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MORPHOLOGY, ECOLOGY, AND BEHAVIOR
OF THE TWIG ANOLE, ANOLIS ANGUSTICEPS

DUNCAN-J. IRSCHICK! AND JONATHAN B. Losos!?

Abstract.—The polychrotié bzard Anolis argusticeps is superficially similar to twig anoles, an anole ecomorph that
has arisen several times independently in the Greater Antilles. 'We examined the habitas use, locomotor behavior,
and morphological characteristics of A. angusticeps 1o determine whether it exhibits characteristics similar to other
twig anoles. Our results indicate that in all respects, A. angusticeps is a typical twig anole. As predicted, A. angusticeps
is typically found on supports of narrow dimensions, walks slowly, displays infrequently, and is similar morphologi-
cally to other twig anoles. The cryptic coloration, slow movements, and infrequent dispiay behavior of twig anoles
support the hypothesis that these lizards have evolved to be inconspicuous. The crypticity of twig anoles may have
arisen because they use a habitat (narrow supports) iz which rapid escape may be difficult and therefore have evoived

to hide from potential predators.
INTRODUCTION

WITHIN THE GREATER ANTILLEAN ISLANDS OF THE
West Indies, an amazing radiation of Anolis lizards
has occurred, producing a set of morphologically
distinct forras, termed “ecomorphs”™ (Rand and Wil-
Liaras 1969; Williams 1972, 1983). Previous work
has shown that these ecomorphs differ in habitat use,
morphology, and behavior (Moermond 1979,
1979b; Mayer 1989; Losos 19904, 19905, 1990¢).
Remarkably, these forms have, with some excep-
fions, convergently evoived on each of the islands,
producing largely similar within-island sets of
ecomorphs.

Although many Greater Antillean Anolis can be
placed into a particular ecomorph category (Losos
1992}, the classification of some species is still un-
certain. Anolis angusticeps, believed to have origi-
nated on Cuba (Williams 1969), but now found on
several Bahamian isiands, 1s such a species. Supes-
ficially, A. angusticeps reserables twig anoles by its
possession of a slender body, short tail, and short
legs (although these characteristics have not heen
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quantified to date). However, observations on habi-
tat use in A. angusticeps are conflicting; in the Ba-
hamas, Schoener (1968) reported that this species
uses the typical habitat of twig anoles (narrow sup-
poris on the periphery of trees and bushes). In con-
ast, others have described the structural habitat of
this species in Cuba as typical of trunk-ground or
trunk anoles. For exarnple, Collette (1961) observed
A, angusticeps primarily on tree trunks, fence posts,
rocks and the ground, whereas Schwartz and Tho-
mas (1969) described finding this species on rocks,
shrubs, fence posts, trees, and the ground. Obser-
vations by Ruibal (1964) and Hardy (1967) also
describe finding this species in habitats other than
narrow branches or twigs. Clearly, more data are
needed to clarify the ecomorph status of A. angus-
Heeps.

We examined whether Anolis angusticeps ex-
hibits morphological, ecological, and behavioral
characteristics of other twig anoles. These charac-
teristics are as follows: (1) twig anoles are slender
and possess a short tail and short legs (Williams
1983; Hedges and Thomas 1089; Losos 1990a); (2)
twig anoles use narrow branches, move by walking
slowly, and are highly cryptic (Williams and Rand
1969; Websier 1969; Hicks and Frivers 1983; Losos




2682 DUNCAN J. IRSCHICK AND JONATHAN B. LOSOS

19904, 1990b). Furthermore, several authors (Hicks
and Trivers 1983; Losos 1990b) have demonstrated
that the twig anole A. valencienni displays infre-
quently relative to other anoles. One possible rea-
son for the infrequent displays of A. valencienni is
that this species, like other twig anoles, relies on
crypticity to avoid detection. Therefore, we pre-
dicted that A. angusticeps should also display infre-
" quently so as to avoid bringing attention to itself.
Finally, in addition to testing the above predictions,

