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Abstract

The selection of sleeping perches plays a critical role in predator avoidance, territorial
defense, access to feeding areas, and reaching breeding sites. This behavior has been
widely studied across various taxa, including the diverse lizard genus Anolis. For Anolis
gemmosus, however, only one previous study has addressed sleeping perch selection,
focusing solely on physical variables of the perches. In this study, we incorporate
additional variables—such as the sex and size of the lizards—and assess their effect on
perch type and leaf area. Our results reveal a significant relationship between individual
size, particularly in males, and perch area. This pattern may reflect strategies for predator
avoidance, or territory maintenance, or may simply result from the higher availability of
leaves within a specific range of area in the habitat of A. gemmosus.

Keywords: Sleep ecology, predator avoidance, Iguanidae, Anolinae, territoriality, habitat use.

Resumen

La seleccién de perchas para dormir es importante como estrategia para evitar
depredadores, defender territorio y acceder a dreas de alimentacion y de reproduccion.
Este tema ha sido estudiado extensamente en diferentes grupos de organismos,
incluyendo el diverso grupo de lagartijas del género Anolis. Para Anolis gemmosus solo
existe un estudio acerca de la seleccion de perchas para dormir, pero solo toma en
cuenta las variables fisicas de las perchas. En este estudio tomamos en cuenta nuevas
variables como sexoy tamano de las lagartijas, estudiando su efecto en el tipo de percha
y el 4rea de la hoja. Nuestros resultados indican que existe una relacién significativa
entre el tamano de los individuos, especialmente los machos, con respecto al 4rea de
percha. Este patron podria reflejar a una estrategia para evadir depredadores, mantener
territorios, o podria resultar de una mayor disponibilidad de hojas con un rango de area
especifica en el habitat de A. gemmosus.

Palabras clave: Ecologia del suefo, evasion de predadores, Iguanidae, Anolinae,
territorialidad, uso de habitat.
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INTRODUCTION
avances

acenase Al animal species engage in some form of rest or sleep to conserve energy, restore neural
M functions, and reduce the risk of predation [1, 2]. Research on sleep behavior has examined
specific sleep patterns, durations, preferred locations, and general behaviors, which have
been reviewed across several animal groups [3, 4, 5. In lizards, studies have primarily
focused on the selection of sleeping perches, considering factors such as perch stability
and temperature, predator detection, the relationship between body size and perch height
or diameter, and perch orientation relative to the ground [6, 7, 8, 9, 10]. Different lizard species
have developed a variety of sleep strategies, mainly to enhance predator avoidance while
sleeping, defend their territories, access foraging areas, and reach breeding sites [11, 12,13, 14].

Among lizards, species from the genus Anolis are particularly well-suited for research
on sleep ecology because of their ease of detection while sleeping [10, 11, 12,15, 16, 17,
18,19, 20, 21, 22,23, 24, 25]. In general, Anolis lizards prefer to sleep on branches, stems, and
leaves of ferns, trees, grasses, and shrubs at various levels of the forest strata [1,10, 12, 15,
25]. The Gem Anole, Anolis gemmosus O'Shaughnessy 1875, is a commonly encountered
diurnal species found in both primary and secondary rainforests across the western
Andes of Ecuador and Colombia, at elevations ranging from 1177 to 2468 m a.s.l. [26]. The
abundance of A. gemmosus in Ecuador, along with their visibility during sleep, makes it
an excellent candidate for investigating lizard sleeping behavior.

While there is information on the sleeping behavior of certain Anolis species, only one
study has investigated the sleeping habits of A. gemmosus. That study focused on perch
characteristics such as vertical distribution, the orientation of individuals on the perch,
and tail position, aiming to test niche overlap with other Anolis species. However, this
study did not consider factors such as the sex or size of individuals and was based on a
small sample of only nine lizards [27].

The primary objective of this study is to determine whether individual size and sexinfluence the
type and area of leaves selected as sleeping perches of A. gemmosus, thereby complementing
the findings of the only available study on the species'sleep ecology [27]. | hypothesize that (1)
body size (SVL) and sex will influence the perch type or perch area selected [12, 18]. And (2) both
sexes will exhibit sleeping site fidelity [14, 16, 18]. This research aims to provide novel insights
into the natural history and ecology of this understudied species.

MATERIAL AND METHODS

This study was conducted at Bosque Protector Rio Guajalito, a privately-owned nature
reserve encompassing 765 ha of cloud forest in the province of Santo Domingo de
los Tsachilas, Ecuador. The reserve is situated at the 59-kilometer mark on the Quito-
Chiriboga-Santo Domingo Road and is co-owned by various entities including
Bisocial, Fundacion Salvar Tierra, Fundacion Jocotoco, Aves y Conservacion and private
individuals. It spans across the provinces of Pichincha and Santo Domingo de los
Tsachilas, with elevations ranging from 1800 to 2400 m a.s.l. The area is predominantly
composed of pristine cloud forest, although human-disturbed landscapes such as
cattle-grazing grasslands are present along its borders [28].
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Between January 8 and 25,2021, | conducted nightly surveys from 20:00 to 24:00 h along
the primary ecotourism trail inside Bosque Protector Rio Guajalito, totaling 68 hours of
field observations. This trail passes through forested areas and a few creeks and is not
affected by the main road. The elevational range along the trail varies between 1900 and
2000 m a.s.l. (Fig 1). I selected this time frame because all individuals are expected to be
asleep, and the absence of human activity minimizes potential disturbances.

