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Abstract As species become increasingly exposed to
novel challenges, it is critical to understand how evolu-
tionary (i.e., generational) and plastic (i.e., within life-
time) responses work together to determine a species’ fate
or predict its distribution. The introduction of non-native
species imposes novel pressures on the native species that
they encounter. Understanding how native species exposed
to toxic or distasteful invaders change their feeding behav-
ior can provide insight into their ability to cope with these
novel threats as well as broader questions about the evolu-
tion of this behavior. We demonstrated that native eastern
fence lizards do not avoid consuming invasive fire ants fol-
lowing repeated exposure to this toxic prey. Rather fence
lizards increased their consumption of these ants following
exposure on three different temporal scales. Lizards ate
more fire ants when they were exposed to this toxic prey
over successive days. Lizards consumed more fire ants if
they had been exposed to fire ants as juveniles 6 months
earlier. Finally, lizards from populations exposed to fire
ants over multiple generations consumed more fire ants
than those from fire ant-free areas. These results suggest
that the potentially lethal consumption of fire ants may
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carry benefits resulting in selection for this behavior, and
learning that persists long after initial exposure. Future
research on the response of native predators to venom-
ous prey over multiple temporal scales will be valuable
in determining the long-term effects of invasion by these
novel threats.
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Introduction

Environmental change can have both immediate and
long-term effects on species whose response is influenced
by factors such as the duration, timing (i.e., life stage or
time passed), and intensity of exposure to given environ-
mental stimuli (Snyder and Evans 2006; Sax et al. 2007;
Sinervo et al. 2010). For instance, organisms alter habitat
use based on intensity and duration of predator cues (e.g.,
Turner 1997), and stimuli experienced early in life can
influence how an organism responds to events as an adult
(Anisman et al. 1998; McCormick and Green 2013). How
these factors dictate a population’s response to environ-
mental change is of fundamental evolutionary significance;
however, how these factors work together remains poorly
understood.

Organisms can respond to change within their lifetime
[plasticity, including learning (West-Eberhard 1989)] and
across generations [transgenerational transfer of traits via
maternal effects, epigenetics, or genetics (Mousseau and
Fox 1998; Jones and Takai 2001)]. For instance, an indi-
vidual that has previously experienced a novel environ-
ment may exhibit a greater response to that stimulus than
a naive individual. This response may be learned from a
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single exposure or from multiple exposures within the ani-
mal’s lifetime (Rogers 1978; Suboski 1992; Chivers and
Smith 1994). As opposed to learned responses within an
animal’s lifetime, responses may be inherited (genetically
or maternally) over multiple generations, resulting in indi-
viduals from exposed populations exhibiting a different
response from birth than individuals from naive popula-
tions (Sax et al. 2007; Love et al. 2013). Responses within
lifetimes and across generations may also interact, with the
ability to learn being selected for [i.e., resulting in faster
learning (Nussey et al. 2005)]. Here, we examine how the
duration and intensity of a novel threat affect an organism’s
behavioral response to that threat. We also examine how
long this response persists following exposure to the threat.
We investigate this using a system of native fence lizards
exposed to invasive toxic fire ants that act as novel predator
and stressor (Langkilde 2009; Graham et al. 2012).

The red imported fire ant (hereafter, “fire ant”), Sole-
nopsis invicta, is a venomous ant native to central South
America (Allen et al. 1974). It has been widely introduced
across the globe, and the resulting ecological and eco-
nomic consequences have been the cause of great concern
for the better part of a century (Banks et al. 1990; Callcott
and Collins 1996). Fire ants were introduced to the USA
in the 1930s via Port Mobile, Alabama, and now occupy
13 states in the southern part of the country. These venom-
ous, predatory invaders often dominate ant communities
within their invasive range due to their aggressive forag-
ing behavior (Holway et al. 2002). Mammals, birds, and
herpetofauna are all susceptible to negative (potentially
population-level) impacts from fire ant invasion (reviewed
in Allen et al. 2004). Most research on the impacts of fire
ant invasion on native wildlife has focused on the impact of
fire ants as novel predators (Tschinkel 2006). Fire ants can
swarm comparatively large vertebrates, paralyze, and kill
them with venomous stings (Wojcik et al. 2001; Allen et al.
2004; Langkilde 2009). However, fire ants also envenomate
and kill native species that attempt to eat them (Webb and
Henke 2003; Boronow and Langkilde 2010), but the impact
of fire ants as a toxic prey species has been largely ignored
(but see Langkilde and Freidenfelds 2010; Robbins and
Langkilde 2012).