(approximately 8 ki), fiat island primarily covered

by bushes and trees. The weather during the week

of observation was sunny and warm with few clouds
and relatively little wind, Given the difficalty of
distinguishing adult females and subadult males by
sight, we only included animals in our analyses that
were caught after the observational period and sexed.
During normal activity hours (09001700 h), we
examined available habitats (e.g., high in trees, rocks
on the ground) on relatively undisturbed parts of
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TaBLE 1. Mezphological, ecological, and behavioral characteristics of Greater Antillean Anolfs ecomorphs. Data were gathered
from Losos {1990g) and Losos {unpublished data). ‘Beomorphs are indicated as follows: mmk-ground (£-G), trank-crown {T-C),
grass-bush (6-B}, crown-giant (C-G), twig {Tw), and trunk (Tr). The mumbers in parentheses in the ecomorph columng for
morphology, behavior, and ecology are the mumber of species representing that ecomorph type for that data base. See Appendix
2 for the list of species used in these comparisons. For the morphological variabies, numbers not enclosed in brackets are mean
{* 1 SE) non-size removed values for each ecomorph type, whereas mumbers in brackets are mean (+ 1 SE} size-removed
{residual) valoes for each variable. All measurements are in mim unless otherwise indicated. The behavioral and ecological
variables are not size-removed values. Perceat (%) display is the mean {4 1 $E} amount of time that ecomorphs spend displaying
(per absevvation period). Percent (%) walks, runs, orjumps are the mean (+ } SE} percentages of the fotal number of movements
(per observation period) that ecomorphs perform these locomotor movements. .

. . - . . e a h st : - G- -
we also examine intersexual differences in habitat  the island. Upon sighting a lizard, we observed the Characteristic b e 2 co ™ ki
use and locomotor behavior in A. angusticeps. lizard from a distance of 2-7 m for 30 min, or until Morphology 9 - 9 6 3 4 3
_ it disappeared (range = 1130 min, mean [sE} = 254 Svi. < 623226 595240 44710 13264140  488+20 513
N i . ) .
MATERIALS AND METHODS = M‘w BBW%,MM EH mﬁw&mﬂaﬂ obviously @mﬂmwom  Hindlimb length 52030 309426  38:LI 949582 252347 383
. or observed for less than 10 pun were not melude 0.07£001) (-00220.02) (006+001) (-0.03£0.02) (0132002 -  (0.03)
Morphometrics in the analysis. A} observational data were recorded

To examine whether Anolis angusticeps is similar
motphologically to other twig anoles, we compared
external morphological characteristics of A.
angusticeps from Cuba (n = 13) and South Bimini
Island (n = 11) t0 31 other Greater Antillean Anolis
whose ecomorph status is known. Appendix 1 pro-
vides museurn numbers for Cuban specimens. The
ecomorph statas for most of these 31 anoles has been
established based on previous morphological, eco-
logical, and behavioral analyses (see Losos 1990aq,
1990b, 1990¢; Losos 1992 for details on how anole
ecomorphs are characterized), although values for
a few species mentioned here have not been pub-
lished. We took the following measurements on pre-
served adult male (data from other anoles are from
adult males) A. angusticeps (following Losos
1990a): snout-vent length (SVL), number of
subdigital lamellae under the fourth phalanx of the
hindfoot, and length of the forelimb, hindlimb, and
tail. Similar data are available for 31 other Greater
_Antillean species (Losos 19904, 1992, and unpub-
. lished data; see Appendix 2 for species used in mor-
‘phometric comparisons).

. Ecological and Behavioral Data
To examine whether Anolis angusticeps exhibits the
predicted ecological and behavioral characteristics,
we collected field data on 16 adul male and 8 adult
fernale A, angusticeps on South Bimini, Bahamas
from 13-20 April 1992, South Bimini is a small

into & microcassette recorder and later transcribed.

Each movement was categorized as a walk, run,
or jump. Walks {equivalent to “crawls”; e.g.,
Moermond 1979a) were siow movements where all
four limbs remained in close contact with the sub-
strate during movement. Runs were quick move-
ments whereby one or more limbs were cycled
quickly above the substrate. Jumps were quick
movements where the lizard intenfionally jumped
either between or on substrates. The percentage of

time that each lizard spent displaying was measured .

by recording all display events (i.e., head-bobs, dew-
lap extensions) and summing the amount of time
that lizards engaged in these activities. The follow-
ing ecological and behavioral measurements were
guagtified for each lizard: (1) perch type, height,
and dizmeter; (2) percent timme spent displaying;
and (3) percent of total movements that were walks,
runs, and jumps. Perch type was the substrate on
which the Hzard was initially observed (e.g., branch,
iree frunk). Perch height was the height above the
ground at which the lizard was first observed. Perch
diameter was the diameter of the substrate on which
the lizard was first observed,