While free walking along the trail, | searched for sleeping A. gemmosus individuals along
the trail's edge, using headlamps for illumination. Upon each encounter, | photographed
the sleeping lizard and its perch. I then captured the lizard and measured the snout-vent
length (SVL) from the tip of the snout to the cloaca —using a Vinca DCLA-0605 digital
caliper with an accuracy of +0.03. To facilitate individual identification and assess the
potential for sleeping site fidelity through recaptures on subsequent nights, | marked
each lizard on the dorsum with a unique number, using a black non-toxic marker. Sex
was determined based on the species’ clear sexual dimorphism: adult males display a
distinct and colorful dewlap, while adult females possess a grey band across their back
and lack a dewlap [26]. Age was not considered in the analysis due to the small sample
size of juveniles; only adults were included. For perch measurements, | photographed
each leaf used as a sleeping perch. Leaf area was calculated using ImagelJ software [29].
Leaf length and width measurements were used as scale references.

&
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Start of the trail
A. gemossus trail
- Bosque Protector Rio Guajalito
0 50 100 m wr PP W Road Quito-Santo Domingo  —
L —] Rivers
744200.000 744400.000 744600.000 744800.000

FIGURE 1. Map of the study area showing the Quito-Santo Domingo de los Tsdchilas road to the south, the
boundaries of the Bosque Protector Rio Guajalito in white, the trailhead marked with a red dot, and the surveyed
trail used to search Anolis gemmosus indicated by a yellow dotted line.
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| categorized the perch types based on the plant species that served as sleeping sites by
the lizards. These categories included: (A) perches with long and narrow leaves, typical of
most grasses; (B) perches with long and broad leaves, resembling oblong-shaped leaves;
(C) perches consisting of compound leaves and small leaflets, such as those found in
many fern species; (D) perches with notably large leaves, such as those of Gunnera spp;
(E) perches consisting of stems (Fig 2). It is essential to emphasize that this study did not
involve the collection of any plant or animal specimens.

‘:29’%‘7{"% (g

[
FIGURE 2. Examples of perch types used by Anolis gemmosus: A Long and narrow leaves (e.g., grasses); B long
and broad oblong leaves; C compound leaves (e.g., ferns); D large leaves; and E stems.

Given that observed lizards were predominantly resting on leaves (Fig. 3), | proceeded to
label and identify each plant on which they were found. To facilitate plant identification,
I consulted a field guide detailing the common plant species of Bosque Protector Rio
Guajalito [30]. However, for plants that lacked flowers, identification was limited to the
genus level. Lizards found sleeping on these plants were still included in the analyses.
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FIGURE 3. A Adult female of Anolis gemmosus (SVL = 55 mm) sleeping on the giant leave of Gunnera
atropurpurea (perch type D). B Adult male of Anolis gemmosus (SVL = 60 mm) sleeping on the leaves of the fern
Thelypteris semilunata (perch type C). Photographs by Martin Carrera.

First, to test whether lizard body size and sex (explanatory variables) influence the perch
type (response variable) used as a perch, | performed a multinomial logistic regression
model. The perch type was treated as a factor with five categories (Fig. 2). Posteriorly, |
computed odds ratios to interpret the effects of body size and sex on perch type selection,
and Wald tests were used to assess statistical significance of model coefficients. Second, to
evaluate whether lizard body size and sex (explanatory variables) influence the perch area
(response variable), | performed several linear regressions, first without separating by sex,
and then separating males and females to explore potential relationships between body
size and the perch area separated by sex. All statistical analyses were performed using the
default analytical package Stats of R Statistical analysis software version 4.1.1 [31].

RESULTS

I .encountered a total of 46 lizards (14 males and 32 females), primarily resting on the
leaves of 16 different plant species (Table 1). No individuals were recaptured during
the entire study. Females were found sleeping mainly on perch types B and C, each
accounting for nine females, followed by perch type D for seven females, perch type A
for six females, and finally perch type E for one female. In the case of males, six individuals
were found in perch type C, followed by perch type D for four males, perch type B for
three males, and finally perch type A for one male.
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TABLE 1. Plant species used as sleeping perches by Anolis gemmosus. The second column shows the perch type: A
Long and narrow leaves (e.g., grasses); B long and broad oblong leaves; C compound leaves (e.g., ferns); D large
avances leaves; and E stems.
en diencias e
naenierias Perch  Number  Number

