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AGGREGATION IN THE BANDED GECKO,
COLEONYX VARIEGATUS

WiLLiaM E. COOPER, JR., CAROLEE CAFFREY, AND LAURIE J. VITT

ABSTRACT: Aggregation of Coleonyx variegatus in diurnal shelter sites is shown to be a statis-
tically valid phenomenon, confirming earlier reports based on subjective impressions. Preliminary
data on causative factors suggest that limited burrow availability promotes aggregation. Experi-

ments in which two individuals were placed in cages having an excess of

burrows revealed no

indication of interindividual attraction. However, these results do not exclude the operation of
social factors in aggregation. On the contrary, pilot data provide hints that the sexes may differ in
aggregative behavior. We hypothesize that lizard density, sex, and physical variables such as
temperature and moisture may be associated with joint burrow occupancy.
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AGGREGATION of banded geckos, Co-
leonyx variegatus, in shelter sites has been
reported (Evans, 1967; Greenberg, 1943;
Van Denburgh, 1922, cited by Smith,
1946) but not rigorously demonstrated.
Aggregation appears to occur under day-
time shelters such as bark, moss, and water
dishes in a laboratory setting (Evans, 1967;
Greenberg, 1943) and under stones in the
field (Van Denburgh, 1922, cited by
Smith, 1946). More recent extensive field
observations (Vitt, unpublished) fail to

substantiate a tendency to aggregate. This
apparent discrepancy has many potential
explanations, for instance, geographic
variation, seasonal differences (Van Den-
burgh observed aggregation only in April),
density-dependence, and environmental
fluctuations in moisture, temperature, and
food supply. Another possibility is that
banded geckos do not actually aggregate.
The observations of Evans (1967), Green-
berg (1943), and Van Denburgh (see
Smith, 1946) suggest that aggregation may
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occur, vet it would be premature to con-
clude that the geckos were nonrandomly
distributed with respect to available shel-
ter sites because neither author presented
any relevant statistical evidence.

To determine whether C. variegatus
aggregates under diurnal shelter sites, we
conducted controlled observations which
permitted comparison of the frequencies
with which various numbers of geckos oc-
curred per shelter with the Poisson distri-
bution. Thus, lack of any statistically sig-
nificant difference between observed
frequencies and expected Poisson fre-
quencies could be interpreted as consis-
tent with a random distribution. Statisti-
cally significant differences between
observed and Poisson frequencies would
indicate either mutual avoidance or ag-
gregation depending on the direction of
the difference from expectation.

After it had been established that the
geckos aggregated in shelter sites, two po-
tential underlying factors promoting the
contagious distribution were investigated.
Because C. variegatus burrowed more and
aggregated to a higher degree when no
previously existing burrows were present,
the possibility that availability of existing
burrows might influence shelter site selec-
tion was investigated. Burrow construc-
tion in loose sand is not difficult for C.
variegatus, but expenditure of time and
energy in digging could be avoided by
selection of shelters already suitable for
occupancy. It was therefore predicted that
geckos would prefer shelter sites with pre-
pared burrows to those lacking burrows.
Many factors other than burrow avail-
ability, including social variables, could
conceivably affect choice of burrows; e.g.,
aggregation may depend on sex, age, and/
or reproductive status, We hypothesized
that if social factors promote aggregation,
the presence of one gecko in a burrow
might attract other individuals.

METHODS

Geckos used in this study were collect-
ed in May 1983 near Ocotillo, San Diego
County, California. Observations and ex-

periments were conducted between
mid-July and mid-August 1983 at the Sa-
vannah River Ecology Laboratory in a
laboratory building with translucent ceil-
ings and walls, and continuously open
doors at both ends. Light and temperature
cycles in this building closely approximat-
ed the natural cycles in the vicinity except
that there were slight lags in the thermal
cycle and somewhat higher maximum
temperatures. When not being used as ob-
servational or experimental subjects, liz-
ards were housed individually in small
glass or plastic terraria supplied with sand
substrates and bark or plywood shelters.
Food, primarily crickets and tenebrionid
beetle larvae, and water were available ad
libitum.

