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Abstract
1.	 Invasive predators pose a substantial threat to global biodiversity. Native prey 

species frequently exhibit naïveté to the cues of invasive predators, and this phe-
nomenon may contribute to the disproportionate impact of invasive predators on 
prey populations. However, not all species exhibit naïveté, which has led to the 
generation of many hypotheses to explain patterns in prey responses. These hy-
potheses primarily fall into two categories: system-centric hypotheses related to 
biogeographic isolation (BIH) and species-centric hypotheses, like the archetype 
similarity hypothesis (ASH).

2.	 We tested the predictions of these hypotheses by assessing the response of the 
common raccoon (Procyon lotor) and hispid cotton rat (Sigmodon hispidus), two 
native mammal species with divergent snake predation histories, to the cues of 
the invasive Burmese python (Python bivittatus) in the Florida Everglades (USA). 
Using giving-up densities (GUDs), we assessed the responses of both cotton rats 
and raccoons to life-size replicas of Burmese pythons and two North American 
predators—eastern diamondback rattlesnakes (Crotalus adamanteus) and coyotes 
(Canis latrans).

3.	 Although cotton rats increased their GUD in the presence of all three predators 
relative to the novel-object control, raccoons only increased their GUD in coyote 
treatments.

4.	 These results align with the predictions of the ASH but not the BIH, and mir-
ror observed patterns of population declines in invaded areas of the Florida 
Everglades.

5.	 More broadly, our findings suggest that naïveté may contribute to the vulnerabil-
ity of some species to invasive predators even in large continental systems.
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Burmese python, cotton rat, Everglades, giving-up density, invasive species, predator 
archetype, raccoon, rodent
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1  |  INTRODUC TION

The introduction of invasive predators into novel systems poses a 
growing threat to biodiversity and has already contributed to the 
endangerment of over 700 vertebrate species globally (Doherty 
et al., 2016). Native prey often lack the necessary behavioural and 
morphological traits to avoid consumption by introduced preda-
tors because of their lack of shared evolutionary history (Banks & 
Dickman,  2007; Cox & Lima,  2006). This phenomenon, known as 
prey naïveté, may explain the dramatic declines of native species fol-
lowing the introduction of an invasive predator (Sih et al., 2010). In 
the most extreme form of prey naïveté (e.g. level 1), prey completely 
fail to recognize the predator as a threat (Banks & Dickman, 2007). 
When this scenario occurs, impacts of the invasive predator are usu-
ally severe (Carthey & Banks, 2014).

However, not all species exhibit naïveté when confronted with 
an invasive predator (Banks et al., 2018), and multiple hypotheses 
have been posited to explain and predict patterns in prey response 
(Anton et al., 2020; Carthey & Blumstein, 2018). Fundamentally, 
such predictions can be subdivided into two categories—those 
that emphasize characteristics of the system and those that 
emphasize characteristics of the species (Carthey et  al.,  2017; 
Carthey & Blumstein, 2018; Cox & Lima, 2006; Salo et al., 2007). 
Examples of system-centric hypotheses include the insularity hy-
pothesis, which predicts that island prey species exhibit a higher 
degree of naïveté towards novel predators than prey species in 
mainland systems, and the related system type hypothesis, which 
predicts that insular freshwater systems will also exhibit high de-
grees of naïveté due to similar patterns of biogeographic isolation 
(Anton et  al.,  2020; Blackburn et  al.,  2014; Cox & Lima,  2006). 
Collectively, we refer to these hypotheses as the biogeographic 
isolation hypotheses (BIH). A prominent example of a hypothesis 
that emphasizes species-level characteristics is the archetype sim-
ilarity hypothesis (ASH), which suggests that species facing preda-
tion pressure from a similar native predator archetype may be less 
likely to be naïve (Carthey & Blumstein, 2018; Cox & Lima, 2006; 
Ricciardi & Atkinson,  2004). Predator archetypes are defined as 
predators sharing similar morphological and behavioural traits to 
obtain prey (Cox & Lima, 2006). Similarities in predator character-
istics create overlapping cues between native and invasive preda-
tors, enhancing prey's ability to recognize and respond to invasive 
predators (Carthey et al., 2017).

