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Cognition and learning have been widely studied in vertebrates, but not across much phylogenetic breadth. Non-avian
reptiles, for example, have been poorly studied. Anecdotal observations and a few previous studies suggest that lizards
may have strong cognitive skills owing, in part, to behaviors such as optimal foraging and territoriality. We tested four
lizard species, including three species of monitor lizard (Varanus spp.) and one species of beaded lizard (Heloderma), in a
longitudinal, repeated-trials experimental design using a puzzle-feeder device to evaluate learning, in the form of
latency trends over time. We used a Bayesian multilevel modeling statistical method and incorporated unsuccessful
trials as censored data. Collectively, all lizards showed a pattern of decreasing latencies over time. We interpret this
pattern as learning among our lizards. Notable individual and inter-specific differences were evident, however,
suggesting that learning abilities differed among the lizards. In this case, the monitor lizards exhibited steeper declines
in latencies and greatly reduced inter-individual variation in comparison to the beaded lizards. Finally, we found
differential use of the claws versus the snout among the lizards, which is consistent with a previously posed hypothesis
based on different species than we measured.

T
HE history of cognitive research in animals is long,
but not particularly comparative between species,
which has resulted in biases toward model organisms

(e.g., rats, pigeons, and some primates; Huber and Wilkinson,
2012). Relatively few studies have considered the non-avian
reptiles (see reviews by Wilkinson and Huber, 2012, and
Miletto Petrazzini et al., 2017). With regard to non-avian
reptiles, there is the often-repeated notion that monitor
lizards (Varanidae) are intrinsically intelligent, being top
predators in most of the ecosystems they occupy (King and
Green, 1999; Burghardt et al., 2002; Bennett, 2004; Pianka
and Sweet, 2016). Other reptiles have received scant
attention. In this study, we compare cognitive performance
in three species of Varanus, the phylogenetically proximal
outgroup Heloderma (beaded lizards), and the more distantly
related iguanid Cyclura, representing a broad phylogenetic
diversity. Our results allow us to make preliminary comments
on the generality of cognitive performance across Varanidae,
as well as initial outgroup comparisons to allow a broader
phylogenetic perspective of cognition in lizards. With only
small sample sizes being available for each of our focal
species, our aim was to document the relative levels of basic
cognitive learning using a simple test.

The key literature on varanid cognition includes only a
single study (Firth et al., 2003) that compared multiple
species using the same design, and no studies that compared
both varanid and non-varanid species. Firth et al. (2003)
reported that three individuals each of V. albigularis, V.
exanthematicus, and V. niloticus showed reduced times to
locate food placed, but not hidden, at the opposite end of
their enclosure over repeated trials. Gaalema (2011) reported

visual discrimination (black vs. white) and reversal learning

in two individuals of V. rudicollis. Manrod et al. (2008)

reported reduced latencies among eight individuals of V.

albigularis over three trials in solving a transparent hinged-

door puzzle-feeder device to access living mice within. Loop

(1976) reported improved successes over time, but not strictly

latencies, of conditioned responses to illumination cues

associated with food rewards in four individuals of V.

bengalensis. Mendyk and Horn (2011), using two individuals

of V. beccarii, described consistent manual reaching, grasping,

and retrieval of prey items located in crevices or holes too

small to accommodate the head. Finally, an unpublished

study on quantitative discrimination by J. Kaufman and A.

Phillips and colleagues is often referenced in the varanid

lizard literature.

These previous studies support the contention that varanid

lizards have substantial cognitive abilities. Building on this

body of work, we also used varanid lizards as model

organisms for our cognitive research and included outgroup

comparisons with species of Heloderma (Helodermatidae) and

Cyclura (Iguanidae). We used a puzzle-feeder device, some-

what similar to that of Manrod et al. (2008), to measure

latencies of successful problem-solving events over repeated

trials to compare cognitive performance across three species

of Varanus and one each of Heloderma and Cyclura. We used

species of Varanus widely distributed phylogenetically within

the genus to test the level of generality of our data within the

group. Similarly, our outgroup taxa were included in order to

compare cognitive performance on a broader scale in

squamates.
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MATERIALS AND METHODS

