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Abstract

Lateralization is mostly analyzed for single traits, but seldom for two or more traits while performing a given task (e.g. object
manipulation). We examined lateralization in eye use and in body motion that co-occur during avoidance behaviour of the
common chameleon, Chamaeleo chameleon. A chameleon facing a moving threat smoothly repositions its body on the side
of its perch distal to the threat, to minimize its visual exposure. We previously demonstrated that during the response (i) eye
use and body motion were, each, lateralized at the tested group level (N = 26), (ii) in body motion, we observed two similar-
sized sub-groups, one exhibiting a greater reduction in body exposure to threat approaching from the left and one – to
threat approaching from the right (left- and right-biased subgroups), (iii) the left-biased sub-group exhibited weak
lateralization of body exposure under binocular threat viewing and none under monocular viewing while the right-biased
sub-group exhibited strong lateralization under both monocular and binocular threat viewing. In avoidance, how is eye use
related to body motion at the entire group and at the sub-group levels? We demonstrate that (i) in the left-biased sub-
group, eye use is not lateralized, (ii) in the right-biased sub-group, eye use is lateralized under binocular, but not monocular
viewing of the threat, (iii) the dominance of the right-biased sub-group determines the lateralization of the entire group
tested. We conclude that in chameleons, patterns of lateralization of visual function and body motion are inter-related at a
subtle level. Presently, the patterns cannot be compared with humans’ or related to the unique visual system of
chameleons, with highly independent eye movements, complete optic nerve decussation and relatively few inter-
hemispheric commissures. We present a model to explain the possible inter-hemispheric differences in dominance in
chameleons’ visual control of body motion during avoidance.
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Introduction

Lateralization [1] of cognitive and of motor functions in

vertebrates has been extensively documented, with numerous

examples pertaining to vision and visually guided behavior [2]. At

the behavioral level, studies of lateralization have focused on limb

use [3–5], a sensory modality or organ (e.g., eye) [6–10] or the

entire body (i.e. body orientation) [11,12]. However, testing for

lateralization of more than one aspect while performing a given

behavior is uncommon [13]. For example, in animals tested on the

task of a visually guided manipulation of an object, analyses have

focused on either eye use or limb use but not on both. This leaves

open the question: are patterns of lateralization of limb use and of

eye use related?

In addressing visually guided behavior, one should consider the

animal’s morphology. Fish and amphibians have limited move-

ment of the head relative to the torso so that the direction of

monocular viewing of a target closely matches the direction of the

ipsilateral body side [14–17]. In terms of limb use, there are

reports of lateralization of fin use in fish [13], while amphibians

show lateralization of the forelimb in locomotion, facial wiping

and swallowing of prey [3,18,19]. Most reptiles have relatively

restricted eye movements yet well-developed necks so that gaze

direction is by head movements. While lateralization of eye use has

been reported in reptiles [12,20,21] there are no reports on limb

use. In common with ectotherms, birds how laterally placed eyes

with relatively restricted movements [22,23] and weak inter-

hemispheric connections [24]. Birds’ restricted eye movements are

compensated for by exceptionally long and flexible necks that

allow a wide range of head orientations. Lateralization of eye use

in birds has been well documented and, in many species, there is

an extensive use of the feet in visually guided behavior patterns

such as ground scratching, food grasping and climbing [25–28].

However, examples of lateralized eye use that co-occur with limb

use, in the performance of a given task are, to our knowledge,

lacking. An example would be to test for lateralization in eye use

and in feet use in a crow that is making a tool: Is there a preferred

foot for manipulation and a preferred eye for viewing the

manipulation?

Common chameleons (Chamaeleo chameleon) are arboreal lizards

that exhibit highly independent, large-amplitude, eye movements

[29] which allow them to rapidly alternate between monocular
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and binocular viewing of targets [30–32]. While their movements

are typically slow, chameleons perform rapid and highly precise

body-position corrections while avoiding a threat [33,34]. Upon

the approach of a threat (e.g., a predator or a human), a

chameleon will change its position on a perch so as to keep its body

on the side of the perch distal to the threat, thus, minimizing its

body exposure. If the threat moves in a given direction, the

chameleon will synchronously counter-rotate smoothly and

rapidly.

We previously demonstrated that during avoidance, eye use

[33] is lateralized under binocular but not under monocular

viewing of the threat. Also, the patterns of body motion and thus of

body exposure, were lateralized at the tested group level (N=26).