Although system-centric and species-centric hypotheses are 
theoretically distinct, many practical aspects of these hypotheses 
overlap, making it difficult to discern if naïveté is driven primarily 
by system or species-level characteristics. For instance, insular spe-
cies inherently face fewer predator archetypes. Moreover, because 
many examples of prey naïveté have been documented in insular and 
isolated systems with few predator archetypes (Anton et al., 2020; 
Cox & Lima, 2006; Stockwell et al., 2022), it has been challenging 
to separate system-level and species-level factors that drive prey 
naïveté. However, the invasion of Burmese pythons (Python bivit-
tatus) in the Greater Everglades Ecosystem (Florida, USA) provides 

a rare opportunity to assess prey naïveté in a large, continental 
system.

Burmese pythons are large constrictors native to Southeast 
Asia that were introduced to Florida via the pet trade (Willson 
et  al.,  2011). The establishment of Burmese pythons in the 
Everglades has had wide-ranging effects on native fauna and 
ecological function (Guzy et al., 2023). Most notably, native mam-
mal populations have declined dramatically since pythons first 
became established in the 1980s (Dorcas et al., 2012; McCleery 
et al., 2015; Taillie et al., 2021). Many medium-sized mammal spe-
cies (mesomammals)  such as common raccoons (Procyon lotor), 
opossums (Didelphis virginiana), bobcats (Lynx rufus) and foxes 
(Vulpes vulpes; Urocyon cinereoargenteus) appear more vulnerable 
to the impacts of pythons than rodents such as the hispid cotton 
rat (Sigmodon hispidus). Although pythons consume cotton rats 
and other rodents (Guzy et  al.,  2023; McCampbell et  al.,  2023), 
their population sizes do not appear to be declining in peninsu-
lar Florida (Burkett-Cadena et al., 2021; McCampbell et al., 2023). 
However, we note recent research implicating pythons in the 
decline of some rodent species, such as the Key Largo woodrat 
(Neotoma floridana smalli), in the Florida Keys (Cove et al., 2019; 
U.S. Fish & Wildlife Service, 2008; Redinger et al., 2024).

In addition to a growing number of invasive reptiles, the 
Everglades is home to 23 native snake species (Meshaka et al., 2000). 
Although pythons are in different families than native snakes, they 
share many similar morphological and behavioural traits (Ernst & 
Ernst,  2011). Native snakes regularly prey upon rodents and ac-
count for a meaningful proportion of cotton rat mortalities (Conner 
et al., 2011; Larsen et al., 2016; McCampbell et al., 2023). Conversely, 
depredation of even juvenile raccoons by native snakes is rare and 
has not been identified as a cause of mortality in survival studies 
(Chamberlain et al., 1999; Gehrt & Fritzell, 1999; Judson et al., 1994).

Our objective for this study was to assess the ability of system-
specific and species-specific hypotheses to predict prey response 
to this invasive predator. To do this, we experimentally assessed 
naïveté in raccoons and cotton rats, two model species with di-
vergent predation histories and population responses to pythons. 
We also experimentally assessed the responses of both species to 
two North American predators—eastern diamondback rattlesnakes 
(Crotalus adamanteus) and coyotes (Canis latrans)—to evaluate their 
reactions to native predators with differing archetypes.

Because this invasion occurred in a large continental system, 
the BIH predicts that both raccoons and cotton rats should not 
exhibit naïveté to pythons. Conversely, the ASH predicts that 
raccoons and cotton rats should exhibit divergent responses to 
python cues based on their species-specific predation histories. 
Specifically, the ASH predicts that raccoons will exhibit naïveté 
towards the cues of invasive pythons, whereas cotton rats would 
recognize the cues of invasive pythons and exhibit a similar level 
of response to both native snakes and invasive pythons. Finally, 
regardless of which hypothesis was supported, we predicted that 
both model species would exhibit an anti-predator response to na-
tive species only if they represented a predation risk. Specifically, 
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    |  3McKEE et al.

we predicted that cotton rats would respond to the cues of both 
native snakes and native canids, whereas raccoons would respond 
only to the native canid cues.

