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EFFECTS OF AN INDIVIDUAL’S REMOVAL ON SPACE USE
AND BEHAVIOR IN TERRITORIAL NEIGHBORHOODS OF

BROWN ANOLES (ANOLIS SAGREI)

ANN V. PATERSON

Department of Natural Sciences, Williams Baptist College, P.O. Box 3565, Walnut Ridge, AR 72476, USA

ABSTRACT: I conducted experiments using naturally established neighborhoods of Anolis sagrei
to examine interactions between neighboring territorial males. I observed the behavior of groups of
lizards before and after the removal of one lizard from the group. I measured space use using x
and y coordinates of a 20 3 20 m grid. Focal lizards moved farther from the former resident’s
activity area center following his removal from the territory. Both neighbors and non-neighbors took
over the newly vacated territories, suggesting that some neighbors were able to gain space. The
behavioral display patterns of focal lizards did not change following the removal. These data indicate
that neighboring males may pose a significant threat to territorial residents by taking space and
resources. Additionally, these data provide no evidence that removal of one resident causes general
social instability that harms neighbors. These findings have theoretical implications for studies of
the ‘‘dear enemy’’ phenomenon and other relationships that are based on social contexts found in
territorial neighborhoods.
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DESPITE the evidence that territoriality
is a central aspect of the social behavior of
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many taxa, recent work suggests that we
have a poor understanding of the com-
plexity of natural territorial behavior (e.g.,
McMann, 2000; Sheldahl and Martins,
2000; Stamps and Krishnan, 1994a,b,
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1995, 1998). One reason is that we are
only starting to understand the complexity
of territorial neighborhoods. A given ter-
ritory owner may react differently to
neighbors, non-territorial individuals, and
others for a variety of reasons. In addition,
interactions between the above classes of
individuals may differ based upon larger
contexts (for example, the establishment of
a new neighborhood in a seasonally terri-
torial species, versus individuals maintain-
ing territories, versus an event such as pre-
dation causing a single vacancy in an es-
tablished neighborhood).

One example of a poorly understood as-
pect of territoriality is the ‘‘dear enemy’’
phenomenon (sensu Fisher, 1954). The
dear enemy phenomenon describes the
tendency of territorial residents to show
less aggression towards familiar neighbors
than towards unfamiliar non-neighbors
(reviewed in Temeles, 1994). Two hypoth-
eses that have been proposed to explain
the dear enemy phenomenon are the so-
cial stability hypothesis, which relates level
of aggression to the benefits of a stable ter-
ritorial neighborhood, and the relative
threat hypothesis, which predicts greater
aggression towards the individual that pos-
es a greater threat.

The purpose of my study was to use the
territorial lizard (Anolis sagrei) (1) to ex-
amine whether neighbors or non-neigh-
bors are more likely to take territorial
space from a resident, given the opportu-
nity, in a territorial lizard, (2) to provide
baseline data on territorial interactions in
a natural setting in this species, and (3) to
begin to elucidate the basis of dear enemy
behavior. Adult males of A. sagrei are
known to exhibit the ‘‘dear enemy’’ phe-
nomenon, showing reduced aggression to-
wards former neighbors in a neutral arena
(Paterson, 1999). However, their behavior
in a natural territorial neighborhood is less
clear (Paterson, 1999).

By examining display behavior and
space use before and after the removal of
a resident from a natural territorial neigh-
borhood, I examined the following two
questions. Do neighbors or non-neighbors
gain territorial space more often when a
resident loses its territory? If neighbors

gain space more often, then neighbors are
willing to take territorial space. This action
suggests that they pose a threat to a resi-
dent even though they already have a ter-
ritory and is inconsistent with the relative
threat hypothesis if A. sagrei shows the
‘‘dear enemy’’ phenomenon. According to
the relative threat hypothesis, non-neigh-
bors (either unfamiliar floaters or unfamil-
iar territorial males) would be expected to
pose the greater threat.