The animals in this study and their Zoo Atlanta catalog
numbers were one Roughneck Monitor (Varanus rudicollis:
A56303, adult female), two Emerald Tree Monitors (V.
prasinus: 1 ¼ 13R077, adult female; 2 ¼ 13R076, adult male),
two Mertens’ Water Monitors (V. mertensi: 1¼11R071 and 2¼
11R072, adults, sex undetermined ), two Guatemalan Beaded
Lizards (Heloderma charlesbogerti: 1¼ 14R067, adult female; 2
¼ 13R027, subadult male), and one Jamaican Iguana (Cyclura
collei: 15R074, adult female). All individuals were hatched
and raised in captivity and maintained in off-exhibit
enclosures inside the same building at Zoo Atlanta. The
lizards in our study represent captive lineages of unknown
ages. Recent work has shown that even one or a few
generations of breeding in captivity can have notable effects
on phenotype and performance in species as diverse as mice
and fish (Christie et al., 2012, 2016; Lacy et al., 2013). For
this reason, we chose to include only captive-bred individ-
uals in our study, given that the potential effects of multiple
captive generations on these lizards is unknown. Animals
were tested in their own housing enclosures, rather than a
trial arena, to minimize stress from an unfamiliar environ-
ment. This work was reviewed and approved by Zoo Atlanta’s
Scientific Research Committee.

The puzzle-feeder device was a modification of the design
used by Manrod et al. (2008). The device (Fig. 1) was a clear
acrylic cylinder approximately 18.0 cm tall and 11.4 cm in
diameter. A side-hinged (zip-tie hinges) door was cut into one
lower side of the tube; the doors were flush-fitting with a
notch cut into the lower non-hinged corner to enable door-
opening by the lizards. Thirteen equally spaced holes were
drilled through the sides of the tube. The top was capped
with a rubber lid, and the bottom glued onto a heavy resin
platform (10.0 3 10.0 cm), both to ensure stability and that
the lizards could not move the device itself. The objective
was to offer a lizard both visual and chemosensory stimuli
from a dead mouse (or a mixed vegetable salad for the
iguana) that could be accessed only by opening the door and
inserting its head into the cylinder. We used dead mice to
ensure equivalent visual stimuli in all trials, as well as to
match the usual diet of these individual lizards.

Trials were conducted approximately twice weekly between
September 2016–May 2017. Not all lizards were available for
trials throughout this time period, so our sampling is unequal
among the species and individuals. Zoo staff ensured that
trial days were scheduled in accordance with the normal
feeding regimen of each individual, and that the mice, or
salad, that were used in the trials were appropriately sized to
represent the normal diet for each lizard. If an individual
failed to orient toward or approach the device after five initial
trials, that subject was removed from the study. In any given
trial, if a lizard failed to open the device and seize the food
after 30 minutes, the trial was stopped by the removal of the
device, and the food was offered to the lizard. Each trial
consisted of placement of the baited device in the home
enclosure of each lizard, situated approximately one body
length away from the lizard and with the door oriented
toward the lizard. In some cases, a lizard’s head was oriented
away from the device when it was placed; in no cases were
the lizards’ original positions changed. Trials were digitally
recorded by stationary human observers or using cameras
mounted on tripods, with stationary observers nearby. The
time elapsed between a lizard’s initial contact with the device
and successfully gaining entry and grasping the food item

was recorded as its measure of latency. Initial contact was
defined as the anterior portion of the lizard’s body crossing
the vertical plane of the base of the device; tongue flicks
crossing this plane were not considered to represent contact
with the device. In every successful trial, it was noted
whether the individual used its claw or its snout to open
the door.

Our dataset comprised repeated, non-independent mea-
sures of performance (latency to solve problem) among
individuals in a longitudinal study. Our analyses were
conducted using Bayesian multi-level modeling in a repeat-
ed-measures censored generalized linear model and specify-
ing a lognormal distribution for the latencies. The latency
data conformed to a lognormal distribution with a long
upper tail, thus requiring the use of a generalized linear
model (Gustavsson et al., 2014). Bayesian modeling allowed
us to include unsuccessful trials in the dataset in the form of
censored data. Censoring occurs on trials in which the
problem was not solved within the specified 30-minute time
period. This approach capitalizes on statistical methods that
better account for censored trials rather than coding them as
missing or as a latency of 30 minutes (i.e., the maximum
time of each trial); neither of these alternatives properly
represent the observed data (Young and Crumer, 2018). The
censored data points in our analyses are modeled as if the
latency were at least 30 minutes but is actually some
unknowable time beyond that. Statistical analyses were
conducted using R software (R Core Team, 2013), and the
code is available as supplemental material along with a
specification of the priors for the Bayesian analysis (see Data
Accessibility).