Experiment 1

For observations of possible aggregative
behavior, open-topped, transparent plexi-
glass arenas of dimensions 122 x 122 x
30 cm were constructed. Each chamber
contained a sand substrate with a uniform
depth of 3 cm and 16 shelter sites consist-
ing of plywood sheets of uniform dimen-
sions (14 x 14 x 3 cm). The floor of each
chamber was divided into 16 squares of
equal area; a single wooden sheet was
placed at the center of each square (Fig.
1). During observation periods lasting sev-
eral days, two water dishes were placed
between central shelter boards and meal-
worms were released in each observation
chamber.,

Four groups of eight adult lizards
matched by size and sex were drawn from
the laboratory population; each group
contained four males and four females.
Each group of eight lizards was placed in
a separate chamber and observed for three
consecutive nights. Lizards were placed in
the observation chamber shortly after dark
and were returned to their home cages the
following morning. During the first two
observation days for each group, clean
sand lacking burrows and clean plywood
shelters were placed in the chambers. Af-
ter lizards were removed following the first
night, observation chambers were washed
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FiG. 1.—Plexiglass observation chambers con-
tained a sand substrate and 16 evenly spaced ply-
wood shelter sites (small squares).

with Alconox and fresh sand and shelters
were added. On the third night, sand,
shelters, and burrows were left undis-
turbed from the second night. One of the
four groups, group 3, was left in its cham-
ber continuously for eight more days fol-
lowing the third night. The position of
each lizard, individually marked by toe-
clipping, was recorded each day at ap-
proximately 0830 h ESDT after geckos had
retreated to burrows under the shelter sites
for the day (Cooper et al., 1985). Positions
of burrows dug during each night and
those remaining from previous nights were
noted.

To detect aggregation, the frequencies
of shelters harboring 0, 1, 2, . . ., 8 lizards
on a given night were compared to Pois-
son frequencies by the G procedure in-
corporating Williams' correction factor
(Sokal and Rohlf, 1981). Expected Poisson
frequencies were calculated for 64 shel-
ters (16 per group) with an expected value
of 0.5 lizards per shelter as:

64(0.5)
x le0s

Differences in degree of aggregation on

the three nights were analyzed by Mec-
Nemar’s test of significance of changes.
Possible position effects which might in-
dicate that aggregation was induced by
attraction of lizards to the same place were
also examined. The possible attraction of
lizards to particular quadrants or sides of
the chamber or to edges was evaluated
by two-tailed chi-square tests of indepen-
dence of the distribution of occupied shel-
ter sites and by binomial tests (Siegel,
1956). Influences of site fidelity were ex-
amined by binomial tests. All significance
tests were two-tailed unless otherwise not-

ed, a = 0.05.

Experiment 2

To test the effect of burrow availability
on shelter site selection, lizards were
placed in cages containing four plywood
sheets, only one of which covered a bur-
row. The test arenas were plate glass cages
of dimensions 50 x 50 x 31 cm contain-
ing clean sand spread to a nearly uniform
depth of 3 cm. A clean plywood sheet of
the same type used previously was placed
at the center of each quadrant in all cages.
The experimenter constructed a burrow
approximating the size and depth of nat-
ural gecko burrows under only one shel-
ter site prior to introduction of an exper-
imental lizard. In the eight trials, burrows
were assigned to each quadrant twice as
in a doubly replicated Latin square de-
sign.

Four trials each were begun 2 and 3
August 1983. Each individual was ran-
domly selected from the laboratory pop-
ulation and at dusk was placed in an arena
containing no other geckos. At 0830 h
ESDT the following morning, gecko lo-
cations relative to prepared burrows were
recorded, as were burrowing activities.
Association between lizards and prepared
burrows was analyzed by the binomial test
(Siegel, 1956). It was assumed that the
probability of a lizard occupying any shel-
ter site would be 0.25 if all sites were
equally attractive. Because the burrows
were predicted to increase the attractive-
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TABLE 1.—The number of lizards per shelter site has

a contagious distribution in which more individuals

simultaneously occupy the same shelter site than
would be expected in a random distribution.

