species of the original and new host, the greater



the possibility that the necessary combination of elements that compose the adequate resource is conserved
or, is at least quali- and quantitatively similar. Hence, phylogenetic proximity has been widely recognized
as a potential criterion to anticipate the emergence of new associations (Streicker et al. 2010; Damas et
al. 2020). However, this is not a universal criterion, as compatibility appears to be also modulated by
other biological elements (e.g. morphology, genetics, ecology) associated with the opportunity of encounters
between hosts and parasites. This theoretical framework has provided evidence on how the host-switching
mediated by compatibility and opportunity of interaction influence the dynamics of parasitic interactions
leading to species diversification (Agosta et al. 2010; Nylin et al. 2018; Brooks et al. 2019). The possibility
of encounter between potential symbionts in time and space, emerges from geographic distributions, ecology,
and inherent biological traits of the associates. Compatibility emerges from the ancestral capacity in which
both must be physiologically compatible to establish a long-term association. Compatibility and opportunity
should occur simultaneously to allow the establishment of new associations. Thus, any factor that influences
the compatibility and /or the opportunity among hosts and parasites may affect the intensity of host switching
by parasites. Such factors can include biological and/or spatial variations, which may explain the varied
predicted intensities of host-switching among analysed communities.

The parasitism type (ecto vs endoparasites) had no effect on the predicted intensity of host-switching by
parasites. Ectoparasites have direct contact with the external environment, while endoparasites may have
free-living infective stages but spend most of their life without direct contact with the environment (Bush et
al. 2001). Because of this, higher host-switching intensity could be expected in ecto rather than endoparasites
due to the amount of time under variable environmental conditions that could lead to a stronger selective
pressure to use a broader array of hosts. In addition, all parasites analysed here are monoxenic and differ by
the transmission strategy: ectoparasites can transmit between host individuals during adult stages, while the
endoparasites only during the larval stage. Hence, the strategy of transmission of the ectoparasites allows
successive host-switching by an individual parasite, while endoparasites are restricted to less host-switching
events. This wider possibility of transmission was assumed to favor a higher intensity of host-switching by
ectoparasites than by endoparasites (Boeger et al. 2005). Consequently, as we could not detect significant
differences between the empirical networks analysed herein, our results do not support these hypotheses. For
instance, an alternative explanation may be linked to the generalization that propagule size compensates
for the wider possibility of transmission. Moreover, there is great heterogeneity in the characteristics of
both ecto and endoparasites. Each parasitism type includes a great diversity of organisms, with profound
differences in their evolutionary history and biological characteristics (for example, by comparing species
of the genus fleas, lice, feather mites, helminths, platyhelminthes), which may be more influential to host-
switching intensity than the general site of parasitism type itself. Expanding the analyses to a broader sample
of empirical networks, including variations in the reproductive strategies may provide important insights on
this question.

Unlike parasitism type, our results indicate that host-switching intensity is higher on local than regional
spatial scale. The opportunity for interaction is increased in host communities at a local scale, as this
reduces the likelihood that geographic barriers exist, hampering the possibility of encounter. This is evident
when comparing rodent and flea cases at regional (ID. 4) and local spatial scales (ID. 5). Similarly, since the
cases of Rhabdias spp. and frogs (ID. 8) are defined geographically (and not by host taxa) it was assumed
that host-switching and ecological fitting were evolutionarily more important than association with particular
host taxa (Kuzmin et al. 2014; Miiller et al. 2018). However, the majority of the empirical cases analysed
herein and elsewhere suggest that switches are responsible for parasite diversification and distribution (see
Krasnov et al. 2016; Dona et al. 2017; Patella et al. 2017).

Although the model can reconstruct eco-evolutionary patterns of empirical cases, it has some limitations.
First, there is no variation of the carrying capacity imposed by each host species; second, variation in
abundance and spatial distribution are not explicitly considered; third, the parasites compete for the same
resource (in contrast, each parasite species would have a carrying capacity); and finally, selective pressure
is not explicitly modelled. The solutions to these limitations would make the model more realistic but also
demand more computational time and increase the number of parameters to be evaluated. Thus, quantitative



comparisons of predicted host-switching intensities should not be done, but the qualitative implications,
as already discussed. Furthermore, we emphasize the need for empirical phylogenetic studies, since the
availability of phylogenetic data on parasites is still scarce. Phylogenetic data on parasites are extremely
important to clarify the role of host-switching in the ecological and evolutionary patterns of parasite lineages.