Statistical Analyses

All statistical arnalyses were performed on SYSTAT
(Wilkinson 1990). All morphological and habitat
variables were log,, transformed prior to statistical
analyses. Allmorphological variables increase with

Forelimb length | 308+18 260% 1.6

177407 58.7+£6.0 139%34 259

©06£001) (00120.02) (001001 (-G051001) (-0.11£0.01) (0.09)

Lameliae number 189+02 247%1.2
00610013 {0.07£0.00)
Tait length 1206453
002+£601) ~0.02£001)
Behavior 5 3
% walks 244+33 493 % 10.3
%o rans 542+29 39.8%9.0
% jumps 214%25 169145
% gisplay 57%12 6014
Ecology 5 6
Perch height (m) Li£02 3.7+08
Perch diameter (ern) 2235+ 3.7 19.3+39

189+035 20.8%038 188%16 18.0
(00+0.01) (00120013 (-0.0230.02) (-0.04)

1074+ 10.5 122.6%5.0 258.8+£21.2
(017£002) 0061+£003) (~0.17£0.03) (-0.12)

6061103 715

4 1# 3 3
44.1%81 45.0 80.1%4.5 152+73
30.61+4.9 45,0 8.614.1 §3.1%80
253143 0.0 11.3+0.8 17208

3.4£09 — 1.3 340,002 20208
4 L 3 3
66101 3.5 27505 19205
29x1.7 332 29117 W2E26

* Ne data available for display behavior in Anolis garmani.

size (SVL) {one-tailed least-squares regresssions, P
< 6.001); to remove the effects of size we calcu-
lated residuals from regressions {ordinary least
squares) between each morphological variable (de-
pendent variable) and our measure of size (SVL) {in-
dependent variable). These residuals represent SVL-
aliometry free shape variables (Bookstein 1989).
Mean residaal values for each species were subse-
quently used in statistical analyses. We examined
whether Anolis angusticeps exhibits morphological
characteristics. similar to other twig anoles by per-

forming a discriminant function analysis (Dea) with
both Cuban and Bzhamian A, angusticeps and 31
other Greater Antillean Anolis. To test with which
of the ecomorphs the Cuban and Bahamian popula-
tions of A. angusticeps would group, both popula-
tions were classified a posteriori based on the analy-
sis of the 31 other species. To determine how
strongly each of the morphometric variables con-
tributed to each of the discriminant axes, we per-
formed multiple regressions using as dependeni
variables the discriminant function scores and as
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independent variables the size-removed variables.
Percentage data were arcsin square-root transformed
prior to statistical analyses. All stafisfical analyses
were two-tailed unless otherwise indicated,
For comparative purposes, we present data on
habitat use and behavior for a subset of the 31 anoles
- nsed in morphometric comparisons (datafrom Losos
" 1990g, unpublished data; see Appendix 2 for spe-
cies used in ecological and behavioral comparisons).
. However, some anoles used in ecological/behavioral
comparisons were not nsed in morphological com-
parisons and vice versa. Ecological and behavioral
data were collected in a manner similar to that de-
scribed for A. angusticeps (see Losos 19904 for ex-
act protocol). As in morphometric comparisons,
because previouslty collected data were gathered on

adult males, only values for aduli male A.
angusticeps are included in these comparisons.