Expecied
FPaisson

frequency

Observed frequencies
Night 1 Night 2 Might 3

38.5816 45 46 43
19.411 14
4.850
0.806
0.101
0.010
0.001

Lizards
per shelter

20 =1 On O e LD B3 = D
e e JE Y e W R O Y B |
==l =l S e
=== = SRS

ness of shelter sites, a one-tailed test was

used.

Experiment 3

A test of the hypothesis that the pres-
ence of conspecific lizards affects aggre-
gation was conducted by placing an ex-
perimental lizard in a cage containing four
shelter sites and a single conspecific. Cages
were as described for the previous exper-
iment with the following exceptions. First,
a burrow was prepﬂreg under each ply-
wood sheet prior to introduction of liz-
ards. In one test, the conspecific was teth-
ered under a plywood shelter by a short
length of number 1 cotton suture thread
tied around the body just anterior to the
rear legs and anchored to a serew in the
center of the plywood. Because tethering
could have induced heightened aggression
or increased activity sufficiently to disrupt
aggregation, a second experiment was run
in which an untethered resident conspe-
cific was left continuously in the cage for
three days prior to introduction of the liz-
ard to be tested. Neither the resident nor
the experimental lizard was restrained.

Experimental subjects were placed in
the arenas at dusk. At 0830 h EDST the
next morning, it was noted whether or not
both lizards were found beneath the same
board. In both experiments, equal num-
bers of experimental males and females
were randomly selected from the labora-

tory population. Due to limited availabil-
ity of lizards, one gecko was used in one
of the experiments on the effect of con-
specific presence and in the burrow avail-
ability experiment. The experimental liz-
ards were tested equally often with male
and female conspecifics. The experiment
involving tethering was conducted from
4-7 August 1983; the other from 9-17 Au-
gust 1983,

Association between lizards was ana-
lyzed by the binomial test (Siegel, 1956).
Under the null hypothesis that the pres-
ence of a conspecific has no effect on diur-
nal shelter site selection, the probability
that both lizards would occupy the same
site is 0.25.

RESULTS
Experiment 1

Geckos aggregated under shelter sites
on all three nights during which four
groups were observed. More unoccupied
shelters and more shelters harboring two
or more lizards than expected were pres-
ent each night (Table 1). Due to low ex-
pected frequencies of two or more indi-
viduals occupying the same shelter, all the
frequency categories of two and above
were pooled for analysis. On nights 1 and
2, the departure from randomness was
highly significant (night 1: G =1335, P <
0.003; night 2: G = 12.20, P < 0.005). On
the third night the observed distribution
did not differ significantly from the Pois-
son values (night 3: G= 256,01 < P <
0.5) calculated as above. Note that this re-
sult is probably attributable to the lump-
ing of frequency categories necessitated
by small sample sizes. Even on night 3,
two shelters covered five geckos each. The
probability of even one occurrence of five
or more lizards under a single shelter is
only 0.00025.

Whether or not aggregation occurred
on the third night, substantially fewer in-
dividuals shared shelter sites with other
lizards at that time. On each of the first
two nights, 25 geckos shared shelters, but
this number dropped to 18 on the third
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F1G. 2.—Individuals in burrows were frequently found to be in physical contact.

night, suggesting a possible decrease in
aggregation. Examination of individual
data showed that the proportions of liz-
ards changing from aggregated to isolated
occupation of shelters and vice versa were
similar between nights 1 and 2. Between
the second and third nights, the number
of lizards shifting from shared shelter to
isolated ones was not significantly greater
than that changing from isolation to co-
habitation (0.05 < P < (.10). However,
the close approach to significance suggests
a possible decline in aggregation.