Do neighbors face changes in defensive
costs (reflected by display behavior and in-
trusion rates) when a resident loses its ter-
ritory? The social stability hypothesis pre-
dicts that defensive costs increase follow-
ing a change in territorial ownership. A
change in display behavior could also in-
dicate increased higher (or lower) aggres-
sion towards a new neighbor versus famil-
iar, established neighbors. Another possi-
ble cost of territorial turnover could be the
loss of territorial space by neighbors. Fol-
lowing a change in territory ownership,
neighbors may lose space to the new in-
truder or to other neighbors as a result of
the instability and re-negotiation of
boundaries. Alternatively, neighbors may
gain space during re-negotiation.

The above information can be used in
conjunction with other studies to examine
the relative threat hypothesis, increasing
the external validity of more manipulative
studies (both in the laboratory and in the
field) by showing that experimental pro-
tocols truly reflect natural situations and
behaviors (i.e., Nelson, 1998). Additionally,
A. sagrei and other anoles are frequently
used in a variety of behavioral studies,
making knowledge of their territorial
neighborhoods particularly useful.

Anolis sagrei is a medium-sized anole
that generally occurs on, and around, the
bases of trees and in other structurally
complex habitats. Males are territorial dur-
ing the breeding season, which runs from
approximately March to early August (Lee
et al., 1989; Tokarz et al., 1998). When for-
mer neighbors are placed together in a
neutral arena, they show less aggression
than pairs of unfamiliar individuals in the
same context (Paterson, 1999).
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METHODS

I conducted this study at Castellow
Hammock Park in southern Florida during
the March–August breeding season of A.
sagrei (Lee et al., 1989; Tokarz et al.,
1998). The vegetation of the study site is
subtropical hardwood hammock forest,
similar to forests that occur in many parts
of the Caribbean where A. sagrei is found
(e.g., Snyder et al., 1990). The area had
been disturbed by a hurricane in 1992
and, therefore, provided a habitat with
abundant light gaps combined with struc-
tural complexity in the lowest few meters
(e.g., fallen trees and secondary regener-
ation; Horvitz et al., 1995, 1998). There-
fore, this habitat was grossly similar to oth-
ers that have supported the high popula-
tion densities that are common for A. sa-
grei (Lister, 1976; Schoener and Schoener,
1980). Individuals of Anolis sagrei estab-
lish their territories on the ground, on low
rocks/outcroppings, and on the lower por-
tions of vegetation (Schoener and Schoe-
ner, 1980, 1982; Tokarz, 1998).

I established eight gridded plots (20 3
20 m) with surveyor’s flags placed at 2-m
intervals. I selected the sites for the plots
by walking through the forest and looking
for areas that were sufficiently open to al-
low observation of lizards. The grids gave
a two-dimensional measure of lizard loca-
tion, consistent with location data used in
previous studies of home ranges of A. sa-
grei (Schoener and Schoener, 1982).

I marked all visible adult males with
permanent bead tags within eight of these
plots, using the technique of Fisher and
Muth (1989). I did not begin to collect
data in a plot until several successive ob-
servations indicated that all visible adult
males in the plots had been marked. Seven
plots were used between April and July
1997, while the eighth was used in March
1998. Because plot setup, extensive mark-
ing of lizards, and the experiment itself
were time consuming, the number of plots
used was the maximum that time con-
straints, such as the length of the A. sagrei
breeding season, allowed. The eighth plot
was included a year after the others in or-
der to increase the sample size.

I made focal animal observations on
adult males of A. sagrei based upon several
criteria. First, a male was chosen for ob-
servation if it had been observed to display
in an area without being chased from the
area by a conspecific for several days prior
to data collection (i.e., the individual was
a territory owner). Second, I chose males
located near the centers of their respective
plots to reduce the likelihood of interac-
tions with unmarked lizards.