RESULTS

We initially included eight individuals, representing five
species, but after five consecutive trials showing no approach
to the device, the individual C. collei iguana was excluded
from the study.

Latency analysis.—By specifying a lognormal distribution for
the analysis, the results are in a transformed space (to back-
transform the predicted values to the original scale requires
application of the following equation: exp(predicted-valueþ
r2/2)). The resulting model fits are superimposed on the raw
censored data in Figure 2. The best-fitting parameter values
and 95% credible intervals for the group and for individual
lizards are shown in Table 1. The intercept indicates the
initial time it takes a lizard to solve the puzzle (in
transformed space), while the slope represents the reduction
in time over consecutive trials, which we interpret as
learning. We determined that overall data were not signifi-
cantly impacted by the failure by H. charlesbogerti-2 to solve
the device in the majority of trials; the slope and corre-
sponding credible interval were virtually the same when this
individual was removed from the dataset. Furthermore, the
model fit the individual’s data within the range of error
found with other lizards.

The analysis revealed that there was strong evidence of
learning (negative slopes) for two of the lizards, V. prasinus-1
and V. mertensi-1. For all lizards, the most likely slope value
was negative although there were varying degrees of
uncertainty in the slope estimates. Overall, the estimated
slope was –0.061 with a 95% credible interval of –0.130 to
–0.002.
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Observational data.—The general demeanors of the lizards

were different. Both H. charlesbogerti moved much more

slowly and persistently than did the varanids; H. charlesbo-

gerti-1 and the varanids flicked their tongues throughout

virtually all of the trials, following orientation and approach

to the device. Heloderma charlesbogerti-2 sometimes ap-

proached the device, but rarely subjected it to thorough

exploration with the tongue, snout, or claws. Differences in

successful opening of the device, using claw vs. snout, are

presented in Table 2. Heloderma used the claws exclusively,

Fig. 1. (Top) The puzzle-feeder device used in this study, constructed of clear acrylic cylinder capped with rubber lid and glued onto a resin platform;
note lizard about to make first contact with the device. Thirteen equally spaced holes allow for diffusion of olfactory cues, and one hinged door allows
subjects access to food item when opened (notch in non-hinged corner not shown). (Bottom) A Guatemalan Beaded Lizard, Heloderma
charlesbogerti, is depicted successfully opening the door to obtain a food reward.
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Fig. 2. Latency and variance for all individuals. Solid circles represent successful trials. Open circles indicate censored data in which the puzzle-feeder
device was not solved during the 30-minute trial period. In the case of Heloderma charlesbogerti-2, the error ribbons and the left side of the sloped
line are not shown because they extended beyond the scale of the graph (see text).
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whereas the varanids tended to use both snout and claw, but
with snout being the common strategy. Exemplar videos
available here: V. prasinus-1, https://youtu.be/ukayoMTScXw;
H. charlesbogerti-1, https://youtu.be/JJZ6J1igNNo.

DISCUSSION

We found negative slopes in the latencies over time (Fig. 2)
for all individual lizards, indicating general reduction in
latencies over repeated trials. We interpret this as evidence of
learning in helodermatid and varanid lizards. Variation
among both species and individuals, however, was substan-
tial in some cases, and worthy of additional study using
larger sample sizes. To this point, we note that V. prasinus-1,
V. mertensi-2, and the V. rudicollis had the steepest slopes
(fastest learning), indicating relatively high latencies in
initial trials (viz., y-intercepts) and relatively low latencies
in the later trials. The shallowest slope (slowest learning) and
highest intercept (poor initial performance) were found in
both H. charlesbogerti. Furthermore, we found that these
individuals have the largest error ribbons, indicating incon-
sistency among latency over time. These results from H.
charlesbogerti contrast with those from the varanids, which
demonstrated not only reduction in latency over time, but
also an increase in consistency by the end of the trial period
regardless of initial latencies.