As a group, the geckos showed no
marked preferences for particular loca-
tions in the observation chambers. Lizards
did not occur at higher than expected fre-
quencies in any quadrant (P > 0.50), nor
did they prefer the right or left side (P =
0.10) or the top or bottom half (P > 0.50)
of the chamber as oriented in Fig. 1. Shel-
ters adjacent to walls were no more likely

to be occupied than were the four cen-
trally located shelters (P > 0.10).

There were no indications of lasting as-
sociations between individuals in the data
for all groups on the initial three days.
However, there was evidence of site fi-
delity. Four of 32 lizards occupied the
same burrow on both of the first two nights
(binomial P =z 4 = 0.137) and an addi-
tional individual remained on the surface
at the same spot on both mornings (bino-
mial P = 5= 0.047). Site fidelity was much
more pronounced between nights 2 and 3
when eight lizards occupied the same bur-
row for 2 successive days (binomial P =
8 = 0.0006). Several individuals in group
three displayed short-term attachment to
particular shelters. For example, one gecko
occupied the same shelter on 10 consec-
utive days and another for seven of the 11
nights.

Despite the absence of prolonged asso-
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TaBLE 2.—Burrow construction by Coleonyx varie-
gatus may be related to burrow availability and liz-
ard density. For each night, the number of new bur-
rows dug and the total number of burrows present
on the following morning are given, the latter being
a sum of newly constructed burrows and those re-
maining from earlier nights. The number of burrows
per lizard is given by the total number of burrows
divided by the number of lizards. The number of
isolated lizards is simply the number found alone
whereas the number of aggregated lizards is the
number of individuals sharing shelter sites with one
or more other geckos.

Mumber Total Aggre-

af new burrows Basrrivars Isolated tecd

Night burrows  present  per lizard lizards IEan:Is
i 23 23 0.72 7 25
2 31 31 0.97 T 23
3 7 38 1.19 14 18

ciations between individuals in shelter
sites, lizards at rest were frequently in
physical contact with each other when
their burrows were exposed in the morn-
ing. The geckos were touching each other
even though the burrows afforded room
for mutual avoidance (Fig. 2).
Burrowing was not clearly related to
aggregation. When fresh sand and clean
shelter boards were presented (nights 1
and 2), geckos constructed 23 and 31 bur-
rows by digging sand out from beneath
the shelter sites. Only seven additional
burrows were dug on the third night, giv-
ing a total of 38 burrows at the end of that
night, or 1.19 per lizard. The lizards
readily dug burrows when none were
present but decreased burrow construc-
tion when ample shelters sites with bur-
rows were available (Table 2). In the group
of eight lizards observed for 12 days, sev-
en burrows were built on the second night
and one more was dug on night 5. No
further burrow construction took place.
Thus, burrow construction ceased in this
group when one burrow was available for
each lizard. Despite the presence of suf-
ficient burrows to shelter each individual
in isolation, half or more of the lizards
occupied shelters with other individuals
on all but the eighth morning (Table 3).
No sex difference in tendency to aggre-

TABLE 3.—Observations of a group of eight geckos
for 11 days suggest that aggregation continues well
bevond the three day period of analysis and that

aggregation may be influenced by sex and/or social

factors.
MNumber
of Number Number
females of males of Mumber
Mumber Mumber  with with  females of males
of male of Femule other allher with with
Wight  isolates isolates females males males  females
1 0 1 0 2 3 4
2 2 1 3 2 3 2
3 3 0 4 0 4 1
4 3 1 3 0 3 1
5 1 0 2 0 4 3
6 1 0 2 0 4 3
T 2 0 4 0 4 2
8 4 1 3 0 0 0
9 2 1 2 0 3 2
10 3 1 2 0 1 1
11 2 1 2 0 3 2

gate was found on any of the first three
nights. Nevertheless, observations of group
3 for 11 consecutive nights revealed clues
regarding a possible sexual influence on
aggregative behavior. Because the same
individuals were observed repeatedly, sta-
tistical tests requiring the assumption of
independence could not be used. There-
fore, we merely point out several sugges-
tive features of the data summarized in
Table 3. First, more males than females
were isolated on 10 of 11 mornings. Also,
the number of males sharing shelters with
females was greater than the number
sharing shelters with other males on nine
of 11 days. Finally, females shared shel-
ters with other females more than males
shared shelters with other males on 10 of
11 days.