For each of the eight replicates, I ob-
served two groups of lizards within a 20 3
20 m plot; each group consisted of an
adult male focal animal and its three near-
est adult male territorial neighbors. For
each plot, none of the lizards in one group
were immediately adjacent neighbors to
the lizards in the second group (i.e., patch-
es of habitat with displaying males sepa-
rated the groups, and the groups were
chosen to maximize the distance between
them). One four-male neighborhood was
designated the experimental group, mean-
ing that the focal animal would be re-
moved. The other four-male neighborhood
was designated the control group. For
each of the experimental and control
groups, I sequentially observed the four
males during 15-min periods throughout a
morning activity period (4 h of observa-
tion, with a total of four 15-min observa-
tion periods, approximately 1 h apart, for
each male). This observation protocol was
followed during all days of observation.
During these observations, I recorded lo-
cation and behavior using the variables
discussed below.

To record location, I used x and y co-
ordinates written on the surveyor’s flags
placed at 2-m intervals to form a grid. I
recorded the coordinates of the flag near-
est to the lizard under observation as well
as the orientation of the lizard with respect
to the flag (e.g., northeast of 2,4). There-
fore, locations for all lizards observed in a
plot could be estimated to the nearest me-
ter, placing them within 1-m squares with-
in the entire 20 3 20 m plot (Fig. 1). I
used the location at the center of each
square for all calculations. For each obser-
vation, I noted the lizard’s starting location
and each new location. I used these data
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FIG. 1.—Locations of lizards observed in a plot
could be mapped onto a grid of the entire 20 3 20-
m plot, placing them within 1-m squares. The grid
below represents a portion of a 20 3 20-m plot. The
circles represent the locations of surveyor’s flags
(placed at 2-m intervals). The location of the lizard
‘‘X’’ is SW of 2,4. In this way, the lizard’s location is
known within a 1-m square.

to estimate an ‘‘area of activity’’ (the part
of the home range used within 4 h).

To record social behavior, I noted the
times and locations of activities such as
displays, chases, fights, and copulations.
Although males may engage in physical
fighting, they accomplish territorial de-
fense primarily through easily quantifiable
visual displays (described in McMann,
1998, 2000). The most common visual dis-
plays are two types of headbob displays:
nodding and bobbing displays. A nodding
display consists of a volley of continuous

dorso-ventral oscillations of the head,
whereas a bobbing display is a discontin-
uous series of movements that form a spe-
cific temporal pattern. I recorded headbob
displays by classifying them as nodding
displays or bobbing displays using the clas-
sification system of McMann (2000; see
also Paterson, 1999). I also recorded each
extension of the brightly colored dewlap,
or throat fan, and noted whether the dew-
lap extension coincided with a bobbing
display (the dewlap is not extended during
a nodding display; McMann, 2000; Pater-
son, 1999). Following each 15-min obser-
vation period, I examined the surrounding
area to note locations of other displaying
adult males (neighbors) to determine their
markings (or to note if an unmarked male
was present).

Approximately 72 h from the first morn-
ing of observation for each group (or the
next non-rainy morning after 72 h), I ob-
served the same group for an additional 4
h using the same protocol. This time pe-
riod was chosen to allow for consistent ob-
servations and to allow lizards 72 h to shift
their home ranges after the removal of one
resident. The above protocol was the same
for the control and experimental groups.

I conducted additional observations of
the experimental group. On the morning
of the next non-rainy day following the
second observation of the experimental
group, I attempted to remove the most
central (focal) lizard in the experimental
group (all lizards that were removed were
captured using a noose on the end of a
fishing pole). On two occasions, it was nec-
essary to remove a neighboring lizard
when the most central lizard did not ap-
pear or was inaccessible. I then watched
the newly vacant territory using the same
protocol as described above for 4 h of the
morning activity period. Approximately 48
h after the removal, I again watched the
experimental group using the same pro-
tocol. I observed the three neighbors and
the new resident of the vacated territory
(if present) using the same protocol used
prior to the removal. I designed the ob-
servation schedule to keep conditions as
similar as possible between each experi-
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TABLE 1.—Observation schedule for experimental
and control groups.

