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he state of Florida, USA, is home to more non-native ~ on Earth (Krysko et al. 2016); many of these show unam-
species of amphibians and reptiles than anywhere else  biguous evidence of having derived from multiple geneti-
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Fig. 1. Modified version of the identification key from Grbic et al. (2015) used in this study to determine the probable clade of origin of adult male Panther
Chameleons (Furcifer pardalis) from Florida, USA (n = 20). Note that the key does not allow for definitive assignment to Clade B or Clade C/Subclade C2.
Representative images: Clade A (upper panel), Homestead, Miami-Dade County, photograph by Thomas W. Fieldsend; Clade A (lower panel), Babson
Park, Polk County, UF-Herpetology image voucher 190325a; Clade B or Clade C/Subclade 2 (upper panel), Orange County, photograph by Natalie M.
Claunch; Clade B or Clade C/Subclade 2 (lower panel), Coconut Creek, Broward County, UF-Herpetology image voucher 170801a; Clade C/Subclade C1
(upper panel), Sarasota County, photograph by Colin M. Goodman; Clade C/Subclade C1 (lower panel), Orange County, photograph by Brian T. Fridie.
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cally distinct native-range lineages (e.g., Kolbe et al. 2007;
Fieldsend et al. 2021). When distinct lineages occur in sym-
patry, hybridization or admixture can result, sometimes lead-
ing to elevated population-level genetic diversity (Kolbe et al.
2007; Dlugosch and Parker 2008; Gillis et al. 2009), indi-
vidual-level heterosis (i.e., hybrid vigor; Facon et al. 2005),
or both (Facon et al. 2005). Both phenomena can increase
the invasiveness of non-native organisms, namely their abil-
ity to establish and spread in their novel range (Facon et al.
2005; Drake 2006; Crawford and Whitney 2010; Hahn and
Rieseberg 2017; Wagner et al. 2017; Smyser et al. 2020).
The Panther Chameleon, Furcifer pardalis (Cuvier 1829),
is native to Madagascar (Raxworthy et al. 2002). This species
was first discovered in Florida in 2008 (Krysko et al. 2011), is
now established (Krysko et al. 2016), and has been reported
or documented by voucher specimens from seven counties:
Broward (Rochford et al. 2013), Charlotte (MorphoBank
M782844), DeSoto (Krysko et al. 2011), Miami-Dade
(UF-Herpetology 178186), Orange (UF-Herpetology 191357),
Polk (UF-Herpetology 190325), and Sarasota (this study).
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Panther Chameleons exhibit striking sexual dimor-
phism, with adult male coloration varying from blue, green,
or gray to brown or red, whereas adult females are generally
drab tan or brown (Krysko et al. 2019). Moreover, the color
polymorphism exhibited by adult males of allopatric Panther
Chameleon populations in Madagascar is spatially structured
and reflects underlying interpopulation genetic diversity
(Grbic et al. 2015). Using mitochondrial DNA (mtDNA),
Grbic et al. (2015) identified and mapped the distributions
of three major native-range Panther Chameleon clades (lin-
eages): Clade A, from northwestern Madagascar and the
islands of Nosy Be and Nosy Komba; Clade B, present in
northern Madagascar and along the northeastern coast; and
Clade C, which is divisible into two subclades, C1 and C2,
from the eastern coast and the island of Nosy Boraha (Isle
Sainte Marie). Grbic et al. (2015) also used machine learn-
ing to create a color-based identification key, which can be
used to assign adult male Panther Chameleons to a native
clade/subclade. Although Panther Chameleons are known to
change color seasonally (Grbic et al. 2015, Figure S5) or in

Fig. 2. Adult male Panther Chameleons (Furcifer pardalis) from Florida, USA, analyzed in this study: (A) Orange County, photograph by Brian T. Fridie;

(B) south of Arcadia, DeSoto Couty, UF-Herpetology image voucher 153489; (C) Sarasota County, photograph by Brian T. Fridie; (D) Orange County,
photograph by Natalie M. Claunch; (E) Coconut Creek, Broward County, UF-Herpetology image voucher 170514; (F) Orange County, photograph
by Brian T. Fridie; (G) Orange County, photograph by Natalie M. Claunch; (H) Orange County, photograph by Brian T. Fridie; (I) Orange County,
photograph by Brian T. Fridie; (J) Sarasota County, photograph by Brian T. Fridie; (K) Babson Park, Polk County, photograph by Brian T. Fridie; (L)
Homestead, Miami-Dade County, UF-Herpetology image voucher 178186b; (M) Orange County, photograph by Natalie M. Claunch; (N) Babson Park,
Polk County, EDDMaps Record ID 4766953. The complete set of images included in this study is archived in Morphobank (see text).
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response to stress (Teyssier et al. 2015), geographic differences
in adult male base coloration nevertheless remain sufficiently
consistent to serve as a useful tool for inferring native-range
provenance (Ferguson et al. 2004; Grbic et al. 2015).

In this study, we used a modified version of the identi-
fication key from Grbic et al. (2015) (Fig. 1) to classify the
likely clade and origin of 20 introduced adult male Panther
Chameleons from Florida (Figs. 1-2). All photographs used
for analysis are archived in MorphoBank (O’Leary and
Kaufman 2011) under MorphoBank Project 4022 (acces-
sible at http://morphobank.org/permalink/?P4022). Six of
the seven counties from which the species has reliably been
reported were included in our analysis (Table 1), the excep-
tion being Charlotte County, for which no suitable photo-
graphs were available. We have withheld exact locations in
order to protect private landowners, as members of the public
frequently trespass on private property in Florida in order to
collect chameleons (Edwards et al. 2014).