Experiment 2

In six of the eight trials, geckos were
found the following morning in the shel-
ter site with the prepared burrow. The
lizards thus occupied the prepared bur-
rows at much greater than chance fre-
quency (binomial P = 0.004). All but two
of the lizards constructed burrows under
shelter blocks other than the one covering
the prepared burrow. Both of the lizards
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which did not dig new burrows occupied
the prepared burrow, yet engaged in bur-
rowing activity by extending the burrow
area in the same shelter site.

Experiment 3

Three of 12 experimental lizards occu-
pied shelters with tethered lizards. The
probability of three or more of 12 pairs
occupying the same burrow is 0.609,
which is hardly indicative of interindivid-
ual attraction. In the experiment involv-
ing only unrestrained lizards, seven of the
eight pairs were found under separate
shelters. These results obviously do not
suggest aggregation, but ne1ther do they
demonstrate that the lizards avoided joint
occupation of shelters (the binomial prob-
ability that only one pair or no pairs would
occupy the same burrow is 0.367).

DISCUSSION

Banded geckos definitely aggregated in
the nhservatmn cages, confirming the sub-
jective reports ﬂfg earlier herpetologists
(Evans, 1967; Greenberg, 1943; Van Den-
burgh, 1922, cited by Smith, 1946). The
degree of aggregation observed was sur-
prisingly high (Table 1) considering that
banded geckos encountered under objects
in the field are usually solitary (Vitt, per-
sonal observations). This suggests that ag-
gregation could be a response to some
novel aspects of the observational milieu,
such as unfamiliarity with the cage, shel-
ter sites and cagemates. The possible im-
portance of novelty is supported by the
tendency toward increasing isolation on
the third night. However, the geckos of
group 3 continued to aggregate through-
out the 11 day observation period

Another factor on the first two nights
could have been the initial lack of bur-
rows under the plywood sheets. On these
nights, the geckos burrowed extensively,
producing enough burrows to have al-
lowed most lizards to occupy shelter sites
alone, yet showed pronounced aggrega-
tion. On the third night, only a few ad-
ditional burrows were constructed. The
coincident increase in isolated geckos en-

hances the possibility that some aspect of
burrowing behavior or burrow availabili-
ty may affect the tendency to aggregate.

The results of experiment 2 show that
burrow availability is an important factor
in selection of shelter sites, at least initial-
lv. Geckos may choose shelter sites in part
for burrow presence and qualities. Bur-
row features and other factors (such as so-
cial factors) could interactively affect
shelter selection. At high lizard density
relative to available shelter sites, geckos
might be forced to share shelters. Where
a superabundance of shelter sites exists,
social (and other) factors affecting aggre-
gation may operate independently. Bur-
row availability cannot completely ac-
count for the high degree of gecko
aggregation observed because numerous
completed burrows were empty every
morning. The dependence of aggregation
jointly on lizard and shelter site densities
remains to be determined.

The absence of group preferences for
any particular portions of the observation
chambers indicates that aggregation was
not induced by variation of external phys-
ical variables such as light and tempera-
ture within the observation cages. This
does not show that these factors are un-
important, only that they had little influ-
ence in this study.

Site fidelity, as revealed by the margin-
ally significant return after night 2 to the
same burrow occupied on night 1 and the
highly significant return after night 3 to
shelters occupied on night 2, may be se-
lectively beneficial because use of known
shelter sites allows more reliable with-
drawal from adverse environmental con-
ditions and escape from predators. That
twice as many geckos returned to the same
burrows used the previous night on night
3 as on night 2 suggests at least two pos-
sibilities. Increased familiarity with the
cage may have produced stronger attach-
ment to burrow sites. However, since bur-
rows constructed on night 2 were left in-
tact whereas fresh sand was used at the
outset of night 2, familiarity with the bur-
rows themselves, perhaps including rec-
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ognition of chemical stimuli, may also be
important. We emphasize that only a mi-
nority of geckos in the laboratory dis-
played site fidelity, which may indicate
the existence of alternative strategies of
space utilization in C. variegatus,