RESULTS

Morphometric Analyses

Table ! provides mean (+ 1 SE) values for ecornorphs
used in morphometric analyses and Table 2 provides
mean (+ 1 SE} morphological values for Cuban and
Bahamian Anolis angusticeps. The discriminant
function analysis based on morphology of 31 Greater
Antillean Anolis species was significant (Figure 1;
Wilk’s Tambda = 0.003, Fis0 = 16.76, P < 0.001)
and classified all 31 species to predesignated
ecomorph categories. Anolis angusticeps from both
Cuba and the Bahamas were classified a posteriori
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FIGURE 1. A plot of discriminant funetion ¥ {y-axis) against discriminant function 1 (x-axis). Discriminant functions were
generated from 2 discriminant function analysis of 31 Anolis species belonging to six scomorph types (both Cuban and Baha-
wian A angusticeps populations were included a posteriori in the DFa, and are presented here for purposes of comparison to
other Anolis). Each point sepresents a different species, each symbol an ecomorph type. Symbols with BAH and CURA adjacent
are Bahamiar and Cuban sampies of A. angusticeps. See text for details of the analysis.
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TaplE 2. Morphologicat, ecological, and behaviorat charac-
teristics of Anolis angusticeps. Velues not in parentheses for
morphological variables are mean (£ 1 SE} non size-removed
values for Babamian and Cuban samples. Values in brackets
are size-removed {residual) valnes generated from regressions
with 31 other anole species. Because mean values for A.
angusticeps were used to remove size effects, no standard er-
ror bars are given for size-removed values. All measurements
are in man sntess otherwise indicated, The ecological/behav-
ioral variables alse represent mean (+ 1 SE) values, but for
Bahamian males and females, Percent (%) walks, runs, or
jureps is the mean percentage of locomotor movemesnts that
males and females used during observational periods. Per-
cent (%)} display is the mean amount of time that males and
fernates spent displaying during observational periods.

Variable Sample
Morphology Bahamian (n = 11) Caban (2 =13)
SVL 47.7T£1.1 37.6%0.8
Forelimb length 16.6£0.3 113204
(~0.07) {011}
Hindlimb lengeh 26.0+0.5 17.7£05
-0.11} (-0.15)
Larseilas sumber 19.6 £0.4 194 £ 0.3
{000 (0.05}
Tait length 649220 47.0+1.2
{-{.14) (-0.17)
Ecoiogy / Behavior. Males {n = 16) Females {n =8}
Perch height (m) 22E03 18504
Perch diameter (cm) 23x0.5 07102
% walks 893420 924137
% rans 19209 65+04
% jumnps 8.8+%17 7.14£36

as twig anoles (probability = 1.0 for both popula-
tions). Standardized partial regression coefficients
for the multiple regressions between discriminant
functions and the morphometric variables are in
Table 3. The first three discriminant functions ex-
hibited high canonical correlations {the higher the
correlation the greater the amount of variation ex-
plained along that axis) but the fourth fanction had
a markedly lower canonical correlation (Table 3).
Therefore, the fourth function explains little of the
variance among ecomorphs.

‘With the exception of hindlimb length and DEa
1, all morphometric variables are significantly cor-
related with each of the discriminant functions (P <

0.001). Taillength exhibits 2 high negative correla-
tion with DFA I, indicating the utility of this charac-
ter in segregating ecomorphs. In general, twig
anoles (including Bahamian and Cuban Anolis
angusticeps) exhibit very high values of DFA I (short
tails) whereas grass-bush anoles exhibit very low
values of DFa I (long tails) (Figure 1}, Forelimb
length exhibits a high positive correlation with DFA
I indicating that anoles with high values for this
variable possess long forelimbs. Trunk-crown
anoles and the one trunk anole (A. distichus) tend to
have high positive values for DBa 1, indicating long
forelirbs for these anoles. Twig anoles and grass-
bush anoles tend to exhibit intermediate or low val-
nes of DFA 1, indicating moderately short forelimbs
for both ecomerphs. Hindlimb length loaded highly
onty on DFA IV, but inspection of Tables 1 and 2
shows that Bahamian and Cuban A. angusficeps and
twig anocles in general possess high negative residual
values for hindlimb length, indicating short
hindiimbs for these anoles. Overall, Bahamian and
Cuban populations of A. angusticeps differ only
slightly from one another in size-removed morpho-
logical characteristics (Figure 1, Table 2).

Ecology and Behavior of Anolis angusticeps

Both male and female Anolis angusticeps perched
on branches or twigs in bushes, crowns of trees, or
on branches jutting from fallen trees. None of the

TABLE 3. Standardized partial regression coefficients from .
muitiple regressions between each of the four discriminant

functions (dependent variabie} and four size-removed mor-

phomettic variables (independent variables). Discriminant

function scores were generated from z discriminant function

analysis of 31 Anolis species. Canonical correlations are also

provided (higher correlations represent a greater proportion

of variance explained by that axis). See text for details.

Function
Variable 1 I it i
Hindlisub length o 107 015 —4.13
Forelim® length -0.27 1.58 LA K] 240
Lamellae aumber 0.12 033 065 111
Tedl length ~0.88 014 030 211

Canonical correlations 0.97 0.8% (.82 0.05




