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24 A. angusticeps were found on tranks or on the
ground and the majority of individuals were ob-
served oriented parallel with the perch occupied,
Both sexes of A. angusticeps were found refatively
high in the canopy and did not differ significantly
in this measure (Table 2; ANOVA, Fip =022, P>
0.50). Both sexes were found on relatively narrow
perches, with males tending to pereh on broader
supports than females (Table 2; ANOVA, F, » =540,
P < 0.05). Male and female A, angusticeps both
walked as their primary means of locomotion and
did not differ significantly in this behavior (Table
2, ANOVA, By 5, = 1.06, P> 0.25). Male 4. angusticeps

. spent more time displaying than females {ANOVA,
Fio = 3.09, P < 0.05, one-tailed test due to the a
priori expectation that males would display more
thap females), . .

The habitat, locomotor, and display character-
istics of Anolis angusticeps are similar to other twig
anoles and differed strikingly from most other anole
ecomorphs (Tables 1 and 2, Figure 2). The other
twig anoles for which locomotor and display -be-
havior data are available (A. valencienni and A.
insolirus) also use natrow supports, walk frequently,
and display infrequently relative to other ecomorphs
(Table 1, Figure 2). The ecomorph most distinctive
from the twig anoles are the trunk-ground anoles.
Trunk-ground anoles use broad Supports, move pri-
marily by running, and spend about four fimes as
much time displaying as twig anoles. In contrast,
grass-bush anoles are much more similar to twig
anoles. Grass-bush anoles also use narrow supports,
move about 44% of the time by walking, and dis-
play only about twice as much as twig anoles. The
remaiping ecomorphs. forunk-crown, crown-giant,
trunk} exhibit habitat, lacomotor, and display char-
acteristics intermediate between these exiremes.

Fioure 2. Mean (£ 1 SE) perck diameter, percentage of Hme
displaying, and percentage of walks for West Indian Anolis

- {see Appendix 2 for list of spacies inciuded in ecological and
behavioral compagisons). Bcomorphs are ingicated as in Table
1. No standard error bars are provided for the crown-giant
ecomorph type because only one species is included. No stan-
dard error bars are indicated on the twig ecomorph type for
the percent display comparison because the error was too sroall
o be seen on the plot.
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Values for ecological and behaviorai characteristics
of some ecomorphs skould be given greater consid-
eration than others due to uneven sample sizes (e.g.,
six trunk-crown anoles and one crown-giant anole).

DISCUSSION

In alt respects, Anolis angusticeps appears o be a
twig anole; it is similar morphologically to other
twig anoles, uses narrow perches, tends to move by
walking slowly, and displays. infrequently. These
data show that, at least on South Bimini, this spe-
cies uses a habitat and behaves like a twig anole.
Although no guantitative habitat or behavioral data
are available for A. angusticeps from Cuba, Cuban
individuals are morphologically similar to Bahamian
A. angusiiceps. .

How, then, can we explain the reported differ-
ences in habitat use of Anolis angusticeps on Cuba
and the Bzhamas (Collette 1961; Ruibal 1964; Hardy
1967; Schoener 1968; Schwartz and Thomas 1969)?
One possibility is that, for some reason, A.
angusticeps evolved a twig morphology on Cuba
even though it does not use a typical twig habitat.
A more likely possibility is that workers on Cuba
{Collette 1961; Ruibal 1964; Hardy 1967; Schwartz
and Thomas 1969) did not detect A. angusticeps in
its twig habitat. This is not unlikely, as A. angusti-
ceps is likely to be much more obvious when they
use substrates sach as tree trunks or rocks rather
than twigs. Indeed, several authors have noted that

" A. angusticeps is a difficuit species to find (Barbour

1937; Oliver 1948; Schoener 1968). For example,

- Oliver {1948) did not discover A. angusticeps on

South Bimint uatil the end of a month long trip,
1njssing this species in its natural habitat despite the
fact that this species is not uncommon on the istand
(Schoener 1968; D. J. Trschick and I. B. Losos, per-
sonal observation). Therefore, detailed searching
©On availabie habitat in Cuba may reveal whether A.
angusticeps uses a habitat similar to that used by
the species on South Bimint Istand.