2  |  MATERIAL S AND METHODS

2.1  |  Study site

To measure innate responses of model species, we sought 
experimental mammal populations that were in similar ecological 
contexts to the Everglades but were outside the python invasion 
zone. This ensured that mammal responses in our experiments were 
not influenced by learning or prior selection pressure from pythons, 
thus recreating conditions of the initial python establishment. 
Specifically, we conducted our experiments at Paynes Prairie 
Preserve State Park (hereafter Paynes Prairie), an 8900-ha protected 
area in north-central Florida. At the time of our experiments, Paynes 
Prairie was located over 300 km north of the python invasion front 
(Guzy et al., 2023). Like the Everglades (Gunderson, 1994), Paynes 
Prairie features a mosaic of freshwater marshes, wet prairies and 
hardwood hammocks (Patton & Judd,  1986). The park is home to 
many native snake species also found in the Everglades, including 
rat snakes (Pantherophis spp.), water snakes (Nerodia spp.) and 
eastern diamondback rattlesnakes (Dalrymple et  al.,  1991; Smith 
& Dodd,  2003). Common mammalian predators in Paynes Prairie 
include bobcats and coyotes.

2.2  |  Field experiments

To determine if cotton rats and raccoons exhibited behavioural 
naïveté to Burmese pythons, we conducted foraging experiments 

using giving-up densities (GUDs; Brown,  1988) from February 
2022—December 2022. Giving-up densities measure the perceived 
risk of animals by providing consistent foraging stations and measur-
ing the food remaining (Schmidt et al., 2008). The GUD marks the 
point when the benefits of additional foraging are outweighed by 
the perceived risk (Brown,  1988; Potash et  al.,  2019). As animals 
perceive higher levels of risk in the environment, the amount of 
food remaining (i.e. the GUD) increases. Originally an experimental 
approach developed for small mammals (Brown,  1988; McCleery 
et  al.,  2022), GUDs have since been adapted to measure the per-
ceived risk in varied taxa, including mesocarnivores (Rodriguez 
Curras et al., 2021; Welch et al., 2017). Across all taxa, foraging sta-
tions are created by uniformly mixing a specific amount of food with 
inedible substrate, such that the foraging difficulty increases as the 
food depletes (Figure 1).

2.3  |  Treatments

We quantified the perceived risk of raccoons and cotton rats to 
the visual cues of Burmese pythons (invasive snake), eastern dia-
mondback rattlesnakes (North American snake) and coyotes (North 
American canid), versus a novel object control (45.7-cm orange 
traffic cone). Because both cotton rats and raccoons are prey for 
coyotes (Hayward et al., 2023; Watine & Giuliano, 2017), the coy-
ote treatment provided a positive control for both species. To test 
whether the model species responded to a native species resem-
bling pythons in predator archetype, we included a treatment with a 
replica of an eastern diamondback rattlesnake—a known predator of 
cotton rats (Timmerman, 1995), but not raccoos.

In addition to predator cues, many factors such as moon cy-
cles, cloud cover and vegetation structure affect an animal's 
predation risk and therefore influence GUDs (Kotler et al., 1993; 

F I G U R E  1  Species-specific foraging stations for (a) cotton rats (Sigmodon hispidus) and (b) raccoons (Procyon lotor) used to measure the 
giving-up density, or amount of food remaining, in the control and predator treatments. Cotton rat foraging stations were baited with hulled 
millet uniformly mixed with sand. Raccoon foraging stations were baited with cat food uniformly mixed with pine pellets.
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4  |    McKEE et al.

Loggins et al., 2019). Therefore, to reduce the influence of habi-
tat and other environmental conditions on our experiments, we 
clustered stations into blocks of four and calculated a relative 
GUD by subtracting the baseline GUD for a given station from 
the treatment GUD. Using a relative GUD for each station helped 
control the individual variation in vegetation at the station level 
while the random variable of block allowed us to account for fac-
tors such as weather conditions that affected each station within 
this area (Supplement 1). Within each block we randomly assigned 
a treatment (python, coyote, rattlesnake or cone control) to each 
station and placed either a life-size replica of a predator or a traf-
fic cone 0.5 m from the foraging station (Figure 2). To confirm the 
presence of target species and ensure non-target species were 
not influencing our results, we placed a Spartan SR2 motion-
activated game camera (Spartan Camera, Duluth, GA) at each 
station. Experimental methods were conducted in accordance 
with the University of Florida's Institutional Animal Care and Use 

Committee (Permit #202111381). The Florida Department of 
Environmental Protection provided approval for our research at 
Paynes Prairie Preserve State Park (Permit #05052212A).