Our results indicate that the intensity of host-switching, mediated by opportunity and compatibility of
interaction, influence the phylogenetic history and ecology of the parasites. As suggested by the Stockholm
Paradigm, parasites may already carry the ancestral capabilities to switch to new hosts, and here we showed
that the host evolutionary history, when associated with opportunity for contact and interaction compatibility
(opportunity + compatibility are represented by the parameter r ), creates the possibility for the colonization
of a new host species. Our study represents a first attempt to model and evaluate the empirical evolutionary
history of hosts as a proxy for parasite resources and offers a new approach to understanding the eco-
evolutionary patterns of parasite species. This model has important implications for predicting changes in
host lineages in situations of environmental or climatic changes or yet in cases of emerging diseases where
the parasitic host switches can cause disease outbreaks.
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Tables

Table 1 . Description of the host sample size and parasite richness for each empirical study, of which host
phylogenies were used as model parameters and host-parasite association to validate the simulations. All
parasite groups are monoxenic, and the transmission in ectoparasites includes the larval and adult stages,
and endoparasites’ transmission includes only the larval. Legend: ID = Empirical study.

ID Host group Host Parasites Parasite Parasitism  Spatial
richness group richness type scale
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Reference



1 Bird 11 feather 11 ectoparasites regional
mites
(Troues-
sartia
spp-)
2 Mammals 6 Lice 7 ectoparasites regional
(Pediculus
spp. and
Pthirus
spp-)
3 Wildlife 9 Arthropods* 8 ectoparasites regional
4 Rodents 129 Fleas™ 202 ectoparasites regional
5 Rodents 11 Fleas™ 19 ectoparasites local
6 Fish 8 Platyhelminthesl 6 ectoparasites local
(Gyrodactylidae)
7 Frogs 15 Polystomes 13 endoparasites regional
(Polystomatidae)
8 Frogs 31 Nematodes 18 endoparasites regional
(Rhabdias
Spp.)
9 Frogs 7 Nematodes 5 endoparasites local
(Oswal-
docruzia
spp-)
include *include *include *include *include *include *include
different different different different different different different
parasite parasite parasite parasite parasite parasite parasite
groups. groups. groups. groups. groups. groups. groups.

Dona et
al. 2017

Reed et al.
2007

Becker et

al. 2018
Krasnov

et al. 2016
Krasnov

et al. 2016
Patella et al.
2017

Badets et al.
2011

Miiller et al.
2018

Willkens et
al. 2021

*include
different
parasite
groups.

Figures - Legend

Figure 1. Influence of host-switching on the eco-evolutionary patterns of simulated parasites for feather
mites associated with birds (see Table 1 for details). Here we demonstrated the relationship between: a

Host-switching intensity and variation in the composition of parasite species (3) between host species;
b . Host-switching intensity and parasite normalized Sackin index (I,); ¢ . Relationship between {3, I,
and the host-switching intensity. The lines refer to empirical information of parasite (continuous) and host
(dotted). The colored dots are redundant with the x-axis scale of graphs (a) and (b), but intend to guide
the interpretation of (c). A total of 50 runs were performed with 250 individuals of carrying capacity, for
each configuration of the parameters of host-switching intensity.

Figure 2. The relationship between variation in the composition, normalized Sackin index of parasite species
and host-switching intensity for nine empirical cases: the variation in parasites’ composition, measured by the
metric beta diversity () on the y-axis and the normalized Sackin index (I,,) on the x-axis. Each ID represents
an empirical case. The lines refer to empirical information of parasite (continuous) and host (dotted). Color
scales represent each percentage interval of host-switching intensity. A total of 50 runs were performed with
250 individuals of carrying capacity, for each configuration of the parameters of host-switching intensity.

Figure 3 . Relation of the host-switching intensity among empirical cases considering cases that correspond
to £5%confidence interval in relation to the metrics variation (beta diversity and the normalized Sackin
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index simulated and empirical). The boxplots show the simulation distributions for each empirical case.
Regional scale cases are represented by salmon color, and local scale cases by blue. The number in axis x
represents the empirical cases: ID. 1 - Birds and feather mites. ID. 2 - Mammals and lice. ID. 3 - Wildlife
and ectoparasites. ID. 4 and 5 - Rodents and fleas. ID. 6 - Fish and Platyhelminthes (Gyrodactylidae). ID.
7 - Frogs and Polystomes (Polystomatidae). ID. 8 - Frogs and Nematodes (Rhabdias spp. ). ID. 9 - Frogs
and Nematodes (Oswaldocruzia spp.). The asterisks (*) represent cases of endoparasites.
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