The eastern fence lizard (hereafter, “fence lizard”), Sce-
loporus undulatus, occurs both within areas containing
fire ants and in areas where fire ants have not yet invaded
(Conant and Collins 1998; Regulations CoF 2015). This
has facilitated research on the effects of fire ant invasion on
this native species. Fire ant-invaded populations of fence
lizards appear to have adapted rapidly (within ~38 genera-
tions) to pressure exerted by fire ants, displaying changes
in behavior and morphology that decrease the lizards’
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vulnerability to fire ant attack (Langkilde 2009). The rap-
idly adapted response of fence lizards to fire ants is likely
the result of novel pressure exerted by fire ants’ highly
toxic venom and aggressive behavior (Langkilde 2009).
Fence lizards can be envenomated both during predatory
attacks by fire ants and while attempting to eat fire ants
(Robbins and Langkilde 2012). Both types of interac-
tions can prove lethal for the fence lizards. As few as 12
fire ants can kill adult lizards within a minute (Langkilde
2009), and juveniles succumb to attack by even fewer fire
ants and can be killed after eating as few as three fire ants
(Langkilde and Freidenfelds 2010). Additionally, encoun-
ters with fire ants (both fire ant attack and consumption)
that are not immediately lethal can cause delayed mortal-
ity of juvenile fence lizards (Langkilde and Freidenfelds
2010).

Considering the significant mortality that fence lizards
can suffer following envenomation while consuming fire
ants, there should be significant pressure on these lizards
to display aversion behavior (learned or inherent) fol-
lowing exposure to fire ants. Interestingly, Robbins et al.
(2013) found that the propensity of juvenile fence lizards
to consume fire ants increased when lizards were offered
a single ant per day over the course of 1 week. However,
these results may not be representative of the interactions
that occur in the field. Wild lizards living in fire ant-invaded
sites likely encounter fire ants far more frequently than
once per day, resulting in more stings and a more intense
negative stimulus, which may promote aversion behav-
ior. Indeed we have observed fence lizards eating up to
six fire ants per encounter in staged semi-natural interac-
tions (Robbins and Langkilde 2012; Robbins et al. 2013),
and fence lizards encounter fire ants frequently in the field
[every 132 s (£29 SE) (Freidenfelds et al. 2012)]. Here,
we explore whether fence lizards display aversion behavior
when exposed to ecologically relevant numbers of fire ants.
We investigate how differences in stimulus intensity (num-
ber of fire ants per exposure) and temporal scales (across
generations and following distant and recent past exposure
to fire ants) impact this species’ behavioral response to
this evolutionarily novel stimulus. We hypothesize that (1)
fence lizards will display stronger learned aversion behav-
ior by decreasing their consumption of fire ants over time if
exposed to greater, ecologically relevant numbers of ants;
and (2) fence lizards with previous exposure to fire ants
will be more averse to eating fire ants than relatively naive
lizards. This latter hypothesis should hold true for exposure
both across generations and within the lifetime of individ-
ual lizards, resulting in lizards from fire ant-invaded sites
displaying inherent aversion of fire ants in addition to any
behavior learned following exposure within their lifetimes.
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Materials and methods

We conducted a feeding experiment to examine the effects
of stimulus strength and history of exposure to fire ants on
consumption of these toxic prey by fence lizards. Decreased
rates of consumption of fire ants with successive exposure
would indicate aversion behavior. To test for the effect of
stimulus strength, we offered lizards fewer (four) or greater
(ten) numbers of fire ants per day. To examine the effects of
previous exposure to fire ants, we compared the rates of fire
ant consumption by subadult lizards exposed to these toxic
ants on different temporal scales: (1) lizards from popula-
tions that have coexisted with invasive fire ants for multiple
(~38) generations (multigenerational exposure), (2) lizards
that were experimentally exposed to fire ants for 2 weeks as
juveniles (distant past exposure within a lifetime), and (3)
lizards that had been exposed to fire ants in the preceding
days (recent exposure within a lifetime).