2.4  |  Cotton rats

To measure GUDs of cotton rats, we created uniform foraging 
stations from 35.6-cm plastic plant saucers and clear lids (Darracq 
et al., 2016; McCleery et al., 2022). We placed foraging stations in 
clusters of four, with each treatment represented at each sampling 
location. Within each cluster, stations were located within 8–50 m 
from each other. We placed clusters at least 100 m apart, a distance 
that exceeds the diameter of a cotton rat home range, to ensure 
independence (Cameron & Spencer, 1985). We filled trays with 25 mL 
of hulled millet uniformly mixed with 1.5 L of sifted sand (Figure 1a). 
To ensure cotton rats were reliably feeding from each location and 

F I G U R E  2  Life-size replicas of an eastern diamondback rattlesnake (Crotalus adamanteus), the invasive Burmese python (Python bivittatus) 
and a coyote (Canis latrans) deployed as visual cues in foraging experiments. A 45.7-cm traffic cone (not pictured) was also used in the novel 
object control.
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    |  5McKEE et al.

were acclimated to the foraging stations, we pre-baited the stations 
for 3 days and confirmed their presence on cameras before recording 
a baseline GUD measurement (Darracq et al., 2016). We repeated 
predator treatments for three nights, resulting in three treatment 
GUD measurements for each station. We monitored foraging 
stations daily, sifting sand to record the amount of millet remaining 
and resetting the station with the appropriate level of food and 
substrate. To minimize the influence of other rodents on GUDs, 
we placed stations in grassy environments preferred by cotton rats 
(Kincaid & Cameron,  1985). Songbirds occasionally visited cotton 
rat GUDs but had minimal impact, consuming less than 0.5 mL of 
millet during preliminary testing. Additionally, because stations were 
grouped in clusters, the effect of birds was likely similar across all 
stations within a cluster.

2.5  |  Raccoons

To measure the GUDs of raccoons, we constructed foraging stations 
from 10.16-cm diameter PVC pipe with five 2.54-cm diameter holes 
(Figure  1b). We placed stations in clusters of 4, with each station 
located within 12–60 m of each other. We placed clusters ≥500 m 
apart, a distance that reflects the core home range diameter for this 
species (Beasley et  al., 2007) to ensure independence. We placed 
100 pieces of cat food with 1 L of pine pellets. We pre-baited 
stations for two nights before collecting a baseline measurement. 
Because raccoons appeared to habituate quickly in preliminary 
testing of stations, we recorded data for only one treatment night. 
We checked raccoon foraging stations daily to separate and count 
the cat food remaining at the end of each trial, before resetting the 
station to its original amount.

We reviewed photos from camera at stations to confirm raccoon 
activity in pre-baiting and during experiments. The unique design 
of foraging stations largely prevented non-target species (e.g. opos-
sums, skunks, rodents) from consuming cat food within the PVC 
pipe. In rare cases, however, American black bears (Ursus americanus) 
approached and consumed food from raccoon foraging stations 
during the pre-baiting period, but never during baseline or treat-
ment nights. Because black bears damage the stations and introduce 
additional predator cues, we did not continue GUD experiments in 
locations where bear activity was observed and instead began pre-
baiting at alternative sites within the park. No other predators (e.g. 
coyotes, bobcats) were observed at raccoon foraging stations.