Plant species type of males offemales

Acalypha sp. B 0 2
Blechnum fragile Liebm 1967 C 0 1
Boehmeria caudata Sw 1788 B 0 4
Canna indica L 1753 D 1 0
Cenchrus bambusiformis (E. Fourn.) Morrone 2010 A E 1 7
Erato polymnioides DC 1836 B 1 1
Gunnera atropurpurea L.E Mora 1978 D 3 5
Heliconia impudica Abalo 1983 D 0 1
Liabum saloyense Domke 1937 B 1 1
Lophosoria quadripinnata (J.F.Gmel.) C. Chr 1920 C 2 4
Macrothelypteris torresiana (Gaudich.) Ching 1963 C 0 1
Monochaetum lineatum Naudin 1845 B 1 0
Piper lenticellosum C. DC 1866 B 0 1
Saurauia prainiana Buscal 1912 B 0 1
Sticherus blepharolepis (Sodiro) Ching 1940 C 3 2
Thelypteris semilunata (Chodat) A. R. SM 1984 C 1 1

The multinomial logistic regression model revealed that body size had a significant
effect on the selection of perch type D compared to perch type A (estimate = 0.14,
p = 0.038), with an odds ratio of 1.15, suggesting that larger individuals were more
likely to use perch type D. Sex had no significant effect on leaf type selection in any of
the comparisons (p > 0.35). These findings indicate that lizard body size, but not sex,
influences the selection of perch type D (Fig 4).
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FIGURE 4. Distribution of lizard’s body size (SVL) on each perch type selected.

The linear regressions showed that neither body size, sex, nor their interaction had a
significant effect on the perch area (p > 0.2 for all the variables and interaction). When
analysed separately by sex, body size significantly predicted the perch area used
by male lizards (R* = 0.30, F (1, 12) = 5.13, p = 0.043), with larger individuals selecting
larger leaves as perches. In contrast, no significant relationship was found for females
(R*=0.05,F (1,29) = 1.58, p = 0.220). These results suggest that the relationship between
body size and perch area may differ between sexes (Fig 5).
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FIGURE 5. Linear regressions between lizard body size (SVL in mm) and perch area (cm?), separated by sex.
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DISCUSSION

This study investigated how body size and sex influence perch selection in A. gemmosus,
focusing on the type and area of leaves used as perches. Both factors play important
roles, but their effects differ depending on the aspect of perch use considered. The
multinomial logistic regression indicated that lizard body size significantly influenced perch
type selection, with larger individuals showing a tendency to perch on type D perches,
associated with larger surface areas. However, sex did not emerge as a significant predictor
for perch type choice in this model. In contrast, when we consider perch size, the linear
regression showed that only in males, perch area increased significantly with body size. This
sex-specific pattern suggests that male lizards may be more selective as they grow larger.

Furthermore, selecting specific sleeping perches likely plays a key role in several
ecological functions, including antipredator behavior, thermoregulation, and
territoriality. For example, choosing sleeping sites in the mid-vegetation strata is a
common antipredator strategy in Anolis species [13, 14], as movements in leaves and
stems can alert lizards to approaching predators, enhancing escape success [10]. In Anolis
gemmosus at Bosque Protector Rio Guajalito, known predators include diurnal snakes
such as Atractus gigas, Chironius monticola, and Erythrolamprus epinephelus [28]. Although
these snakes are diurnal, nocturnal predators like bats, owls, or nocturnal snakes may
still pose a risk [14]. In this context, not only the perch area but also the shape may offer
functional advantages. For instance, narrower or more elongated leaves might enhance
early predator detection by transmitting vibrations more effectively, or they may allow
lizards to position themselves more optimally for a quick escape [14, 27].

Thermoregulation may also influence perch choice. Although studies on nocturnal
thermoregulation in Anolis lizards are scarce, findings from the highland species A.
heterodermus show that daytime microhabitat use is influenced by body temperature [32].
Given that lizards may undergo voluntary hypothermia to conserve energy, it is plausible
that A. gemmosus selects sleeping perches with specific areas that provide an optimal
body temperature [10, 16,33], nevertheless, more research about perch characteristics, such
as texture and temperature, is needed. Additionally, territorial behavior could contribute
to perch selection patterns, as many Anolis species exhibit territory-based spatial use [10,
11,24, 34]. For instance, in A. gingivinus, females reuse sleeping perches within smaller home
ranges, while males occupy larger territories and avoid reusing sites [19]. In this study, |
did not recapture individuals, preventing comparisons of site fidelity; however, a marked
female with an eye injury was observed sleeping in the same area on two non-consecutive
nights. While anecdotal, this observation suggests that some individuals may exhibit site
fidelity, warranting further investigation.

SUMMARY AND CONCLUSION

Previous studies have suggested that various factors such as individual size, sex, perch
type, individual position in the sleeping perch, perch height, and plant species that Anolis
use to sleep play crucial roles in the selection of sleeping perches [18]. However, this study
suggest that both leaf area and perch type might influence the selection, particularly
on males. Nevertheless, to gain a deeper understanding of the sleeping perch selection
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patterns in A. gemmosus, further sampling efforts are required considering other variables
such as plant species density, physiological aspects like temperature, perch temperature,
predatory avoidance, and territoriality by recaptures to test properly if there is a perch
selection based on those criteria. Additionally, given the high abundance of A. gemmosus
individuals in the Bosque Protector Rio Guajalito, it is essential to capture and mark a
higher number of individuals to have a larger sample size.
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