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had toads that were infested with A. rotundatum, and 
infested individuals were in the earliest introduced 
populations at the core of their distribution. Pathogen 
testing confirmed Rickettisa bellii in ticks, but not in 
toad tissues. Haplotype networks could not clearly 
distinguish if R. bellii in Florida was more closely 
related to North or South American strains, but host-
tick associations suggest that the pathogen was exotic 
to Florida. Our investigation demonstrated that an 
invasive species facilitated the introduction of para-
sites and pathogens into Florida, yet the invasive tick 
species encountered limitations to dispersal on this 
host species.

Keywords  Amblyomma rotundatum · Cane 
toad · Core-periphery distribution · Enemy release 
hypothesis · Founder effects · Invasive species · 
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horribilis

Introduction

The expansion of global trade and travel has created 
pathways for invasive species and accelerated their 
spread worldwide (Sakai et  al. 2001; Van Kleunen 
et  al. 2015; Capinha et  al. 2017). Once introduced, 
species with traits that support rapid reproduc-
tion and dispersal can become successful invaders. 
Whether intentional or accidental, these introductions 
can directly or indirectly alter invaded ecosystems 

Abstract  Expansion of global commerce has facili-
tated pathogen pollution via the transportation and 
translocation of invasive species and their associated 
parasites and pathogens. In Florida, imported cane 
toads (Rhinella horribilis) were accidentally and 
intentionally released on multiple occasions. Early 
populations were found to be infested with the inva-
sive tick, Amblyomma rotundatum, yet it is unknown 
if these ticks dispersed with their hosts as cane toads 
spread throughout much of the state. The objectives 
of our investigation were to (1) determine if there 
are fewer tick infestations on toads at the periphery 
than at the core of their distribution as predicted by 
founder effect events, and (2) identify if ticks were 
infected with exotic pathogens. We captured toads 
from 10 populations across Florida. We collected 
ticks, vent tissue, and tick attachment site tissue from 
each toad, then tested samples for bacteria in the 
genus, Rickettsia. We found that 3/10 populations 
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resulting in decreased biodiversity, ecosystem func-
tion, and ecosystem services (Floerl et  al. 2009; 
Mooney and Cleland 2001).

One way invasive species alter ecosystems is via 
the co-introduction of non-native parasites and path-
ogens, i.e. pathogen pollution (Cunningham et  al. 
2003). An emerging focus of invasion ecology is the 
study of how host-parasite dynamics change with the 
introduction of invasive species to a novel area. Para-
sites and pathogens are ubiquitous in biological com-
munities and can influence both the invasion success 
of non-native species and the fitness of native species 
(Prenter et  al. 2004). Parasites and pathogens can 
negatively impact the fecundity of hosts via energy 
trade-offs that allocate the host’s energy to immune 
response instead of dispersal, growth, or reproduction 
(Luong et al. 2017), in turn regulating host population 
levels (Prenter et al. 2004).

Following the establishment of an invasive host 
species, parasites and pathogens may be distributed 
unevenly across the invasive host range due to a vari-
ety of ecological processes. Peripheral host popula-
tions, those that are on the leading edge of the expan-
sion front, may have lower rates of parasitism due to 
the stochastic infestation rates of immigrant individ-
uals which may lead to lower rates of parasitism in 
colonizing populations (Phillips et  al. 2010; Barnett 
et  al. 2018). Alternatively, but not mutually exclu-
sively, core host populations, those that established 
early in the invasion process, may have more para-
sites than populations along the expanding peripheral 
edge because habitat at the site of establishment may 
be of higher quality than habitat in isolated, periph-
eral populations, leading to higher host and parasite 
densities at the distribution core. In addition, cross-
species transmission of parasites from native or pre-
viously established non-native species to the invad-
ing species (spill-back) may also facilitate uneven or 
patchy distribution of parasitism across the landscape 
(Chalkowski et  al. 2018). Thus, patterns of parasite 
distribution on invasive host species can provide 
insight into the underlying processes driving host-
parasite relationships.