Aggregation may often represent a re-
sponse to physical variables among inver-
tebrates (Fraenkel and Gunn, 1960), but
in many vertebrates and social inverte-
brates, it is sometimes a social response.
One indication of the possible influence of
social factors was the apparent relation-
ship between sex and aggregative tenden-
cy in group 3. Although the data suggest
that sex and, by implication, social behav-
ior may be important determinants of
gecko distribution in shelters, they must
be interpreted cautiously. Group 3 con-
sisted of only four males and four females,
and these same individuals were observed
repeatedly for 11 nights. Therefore, the
observed differences cannot by unequiv-
ocally attributed to sex. Further evidence
favoring a social influence on aggregation
is the frequent touching observed be-
tween individuals in burrows.

Experiment 3 failed to demonstrate any
social stimulation of aggregation, but this
failure cannot be interpreted as indicating
that no social factors are involved. In the
presence of a surplus of burrows and a
single conspecific, geckos did not jointly
occupy shelter sites at greater than ran-
dom frequency. What would have hap-
pened at higher lizard densities and re-
duced burrow densities is conjectural, but
a factorial experimental approach is
strongly indicated. The observation of
pronounced aggregation in the presence
of more conspecifics and lower burrow
density suggests that lizard and burrow
densities could affect aggregation inter-
actively,

In the laboratory, banded geckos aggre-
gate in diurnal shelter sites and prefer sites
which have already been excavated. The
observations that these geckos show well
developed aggressive behavior and are
often found alone in shelter sites demand
caution in the interpretation of proposed

relationships between isolation in shelter
and aggressive behavior. Spacing patterns
and related social behaviors in geckos have
not been studied extensively, but several
diurnal species are territorial, including
Gonatodes vittatus (Stamps, 1977), Ly-
godactylus picturatus (Greer, 1967), L.
somalicus (Greer, 1967), L. klugei (Vitt,
personal observation), and several species
of Phelsuma (Kastle, 1964). Among noc-
turnal geckos, aggressive behavior and
territoriality have been described in a
number of species. Furthermore, solitary
occupation of diurnal shelter sites has been
interpreted as possibly indicative of active
defense of shelter sites against conspecifics
(Bustard, 1965, 1967, 1968, 1969, 1970,
1971). Although aggressive behavior may
account for exclusive occupation of diur-
nal shelter sites in some nocturnal geckos,
it does not follow that nocturnal geckos
showing intraspecific aggression must ex-
clude conspecifics from burrows or other
shelter. On the contrary, C. variegatus is
characterized by frequent fighting among
males but also aggregates. It is quite pos-
sible that some nocturnal geckos do ag-
gressively exclude conspecifics from shel-
ter sites (Bustard, 1965, 1967, 1968, 1969,
1970, 1971). Aggressive displacement may
occur at times even in C. variegatus.
However, further study is needed before
conclusions may be drawn regarding the
roles of agonistic behavior in solitary oc-
cupation of shelters.

The ultimate causation of aggregation
by banded geckos is not known. Green-
berg (1943) believed that survival of noc-
turnal species would be promoted because
aggregation brings individuals together
especially for reproduction. Even ignor-
ing the implication of group selection,
there is insufficient evidence to accept
Greenberg’s hypothesis. That several noc-
turnal geckos locate mates without aggre-
gating in shelter sites suggests that the hy-
pothesis could be incorrect. Selection of
shelter sites could be based largely on
physical features of shelter and on envi-
ronmental conditions. Aggressive interac-
tions unrelated to shelter preferences
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might account for apparent sexual differ-
ences in aggregation. It may be expected
that shelter-seeking behavior is selectively
reinforced by avoidance of predation
and harmful environmental conditions.
Whether aggregation has any additional
independent impact on avoidance of pre-
dation, extreme temperature, or low mois-
ture levels remains to be determined.
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