These results also reflect our qualitative behavioral obser-
vations in the beaded lizards. Heloderma charlesbogerti-1 was
slow and persistent in attempts to solve the problem, and we
surmise that, given additional time, this persistence would
eventually result in success in most trials. However, H.
charlesbogerti-2 consistently was unsuccessful in trials and
generally failed to reduce latency over time. As for its general
engagement with the device, in some cases it would appear
to attempt to solve the problem, while in others it appeared
uninterested in the device altogether. Our sampling of

Varanus spp. represents a wide phylogenetic coverage of
Varanidae (sensu phylogeny of Welton et al., 2014). Consid-
ered together, our modest sampling supports the hypothesis
that varanid lizards are characterized by relatively acute
cognitive skills. Heloderma show some evidence for such, at a
lower level than in the varanids, but our results do not allow
for strong inference into the evolution of cognition in
anguimorph lizards. The failure of the iguana to interact with
our study device yielded us no real information. This
example from the iguana underscores the inherent complex-
ity of trying to use a single cognitive metric across a diverse
clade of organisms, such as squamates—monophyly not-
withstanding.

The observations of the behavioral patterns in these trials
were assumed to reflect the foraging behaviors that the
lizards exhibit in the wild. Both individual V. mertensi and H.
charlesbogerti-1 attempted to open the door by repeatedly
clawing and making digging motions with the forelimbs on
the device. Both species are known to excavate nests of eggs
in the wild (Herrel et al., 1997; Beck, 2005; Mayes et al.,
2005). In all successful trials with H. charlesbogerti, the claws
were used to open the device. One of the V. mertensi showed
greater use of the snout rather than claws (Table 2). The V.
rudicollis used its snout in all of its successful trials, but also
exhibited clawing motions directed at the device, which we
interpreted to be exploratory movements; we do not infer
that the animal could not use claws to complete the task.
Both individual V. prasinus used the snout and claws about
equally to open the device. The design of our device was such
that it likely was not possible for Heloderma to effectively
open it using just the snout. However, on some trials, the
beaded lizards partially opened the door with the claws and,
after circling around the device, used the snout to push open
the door in order to access the food reward. The three species
of varanids, on the other hand, have appropriately shaped
snouts that could be used to open the device. This
morphology corresponds with our data accordingly, as all
the varanids tended to use the snout more frequently than
they did the claws (Table 2).

Auffenberg (1988) noted that the shape and location of the
narial openings of varanids vary among species and evidently
are correlated with the degree to which the snout is used as a
foraging tool in different substrates. Species that live in areas
with leaf litter have been observed to forage by inspecting
rock crevices and moving away leaves and other debris with
their snouts; these lizards have slit-shaped narial openings
situated relatively posteriorly on the snout. Auffenberg
proposed that this anatomy limits the amount of leaf-litter
debris that may enter the nares during foraging with the
snout. According to Auffenberg’s hypothesis (1988), varanid

Table 1. Lognormal transformed regression equations for each lizard. Calculated using a Bayesian approach for multilevel modeling over repeated
measures with censoring.

Lizard Intercept 95% Credible interval Slope 95% Credible interval

All lizards combined 6.74 [4.84, 8.84] –0.061 [–0.130, –0.002]
Heloderma charlesbogerti-1 6.98 [6.26, 7.77] –0.011 [–0.041, 0.018]
H. charlesbogerti-2 9.51 [7.89, 11.78] –0.069 [–0.178, 0.015]
Varanus prasinus-1 7.14 [6.45, 7.89] –0.080 [–0.106, –0.055]
V. prasinus-2 5.12 [4.08, 6.07] –0.028 [–0.091, 0.047]
V. mertensi-1 6.66 [5.96, 7.39] –0.063 [–0.089, –0.038]
V. mertensi-2 6.41 [5.20, 7.80] –0.074 [–0.191, 0.023]
V. rudicollis 4.91 [3.97, 5.97] –0.109 [–0.217, –0.019]

Table 2. Frequency of use of snout vs. claw in successful feeder trials
for each lizard, except H. charlesbogerti-2 (results not shown). The
exact goodness-of-fit are compared to H0¼ 50:50 ratio of snout use vs.
claw use with alpha ¼ 0.01**.