While some parasite populations may struggle to 
persist during the invasion process, those that suc-
cessfully become established often share generalist 
phenotypic traits. Parasites that are host generalists 
(Ewen et al. 2012) can tolerate variable climatic con-
ditions (Polo et  al. 2021) and typically have simple 

life cycles that require few host species or can repro-
duce asexually. Many tick species (Ixodida) exem-
plify these traits and are frequently successful invad-
ers (Barré and Uilenberg 2010). Multiple tick species 
have successfully invaded and established in the 
United States (Burridge 2011) including Amblyomma 
rotundatum, which originated from Central and South 
America. Amblyomma rotundatum is a 3-host tick 
species, yet the same host species may support all 
three tick life stages. A. rotundatum reproduces par-
thenogenically, which streamlines population growth 
by eliminating the need to search for a mate. Ambly-
omma rotundatum is the one of the most prolific 
generalist feeders reported in the literature, with 59 
reported herpetological host species (De Jesus 2021) 
and 16 mammal host species (Guglielmone and Nava 
2010). This combination of traits has made it a highly 
successful invasive species.

While it has been hypothesized that A. rotundatum 
was introduced into Florida with its native host, the 
cane toad (Rhinella horribilis formerly R. marina, 
Acevedo et  al. 2016, Mittan-Moreau et  al. 2022, 
Oliver et  al. 1993), the origins of A. rotundatum in 
Florida are not well understood and are likely com-
plicated. Multiple invasive reptile species that origi-
nated from Central and South America have been 
introduced in the decades after cane toads became 
established (Krysko et al. 2011; Nava et al. 2017) pro-
viding additional potential source populations of A. 
rotundatum, and other non-native reptiles including 
the Burmese python (Python bivittatus) from South-
east Asia and the Peter’s Rock agama (Agama picti-
cauda) from Africa (Corn et al. 2014, pers. obs.) have 
been observed in Florida with A. rotundatum infesta-
tions. Additionally, cases of parasite spillover of A. 
rotundatum have been reported on native snake spe-
cies like the southern black racer (Coluber constrictor 
priapus) in southernmost Florida and cottonmouth 
(Agkistrodon piscivorus conanti) (Hanson et al. 2007; 
Corn et al. 2014; Lillywhite and Sheehy 2019) from 
northwest peninsular Florida suggesting that this 
invasive tick species is distributed throughout Florida.

Cane toads are an infamous invasive species that 
were introduced into subtropical and tropical climates 
worldwide in failed biological control attempts for 
sugar cane beetles (King and Krakauer 1966; Lever 
2001). Cane toads were originally introduced into 
Florida cane sugar fields in Palm Beach County dur-
ing the 1930s and 1940s, although those populations 
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did not become established (King and Krakauer 
1966). Instead, cane toads likely became established 
in Florida in the 1950s after an accidental mass-
release of toads imported to the Miami Airport from 
Colombia (Krakauer 1968; Oliver et al. 1993). Then 
in the 1960s, animal dealers intentional released addi-
tional cane toads from Colombia in Pembroke Park 
near Ft. Lauderdale in Broward County and from 
Suriname in Kendall near Miami in Miami-Dade 
County (King and Krakauer 1966). Thus, two popu-
lations were established approximately 60  km from 
each other in southeast Florida (Fig.  1). Since these 
introductions, cane toads have utilized canals and 
urbanized habitats to establish expanding populations 
across southern Florida and northwards into central 
Florida (Meshaka et al. 2006; Wilson 2016). Ambly-
omma rotundatum were first identified infesting inva-
sive cane toads in Miami, Florida in the late 1970’s 
(Oliver et al. 1993).