Day Observation group

1 Experimental group (preliminary)
3 Control group
4 Experimental group (before removal)
5 Experimental group (immediately fol-

lowing removal)
6 Control group
7 Experimental group (after removal)

mental and control group in a plot (Table
1).

To determine whether neighbors gain
territorial space more often than non-
neighbors when a resident loses its terri-
tory (testing the relative threat hypothe-
sis), I examined (1) whether neighbors or
non-neighbors were more likely to move
into new territorial space after a resident
was removed and (2) whether neighbors or
non-neighbors were responsible for appar-
ent territorial takeovers observed during
pre-manipulation observations (in other
words, natural and unmanipulated move-
ment of a lizard into the mean location/
activity area center previously occupied by
another lizard; see below for explanations
of terminology). For the purposes of data
analysis, I defined a neighbor as a lizard
that (1) had been observed previously
within the plot and (2) had been observed
to display without being chased or chal-
lenged (engaged in an escalated interac-
tion) within 10 m of a focal animal. I de-
fined a non-neighbor as a lizard that had
not previously been observed in the plot
over the weeks prior to use of a particular
plot (all lizards observed in a plot were
marked prior to the start of observations
in that plot; see above). All observed liz-
ards fit into one of these categories. There-
fore, potential non-neighbors under my
classification system include both non-ter-
ritorial floaters that may periodically roam
across a resident’s territory as well as ter-
ritorial males from farther away that might
be searching for a better territory.

I compared display rates before and af-
ter the removal of a resident to examine
whether neighbors encounter increased
defensive costs when a resident loses its

territory. An increased proportion of head-
bob displays that are bobbing displays is
found in higher-intensity encounters such
as fights between individuals that are close
together (McMann, 1998, 2000; Paterson,
1999, unpublished data). Therefore, an in-
crease in the proportion of headbob dis-
plays that are bobbing displays suggests
that they may increase energy expenditure,
accompanied by an increased risk of inju-
ries from the associated fighting. Initially,
I calculated the proportion of headbob
displays that were bobbing displays, which
can be used as an indicator of aggression
as described above (see also McMann,
2000; Paterson, 1999). I used Wilcoxon
paired tests to compare changes in pro-
portion of bobbing displays between ob-
servations in the experimental group (com-
paring the 72 h with a removal and the 72
h without a removal) and between the
control and experimental groups (during
the 72 h without a removal for each) in
each plot. In the same manner, I com-
pared displays by examining the following
variables: number of nodding displays,
number of bobbing displays, number of
dewlap extensions, and number of displays
with a clearly visible dorso-nuchal crest
(Paterson, 1999; Tokarz, 1995).

To examine which type of conspecific
was more likely to engage in escalated in-
teractions with the focal males (reflecting
level of relative threat), I examined the
proportion of escalated interactions (inter-
actions involving displays in which at least
one lizard has a clearly visible dorso-nu-
chal crest and in which the lizards are less
than 2 m apart) between neighbors and
non-neighbors (see Paterson, 1999; To-
karz, 1995 for discussions of crests). In ad-
dition, I examined which conspecifics took
resources by copulations and foraging
within the boundary of a resident’s terri-
tory during control and pre-removal ob-
servations. Lizards were considered to be
within the boundary of another male’s ter-
ritory if they entered a square of the grid
in which the resident male had been sight-
ed and in which the resident had not been
challenged or chased.

I examined space use by calculating the
activity area center (the mean location of
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TABLE 2.—Summary of escalated interactions. Observations are listed as preliminary observations of the
experimental group, observations before the removal, and observations after the removal (see Table 1). Lizards
are identified by abbreviations for their individual combinations of bead colors (∗um represents an unmarked

lizard). Note that some dyads interacted more than once.