A further analysis revealed two similar-sized sub-groups in terms of

body motion [34]: One exhibited significantly lower exposure (and

thus better concealment) to a threat approaching from the right

(termed ‘‘right-biased sub-group’’) and the other – to a threat

approaching from the left (termed ‘‘left-biased sub-group’’). This

lateralization of body exposure was observed under conditions that

allowed only monocular or both monocular and binocular viewing

of the threat [33,34].

In ectotherms and birds, the optic nerves are highly decussated,

having few or no ipsilateral projections [2,20,32]. Also, in these

groups, inter-hemispheric commissures are relatively few and

small compared with mammals inter-hemispheric information

transfer may well be less efficient [24]. Because of the greater

separation between hemispheres it is therefore expected that

ectotherms will show a greater correspondence between lateral-

ization of hemispheric functions (as expressed in body motion) and

lateralization of eye use.

Using chameleons as a model, we ask: How are the patterns of

eye use and of body motion related to each other in the

performance of a distinct visually guided behavior (the avoidance

response)? How are the relationships expressed at the sub-group

level? Are patterns of lateralization of eye use and of body motion

similar to those in mammals?

Materials and Methods

The research was conducted at the Department of Biology,

University of Haifa, Oranim Campus in Tivon, Israel, between

November 2006 and November 2009. Collection, maintenance

and experimentation with the experimental animals (common

chameleons, Chamaeleo chameleon) were performed under permits

from the Israeli Nature and Parks Authority (permit 2011/11411)

and were specifically approved by the University of Haifa ethics

committee (permit 095/08). Methods are provided here in brief;

further details can be found elsewhere [33].

Experimental Setup
The experimental apparatus (Fig. 1) was built to allow the

controlled motion of a chameleon on a perch. It comprised a

vertical, 80-cm long pole that could be rotated (clockwise or anti-

clockwise) manually using 2 thin cords. Two 60 W incandescent

bulbs in hoods illuminated the pole from both sides. The

experimenter, positioned 1.2 m from the pole, was also the

threatening stimulus. A video camera was positioned in front of

the experimenter, pointing horizontally at the pole at the level of

the subject’s position. Pole diameter (‘‘narrow’’ or ‘‘wide’’) was

determined in relation to the chameleon’s head width. Narrow

pole diameters ranged between 2 mm and 4 mm, while wide

pole diameters ranged between 4 mm and 14 mm. The mean

widths of the tested chameleons’ heads ranged between

4.3260.01 mm and 11.1860.64 mm (mean 6 SD). A narrow

Figure 1. The experimental setup (a – oblique view; b – schematic overhead view). The experimenter, positioned behind the camera (A),
acts as the threat stimulus. Chameleon (X); vertical, rotatable pole (B); incandescent lights (C); pole rotation cords (D); visual barrier (E); screen (F).
Reprinted from [33] under a CC BY license, with permission from Springer, original copyright 2012.
doi:10.1371/journal.pone.0070761.g001

Lateralized Eye Use and Body Motion in Chameleons

PLOS ONE | www.plosone.org 2 August 2013 | Volume 8 | Issue 8 | e70761



pole allowed the tested chameleon to view the threat binocularly,

while a wide pole allowed only monocular viewing. The

experimental apparatus was surrounded on three sides by a

2 m-high white cloth screen. To enhance the image contrast

required for computer analysis of the videos, the pole was

painted pink and the background gray.

Testing Procedures
A chameleon to be tested was taken by hand from its cage and

allowed to grasp the pole; the experimenter then positioned

himself at the distal side of the experimental table. Once the

chameleon had settled, the pole was rotated 30u (at ,15u/s) in a

given direction (Phase 1, approx. 2 s) and then held stationary,

allowing the chameleon to respond (Phase 2, approx. 8 s, see

Fig. 6 in [34]). This was repeated 3 times in succession in the same

direction. Rotating the pole manually ensured smooth turning

without compromising the chameleon’s foothold due to centrifugal

force.

Following each pole rotation, the chameleon corrected its

position relative to the threat and the subsequent rotation was

carried out only after a ‘‘steady state’’ had been reached, i.e., with

minimal or no apparent body rotation observed. The full sequence

of a single pole rotation plus the chameleon’s response was termed

a run. Three consecutive runs composed a test. Mean test duration

was 9.75 s.