Ticks are associated with numerous bacterial 
pathogens. Bacteria in the genus Rickettsia are the 
most ubiquitous tick-borne pathogen reported glob-
ally (Parola et  al. 2013; Piotrowski and Rymasze-
wska 2020). Rickettsia bacteria vary in their path-
ogenicity from causing severe human and animal 
illnesses to nonpathogenic endosymbionts (Parola 
et al. 2013; El Karkouri et al. 2022). Rickettsia are 
likely candidates for pathogen pollution because of 
their unique transmission properties. Unlike some 
tick-borne pathogens, Rickettsia can be transmitted 

transovarially, i.e., adult female ticks transmit Rick-
ettsia bacteria to their eggs and the resulting larvae 
emerge infected (Horta et  al. 2006; Laukaitis and 
Macaluso 2021). The subsequent life stages can 
then maintain that infection between molts, referred 
to as transstadial transmission (Labruna 2009; 
Parola et  al. 2013). Transovarial and transstadial 
bacterial transmission facilitate transmission from 
one life stage to another without the tick taking a 
bloodmeal from an infected host; therefore patho-
gens can be imported in infected ticks even if those 
ticks are infesting an uninfected host. All life stages 
disseminate Rickettsia (Parola et al. 2013), although 
some species of Rickettsia require infected hosts 
to maintain infection in the tick population. None-
theless, transovarial transmission provides exotic 
rickettsial species with fewer barriers to overcome 
during the invasion process than bacteria with other 
transmission routes.

Rickettsia species have been reported in A. 
rotundatum within the cane toad’s native range. 
One commonly reported species is Rickettsia bel-
lii (Labruna et  al. 2004; Luz et  al. 2018; Sánchez-
Montes et al. 2019) which has been reported in 19 
tick species across the Americas and is considered 
nonpathogenic (Krawczak et  al. 2018). Rickettsia 
bellii infections are maintained by both transovar-
ial and transstadial transmission. This species also 
has distinct clades for North and South American 
strains (Krawczak et  al. 2018). Rickettsia bellii 

Fig. 1   Circles indicate 
field sites where toads 
were collected. Blue circles 
identify sampling sites near 
introduction locations in 
Florida. Parentheses display 
number of individual toads 
infected with ticks
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provides a unique model system to observe how 
Rickettsia respond to the biological invasions pro-
cesses of their tick host.

Cane toads; the tick, Amblyomma rotundatum; and 
the bacterial species, Rickettsia belli provide a unique 
host-parasite-microbe system to empirically observe 
geographic patterns of parasite infestation and 
microbe infection that inform parasite ecology within 
the distribution of an invasive species. The objectives 
of our investigation were to (1) determine if core-
periphery patterns of tick infestation rates occurred in 
cane toads. We predicted that there would be fewer 
tick infestations in toads at the periphery of the inva-
sion than at the core of their distribution and (2) iden-
tify whether these invasive ticks were infected with 
exotic Rickettsia species not native to Florida and 
(3) determine if the pattern of a core-periphery dis-
tribution was maintained in the exotic bacteria found 
in ticks or cane toads. To conduct this study, we sur-
veyed cane toad populations along a core to periphery 
distributional gradient for the presence of ticks. We 
then screened ticks and cane toads for infection with 
rickettsial bacteria.

Materials and methods

Cane toad and tick collection

We collected cane toads from 10 populations 
across their invasive range in Florida (Fig.  1) from 
April–June 2021. Sampling dates overlapped with the 
cane toad breeding season, which occurs from March 
through September in Florida (Krakauer 1968). We 
determined survey locations based on prior studies 
and citizen science reports through EDDMapS (Mit-
tan & Zamudio 2019; Rubio et al. 2020; EDDMapS 
2024). We conducted surveys near water bodies 
in urban areas at night, when and where cane toads 
actively forage (Wilson 2016). We captured toads by 
hand and placed them into individual ventilated plas-
tic containers until ticks could be removed; animals 
were held in containers for < 24 h (University of Flor-
ida IACUC #202111387).

