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Abstract. The traditional foraging mode dichotomy in lizards has been one of ambush predators vs. wide ranging predators. Each mode has been
associated with its own suite of other complementary characteristics, including metabolic rates, sensory capacities, as well as predator and prey species.
While foraging mode within lizard families is often consistent, few studies have compared the foraging modes of sympatric members of a clade in
which one species is nocturnal and the other diurnal. Hemidactylus frenatus, an introduced, nocturnal house gecko, and Gonatodes albogularis, a native,
diurnal species, inhabit disturbed habitats in Costa Rica. Using traditional movement-based indices, moves per minute (MPM) and percent time spent
moving (PTM), we found H. frenatus to move significantly less (MPM = 0.47) and spend significantly less time moving (PTM = 0.74%) than G. albogularis
(MPM = 0.97, PTM = 3.94%) during peak activity times. One reason for this difference in activity level could be the beneficial effects of artificial lighting in
attracting arthropods to H. frenatus foraging areas.
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Resumen. La dicotomia del modo de alimentacion tradicional en los lagartos ha sido uno de los depredadores de la emboscada contra los depredadores
de amplio espectro. Cada modo se ha asociado con su propio conjunto de otras caracteristicas complementarias, incluidas las tasas metabdlicas, las
capacidades sensoriales, asi como las especies de depredadores y presas. Mientras que el modo de busqueda de alimento dentro de las familias de
lagartos a menudo es consistente, pocos estudios han comparado los modos de alimentacion de los miembros simpatricos de un clado donde una
especie es nocturna y la otra diurna. Hemidactylus frenatus, un geco nocturno introducido, y Gonatodes albogularis, una especie diurna nativa, habitan
habitats perturbados en Costa Rica. Utilizando indices basados en movimientos tradicionales, movimientos por minuto (MPM) y porcentaje de tiempo
de movimiento (PTM), encontramos que H. frenatus se mueve significativamente menos (MPM = 0.47) y pasa significativamente menos tiempo en
movimiento (PTM = 0.74%) que G. albogularis (MPM = 0.97, PTM = 3.94%) durante los tiempos pico de actividad. Una razén para esta diferencia en el
nivel de actividad podria ser los efectos beneficiosos de la iluminacién artificial para atraer a los artropodos a las areas de alimentacidn de H. frenatus.

INTRODUCTION

For more than 50 years, foraging behavior, particu-
larly in lizards, has been a research topic of interest (Miles
etal., 2007). Starting in the 1960s, a dichotomy of foraging
modes was realized: wide foraging and “sit-and-wait,” or
ambush, foraging (Pianka, 1966; Huey and Pianka, 1981).
This foraging mode paradigm, while useful for explaining
behavior, remains controversial because of the continuity
in foraging variation, making it uncertain whether all liz-
ards fall under two discrete categories (Huey and Pianka,
1981; MclLaughlin, 1989; Perry, 1999; Cooper, 2005). With-
in his five study species, Pietruzka (1986) found the varia-
tion in foraging to be a continuum. Using a larger dataset,
McLaughlin (1989) found evidence of bimodality. Perry
(1999), however, used a larger dataset still and found no
support for bimodality. Without a better paradigm, how-
ever, this study treats foraging mode dichotomously.

Dichotomous foraging modes are often understood
as driving the evolution of several aspects of lizard biology
(Cooper, 2005; Miles et al., 2007). Energy budgets, met-
abolic rates, sensory capacities, as well as predator and

prey types are amongst the suite of characters that have
coevolved (Huey and Pianka, 1981). Body form tends to
be more robust in ambush predators, while active forag-
ers are much more streamlined (Vitt and Congdon, 1978).
Prey, to some extent, also appears to be a function of for-
aging mode (Huey and Pianka, 1981). Mobile prey are eat-
en significantly more by ambush foragers, whereas active
foragers are more likely to find and consume prey that are
largely sedentary and patchily distributed, termites being
a prime example (Gerritsen and Strickler, 1977; Wilson
and Clark, 1977; Krebs et al., 1978; Eckhardt, 1979; Huey
and Pianka, 1981). In fact, this link between prey species
and foraging mode can make resolving lingering questions
on foraging mode difficult, as foraging mode in gekkotans
is too often classified on the sole basis of diet, without
any observations into how that diet was acquired (Bauer,
2007).

There are, however, several factors causing variation
in foraging. For example, some models predict a change
in foraging mode as a response to food availability lev-
els, and short-term variation within species has been ob-
served (Norberg, 1977; Tollestrup, 1979; Toft, 1980). Ad-
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ditionally, foraging behavior can vary by sex, with either
sex being more active than the other in different species
(Werner et al., 2006). Whether or not an individual’s tail
has been lost and regenerated also has an effect, whereby
lizards that have lost their tails reduce the amount of time
they spend foraging (Martin and Salvador, 1997). The two
factors, however, are possibly linked, with Werner et al.
(2006) reporting that tail loss increases foraging activity
in females of Goniurosaurus kuroiwae kuroiwae (Namiye,
1912) while reducing the activity of male conspecifics.
Similar foraging mode connections are found between sex
and lunar phase (Werner et al., 2006). Other environmen-
tal factors, such as temperature and season, are known to
affect foraging behavior (Werner et al., 2006).