We unambiguously assigned multiple chameleons to
both Clade A (n = 5; 25%) and Clade C/Subclade C1 (n = 2;
10%), supporting the introduction of multiple native-range
lineages of Panther Chameleon to Florida. Nevertheless,
the majority of chameleons (n = 13; 65%) were classified
as belonging to either Clade B or Clade C/Subclade C2
but could not be more accurately assigned (Table 1; Fig. 3).
Ferguson et al. (2004) found no differences in coloration
between adult male Panther Chameleons from Antsiranana
(Diego Suarez) in the extreme north of Madagascar and
Sambava on the northeastern coast (Fig. 3). Interestingly,
Antsiranana Panther Chameleons belong to Clade B, whereas
Sambava Panther Chameleons belong to Clade C/Subclade
C2, with the transition zone apparently occurring just north
of Sambava (Fig. 3; Grbic et al. 2015). The concordance
between the findings of Ferguson et al. (2004) and Grbic et
al. (2015) implies that ambiguous assignment probably stems
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from a genuine lack of differences in color between adult male
Panther Chameleons from Clade B and Clade C/Subclade
C2, rather than a shortcoming of the Grbic et al. (2015) iden-
tification key. Clade B Panther Chameleons are distributed
widely in northern and northeastern Madagascar (Fig. 3;
Grbic et al. 2015), including areas known to serve as hubs for
the international reptile trade (e.g., Antsiranana; Fieldsend et
al. 2021). Consequently, suggesting that Clade B chameleons
could be present in Florida is reasonable, as is the assumption
that all three major native-range clades have been introduced
to the state.

Probable sympatry between the major clades of Panther
Chameleons was identified in Orange, Polk, and Sarasota
Counties (Table 1; Fig. 3), highlighting the potential for clade
hybridization in Florida. Hybrid Panther Chameleons also
are likely to be present in Florida if individuals from distinct
native-range lineages have mated in captivity (Grbic et al.
2015) and produced hybrid offspring that have subsequently
escaped or been illegally released. Hybrids could conceiv-
ably manifest novel color patterns not recorded in the native
range, making their classification difficult or impossible; thus,
the large percentage of ambiguously assigned chameleons in
this study could in part stem from the presence of hybrids.

Hybridization or admixture between multiple native-
range lineages can result in elevated population-level genetic
diversity (Kolbe et al. 2007; Dlugosch and Parker 2008; Gillis
et al. 2009), which can increase the invasiveness of non-native
organisms (Drake 2006; Crawford and Whitney 2010; Hahn
and Rieseberg 2017; Wagner et al. 2017; Smyser et al. 2020),
for instance by relieving genetic bottlenecks and increasing
adaptive potential (Lavergne and Molofsky 2007). In some
cases, in situ hybridization between multiple non-native taxa
actually leads to the emergence of distinct hybrid lineages
that outcompete parental forms (Pysek et al. 2003; Suehs et
al. 2004; Facon et al. 2005), a phenomenon for which indi-

Table 1. Summary of male Panther Chameleons (Furcifer pardalis) from Florida, USA, analyzed in this study (n = 20). Clade names based
on Grbic et al. (2015). Note that this table represents the number of adult male Panther Chameleons from each Florida county for which
suitable photographic records were available, and does not necessarily represent the total number of records from a given county. All county
records are from a single contiguous population, except Miami-Dade County, where the two chameleons were collected approximately 7

km apart.

Sample Clade B or Clade C/
County Size Clade A Clade C/Subclade C2 Subclade C1
Broward 2 0 2 0
DeSoto 1 1 0 0
Miami-Dade 2 1 1 0
Orange 9 1 7 1
Polk 3 1 2 0
Sarasota 3 1 1 1
Total (%) 20 (100%) 5 (25%) 13 (65%) 2 (10%)
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Fig. 3. Map of Florida, USA, showing the approximate locations of adult
male Panther Chameleons (Furcifer pardalis) analyzed in this study. Colors
correspond to the mitochondrial clades to which chameleons were assigned
based on their adult coloration following Grbic et al. (2015) (see Fig. 1).
Map circle sizes correspond to population sample sizes (n = 1-9), with
circle segment coloration representing the proportion of chameleons
assigned to each clade. Abbreviations above circles correspond to counties:
Br = Broward; D = DeSoto; M = Miami-Dade; O = Orange; P = Polk;
S = Sarasota. Inset: map of northern Madagascar showing the approxi-
mate native-range distributions of the clades, generated using data from
the Supplementary Materials of Grbic et al. (2015). Circle sizes on the
Madagascar map do not correspond to sample sizes.

vidual-level heterosis can be the predominant driving force
(e.g., Facon et al. 2005). Conversely, hybridization can hinder
invasive success if it leads to hybrid inferiority (Macagno et
al. 2021) or hybrid sterility (Turner et al. 2014). Ferguson
et al. (2004) noted that some hybrid Panther Chameleons
show reduced fitness, and detailed the case of a hybrid male
Panther Chameleon with one parent from Nosy Be (inferred
Clade A; Grbic et al. 2015) and one parent from the East
Coast (inferred Clade C; Grbic et al. 2015) that was appar-
ently completely sterile (Ferguson et al. 2004, Plate 4.63).

In conclusion, our study supports the introduction of
multiple native-range Panther Chameleon lineages to Florida,
and provides evidence that hybrids may already be present
in the state. Given the aforementioned potential for hybrid-
ization and admixture to affect invasiveness, we suggest that
further study is warranted to confirm the presence of hybrid
individuals or lineages, and to characterize the fitness of any
hybrids relative to parental forms.
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