2.6  |  Analysis

To determine if predator treatments were significantly different 
from the control, we used linear mixed models with relative GUD 
as the response variable. We included predator treatment as a 
fixed effect and cluster as a random effect. Because we had mul-
tiple treatment days at the same station during cotton rat trials, we 
also included station ID as a random effect in our analysis of cotton 

rat data. We used packages lme4 (Bates et al., 2015) and car (Fox & 
Weisberg, 2019) in program R (version 4.3.1; R Core Team 2023) to 
run all models. We then conducted post hoc pairwise comparisons 
between each predator treatment and the control using the mult-
comp package (Hothorn et  al.,  2008). We considered there to be 
an anti-predator response if the comparison between the predator 
and cone was significantly different at the alpha = 0.05 level using a 
two-tailed test. To determine if cotton rats and raccoons exhibited 
naïveté, we specifically considered the comparison between the py-
thon cue and the cone control. To account for multiple comparisons, 
we employed a Hochberg adjustment (Hochberg, 1988). Based on 
the Bonferroni correction, the Hochberg adjustment is a stepwise 
process that reduces family-wise error. We also conducted a pair-
wise comparison approach in Supplement 2.

3  |  RESULTS

3.1  |  Cotton rats

We completed trials at 12 clusters with four stations at each location 
(Hart et al., 2024). Because we repeated treatments for three nights, 
our experiments yielded 144 individual observations. Relative GUD 
significantly varied by predator treatment (χ2 = 9.49, p = 0.02). For 
the cone treatment, the average relative GUD across clusters was 
−0.63 ± 1.91 mL (x ± SE), with the negative value indicating a very 
slight increase in millet consumption between the baseline and the 
treatment night (i.e. less millet was left). Average relative GUDs were 
4.40 ± 1.44 mL for coyote treatments, 4.93 ± 1.17 mL for python 
treatments and 4.01 ± 1.44 mL for rattlesnake treatments, with posi-
tive values indicating that more millet was left on treatment nights 
versus the baseline night. Pairwise comparisons were consistent 
with the predictions of the ASH, with cotton rats significantly in-
creasing their GUD in python treatments and both native predator 
treatments (Table 1; Figure 3a).

TA B L E  1  Pairwise differences of marginal means between three 
predator treatments—life size replicas of coyotes (Canis latrans), 
Burmese pythons (Python bivittatus), and eastern diamondback 
rattlesnakes (Crotalus adamanteus) versus a novel object control 
(45.7-cm orange traffic cone)—in giving-up-density foraging 
experiments for raccoons and cotton rats (Hart et al., 2024).

Species Treatment Estimate z-value p-value

Cotton rat Cone: Coyote −5.03 −2.58 0.02a

Cone: Python −5.56 −2.85 0.01a

Cone: Rattlesnake −4.64 −2.37 0.02a

Raccoon Cone: Coyote −34.91 −3.26 <0.01a

Cone: Python −17.36 −1.62 0.21

Cone: Rattlesnake −6.64 −0.62 0.54

Note: Hochberg adjusted p-values are reported to account for multiple 
comparisons.
aIndicates a significant difference between treatments.
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6  |    McKEE et al.

3.2  |  Raccoons

We completed trials at 11 clusters with four stations at each 
location, yielding 44 observations (Hart et al., 2024). Relative GUD 
significantly varied by predator treatment (χ2 = 12.15, p = 0.007). On 
average raccoons decreased their GUD (i.e. they left less food) relative 
to the baseline of the cone for python and rattlesnake treatments. 
The average relative GUD was −21.00 ± 7.87 pieces (x ± SE) for 
the cone control, −3.64 ± 11.93 pieces for python treatment and 
−14.36 ± 13.48 for the rattlesnake treatment. Conversely, raccoons 
left 13.91 ± 14.38 more pieces of food when the coyote replica was 
present relative to the baseline night, indicating a 13.9% increase in 

GUD when the coyote treatment was present. Pairwise comparisons 
revealed that only the coyote treatment significantly differed from 
the novel object control (Table 1; Figure 3b).

4  |  DISCUSSION

Collectively, the results from the raccoon and cotton rat experiments 
provide support for the ASH and suggest that predation pressure 
from similar native species can lead to recognition of invasive 
predators (Cox & Lima, 2006). Despite having no history of python 
exposure, cotton rats responded similarly to cues of pythons and 
known native predators (Figure  3a). This pattern likely indicates 
cotton rats recognize python cues as threats (Beckmann et al., 2021) 
and do not exhibit extreme naïveté to this invader (Banks & 
Dickman, 2007). Alternatively, raccoons only significantly reduced 
their foraging activity during coyote treatments, suggesting they 
may exhibit naïveté to Burmese pythons. The evidence of naïveté 
of raccoons in a large continental system appears to contradict the 
predictions of BIH.