Date Plot Group Observation Interacting lizards Neighbor?

30 April 1997 1 experimental preliminary RDWHRD and BDRDRD yes
3 May 1997 1 experimental before RDWHRD and BDRDRD yes
3 May 1997 1 experimental before RDWHRD and BDGRBD yes
6 May 1997 1 experimental after RDWHRD and BDGRBD yes
15 May 1997 2 control after YOBKBK and um∗ no
25 May 1997 3 experimental preliminary BDBDBD and WHGRBD yes
27 May 1997 3 control before RDRDGR and um∗ no
30 May 1997 3 control after RDRDWH and GRGRRD yes
7 July 1997 5 experimental preliminary YOYOBK and BDGRBD yes

each lizard) for each day of observation.
These mean locations were used as an al-
ternative to home range calculations for
several reasons. First, this short-term be-
havioral study was intended to measure
small-scale, short-term fluctuations in
space use rather than to document home
ranges. Second, the observations of loca-
tions for each lizard were close together,
violating the independence of observations
that should be used when calculating
home ranges. Thirdly, the number of dif-
ferent locations in which each lizard was
sighted was relatively low, making esti-
mates of home range size inaccurate.
Therefore, I chose the term ‘‘activity area
center’’ in order to clarify the fact that I
am not attempting to relate my results to
the complete home ranges of the lizards,
but rather to a specific short-term area of
activity that represents part of a home
range. Rather than estimate inaccurate
home range sizes, I chose to estimate the
mean location of a lizard on a given day.

To calculate mean locations, I multi-
plied (weighted) each location by the time
spent at that location. To examine whether
neighbors changed their patterns of space
use following a resident’s removal, I com-
pared neighbors’ mean locations before
and after the removal. To control for nor-
mal variations in space use, I measured the
difference in location of activity area cen-
ters between the following pairs of obser-
vations: (1) observations of the experimen-
tal group before and after the removal of
one of its members, (2) observations of the
experimental group 72 h apart during

which no lizard was removed, and (3) ob-
servations of the control group 72 h apart
in which no lizard was removed. I then
used Wilcoxon tests to determine whether
there were differences in the distances
moved: (1) in the experimental group over
72 h periods during which a lizard was re-
moved compared with 72 h periods in
which no lizard was removed, and (2) in
the experimental group over 72 h periods
during which a lizard was removed com-
pared with the control group over 72 h in
which no lizard was removed. I similarly
used Wilcoxon tests to examine whether
the activity area centers were closer to, or
farther from, the former mean activity area
of a focal lizard after the focal lizard had
been removed. In this way, I examined
whether neighbors may have gained or lost
space during the instability caused by the
removal of the focal lizard.

RESULTS

When residents were removed, seven of
eight were replaced at their activity area
center by another lizard within 72 h. Of
the seven, four were neighbors (lizards
that had displayed previously within 10 m
without being challenged) while three
were non-neighbors (lizards that had not
been observed previously in the plot over
the weeks prior to use of a particular plot).
In one case, no lizard was visible in the
area previously occupied by the removed
lizard after 72 h.

Five of seven observed escalated inter-
actions were between immediate neigh-
bors (Table 2; note that a total of nine in-
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FIG. 2.—The difference (11 SE) in location of ac-
tivity area centers over 72-h periods. The activity area
center represents the mean location of a lizard within
a plot. This figure shows the average amount of
change in mean location during 72 h in which no
lizard was removed compared with 72 h during which
a lizard was removed. There was more change in
space use when a lizard was removed, vacating a ter-
ritory.