Toads were visually inspected for all life stages of 
attached ticks prior to euthanasia. If ticks were pre-
sent, they were removed from the toad using fine tip 
forceps. Once removed, ticks were stored in 100% 
molecular-grade ethanol until they could be identified 

and extracted for DNA. We identified ticks to spe-
cies morphologically using taxonomic keys from the 
United States, Central America, and South America 
(Keirans and Oliver 1993; Guzman-Cornejo et  al. 
2011; Nava et al. 2017).

After ticks were removed, toads were humanely 
euthanized through dermal application of 20% benzo-
caine gel (American Veterinary Medical Association 
2020, IACUC #202111387). Following euthanasia, 
we collected morphological data (i.e., snout-urostyle 
length (SUL), mass, and sex) and tissue biopsies 
from all toads. When ticks were found on the toads, 
we took a skin biopsy at the site of tick attachment, 
referred to hereafter as attachment tissue. We col-
lected vent tissue from all toads to assess if Rickett-
sia bacteria could be collected from highly vascular-
ized tissues (Levin et al. 2016). Tissue samples were 
placed in 100% molecular grade ethanol and then 
stored at − 20 °C until they were extracted for DNA.

DNA extractions

Tick and tissue samples were rinsed once with PBS 
buffer and twice with DI water to remove debris or 
benzocaine gel before DNA was extracted. DNA was 
then extracted from ticks and cane toad tissue samples 
using the Qiagen Gentra Puregene Kit (Valenica, CA, 
USA) with the manufacturer protocol. We extracted 
DNA from individual adults and nymphal ticks, but 
aggregated larvae into pools of 25 ticks per host. We 
cut vent and attachment site tissue into 10 ng pieces 
before extraction (Qiagen 2014). We stored eluted 
DNA at − 20 °C until PCR protocols were conducted.

PCR and sequencing

To screen for Rickettsia, we initially targeted the gltA 
gene, as it can broadly detect Rickettsia species (Roux 
et  al. 1997). We further analyzed Rickettsia positive 
samples using primers that amplified portions of two 
additional genes: atpA and coxA because they have 
previously been shown to successfully amplify R. bel-
lii (Weinert et  al. 2009; Krawczak et  al. 2018). All 
three genes were used to differentiate between strains 
of R. bellii. We ran a positive and negative control 
for each PCR assay. We used a positive control from 
a Rickettsia sp. collected from an Ixodes scapularis 
specimen. Our negative control was PCR grade water. 
All PCR products were run on a 1.5% agarose gel 
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with RedView Stain (Genecopoeia, Rockville, MD) 
and visualized on UVP gel documentation system 
(Analytik-Jena, Beverly, MA). We considered sam-
ples positive if they had the appropriate band size. 
All PCR products were cleaned with SAP/Exonucle-
ase and sent to a commercial lab for Sanger sequenc-
ing (Functional Biosciences, WI, USA). Consensus 
sequences were constructed from forward and reverse 
primers for atpA and gltA. For coxA only forward 
sequences were used due to a bacterial coinfection of 
Chryseobacterium sp. that was co-amplified with the 
reverse primer (Supplementary Materials). Sequences 
were then aligned using Geneious software (2019.1.3) 
(Biomatters Ltd., Auckland, New Zealand) and com-
pared to sequences in GenBank using NCBI BLAST.

Phylogenetic and network analyses

We concatenated and assembled our three gene 
sequences in Geneious and compared them 
with sequence data from R. bellii isolates and 
field collected specimens deposited in GenBank 
(OP650115–OP650207). We aligned our samples 
with GenBank samples using ClustalW (Thompson 
et  al. 1994) in MEGA X (Kumar et  al. 2018) soft-
ware. Each alignment was visually examined to make 
sure all sequences aligned.

To determine the relationship between our Rick-
ettsia samples and other Rickettisial species, we con-
structed a tree using the Tamura-Nei genetic distance 
model and the UPGMA tree building method with 
500 bootstrap. We then examined each target gene 
and all 3 genes concatenated in a minimum span-
ning network in PopArt (Leigh and Bryant 2015) 
in order to compare our samples from haplotypes 
in North America and South America. Additional 
sequences from Krawczak et al. (2018) and GenBank 

(Supplementary Table 1) supplemented the haplotype 
network.