Whilst variation is certainly present, generally speak-
ing, foraging behavior remains relatively consistent among
families of lizards (Cooper, 1994; Perry, 1999). Exceptions
to this rule occur in the clades Gekkota Cuvier, 1817, La-
certidae Oppel, 1811, and Scincidae Gray, 1825 (Cooper,
1994; Werner et al., 1997; Perry, 1999). While there is
some knowledge of gekkotan foraging (i.e., a large major-
ity studied to date have been ambush foragers), relatively
few (~100) of the 1,100+ species have been subject to
foraging studies, and even fewer to quantitative foraging
studies (Cooper Jr., 1995; Perry, 1999; Bauer, 2007).

The best way to determine which model best de-
scribes lizard foraging and which ecological factors are
associated with foraging mode is more quantitative be-
havioral data. In an effort to provide more information for
answering these questions, we focused on two tropical
geckos: the yellow-headed gecko, Gonatodes albogula-
ris (Duméril and Bibron, 1836), and the introduced Asian
house gecko, Hemidactylus frenatus (Duméril and Bibron,
1836). Very little has been published on the biology of
G. albogularis apart from the occasional natural history
note (Bello et al., 2000; Filipiak and Lewis, 2012; Moreno-
Arias, 2016; Barquero, 2017). Hemidactylus frenatus, in
contrast, is fairly well studied, and its foraging behavior
was examined previously (Perry, 1999; Diaz-Pérez et al.,
2012; Barquero, 2017; Brown et al., 2017; Diaz-Pérez
et al.,, 2017). These two geckos were chosen because
they co-occur in disturbed areas, are arboreal or semiar-
boreal, and are of similar sizes (G. albogularis maximum
snout—vent length [SVL] 50 mm, H. frenatus maximum SVL
60 mm; Krysko and Daniels, 2005). The main ecological
difference between the two is time of peak activity, with
G. albogularis being diurnal and H. frenatus being noctur-
nal (Ellingson et al., 1995; Zozaya et al., 2015).

We focused on the difference in foraging brought
about by different times of peak activity. For nocturnal
geckos, inhabiting disturbed areas is likely to be of ben-
efit due to the artificial lighting that often attracts insect
prey (Zozaya et al., 2015). This seems to hold true for
other species, albeit in very different taxa (Heiling, 1999;
Gonzalez-Bernal et al., 2016). Orb-web spiders in Vienna,
Austria will preferentially seek out artificially lit sites for
webs, resulting in greater numbers of insects caught than
those spiders whose webs were not artificially lit (Heiling,
1999). A study of cane toads (Rhinella marina [Linnaeus,

1758]) in Australia, an introduced species, concluded that
the population of toads was denser in disturbed habitats
around buildings due to higher insect densities brought
about by artificial lighting (Gonzalez-Bernal et al., 2016).
These toads were also found to be more sedentary than
conspecifics inhabiting less disturbed areas, and this was
also attributed to higher densities of insects in disturbed
habitats leading to more frequent encounters between
toad and prey (Gonzalez-Bernal et al., 2016). These stud-
ies, taken together, lead us to believe that nocturnal
geckos in disturbed environments tend to be less active
foragers than their diurnal counterparts, possibly due to
the increased insect density surrounding artificial lighting.

MATERIALS AND METHODS
Study area

This study took place at La Selva Biological Station in
Puerto Viejo de Sarapiqui, Heredia, Costa Rica (84°00'W,
10°25’N) from June to August 2013. The station encom-
passes a broad range of habitats, from primary and sec-
ondary tropical rainforest to abandoned plantations and
cultivated arboretums. This research took place in and
amongst buildings and surrounding disturbed clearings.

Foraging indices

There are three movement-based indices by which
foraging mode is measured. Moves per minute (MPM) is
the number of total moves over the total minutes of ob-
servation (Pianka et al., 1979), while percent time spent
moving (PTM) is the duration of total movement over du-
ration of total time observed (Pianka et al., 1979). Finally,
percent of attacks initiated while moving is defined as
number of attacks initiated while in motion over total at-
tacks (Cooper and Whiting, 1999; Cooper Jr. et al., 2001).
For all indices, movement is defined as traveling more
than a body length and not simply shuffling in place.