Our experimental approach was designed to examine
fence lizard foraging behavior on fire ants. Lizards typi-
cally encounter fire ants in low numbers in the field (Frei-
denfelds et al. 2012), and consumption of fire ants under
these conditions is consistent with foraging behavior (T. L.,
unpublished data). However, when lizards encounter large
numbers of fire ants in the field (e.g., on mounds or for-
aging trails), they are quickly attacked by the ants. Lizards
may consume fire ants in such situations; however, in this
context consumption appears to be a defensive rather than
foraging behavior (Robbins and Langkilde 2012). Similar
anti-predatory consumption of fire ants is also observed
in horned lizards (Webb and Henke 2003). To avoid con-
founding differences in the consumption of fire ants in
these two contexts (Robbins and Langkilde 2012; Robbins
et al. 2013), we chose numbers of fire ants that elicited for-
aging, and not defensive, consumption in fence lizards dur-
ing trials.

Multigenerational exposure

We tested for the effects of multigenerational exposure to
fire ants on the consumption of these toxic prey by fence
lizards by comparing lizards from fire ant-invaded and
uninvaded populations, and how these were affected by
repeated exposure to fire ants. We collected juvenile fence
lizards by hand between 3 July 2012 and 9 August 2012 at
four sites, two of which had been invaded by fire ants and
two of which remain uninvaded, respectively (invaded—
Blackwater River State Forest, Santa Rosa County, FL,
30.94°N, 86.82°W, and Geneva State Forest in Geneva Co.,
AL, 31.12°N, 86.16°W; uninvaded—Edgar Evins State
Park, Dekalb County, TN, 36.08°N, 85.83°W, and Standing
Stone State Park, Overton County, TN, 36.47°N, 85.42°W).

Distant past exposure

To test whether relatively short-term exposure of juveniles
to fire ants would have a lasting effect on their propen-
sity to eat these ants, we exposed half of our individuals
to fire ants as juveniles, approximately 6 months prior to
the feeding trial (described in the next section). After cap-
ture, the lizards were transferred to the Solon Dixon For-
estry Education Center in Covington County, Alabama
(31.16°N, 86.70°W) and housed individually in tubs
[30 x 20 x 25 cm, length x width x height (L x W x H)].
Crickets (Acheta domesticus) and water were provided
ad libitum. Tubs were furnished with a refuge, water dish,
and paper towels as substrate, and had a heat lamp posi-
tioned at one end to create a temperature gradient that
allowed lizards to thermoregulate. Beginning on 26 July
2012, groups of ten lizards were placed into one of four
520-m? outdoor enclosures constructed of aluminum
sheeting. Fire ants occurred at normal densities in half of
the enclosures, while fire ants were removed from other
enclosures daily using a treatment of boiling water to kill
fire ant colonies within the enclosures and in surrounding
areas (Tschinkel and King 2007). Lizards were recaptured
and removed from the enclosures after 2-3 weeks, and the
effect of this (distant past) experience on the lizards’ con-
sumption of fire ants 6 months later was quantified.