Results

Cane toad and tick collections

We collected a total of 234 cane toads from 10 
populations across south and central Florida. Sur-
veys yielded 54 females and 180 males, including 
212 adult toads and 22 juveniles. Snout-urostyle 
length ranged from 6.8 to 13.3  cm with an average 
of 10.8 ± 1.6 cm. Of all cane toads collected, 56/234 
(23.9%) toads were infested with ticks (Table  1). 
Toads that were infested with ticks were collected 
from 3/10 populations: Homestead, Miami, and West 
Palm Beach (Fig. 1). Among the three infested toad 
populations, ticks were found on toads 60.0% (57/95 
toads) of the time. All ticks were identified as A. 
rotundatum. In total we collected 495 A. rotunda-
tum and toads were infested with 5.2 ± 1.5 ticks/toad 
(Table 1).

Rickettsia screening

We tested ticks and tissue from vent and attachment 
sites for the presence of Rickettsia bacteria. Of the 
toads infested with ticks, 27/56 toads (48.2%) had 
ticks infected with Rickettsia (Table  2). Homestead, 
Miami, and West Palm Beach all had ticks with rick-
ettsial infections. We did not detect Rickettsia in any 
vent or tick attachment tissue samples.

Phylogenetic and haplotype network analyses

Examining the gltA gene we found that our samples 
grouped with R. bellii and not with other rickettsial 

Table 1   Total number of ticks collected at each field site by life stage and average tick infestation per toad based on site. Tick infes-
tation average is based only on cane toad populations with ticks. Standard error is reported for average tick infestation

Field site (N) Larvae Nymph Adult Total ticks col-
lected

Average tick infestation

West Palm Beach (35) 41 24 9 74 2.3 (± 0.7)
Miami (21) 16 16 8 40 1.9 (± 0.7)
Homestead (39) 307 66 8 381 10.2 (± 3.2)
Total (75) 364 106 25 495 5.2 (± 1.5)
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species (Fig. 2). We found that all three target genes 
from A. rotundatum also closely matched with R. bel-
lii sequences from both North and South America 
(Table 3).

Using the minimum spanning network based on 
the atpA gene, we found that our samples shared the 
same haplotype as two samples from South America 
detected in Amblyomma dissmile (Fig.  3) (Supple-
mentary Materials Table 1). However, there was not 
a clear distinction between North and South Ameri-
can haplotypes for any sequence or when all three 
sequences were concatenated (Fig. 3).

Table 2   Toads with ticks infected with Rickettsia bacteria 
based on gltA gene. Wilson Score 95% confidence interval was 
calculated for pathogen prevalence of Rickettsia 

Field sites with ticks Toads with Rickett-
sia positive ticks

West Palm Beach 7/15 (47%) (± 0.23)
Miami 1/9 (11%) (± 0.21)
Homestead 19/32 (59%) (± 0.16)
Total 27/56 (48%) (± 0.05)

Fig. 2   A phylogenetic tree 
for the gltA gene of Rickett-
sia species was constructed 
using the Tamura-Nei 
genetic distance model and 
the UPGMA tree building 
method with 500 bootstrap. 
Sequences from this study 
are designated as Tick 
#. Previously published 
sequences are listed by 
Rickettsia species and 
accession number. Blue 
dots indicate R. bellii col-
lected from South America, 
and red dots are North 
America

Table 3   Closest matches in GenBank to our A. rotundatum samples for Florida for each target gene

Pathogen species Target gene % Identical (Accession #) Tick species Loc locality

Rickettsia bellii atpA 99.9%(MT009131) Amblyomma dissimile French Guiana
Rickettsia bellii coxA 99.7%(CP000849) Dermacentor variabilis Ohio, USA
Rickettsia bellii gltA 99.4% (MW384865) Amblyomma ovale El Salvador