FIG. 3.—The mean distance of activity area centers
(11 SE) of neighbors from the activity area center of
the resident that was removed. The activity area cen-
ter represents the mean location of a lizard within a
plot. This figure shows the average difference in lo-
cation between the neighbors and the mean location
of the removed lizard before and after the removal.
Lizards tended to be farther from the location of the
removed lizard following his removal.

teractions were observed but that some
pairs of lizards had repeated interactions).
At least one neighbor was observed to en-
ter a resident’s territory to capture an
earthworm, followed by an escalated in-
teraction with the territory owner that led
to his return to his own territory (after
consuming the earthworm). No non-
neighbors were observed to intrude prior
to a removal. Additionally, the only natural
(pre-manipulation) takeover observed was
by a neighboring resident.

A resident’s removal did not affect the
locations of the activity area centers (the
mean location in which lizards were ob-
served) during the 72 h including the re-
moval of a resident in the experimental
group compared with the 72 h without a
removal in the control. In other words, be-
tween the first and second sets of obser-
vations, the activity area centers did not
move either a greater or smaller distance
than did the activity area centers of neigh-
bors of a control male. The mean differ-
ence in activity area center in the experi-
mental plots was 0.30 6 0.11 m, compared
with 0.35 6 0.1 m in the control plots
(Wilcoxon paired test, Z 5 1.5, P 5
0.8438, n 5 6), suggesting that lizards
were using similar areas on both days.

However, there was a difference in ac-
tivity area center between different obser-
vation days in the experimental plots, sug-
gesting a change in space use. During the

24 h before and 48 h after a resident was
removed, activity area centers moved 1.1
6 0.38 m, compared with 0.11 6 0.03 m
during the previous 72 h (Wilcoxon paired
test, Z 5 18, P 5 0.0078, n 5 8; Fig. 2).
This test remains significant if a correction
for multiple comparisons is used (consid-
ering the comparison of experimental and
control and the comparison of experimen-
tal observations as two tests of the same
hypothesis; Bonferroni correction, P 5
0.0156).

Prior to a removal, the mean activity
area center of neighbors was 0.43 6 0.20
m from the activity area center of the res-
ident that would later be removed. Fol-
lowing the removal, the mean activity area
center of neighbors was significantly far-
ther from the former activity area center
of the removed resident (1.28 6 0.44 m;
Wilcoxon, Z 5 14, P 5 0.0156, n 5 8; Fig.
3).

Following the removal of a resident,
there was no change in the proportion of
headbob displays that were bobbing dis-
plays (Wilcoxon paired test, P . 0.05, n 5
8). The proportion of headbob displays
that were bobbing displays also did not dif-
fer between the experimental and control
groups (Wilcoxon paired test, P . 0.05, n
5 6). There were no differences in any of
the behavioral variables, either between
days of observation of the experimental
group or between the experimental and
control groups (Wilcoxon paired tests, P .
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0.05 in all cases, n 5 8). Display, chase,
and copulation frequencies are summa-
rized in Tables 3 and 4.

DISCUSSION

I set out to test the predictions that (1)
neighbors gain territorial space more often
than non-neighbors when a resident loses
its territory, and (2) neighbors face in-
creased defensive costs (reflected by dis-
play behavior and intrusion frequency)
when a resident loses its territory. Neither
prediction was clearly supported by the
data. However, residents were affected by
the removal in several ways.

If neighbors gain territorial space more
often than non-neighbors when a resident
loses its territory, then the majority of the
lizards sighted in the activity area center
of the removed resident should have been
neighbors. Four of seven times that a liz-
ard was sighted in the activity area center
of the resident that had been removed, the
lizard sighted was a marked individual that
had previously been identified as a neigh-
bor (a lizard that had previously displayed
within 10 m without being challenged).
The other three times that a lizard occu-
pied the vacated area, the lizard involved
was unmarked and therefore had not pre-
viously been sighted within the plot (a
non-neighbor).