Each chameleon (N= 26) was tested once with a left-approach-

ing threat and once with a right-approaching threat, for each given

pole width. When possible, the chameleons were tested once again

at a different age. This applied to 15 of the tested individuals.

The choice of direction of the first rotation, for poles of each

width, was based on a table of random numbers. The following

rotation was in the opposite direction. Inter-test interval was

5 min.

The video sequences were edited using Adobe ElementsTM

software and processed using a specially written program (SIPL

Lab, Technion, Israel) for eye motion analysis. Tests over all ages

(from 1 day post-hatch to 1 year of age) were pooled for the

Figure 2. The range of eye apertures for the different viewing categories. Frontal viewing (FV), from circular to oval-shaped eye opening
(respectively ca. 100% to ca. 20% of the maximum). Peripheral viewing (PV), from oval to slit-shaped eye opening (respectively ca. 20% to ca. 0%). Not
visible (NV), eye opening cannot be observed. Reprinted from [33] under a CC BY license, with permission from Springer, original copyright 2012.
doi:10.1371/journal.pone.0070761.g002
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statistical analysis to obtain a clear picture of how lateralization is

expressed in the entire group. In the pooled data, each individual

was represented once for every viewing condition (monocular or

binocular) and for every direction of threat approach. If an

individual was tested at two different ages, an average was

calculated for the two parameters analyzed (durations in viewing

categories & shifts between viewing categories, see below), for the

data of both ages.

Eye motion was analyzed using a semi-automated recording of

eye direction in the video sequences. The direction of viewing of a

given eye, as captured by the video camera, was determined by the

observer. The ‘‘visual sphere’’ around each eye was divided into

three subsections, based on the observed direction of the eye’s axis.

The direction was estimated from the shape of the eyelid (the

aperture formed by the fused eyelids, Fig. 2, and see [35]). An

aperture of between a full circle (ca. 100% open) and an oval-

shaped opening (ca. 20% of maximal opening) was considered as

viewing the threat directly, i.e. parallel to the camera’s axis, and

was termed frontal viewing (FV). An aperture appearing elliptical

or crescent-shaped (ca. 20% to near 0% of maximal opening) was

considered as having its viewing axis deviated laterally and/or

vertically relative to the camera’s axis and was termed peripheral

viewing (PV). Under these conditions, the axis of the eye could be

estimated but actual viewing of the target was considered

impossible (pupil not visible). If an aperture could not be observed

(0%) it was termed ‘‘not visible’’ (NV).

Duration in Viewing Categories
For each sequence analyzed, single video frames were extracted

at a 4-frame interval. From each extracted frame, eye viewing

category (FV, PV or NV) was recorded manually. The proportion

of the duration spent by each eye in each category was calculated

from the number of frames in that sequence.

For each run and for each eye, we calculated the ratio of the

number of frames recorded for each directional category to the

total number of frames sampled for that run. The mean ratio for

each viewing direction category was then calculated for the three

consecutive runs of each test, providing a mean duration for each

directional category of each eye for all tested individuals. The

above procedure was performed separately for each pole width

and each direction of pole rotation.

Due to the numerous variables analyzed, the statistical p-values

of their analyzed results (Table 1) were adjusted using the

Bonferroni correction.

Shifts between Viewing Categories
For each ‘‘run’’, the frequencies of shifts between viewing

categories were analyzed. A ‘‘shift’’ was defined as a change

between any two viewing categories (i.e. FV, PV and NV) in

consecutive frames. The number of shifts per test provided the

frequency. The mean frequencies were used to determine

differences between the eyes under different pole widths and

directions of rotation.

Figure 3. A chameleon on the vertical pole and the threat stimulus (overhead view). (a) The chameleon is positioned opposite (ca.180u)
the threat, as an initial state or following a position correction, with its eyes equidistant from the threat. (b) During, or immediately following, pole
rotation one eye (the ‘‘Leading Eye’’) draws closer to the threat while the opposite eye (the ‘‘Following Eye’’) draws away. When the direction of the
pole rotation is reversed, the eye roles are reversed. Reprinted from [33] under a CC BY license, with permission from Springer, original copyright
2012.
doi:10.1371/journal.pone.0070761.g003
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Eye Roles
Pole rotation resulted in one side of the chameleon approaching

the threat and the other moving away from it. The eye on the side

approaching the threat in a given test was termed the ‘‘leading

eye’’, while the eye on the side moving away was termed the

‘‘following eye’’ (Fig. 3).