Lizard Snout Claw X2

Heloderma charlesbogerti-1 0 23 23.0**
H. charlesbogerti-2 0 2 2.0 NS
Varanus rudicollis 15 0 15.0**
V. prasinus-1 15 11 0.62 NS
V. prasinus-2 13 9 0.73 NS
V. mertensi-1 21 6 8.33**
V. mertensi-2 6 3 1.0 NS
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species foraging in environments without such leaf litter
tend to have circular nares situated anteriorly. Beaded lizards
have rounded, terminal nares and are not known to insert
the snout into the substrate as part of routine foraging; the
claws are used extensively to excavate nests or enlarge
burrow openings (Beck, 2005); we observed only use of the
claws. The V. rudicollis, on the other hand, used only its snout
to open the device (consistent with Bennett, 2004) and has
slit-shaped nostrils situated posteriorly on the snout. In
agreement with Auffenberg’s hypothesis, V. rudicollis forage
in thick layers of leaf litter (Bennett, 2004). Both V. mertensi
and V. prasinus exhibited mixed strategies by using a
combination of snout and claws. Neither species is entirely
terrestrial, with V. mertensi being quite aquatic (Christian,
2004) and V. prasinus being largely arboreal (Greene, 2004).
Varanus prasinus have rounded nostrils situated intermedi-
ately on the snout, and they are remarkably adept at using
their claws (Mendyk and Horn, 2011); V. mertensi have a
similar rostral anatomy.

With respect to a natural context for the behaviors we
observed, and the artificial nature of our trials, we refer to an
exhaustive study by Sweet (1999) in which he documented
behavioral patterns of free-ranging V. glauerti and V. glebo-
palma in a rocky monsoon forest in northern Australia. The
species V. glauerti rested in Allosyncarpia, the dominant tree
species; however, he observed individuals repeatedly foraging
in the same hollowed trees, of a far less common species.
Within and among the hollowed branches, these lizards
would spend considerable amounts of time using head and
claws to excavate prey items situated in the rotting wood. We
posit that these behaviors are homologous to our observa-
tions in that, over time, individuals came to associate the
device with food and repeated exposure reduced latencies to
reach a detectable, but not freely accessible, prey item. Sweet
(1999) also inferred learning in V. glebopalma by observing
them to repeatedly traverse and retreat from the borders of
their territories, in the absence of any apparent marking or
obvious landmarks. He additionally noted that individual V.
glebopalma that were trapped with snares, or trapped and
escaped, were never recaptured, suggestive of learned
avoidance behavior.

In this study, we looked at behavior and learning in three
families of lizard; our efforts with the iguanid were
unsuccessful. Among the varanid species we found evidence
to support Auffenberg’s (1988) hypothesis of specialized
morphologies associated with foraging behavior. Our data
from Heloderma and varanids revealed interesting individual
and interspecies patterns. The combined data in the study
reveal a reduction in latency over time, as evidenced by a
negative slope. We found varanids to have steeper slopes and
less variation than Heloderma. Following anecdotal observa-
tions and conclusions reached by other researchers using
different methods, we interpret our results as direct evidence
of learning, especially in varanids. Varanidae is a demonstra-
bly monophyletic clade, with Helodermatidae as a near, but
not sister, clade (Wiens et al., 2012). As such, our results
support the popular notion that varanid lizards have
exceptional cognitive abilities (i.e., consistent with King
and Green, 1999; Burghardt et al., 2002; Bennett, 2004;
Pianka and Sweet, 2016).
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Supplemental material is available at https://www.
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ACKNOWLEDGMENTS

Considerable logistical support was provided by Robert Hill,
Charlene Rowe, and Ashley Taylor. Comments were provided
by Emily Weigel, Sam Sweet, and Sarah Brosnan. Andy
Phillips provided additional information on his unpublished
work, and Gordon Burghardt provided additional informa-
tion on his published work. Funding for H. Dallas was
provided by a USDA/NIFA/ELI grant (#11903419, to J.
Leavey, Georgia Tech): Bee-INSPIRED: INtegrating Service
Projects Into REsearch and Design addressing the effect of
urban habitats on honey bee health. Additional funding was
provided by Zoo Atlanta.

LITERATURE CITED

Auffenberg, W. 1988. Gray’s Monitor Lizard. University
Press, Gainesville, Florida.