There was no evidence of a change in
defensive costs following the removal of a
resident. Overall display frequencies did
not change. Of particular interest, the pro-
portion of headbob displays that were bob-
bing displays did not change, suggesting
no increase in aggression following the re-
moval. Frequencies of chases and copula-
tions were low, making conclusions diffi-
cult, but there was no evidence of a treat-
ment effect.

However, patterns of space use changed
following the removal of a resident. Some
neighbors took over the center of a vacat-
ed territory (they were observed, unchal-
lenged and unchased, in the square of the
grid that was the center of the former res-
ident’s activity area). However, the mean
location of all neighbors was farther from
a focal male’s territory following his re-
moval, suggesting that neighbors needed

to devote less time and energy to defend-
ing that side of their territory.

The above findings have implications for
both the relative threat and social stability
hypotheses. Both hypotheses attempt to
explain why territorial animals often show
less aggression towards neighbors than to-
wards non-neighbors (unfamiliar individ-
uals).

Depending upon whether they primar-
ily may take resources, part of a territory,
or all of a territory, different classes of in-
dividuals pose varying levels of threat to a
resident. The relative threat of neighbors
versus strangers may play an important
role in determining whether the dear en-
emy phenomenon is observed (the ‘‘rela-
tive threat hypothesis,’’ Temeles, 1990,
1994). If an individual poses little threat to
a resident, then a highly aggressive attack
by the resident may have a large cost and
little benefit. If an individual poses a great
threat, then the cost of not fighting may
be high and it may be worthwhile to en-
gage in a costly aggressive interaction (e.g.,
Emlen, 1971; Weeden and Falls, 1959).
The relative threat hypothesis predicts that
more aggression is shown towards conspe-
cifics that pose the greatest threat. It is
closely related to the social stability hy-
pothesis because the latter predicts that
residents should be less aggressive towards
neighbors if such behavior reduces the risk
of territorial intrusion or takeover.

Neighboring males of A. sagrei take ter-
ritorial space when possible, suggesting
that they may pose a threat to residents.
At least one neighboring male took food
from another’s territory, suggesting that
neighbors also threaten resources to some
extent. These findings are consistent with
the findings of Tokarz (1998) that marked
male lizards on a single Ficus tree (pre-
sumably neighbors) may replace each oth-
er on territories and that males may court
females on neighbors’ territories. Although
it is unclear whether neighbors posed a
greater or equal threat than non-neigh-
bors, there is no evidence to suggest that
neighbors posed a lesser threat in either
the natural or artificial territorial neigh-
borhoods. The proportion of nonaggres-
sive takeovers by neighbors is similar to
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the proportion of nonaggressive takeovers
in song sparrows, in which case neighbors
are considered to pose a relatively high
level of threat (Stoddard et al., 1991 dis-
cussed in Stoddard, 1996). My data show
no difference in the risk of non-aggressive
territorial takeover posed by neighbors and
non-neighbors. Therefore, if territorial
takeovers are the most serious threat to a
resident, then the relative threat hypoth-
esis predicts no difference in aggression
towards neighbors versus non-neighbors in
A. sagrei.

This study shows that neighbors will
take over territorial space when a resident
is removed, not that they are capable of
taking space when the resident is present.
However, it demonstrates the questionable
nature of the premise that neighbors pose
less of a threat because they already have
territories (e.g., Fox and Baird, 1992; Get-
ty, 1987; Temeles, 1994). This is important
to take into account when considering the
review of Temeles (1994). In Temeles’ test
of the relative threat hypothesis, the above
premise is used to justify the prediction
that the dear enemy phenomenon would
occur more frequently in multi-purpose
territories than in feeding territories (Te-
meles, 1994). A large-scale study monitor-
ing a substantial marked population over
an entire breeding season is needed in or-
der to determine which individuals are re-
sponsible for aggressive takeovers and to
provide the type of baseline data that have
already been gathered in more intensively
studied species (e.g., red-winged black-
birds, Beletsky and Orians, 1996; Searcy
and Yasukawa, 1995). At least one A. sa-
grei neighbor took resources from anoth-
er’s territory in my study. Additionally, To-
karz (1998) observed that males intrude to
court females on neighbors’ territories.
However, it is important to consider that
neighbors might take resources more
openly than non-neighbors, which influ-
ences these results.