Statistical Analysis
Analyses of eye use were conducted on data obtained from the

same individuals that comprised the sub-groups as reported

previously [33,34]. The analyses were conducted for each eye role

(leading or following) separately. Repeated measures MANOVA

was used for the right-biased sub-group and for the left-biased sub-

group separately, for within-subject analysis. An inter-pole analysis

was conducted with data obtained from tests with ‘‘wide poles’’

and with ‘‘narrow poles’’, while an intra-pole analysis was

conducted for tests with ‘‘narrow poles’’ only. This was because

(i) the tests on the wide pole comprised data on the leading eyes

and not the following eyes. A comparison that included data on

the following eyes of the narrow pole tests could only be achieved

by performing an intra-pole analysis and (ii) for both sub-groups,

the number of subjects tested on the wide pole (N=10 for the

right-biased sub-group and N=7 for the left-biased sub-group)

was lower than the number tested on the narrow pole (N=14 for

the right-biased sub-group and N=10 for the left-biased sub-

group). As the comparisons were within subject, the separate

analyses of wide poles and narrow poles allowed a maximal

number of narrow-pole subjects.

Results

Movements of the Leading Eye as a Function of Threat
Approach Direction and of Pole Width

Duration in FV. No significant difference was found regard-

ing the FV for both the right-biased or the left-biased sub-groups

(Table 1, lines 1,4).
Duration in PV. In the right-biased sub-group (N= 10), on a

narrow pole, the leading eye spent significantly longer durations in

PV compared with that on a wide pole (F(1,9) = 15.932, p = 0.009).

No significant difference was found regarding the FV for the left-

biased sub-group (Table 1, lines 2,5).
Duration in NV. No significant difference was found

regarding NV for the right-biased sub-group. In the left-biased

sub-group (N= 7), on the narrow pole, the leading eye spent

significantly shorter durations in NV than on the wide pole

(F(1,6) = 14.598, p = 0.027; Table 1, lines 3,6).
Frequency of eye shifts. In the right-biased sub-group

(N= 10) the frequencies of eye shifts of the leading eye were

significantly higher on the narrow pole than on the wide pole

(F(1,9) = 7.139, p= 0.026; Table 2, line 1). No significant differences

were found in terms of the frequency of eye shifts in the-left biased

sub-group (Table 2, line 2).

Eye Movements as a Function of Threat Approach
Direction and Eye Role (narrow pole tests only)

Duration in FV. In the right-biased sub-group on a narrow

pole (N= 14), the leading eye spent significantly longer durations

in FV than the following eye (F(1,13 ) = 36.83, p,0.003; Table 1,

line 7). The interaction of threat approach direction and eye role

was significant (F(1,13) = 15.485, p= 0.006). Consequently, a

separate MANOVA was conducted for the leading eye and the

following eye, showing that the leading eye spent significantly

longer durations in FV under left-approaching threats compared

with right-approaching threats (F(1,13) = 22.585, p,0.002; Table 3,
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line 1). The following eye spent significantly shorter durations in

FV under left-approaching vs. right-approaching threats

(F(1,13) = 7.944, p= 0.03; Table 3, line 3).

In the left-biased sub-group on a narrow pole (N= 10), the

leading eye spent significantly longer durations in FV compared

with the following eye (F(1,9) = 67.155, p,0.003; Table 1, line 10).

Duration in PV. No significant difference was found

regarding the PV for both the right-biased or the-left biased sub-

groups (Table 1, lines 8,11).

Duration in NV. In the right-biased sub-group on a narrow

pole (N= 14), the leading eyes spent significantly shorter durations

in NV than the following eyes (F(1,13) = 32, p,0.003; Table 1, line

9). The interaction of threat approach direction and eye role was

significant (F(1,13) = 8.162, p = 0.039). A separate MANOVA,

conducted for the leading eyes and the following eyes, showed

that the leading eyes spent significantly shorter durations in NV

under left-approaching threats than under right-approaching

threats (F(1,13) = 9.098, p= 0.02; Table 3, line 2). In contrast, the

following eyes spent significantly longer durations in NV under

left-approaching compared with right-approaching threats

(F(1,13) = 6.135, p = 0.056; Table 3, line 4).

In the left-biased sub-group on a narrow pole (N= 10), the

leading eye spent significantly shorter durations in NV than the

following eye (F(1,9) = 38.901, p,0.003; Table 1, line 12).