Feeding trial: recent past exposure and evaluation
of fire ant consumption

The feeding experiment represents a recent exposure of
fence lizards to fire ants and allowed us to assess the effect
of multigenerational, distant and recent past exposure
of lizards to fire ants on their consumption of these ants.
Following the distant past-exposure treatments, we trans-
ported the lizards to our laboratory at the Pennsylvania
State University. Here, they were communally housed for
approximately 6 months, with two to five lizards per tub
(60 x 42 x 30 cm, L x W x H), furnished as described
earlier. Crickets and water were provided ad libitum. To
commence the feeding experiment lizards were transferred
to individual tubs (30 x 20 x 25 cm, L x W x H), fur-
nished as described earlier, and assigned to one of two
stimulus treatments, which consisted of us offering either
four (low stimulus) fire ants or ten (high stimulus) fire ants
per day for 6 days. The lizards were evenly distributed
within stimulus treatments with regard to their population
of origin, enclosure treatment, size, and sex (Webb and
Henke 2003).

Lizards were acclimated to the experimental feeding
routine for 6 days prior to the beginning of the trial by
feeding them four or eight 0.5-cm crickets, according to
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Fig. 1 A timeline of events during the feeding experiment, which
occurred approximately 6 months after the enclosure treatments.
Asterisks indicate days when lizards were offered 20 crickets to
ensure that they were satiated for the following day’s trials

their stimulus treatment group, to simulate ant-sized prey
(Fig. 1). On day 7, we provided all lizards with twenty
I-cm crickets to ensure that they were satiated before the
beginning of the trial period to help offset any effects of
the previous differential feeding regime. Prior to feeding on
day 7 we recorded the mass and snout-vent length (SVL) of
all lizards used in the experiment.

After acclimation, we started the feeding trial by offer-
ing lizards four or ten fire ants, according to their stimulus
treatment (days 8-13; Fig. 1). After 30 min we recorded
the number of fire ants each lizard had consumed. We then
removed any remaining fire ants and gave each lizard two
1-cm crickets as a subsistence diet. The 1-cm crickets were
left in the tubs overnight, and any that remained the fol-
lowing morning were removed immediately prior to again
offering the lizards fire ants to eat. Water dishes and ref-
uges were removed from the tubs during each daily feed-
ing. The paper towel substrate was removed for the dura-
tion of the experiment to ensure prey did not hide and to
facilitate scoring.

To determine if increasing hunger played a role in the
rate of consumption of fire ants across the experiment, on
the last day of the feeding experiment (day 13) and after the
fire ant feeding was completed, we fed all lizards to satia-
tion by providing them twenty 1-cm crickets. The follow-
ing day (day 14), we offered all lizards (regardless of treat-
ment group) ten fire ants in order to determine if satiation
affected their rate of fire ant consumption (i.e., were any
changes in ant consumption over the trial due to increasing
hunger).

Data analysis

We tested factors influencing consumption of fire ants by
fence lizards during the feeding experiment using repeated-
measures ANOVA. We included percent of ants eaten on
successive days (days 8-13) as the repeated dependent
variable, and fire ant-invasion status of the source popu-
lations (multigenerational exposure), exposure of lizards
to fire ants as juveniles in enclosures (distant past expo-
sure), and stimulus treatment (low vs. high number of fire
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ants) during the feeding experiment as factors. Interactions
between these main factors were non-significant (P > 0.30)
and were thus excluded from the final model. Site (nested
within invasion status), enclosure identity, sex, mass, and
SVL were included as control variables, but were omitted
from the final model as they did not significantly explain
variation in consumption behavior (P > 0.31). We analyzed
the proportion of available ants consumed (as opposed to
number of ants consumed) to facilitate testing of factors
within which lizards were offered a different number of
ants based on stimulus treatment (i.e., lizards within a sin-
gle invasion status were fed either four or ten ants).

We tested for effects of hunger on fence lizards’ con-
sumption of fire ants by examining differences between
the last day of the feeding experiment (day 13) and the fol-
lowing day (after being fed to satiation, day 14). A signifi-
cant decrease in fire ant consumption following being fed
to satiation would suggest that hunger was driving fire ant
consumption. We analyzed hunger effects using repeated-
measures ANOVA with number of ants consumed before
versus after satiation (day 13 and 14) as the repeated
dependent variable, and stimulus treatment (low vs. high
stimulus) as the factor. Site (nested within invasion status),
enclosure identity, sex, mass, and SVL were included as
control variables, but were omitted from the final model
as they did not significantly explain variation in consump-
tion behavior (P > 0.09). In the hunger test we analyzed
the total number of ants eaten per lizard (as opposed to
percentage of offered ants consumed) on the successive
days as the dependent variable. The reasoning for this was
that individual lizards in the low stimulus treatment were
offered a different number of ants before (four ants) and
after (ten ants) satiation, making testing changes in propor-
tion of consumed ants uninformative since a lizard that did
not change its consumption (i.e., ate the same number of
ants on successive days) would eat a different proportion of
the ants offered.