Beck, D. D. 2005. Biology of Gila Monsters and Beaded
Lizards. University of California Press, Berkeley, California.

Bennett, D. 2004. Varanus rudicollis, p. 230–233. In: Varanoid
Lizards of the World. E. R. Pianka and D. R. King (eds.).
Indiana University Press, Bloomington, Indiana.

Burghardt, G. M., D. Chiszar, J. B. Murphy, J. Romano, T.
Walsh, and J. Manrod. 2002. Behavioral complexity,
behavioral development, and play, p. 78–117. In: Komodo
Dragons: Biology and Conservation. J. B. Murphy, C. Ciofi,
C. de La Panouse, and T. Walsh (eds.). Smithsonian
Institution Press, Washington, D.C.

Christian, K. 2004. Varanus mertensi, p. 410–415. In:
Varanoid Lizards of the World. E. R. Pianka and D. R. King
(eds.). Indiana University Press, Bloomington, Indiana.

Christie, M. R., M. L. Marine, S. E. Fox, R. A. French, and
M. S. Blouin. 2016. A single generation of domestication
heritably alters the expression of hundreds of genes.
Nature Communications 7:10676.

Christie, M. R., M. L. Marine, R. A. French, and M. S.
Blouin. 2012. Genetic adaptation to captivity can occur in
a single generation. Proceedings of the National Academy
of Sciences of the United States of America 109:238–242.

Firth, I., M. Turner, M. Robinson, and R. Meek. 2003.
Response of monitor lizards (Varanus spp.) to a repeated
food source: evidence for association learning? Herpeto-
logical Bulletin 84:1–4.

Gaalema, D. E. 2011. Visual discrimination and reversal
learning in rough-necked monitor lizards (Varanus rudicol-
lis). Journal of Comparative Psychology 125:246–249.

Greene, H. W. 2004. Varanus prasinus, p. 225–229. In:
Varanoid Lizards of the World. E. R. Pianka and D. R. King
(eds.). Indiana University Press, Bloomington, Indiana.

Gustavsson, S., B. Fagerberg, G. Sallsten, and E. M.
Andersson. 2014. Regression models for log-normal data:
comparing different methods for quantifying the associa-
tion between abdominal adiposity and biomarkers of
inflammation and insulin resistance. International Journal
of Environmental Research and Public Health 11:3521–
3539.

Herrel, A., I. Wauters, P. Aerts, and F. de Vree. 1997. The
mechanics of ovophagy in the beaded lizard (Heloderma
horridum). Journal of Herpetology 31:383–393.

Huber, L., and A. Wilkinson. 2012. Evolution of cognition:
a comparative approach, p. 135–150. In: Sensory Percep-
tion. F. G. Barth, P. Giampieri-Deutsch, and H.-D. Klein
(eds.). Springer Press, Wien, Austria.

Cooper et al.—Learning in lizards 83



King, D., and B. Green. 1999. Goannas: The Biology of
Varanid Lizards. University of New South Wales Press,
Adelaide, Australia.

Lacy, R. C., G. Alaks, and A. Walsh. 2013. Evolution of
Peromyscus leucopus mice in response to a captive environ-
ment. PLoS ONE 8:e72452.

Loop, M. S. 1976. Auto-shaping: a simple technique for
teaching a lizard to perform a visual task. Copeia 1976:
574–576.

Manrod, J. D., R. Hartdegen, and G. M. Burghardt. 2008.
Rapid solving of a problem apparatus by juvenile black-
throated monitor lizards (Varanus albigularis albigularis).
Animal Cognition 11:267–273.

Mayes, P. J., G. G. Thompson, and P. C. Withers. 2005. Diet
and foraging behaviour of the semi-aquatic Varanus
mertensi (Reptilia: Varanidae). Wildlife Research 32:67–74.

Mendyk, R. W., and H.-G. Horn. 2011. Skilled forelimb
movements and extractive foraging in the arboreal mon-
itor lizard Varanus beccarii (Doria, 1874). Herpetological
Review 42:343–349.

Miletto Petrazzini, M. E., I. Fraccaroli, F. Gariboldi, C.
Agrillo, A. Bisazza C. Bertolucci, and A. Foà. 2017.
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