Spatially limited pathogen pollution in an invasive tick and host system﻿	

1 3
Vol.: (0123456789)

Discussion

Our investigation aimed to determine whether tick 
infestation in cane toads and bacterial infection in 
ticks decreased from the core to the periphery of the 
cane toad’s distribution in Florida. We found evi-
dence that cane toads at sites near the initial estab-
lishment were infested with A. rotundatum. Cane 
toads collected from Homestead, Miami, and West 
Palm Beach were infested with A. rotundatum (3/10 
locations surveyed). These locations were along the 
south Atlantic coast of Florida where toad popula-
tions were introduced in the 1950’s and 1960’s (King 
and Krakauer 1966; Krakauer 1968; Wilson 2016). 
Interestingly, cane toads from Fort Lauderdale lay 
between two infested populations yet this population 
did not have ticks, which exemplifies the stochastic 
nature of ectoparasite infestation among host popu-
lations. None of the cane toad populations > 120 km 
from the core of the introduction contained toads 
that were infested with ticks. In relation to the core 
population, these uninfested, peripheral populations 
lay to the west on Gulf Coast side of Florida or to the 

north in West Palm Beach. Cane toad populations in 
these locations did not become established until the 
early 2000’s and were geographically distant from the 
founder populations (Wilson 2016). The lack of tick 
infestation along the invasion front is consistent with 
founder effects and provides support for the Enemy 
Release Hypothesis (Torchin et  al. 2003). Invasive 
species can establish populations without parasites 
via stochastic processes or lose their parasites as they 
advance along the expansion front due to low host 
densities or unfavorable environmental conditions for 
the invasive tick species (Torchin et al. 2003; Phillips 
et al. 2010).

Unfavorable environmental conditions for para-
sites at the periphery of an expanding distribution 
can further facilitate founder effects, but we did not 
find evidence for this additive effect. We hypoth-
esized that because cane toads in Florida have been 
shown to prefer disturbed and urbanized habitats that 
may hinder tick survival (Meshaka et al. 2006; Wil-
son 2016), it could limit the expansion of this tick 
species on cane toads. Amblyomma rotundatum is a 
3-host tick, meaning it must drop from its host after 

Fig. 3   Haplotype networks 
for partial gene sequences 
of Rickettsia bellii and con-
catenated sequences. (A) 
atpA, (B) coxA, (C) gltA, 
(D) All genes concatenated. 
Red = North American R. 
bellii. Blue = South Ameri-
can R. bellii. Purple = Flor-
ida R. bellii 
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feeding, then molt and wait for another bloodmeal. 
The environment into which ticks drop is crucial to 
their survival because ticks spend more than 99% of 
their lifetime off-host (Needham 1991, Diuk-Wasser 
et al. 2021). Cane toads are commonly found in man-
made ponds, canals, and residential yards (Meshaka 
et al. 2006; Wilson 2016, pers. Obs.), and these urban 
habitats may not have the appropriate microclimate to 
prevent tick desiccation (Needham 1991). Urbanized 
habitats often lack preferred vegetation cover, moist 
soil, or leaf litter where ticks can take cover (Bur-
tis et  al. 2019; Diuk-Wasser et  al. 2021). Studies in 
French Guiana (part of the native range of both cane 
toads and their ticks) have documented that urban-
ized habitat led to a loss of ticks on cane toads despite 
having sufficient toad populations to support tick 
transmission. In these cases, abiotic constraints in the 
urban environment prevented ticks from establishing 
(Devore et al. 2020). Nonetheless, we found ticks in 
the heavily urbanized core population of cane toads 
that have been established for more than 60  years, 
suggesting that local environmental conditions were 
not the driving factor limiting expansion on cane toad 
populations.