Percent of ants eaten was arcsine transformed to meet
model assumptions. All statistical analyses were performed
using JMP (version 12.1; SAS Institute, Cary, NC) with
a =0.05.

Results

Recent past exposure of lizards to fire ants (previous days)
did affect consumption of these toxic prey. However, rather
than avoiding eating fire ants with repeated exposure, liz-
ards consumed an increasing proportion of fire ants over the
course of the feeding experiment (day of trial, F’5 35 = 3.69,
P < 0.01; Fig. 2). Neither multigenerational exposure to fire
ants (invasion status of the source population) or strength
of the stimulus treatment (four vs. ten fire ants) affected
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Fig. 2 Consumption of fire ants (Solenopsis invicta) by fence lizards
(Sceloporus undulatus) during the 6-day feeding experiment. a Liz-
ards originally from fire ant-invaded populations (solid circles) con-
sumed more ants over the course of the experiment than did lizards
from uninvaded (open circles) populations (F ;9 = 7.02, P = 0.01).
b Lizards that had been exposed to fire ants as juveniles in outdoor
enclosures 6 months prior (solid squares) consumed more fire ants
during the experiment than lizards that had not been exposed (open
squares; F 39 = 4.07, P = 0.05). ¢ Lizards that were presented with
a high (ten fire ants per day; open triangles) versus low (four fire ants
per day; solid triangles) stimulus intensity did not consume a signifi-
cantly different proportion of ants (F; 39 = 1.41, P = 0.24). Points
represent mean = 1 SE

the rate of change in fire ant consumption over time (day
of trial x invasion status, F5 35 = 2.12, P = 0.09; day of
trial x stimulus treatment, Fs 35 = 1.22, P = 0.32).

Prior exposure to fire ants (multigenerational and dis-
tant past) affected the overall propensity of lizards to eat
fire ants (Fig. 2). Lizards originally captured from fire ant-
invaded sites, or exposed to fire ants as juveniles in out-
door enclosures 6 months earlier, ate more ants during the
feeding experiment than did lizards from uninvaded sites
or those placed in fire ant-free enclosures (invasion status,
F 39 = 7.02, P = 0.01; enclosure treatment, F; 3o = 4.07,

Number of fire ants consumed

Before After Before After
Low High
Stimulus treatment

Fig. 3 Fire ant consumption by lizards presented with low (four fire
ants per day) and high (ten fire ants per day) intensity stimuli before
(day 13; light bar) and after (day 14; dark bar) being fed crickets to
satiation. Neither group of lizards significantly decreased their con-
sumption of fire ants following satiation (F;,; = 1.09, P = 0.30).
Bars represent mean 1 SE

P = 0.05; Fig. 2a, b). Stimulus intensity (number of fire
ants offered) did not affect the overall consumption of fire
ants by the lizards (F| 3 = 1.41, P = 0.24; Fig. 2c).

We observed no significant decrease in the number of
ants consumed following lizards being fed to satiation (day
13 vs. 14, F, 4; = 1.09, P = 0.30). Conversely, lizards con-
sumed a greater number of ants following satiation (Fig. 3).
However, this is likely due to increased opportunity as liz-
ards in the low stimulus (four ant) treatment were given ten
ants after satiation and ate more accordingly, whereas those
in the high stimulus treatment (given ten ants before and
after satiation) did not change their ant consumption (day
13 vs. 14 x stimulus treatment, Fiq = 5.75, P = 0.02;
stimulus treatment: F 4; = 4.27, P = 0.05; Fig. 3).