In order to quantify foraging behavior, the move-
ment-based indices MPM and PTM were calculated. The
first author observed geckos from a distance of 5-10 m
for up to 10 min (average observation time: 5 min 52 s),
as longer observation times artificially alter data (Werner
et al., 2006). Although no specific measures were used to
avoid repeated sampling of the same individual, no geck-
os were observed within approximately 10 m of one an-
other. Gonatodes albogularis individuals were also identi-
fied as male or female, as this species, unlike Hemidacty-
lus frenatus, is sexually dimorphic in coloration (Ellingson
et al., 1995). Animals were strictly observed with no cap-
ture or handling of the individuals. A video camera was
used to record animal movements. Later analysis used a
stopwatch to record time stationary, time spent moving,
and consequently, total time observed. While analyzing
the video, the author tallied the number of movements
made.
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Table 1. Summary of results. n = number of individuals of each species; Obs. = the number of seconds individuals were observed on average; Movement =

the number of seconds an individual moved on average during the observation. Moves Per Minute (MPM) and Percent Time Moving (PTM) are foraging
movement indices. All values are reported as mean + SD. The previously reported values for Hemidactylus frenatus are shown in brackets (Perry, 1999).

Species Obs. (s) Movement (s) MPM PTM
Gonatodes albogularis (n = 11) 322.1+148.5 10.5+8.4 0.9700 + 0.5303 3.9436 + 3.5070
Hemidactylus frenatus (n = 9) 387.9+184.5 24+1.7 0.4667 £ 0.4204 [0.75 £ 0.81] 0.7422 +0.5322 [2.66 + 4.01]

Statistical analysis

Data were analyzed in R (R Core Team, 2014). Al-
though visual inspection suggested the PTM and MPM
data might be non-normally distributed, a Shapiro-Wilk
test did not reject the null hypothesis that the data were
normally distributed. Therefore, an independent t-test
(parametric, but robust to violations of normality) was
used to test for significances of difference between the
MPM and PTM of each species. The same methods were
used to test for significances of difference between male
and female Gonatodes albogularis.

RESULTS

An independent t-test (P = 0.013) revealed sig-
nificantly different PTMs between the two species.
Hemidactylus frenatus individuals spent an average of
0.74 + 0.53% of their active time moving, significantly less
than their diurnal counterpart Gonatodes albogularis at
3.94 + 3.51% (Table 1). Likewise, an independent t-test
(P = 0.027) indicated a significant difference in MPM be-
tween the two species. Hemidactylus frenatus individuals
made, on average, fewer MPMs (0.47 + 0.42) than G. al-
bogularis (0.97 + 0.53; Table 1). There was no statisti-
cally significant difference in PTM (P = 0.836) and MPM
(P =0.108) between sexes in G. albogularis. Males (n = 6)
had a PTM of 3.70 + 2.45%, while females (n = 5) had PTM
of 3.70 + 2.45%. Males had an MPM of 0.73 + 0.58, while
females had an MPM of 1.26 + 0.53.

DISCUSSION

Our results indicate that the foraging activity of
Hemidactylus frenatus and Gonatodes albogularis differs
significantly. Our data suggest, however, that while the
PTM and MPM values differ significantly between these
species, G. albogularis still falls in line with those species
considered to be sit-and-wait foragers (Bauer, 2007). In
Bauer’s (2007) review of gecko foraging, 98 species of gek-
kotans had had their foraging mode classified, with only
15-27 being considered widely foraging and the remain-
ing 71 ambush foragers. With the foraging mode of ~1,100
gekkotans remaining unclassified, there is still great un-
certainty as to whether gekkotans exist in a continuum of
foraging or in two or three discrete modes. The only way
to answer this question is to continue gathering more data
on more species.

Finding Gonatodes albogularis to be a sit-and-wait
forager suggests strong phylogenetic conservation in for-
aging mode as all of the other quantitatively described
Gonatodes species examined thus far have also been sit-
and-wait foragers (Vitt and Zani, 1996; Persaud et al.,
2003). Gonatodes concinnatus (O’Shaughnessy, 1881) and
G. hasemani (Griffin, 1917) have also been qualitatively de-
scribed as sit-and-wait foragers (Van Damme and Vanhooy-
donck, 2001; Bauer, 2007). Still, “other species” within Go-
natodes have been qualitatively described as widely forag-
ing, but the methodology for such classification is unclear
(Arnold, 1993). Amongst quantitatively analyzed species,
G. albogularis did, however, have higher PTM and MPM
values than what has been found previously for G. vittatus
(Liechtenstein and Martens, 1856) (n = 42, PTM = 3.55%,
MPM = 0.36), G. humeralis (Guichenot, 1855) (n = 19,
PTM = 2.32%, MPM = 0.23), and G. ocellatus (Gray, 1831)
(n=11,PTM =1.6%, MPM = 0.18; Persaud et al., 2003). This
might be explained by a combination of the sample sizes of
both studies, variation in habitat disturbance levels, as well
as real differences in the foraging activity of these species.

That Hemidactylus frenatus was a less active forager
than Gonatodes albogularis is understandable, given their
preference for foraging near the artificial lights of man-
made structures (Case et al., 1994). It is exactly because of
their ability to live in and around human settlements that
this species has been so successful, often to the point of out-
competing native, nocturnal gecko species that are unable
to take advantage of this resource (Case et al., 1994; Hanley
etal., 1998; Brown et al., 2002; Cole et al., 2005; Zozaya et al,
2015). The authors speculate that the energy savings from
reduced foraging activity may be then put towards reproduc-
tive effort, leading to increased local and global dominance.
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