Support for the ASH has been observed in insular and freshwa-
ter systems (Anton et al., 2020), but to our knowledge, our study is 
the first to observe support for this hypothesis in a functional conti-
nental terrestrial ecosystem. Although there has been some support 
for the ASH in Australia (Banks et al., 2018), due to its isolation and 
high degree of biological endemism, Australia is often considered 
more analogous to insular systems (Ward et  al.,  2021; Woinarski 
et al., 2015). We acknowledge that our experiments were conducted 
in Peninsular Florida, which may not be fully representative of North 
America due to its unique geologic and climatic history, as well as its 
biodiversity patterns (Means & Simberloff, 1987; Soltis et al., 2006). 
However, because the species in our studies are not endemic to 
Florida and are instead widespread across much of the continent 
(Bradley et  al.,  2008; Cullingham et  al.,  2008), we anticipate that 
studies on raccoons and cotton rats conducted elsewhere within 
their range would yield similar results. Importantly, our findings indi-
cate that naïveté may still be relevant for larger continental systems 
where prey species lack consistent predation risk from similar native 
archetypes. Moreover, the divergent responses of species impacted 
by the same invasive predator emphasizes the importance of consid-
ering species-specific predation histories when making predictions 
about naïveté.

Additional lines of evidence suggest that cotton rats avoid both 
native and invasive snake cues. A recent study working on cotton 
rats north of the invasion front showed reduced cotton rat cap-
tures in traps treated with either rattlesnake or python excrement 
(Beckmann et al., 2021). Accordingly, cotton rats innately recognize 
and avoid both the visual and olfactory cues of pythons without 
prior experience. This suggests they were likely pre-adapted to the 
python invasion with this behavioural response. Recognition of py-
thon cues by other native small mammal species with regular snake 
predation would further strengthen support for the ASH. Because 
pythons are expanding their range and may impact a growing 

F I G U R E  3  Model estimated relative giving-up densities (GUD) of 
cotton rats (Sigmodon hispidus; a) and raccoons (Procyon lotor; b) to a 
cone control and three predator treatments, a coyote (Canis latrans), 
a Burmese python (Python bivittatus), and an eastern diamondback 
rattlesnake (Crotalus adamanteus). For cotton rats, GUDs were 
measured in mL of millet, with negative values indicating less 
millet remaining on treatment relative to the baseline. Raccoon 
GUDs were measured in pieces of cat food remaining. Treatments 
significantly different from the control are indicated in black, 
whereas treatments that did not differ are depicted in grey. Error 
bars represent standard error.
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number of vulnerable rodent species (Redinger et al., 2024), it is es-
pecially important to understand how other small mammals respond 
to python cues.

Our foraging experiments revealed that raccoons foraged 
less when coyote cues were present, indicating that raccoons al-
tered their behaviour in response to canid predators. This finding 
is consistent with previous research demonstrating that cues from 
canid predators, such as audio playbacks of domestic dog (Canis 
lupus familiaris) barks, decreased raccoon foraging activity (Suraci 
et al., 2016). However, other studies using olfactory cues (e.g. coy-
ote urine, faeces) have failed to document similar effects on raccoon 
foraging behaviour (Etheredge, 2013; Gehrt & Prange, 2007). Visual 
and auditory cues of predators likely provide more precise informa-
tion regarding the current location and behaviour of a predator than 
olfactory cues, which persist even after a predator may no longer 
pose an imminent threat (Bytheway et al., 2013; Jones et al., 2024). 
Possibly for this reason, a recent meta-analysis revealed that visual 
cues, such as those deployed in our study, elicit a stronger response 
than cues of other modalities (Jones et  al.,  2024). Although rac-
coons also do not appear to alter their spatial or temporal activity 
patterns in response to coyote occurrence more broadly (Chitwood 
et al., 2020; Cove et al., 2012; Gehrt & Prange, 2007), our results 
indicate that raccoons may alter their behaviour when the threat 
is more imminent—that is when a coyote is close enough to be de-
tected visually.