Frequency of eye shifts. In the right-biased sub-group on a

narrow pole (N= 14), the frequencies of eye shifts were signifi-

cantly higher under right-approaching threats compared with left-

approaching threats (F(1,13) = 6.706, p= 0.044; Table 2, line 3).

No significant differences were found regarding the frequency of

eye shifts in the-left bias group (Table 2, lines 2,4).

The results thus show that eye use in the left-biased sub-group

was not lateralized, while eye use in the right-biased sub-group was

lateralized, yet only under binocular viewing of the threat.

Discussion

Lateralization is attracting increasing attention and has been

approached at different levels from the merely descriptive [8–14]

through underlying mechanisms [2,20,24], ultimate functions

[2,5], ontogeny [26] and evolutionary roots [5,36,37]. Distinctly

lacking in most studies, however, is an examination of the

lateralization of more than one behavioral aspect while performing

a specific task. For example if, in a visually guided task, the motor

patterns of limb use are lateralized, will the co-occurring patterns

of eye use be lateralized as well?

One of the few cases in which lateralization was examined in the

simultaneous use of two sensory organs in a specific task is

demonstrated in the Blue gourami (Trichogaster trichopetrus) [13].

Gouramies use their long, thin pectoral fins as tactile organs.

While exploring a novel object, gouramies exhibit lateralization

both of fin use and of eye use: There was a clear preference for

exploring stimuli with the left fin and the left eye. Such a

lateralization might be attributed to lateralization of brain areas

associated with tactile information. Alternatively, it could arise

from a primary preference of the left eye for viewing novel objects

that, in turn, determines a preference of use of the left fin to

explore them. That the use of a given fin was closely associated

with the ipsilateral eye may have been due to morphological

constraints, restricting the fin crossing the body midline. This

example differs from the chameleons here, especially because in

the former, information was visual and chemical while in the

latter, it was only visual.

Table 3. Eye durations (proportions) of the Leading Eye or the Following Eye in viewing categories FV or NV.

Line Eye role Viewing category
Right Approaching
Threat

Left Approaching
Threat ANOVA results

1 Leading Eye FV 0.7360.024 0.87360.023 F(1,13) = 22.585, p,0.002

2 Leading Eye NV 0.07560.016 0.02360.007 F(1,13) = 9.098, p = 0.02

3 Following Eye FV 0.51460.081 0.3260.054 F(1,13) = 7.944, p = 0.03

4 Following Eye NV 0.34360.086 0.54760.069 F(1,13) = 6.135, p = 0.056

The durations as a function of threat approach direction. Provided are ANOVA test results.
doi:10.1371/journal.pone.0070761.t003

Figure 4. Lateralization of eye use (FV) and of body motion
(final exposure) in the tested group and in the sub-groups,
under binocular (top) or monocular (bottom) viewing condi-
tions. The plus (+) signs relate to the significance of lateralization (+,
p,0.05; ++, p,0.02; +++, p,0.01). Entire group (EG), right-biased sub-
group (RBG), left-biased sub-group (LBG).
doi:10.1371/journal.pone.0070761.g004
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In humans, the proportion of the population with a same-side

preference of hand and foot use is ca. 0.76, while that of opposite-side

preference is ca. 0.24.Moreover, the proportion of humans showing

same-side preference of eye, hand and foot use is ca. 0.4 [38]. Thus,

most humans (ca. 0.6) exhibit opposite eye and limb use preferences.

This raises the question of potential advantages of lateralization. Do

such advantages occur only if laterality in the use of two (or more)

organs is in the same direction? Do ectotherms and birds, having

laterally placed eyes, suffer greater disadvantages when the two

organs used are of opposite direction of lateralization?

Initially, it was expected that chameleons would not show

distinct lateralized responses. This was because of their highly

independent eye movements, full optic nerve decussation and

relatively minor inter-hemispheric commissures. In contrast to the

above, our results [33,34] demonstrated that eye use and body

motion are lateralized at the level of the entire tested group and,

furthermore, that there was lateralization of body motion at a sub-

group level.

We here related patterns of eye use to patterns of body motion

during an avoidance response (Fig. 4). We found that the right-

biased sub-group had a strong lateralization of body motion,

expressed in the reaching of final level of exposure (i.e. its ultimate

function), and a strong lateralization of eye use in frontal viewing

of the threat, under both monocular and binocular conditions.