Discussion

Lizards did not exhibit aversion learning in response to
repeated exposure to fire ants, a toxic prey, even when
exposure was high and potentially lethal (Langkilde and
Freidenfelds 2010). This species and other lizards can dis-
tinguish different ant species (Suarez et al. 2000; Thawley,
unpublished data), and are capable of memory retention
over 14 weeks (Benes 1969), suggesting that fence lizards
should have been able to learn to avoid fire ants. The fact
that lizards’ consumption of fire ants increased over multi-
ple temporal scales shows that they were indeed responding
to repeated exposure, but surprisingly by increasing their
consumption of this toxic prey (Fig. 2). Prior exposure did
not, however, affect the rate at which lizards increased their
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consumption of fire ants with repeated exposure (Fig. 2);
that is, lizards with prior exposure to fire ants were not
more likely to learn or acquire a taste for fire ants.

Recent past exposure to fire ants (in previous days)
increased the propensity of lizards to eat fire ants as they
ate successively more fire ants during our 6-day feeding
experiment. This was unlikely due to increased hunger dur-
ing the experiment since feeding the lizards to satiation did
not decrease the number of fire ants they consumed. Expo-
sure of juvenile lizards to fire ants in outdoor enclosures
increased consumption of fire ants 6 months later (distant
past exposure), suggesting that lizards retained memory
of this experience (Benes 1969) or that the fire ants had
some other lasting physiological effect on the lizards.
Finally, lizards from populations that had been exposed
to red imported fire ants for multiple (38) generations ate
more fire ants than did those from uninvaded populations.
This could suggest maternal and/or inherited transfer of
this behavior. However, these lizards were collected from
the field as juveniles, so invasion status is potentially con-
founded with early exposure to fire ants (juveniles from
fire ant-invaded sites likely encountered these ants prior to
being collected, whereas those from uninvaded sites would
not have). It should be noted that the “invaded” popula-
tions used in this study are within both the invasive range
of Solenopsis invicta and the historic distribution of the
native fire ants Solenopsis geminata and Solenopsis xyloni
(Tschinkel 2006). While S. invicta likely impose a stronger
selective pressure than the native fire ants due to their more
potent venom (Tschinkel 2006), higher densities (Porter
et al. 1988), and more aggressive attack than native fire ant
species (Lai et al. 2015), it is possible that the prior expo-
sure to native fire ants contributes to the observed differ-
ences between invaded and uninvaded populations.

The results of this study expand upon previous research
in this system in several ways:

1. Lizards increase their consumption of fire ants with
repeated exposure both when exposure is high and
potentially lethal (this study) and when exposure is low
and sublethal (as per Robbins et al. 2013). This find-
ing suggests that, in free-ranging lizards, the increased
consumption of fire ants, and lack of aversion learning,
is likely to occur when ants are at both low densities
(e.g., when the first few invading ants arrive at a site)
and at higher densities [e.g., once ants have become
fully established (Wojcik 1994)].

2. Lifetime (e.g., learning, plasticity) and cross-gener-
ational effects (e.g., maternal effects, selection) both
contribute to determining consumption of fire ants, the
rate of which increases both at the population level [an
increasing proportion of lizards in a population con-
sumes fire ants (Robbins et al. 2013)] and at the level
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of the individual lizard [individual lizards will eat more
fire ants (this study)] with repeated exposure to this
toxic prey.

3. Effects of exposure to fire ants as juveniles can persist
into sub-adulthood. Lizards that were exposed to fire
ants for 2 weeks as juveniles (in enclosures) consumed
more of these ants as subadults (during the feeding
experiment) than did lizards from ant-free enclosures,
even after spending 6 months in captivity with no
exposure to fire ants. Thus the behavioral changes in
fire ant consumption are persistent even after relatively
short-term exposures to fire ants early in life.

These behavioral changes in the lizards could have
evolutionary significance by changing phenotypic varia-
tion within populations, and thus opportunity for selection
(Stearns 1992; Roff 2002).