The majority of escalated interactions
occurred between immediate neighbors,
suggesting that (1) one of the neighbors
was posing some kind of threat (e.g., trying
to take food or other resources), and (2)
more time and energy may be spent fight-

ing neighbors than non-neighbors. In or-
der to determine the importance of the
latter, additional work is needed to deter-
mine how energetically costly these fights
are. However, it is important to remember
that more interactions may be between
neighbors simply because residents en-
counter neighbors more frequently than
strangers. Therefore, it is not possible to
conclude that neighbors pose more of a
threat to a resident than non-neighbors.

Additionally, the relative threat hypoth-
esis may explain some differences in ag-
gression without being the primary cause
of the dear enemy phenomenon. Aggres-
sion has been demonstrated to be related
to the immediate level of threat posed by
an intruder. For example, the presence of
a food item causes more aggression to-
wards intruders by female cicada-killer
wasps (Pfennig and Reeve, 1989). In fe-
male harriers, relative threat appears to be
closely related to the level of aggression
shown (Temeles, 1989, 1990, 1994). Ag-
gressiveness has been demonstrated to be
related to resource availability, which may
affect relative threat (e.g., Armstrong,
1991; Ewald, 1985; Stamps and Tanaka,
1981). Differences in behavior based on
context (i.e., at the center versus the edge
of a territory) may result from differences
in threat (e.g., Giraldeau and Ydenberg,
1987; Stoddard, 1991). In the case of ano-
les, it is possible that a territorial male
would show more aggression towards an
intruder if that intruder was near a female
lizard than if the intruder was on a bare
patch of territory. In this way, there may
be some interaction between relative
threat and familiarity.

The social stability hypothesis (Beletsky,
1992) suggests that territory owners should
show less aggression towards their terri-
torial neighbors than towards other poten-
tial challengers because of benefits to
maintaining stability in the territorial
neighborhood. Instability, reflected by fre-
quent challenges and turnovers of territory
ownership, may attract intruders and in-
crease the probability of successful take-
overs of territorial space by intruders (Be-
letsky, 1992; see Paterson, 1999, for a dis-
cussion). Therefore, residents may show
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less aggression towards neighbors than to-
wards non-neighbors in order to reduce
the frequencies of intrusions and territo-
rial takeovers.

It is also unclear whether neighbors gain
or lose when social instability arises. There
were no differences in display behaviors,
chase frequencies, or copulation frequen-
cies in observations before and after a re-
moval. However, following a removal,
neighbors moved their mean activity area
centers significantly farther from the cen-
ter of the removed resident’s activity area.
This finding could mean that neighbors
have benefited because they can concen-
trate territorial defense away from the
newly established territorial resident, who
may be a weaker competitor. Alternatively,
this finding could mean that neighbors
have lost territorial space to the new resi-
dent. Additional experimental work is
needed to distinguish between these pos-
sibilities. However, the former hypothesis
best explains the results of another exper-
iment, examining the effects of the remov-
al of an established neighbor and his re-
placement with an unfamiliar individual in
an artificial territorial neighborhood. In ar-
tificial territorial neighborhoods, neighbors
took over territories, taking advantage of
the fact that the former neighbor was no
longer present to defend it (Paterson,
1999).

There is no evidence that neighbors
pose less of a threat than non-neighbors;
rather, it appears that neighbors may pose
a significant threat to residents. Addition-
ally, there is no evidence that social insta-
bility, reflected by relocations of lizards, is
detrimental to territory owners. Therefore,
additional hypotheses must be examined
in order to determine the causes of the
‘‘dear enemy’’ phenomenon in A. sagrei.
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