The core to periphery gradient in tick infestation 
of cane toads did not support the hypothesis that this 
distribution was driven by spillback of A. rotundatum 
to toads. The widespread distribution of this tick on 
multiple reptile hosts sympatric to peripheral cane 
toad populations provided opportunity for spillback in 
the northern and western populations of cane toads, 
yet these populations were uninfested. Because the 
pattern of infestation was structured along a core to 
periphery gradient, it was unlikely a result of spill-
back of ticks from other established or native species. 
Indeed, cane toads were likely the initial hosts and 
one of the dispersal vectors of A. rotundatum that pro-
vided the mechanism for spillover of this tick to mul-
tiple native and non-native reptile species throughout 
Florida (Oliver et al. 1993).

We found evidence of a likely exotic bacterial 
microbe throughout the tick populations that we sam-
pled. We detected R. bellii in A. rotundatum at all 
three field sites where ticks were found. Thus, while 
tick dispersal among host toad populations may have 
been hindered, it appears that Rickettsia have success-
fully dispersed with their tick vector as predicted by 
their endosymbiont status and transovarial and trans-
stadial transmission routes.

Previous investigations into the phylogenetics 
of R. bellii found that isolates collected from North 
America and South America formed separate clades 
and grouped together by tick genus and host prefer-
ence (Krawczak et  al. 2018). In North America, R. 
bellii has primarily been reported in Dermacentor 
species (Krawczak et al. 2018), while in South Amer-
ica it has been shown to infect ticks in the genera 
Ixodes, Haemaphysalis and Amblyomma (Krawczak 
et al. 2018). Even though North American and South 
America Rickettsia bellii form distinct clades, there 
are few polymorphisms that differentiate isolates 
(< 0.5%) (Krawczak et al 2018). We sequenced three 
rickettsial genes that each contained polymorphisms 
found in R. bellii. The atpA gene matched closely to 
Rickettsia sequences from Amblyomma dissimile in 
French Guiana, another avid reptile feeder in South 
America (Table  3). Vector-pathogen affiliation and 
haplotype data from this atpA gene suggest R. bellii 
originated from South America. However, the coxA 
and gltA genes resembled strains recovered from 
different tick species and locations (Table  3). This 
combination of gene sequence data could not clarify 
whether or not our R. bellii originated from South 
America. Thus, while the atpA gene is suggestive of 
a South American origin, further genomic analysis is 
needed to definitively determine the origin of R. bellii 
in Florida.

Studies of Rickettsia and toads thus far have only 
identified pathogens in ticks but not toad tissues (Luz 
et al. 2013; Horta et al. 2006). We did not detect Rick-
ettsia species in attachment site or vent tissue col-
lected from cane toads in our study. Tick attachment 
tissue examined in previous studies on cane toads in 
South America found that A. rotundatum bites can 
result in skin lesions (Luz et al. 2013). Whether or not 
these lesions can harbor tick-borne pathogens is still 
unknown. Future studies should collect tissue from 
lesions and attachment sites and test them for tick-
borne pathogens.

Conclusions

Overall, we found that A. rotundatum infests cane 
toads in areas < 120  km from the initial introduc-
tion sites in southern Florida, but not in popula-
tions further north or west. Cane toad populations 
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in Homestead and Miami, sites at or near the ini-
tial introductions, continue to have tick infestations 
with A. rotundatum. The expansion of this tick spe-
cies on cane toads into peripheral populations may 
have been restricted by demographic stochasticity 
associated with founder events rather than changes 
in habitat conditions from core to periphery. The 
core to periphery decline in infestation suggests 
that these processes are a more likely explanation 
than spill-back from established host populations 
because peripheral populations were sympatric with 
other reptiles hosting A. rotundatum. Our surveys 
found that A. rotundatum from cane toads were fre-
quently infected with Rickettsia bellii, which was 
likely a South American strain that arrived in Flor-
ida with cane toads. This invasion system provides 
insight into how Rickettsia bacteria can be success-
fully transported during a host invasion and main-
tained during the expansion phase. Because many 
Rickettsia species are pathogenic, these findings 
suggest that pathogen pollution with exotic Rickett-
sia can impact human or animal welfare globally.
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