Despite the presence of numerous native snakes in the 
Everglades, mesomammals in this ecosystem have evolved without 
predation pressure from a large constrictor (>2.4 m) in the last 16 mil-
lion years (Dorcas et al., 2012). Based on our experiments, raccoons 
appear to lack the innate recognition of pythons and rattlesnakes 
as threatening, suggesting that they do not perceive snakes—even 
dangerous species like pythons—to be a threat. This lack of rec-
ognition is considered the most severe form of naïveté (Banks & 
Dickman, 2007) and is thought to correlate with severe declines in 
prey populations (Anton et al., 2020; Berger et al., 2001). Because 
python populations are expanding their range (Guzy et al., 2023), un-
derstanding patterns of naïveté in native mammals, and how these 
patterns relate to declines, is increasingly important. Our results 
indicate that raccoons, and possibly other vertebrate species lack-
ing historical predation pressure from snakes, are likely to exhibit 
naïveté to pythons in these newly colonized areas, making them par-
ticularly vulnerable to this introduced predator.

Importantly, many animals that originally exhibit naïveté, learn to 
recognize and avoid invasive or historically absent predators (Berger 
et al., 2001; Carthey & Banks, 2016; Polo-Cavia et al., 2023; Robbins 
& Langkilde,  2021; Steindler & Letnic,  2021). Numerous studies 
have quantified the behavioural plasticity and learning behaviour 
of raccoons as it relates to puzzle solving and resource acquisition 
(Stanton et  al.,  2021, 2022), but fewer studies have documented 
learning as it relates to predator avoidance. Because of the potential 
lethal nature of predator encounters, it remains unclear if raccoons 
will be able to persist long enough to develop anti-predator reac-
tions to pythons, and whether any such responses would extend to 

other snake species. Considering the Everglades' designation as a 
hotspot for invasive reptiles (Capinha et al., 2017)—a phenomenon 
potentially intensified by climate change (Howell et al., 2021)—de-
veloping proficiency in recognizing and avoiding potential dangers 
posed by snake predators is likely crucial for the survival of raccoons 
and other mesomammals inhabiting this area.

It is widely theorized that prey naïveté plays a significant role 
in the destructive impact of invasive predators (Cox & Lima, 2006; 
Paolucci et  al.,  2013; Stockwell et  al.,  2022). The contrasting re-
sponses we observed between these two model species in naïveté 
experiments is consistent with documented patterns in population 
resilience and declines (Guzy et al., 2023). Numerous factors, such 
as species body size and fecundity, are likely to influence population 
resilience (Soto-Shoender et al., 2020). However, our experimental 
results suggest that prey naïveté may indeed influence the suscepti-
bility of certain species to python-related impacts. Furthermore, our 
findings imply that prey naïveté may warrant consideration as a po-
tential contributing factor to the disproportionate impact of invasive 
predators beyond this specific ecosystem.

Early recognition of naïveté in prey species can lead to proac-
tive management. For example, controlled exposure to predator 
cues can condition prey to avoid predators, reducing naïveté and 
improving prey survival (Ross et al., 2019). Similar exposure meth-
ods have been suggested for captive breeding and species rein-
troduction efforts (Griffin et  al.,  2000; Webb,  2020), particularly 
for long-lived species. Such efforts may be especially important if 
an invasive predator is contributing to declines. In the Everglades, 
management efforts have primarily focused on removing pythons 
(Guzy et al., 2023; Mazzotti et al., 2016; McCampbell et al., 2024). 
However, given the extensive spread of pythons (Taillie et al., 2021), 
complete removal or even population reductions of this apex preda-
tor appear unlikely and could be prohibitively expensive (Doherty & 
Ritchie, 2017). Consequently, alternative approaches such as preda-
tor training (Ross et al., 2019) or rapid selection (Moseby et al., 2016) 
from encounters may be useful tools in assisting prey in overcoming 
naïveté.
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