Furthermore, the right-biased sub-group was the determinant

factor in the observed lateralization of the entire group. In

contrast, the left-biased sub-group showed a relatively weak

lateralization of body motion, and only under binocular viewing

and no lateralization of eye use under monocular or binocular

conditions.

These results may indicate that binocularity, in the right-biased

sub-group, is not advantageous as it does not ensure the best

concealment. In contrast, in the left-biased sub-group, there was

no indication of a detrimental effect of binocularity as both sub-

groups achieve similar low levels of concealment. Furthermore, the

results may point to an interplay in dominance between the brain

hemispheres (Fig. 5). We may assume that, for the left-biased sub-

group (Fig. 5.1–5.4), the two hemispheres are similar in their

capacity to perform motor corrections and the eyes are similar in

their use. However, the ‘‘leading hemisphere’’ (the hemisphere

connected to the leading eye and thus of higher excitation) is

dominant over the contralateral (‘‘following’’) hemisphere. In

other words, inter-hemispheric dominance is interchangeable. For

the right-biased sub-group (Fig. 5.5–5.8), we may assume that the

left hemisphere is dominant over the right hemisphere, irrespective

of its role as ‘‘leading’’ and thus its level of excitation.

Consequently, better body positional corrections are performed

under right-approaching threats (Fig. 5.5 & 5.7) while under left-

approaching threats (Fig. 5.6 & 5.8), the effect of the left

hemisphere is detrimental.

In mammals, limbs are controlled by their respective contra-

lateral hemispheres while visual output from each eye is provided

to both hemispheres. This may underlie the fact that handedness

and eye dominance in mammals, are not regarded as correlated

Figure 5. A model of hemispheric dominance relationships and the resulting levels of body exposure, during avoidance behavior,
in the two side-biased sub-groups. For a given hemisphere (R.H. – right hemisphere, L.H. – left hemisphere, light gray), the relative excitation is
high (H) low (L) or none (N), as a function of eye role (L.E. –leading, F.E. – following). The direction of the arrows depicts the direction of inter-
hemispheric dominance. Eyes marked with an X could not view the threat due to the visual obstruction by the relatively wide pole.
doi:10.1371/journal.pone.0070761.g005

Lateralized Eye Use and Body Motion in Chameleons

PLOS ONE | www.plosone.org 8 August 2013 | Volume 8 | Issue 8 | e70761



[38,39]. This is further supported by their patterns of lateraliza-

tion: in humans, lateralization of hand use has an asymmetric

distribution, with roughly three-quarters of any given population

being right-handed. The distribution of eye dominance is more

symmetrical, with close to one half of the population having a

right-eye preference [38]. Experiments relating human handed-

ness to eye dominance indicate that right-handed individuals, with

right-eye dominance, are faster to respond in tasks that require

reaching for an object. To the best of our knowledge, no such

experiments have been reported for other vertebrates.

Several models have been put forward to explain the

relationships between eye dominance and handedness in humans,

among them: (1) the ‘‘No association model’’ states that there is no

association between the two lateralizations, (2) the ‘‘Phenotype

association model’’ states that eye dominance is caused by

handedness, or that eye dominance is secondary to cerebral

lateralization of language, (3) the ‘‘Genotype association model’’

states that genes linked to handedness and language affect eye

dominance, and (4) the ‘‘Genotypic-phenotypic association mod-

el’’ states that the dependence of eye-dominance phenotype on

handedness phenotype is, itself, contingent on the genotype of the

individual [40]. Bourassa et al. [40] concluded that there is no

single, adequate model for the relationship of eye dominance and

hand dominance in humans.

The results here show that lateralization of two aspects, co-

occurring in a given response, is complex. Interestingly, the sub-

group that showed no lateralization in eye use and in body motion

demonstrated a better capacity of concealment from threat,

irrelevant of its approach direction. This suggests that un-

lateralized individuals may be better adapted to their habitat in

which a predator may appear with equal probability from any

direction. It remains open whether the observed complexity stems

from the chameleons’ unique visual system and if, indeed,

chameleons may be considered as a model of other ectotherms.

While some features, such as full optic nerves decussation, are

common to all ectotherms, the large amplitude, independent eye

movements is a most uncommon trait. At this stage the

comparison with endotherms may be premature and further

studies are required on lateralization of several co-occurring

behavior patterns.
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