Given the possibly severe consequences of eating fire
ants, it is interesting to consider why we saw this increase
in fire ant consumption by fence lizards. Several possibili-
ties exist, including:

1. With experience, lizards might become more adept at
consuming fire ants without being envenomated and
could therefore safely consume more of these ants.
Within a lifetime, lizards could learn to modify their
feeding behavior in order to prevent fire ant stings.
Across generations, lizards could inherit characteristics
that could allow them to consume these venomous ants
without injury or envenomation (e.g., Sherbrooke and
Schwenk 2008; Cushing 2012), for example, by imme-
diately biting and killing ants before they can attach to
and sting the inside of the mouth (Robbins et al. 2013).

2. Lizards could also negate the costs of envenomation
through resistance to fire ant venom (e.g., Schmidt
et al. 1989). Because we observed increases in fire ant
consumption both on multigenerational and within-
lifetime scales, if toxin resistance is acquired it does
not appear to be acquired only across generations.
However, there is no evidence of increased resistance
to fire ant toxin by fence lizards following fire ant inva-
sion [measured as effects on blood cell lysis and right-
ing ability (Goldy-Brown, unpublished data; Boronow
and Langkilde 2010)]. Further research should examine
if, with experience, lizards are indeed able to avoid ant
stings during feeding or mitigate any negative effects
of envenomation through other physiological means.

3. Consuming fire ants could be an anti-predator response
(Robbins and Langkilde 2012). Lizards will flee from
fire ants when they encounter them at sufficient den-
sity, such as on a mound. However, consuming fire
ants when they are encountered at low density (such as
foraging ants) may prevent further recruitment of addi-
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tional ants to their location (see Webb and Henke 2003;
Freidenfelds et al. 2012).

4. The benefits of fire ants as a novel food resource may
outweigh the costs associated with envenomation
(Robbins et al. 2013). Where they are present, fire ants
are often highly abundant and fundamentally alter the
native arthropod communities (Porter and Savignano
1990). The possibility of prey switching by fence liz-
ards, potentially including increased consumption of
fire ants, should be investigated.

5. Lizards may actually be developing a preference for
fire ants (Robbins et al. 2013). Although rare (Rozin
et al. 1979), animals can become “addicted” to unpal-
atable or irritant substances [e.g., humans exposed to
chili pepper (Rozin and Schiller 1980)]. For instance,
there is anecdotal evidence that dogs lick toxic inva-
sive cane toads to get high (Hero et al. 2005), and
may repeatedly lick cane toads after first exposure
(J. Cochran, personal communication). Examining
whether fire ants induce a “pleasurable” effect, such
as the release of endorphins or dopamine, would be
informative in this regard (Sharma and Verma 2014).

6. The toxin of fire ants might be of some anti-predator
value to the lizard. Dendrobatid frogs and Asian keel-
back snakes sequester defensive toxins from ants
(Saporito et al. 2004) and toads (Hutchinson et al.
2007), respectively. The possibility that fence lizards
sequester fire ant venom to defend themselves against
predators would be an interesting avenue of future
research (Savitzky et al. 2012).

Understanding the ecological and evolutionary con-
sequences of invasive species, including those that act as
novel palatable or toxic prey, is important for predicting
and managing this increasing environmental perturbation.
Some taxa display innate abilities to avoid toxic prey spe-
cies with which they have coevolved (Smith 1975), as well
as the ability to change feeding behavior when subjected
to negative stimuli (Susswein et al. 1986; Crossland 2001;
Somaweera et al. 2011). We demonstrate that eastern fence
lizards do not avoid consuming fire ants following expo-
sure and potential envenomation. In fact, we found that
fence lizards tend to increase their consumption of venom-
ous fire ants with repeated exposure. This trend is demon-
strable over multiple temporal scales. Future research on
the response of other native predators to venomous prey,
over multiple temporal scales, will be valuable in determin-
ing the long-term effects of invasion and the evolution of
organisms in general.
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