Ecology-morphology Correlations
Correlations between ecology and morphology have
long been considered as evidence that species have

evolved adaptations for their microhabitats (Karr and
James 1975; Ricklefs and Travis 1980, but see Wiens
and Rotenberry 1980; Wiens 1984). Previous stud-
ies of Anolis izards from Costa Rica, Hispaniola,
Puerto Rico, and Jamaica have documented strong
correlations between habitat use and morphology
(Moermond 19794; Pounds 1988; Losos 19904).
The most striking of these correlations exists be-
tween the preferred perch diameter and limb dimen-
sions of Anolis species; species that use broad sur-
faces possess long hindlimbs whereas species us-
ing narrow perches possess shorter hindlimbs. The
data presented here are consistent with this correla-
tion; A. angusticeps is typically found on narrow
perches and possesses short hindlimbs.

This correlation between limb length and perch
diameter in Anolis Hzards is consistent with biome-
chanical models (Cartmill 1985). Onbroad surfaces,
where there is little risk of losing balance, Anolis
species have maximized their ability to run quickly
and jump farther by evolving long legs which en-
hance maximal running and jumping ability
{Emerson 1985; Hildebrand 1985; Losos 19904,
1990c). In contrast, on narrow surfaces anoles have
evolved short legs to prevent toppling while mov-
ing. Although a correlation between Limb Iength
and perch diameter has been documented in three
twig anoles (A. valencienni, A. angusticeps, and A.
insolifus), quantitative ecological and morphologi-
cal data are unavailable for others considered to be
twig anoles (e.g., A. placidus, A. sheplani, A. dar-
lingtoni, and A, fowleri of Hispaniola). We recom-
mend quaniitative assessment of microhabitat and
morphology of these species to determine whether
they also use narrow supports and possess short
jimbs.

Locomotor Behavior and Performance

The habitat matrix model predicts that species will
evolve locomotor behavior appropriate for their
microhabitats (Moermend 19794, 15795, Fleagle
and Mittermeijer 1980; Robinson and Holmes 1982
Pounds 1988; L.osos 19904). Previous smdies have
interpreted the behavior of slow walking as a means
0 avoid losing balance while moving on narrow
surfaces (Pounds 1988; Losos 19905). The use of




298 DUNCAN J. IRSCHICE AND JONATHAN B, LOSOS

narrow sapports and slow movements of Anolis
angusticeps supports fhis generalization. In con-
tragt, anoles that use supports in which loss of bal-
ance is less of 2 concemn (e.g., wunk-grouad and
frunk-crown anoles that use broad supports) ove
primarily by rapid movements that might be more
“difficult on narrow supposts.

" The microhabitat of twig anoles may also exert
a strong influence on their locomotor capabilities.
Laboratery tests of locometor capabilities indicate
that whereas the twig anole Anolis valencienni
moves with Hittle difficulty on narrow surfaces, it
exhibifs poor sprinting and jumping capabilities on
broad surfaces relative 1o other, similarly-sized
Anolis (Losos and Sinerve 1989; Losos 19%90a,
1990¢). These limited maximal locomotor capa-
bilities of A. valencienniresult, in part, from the short
limbs of this anole which, in turn, may have evelved
o allow slow, steady movemenis on narrow sup-
ports (Losos and Sinervo 1989; Losos 19904).
These findings demonstrate that the evolution of
morphological characteristics appropriate for move-
ment on specific surfaces involves trade-offs. Pur-
ther tests of the locomotor capabilities of A.
angusticeps may reveal if this species, by evolving
a morphology and locomotor behavior appropriate
for walking on narrow swifaces, exhibits reduced
maximal sprinting and jumping capabilities on broad
SEpports.

Display Behavior
The microhabitat of twig anoles may exert a strong
" influence on their escape behavior and display be-
havior. Because lizards run quickly on narrow sup-
ports only with difficuley (D. J. Irschick, personal
observation), the ability of anoles using such sur-
faces to escape predators (e.g., siakes) rapidly may
be compromised. Farthermore, twig anoles possess
limited maximal running and jumping capabilities,
inaking running and jumping quickly an especially
inefficient mode of escape (Losos and Sinervo 1989;
Fosos 1990q, 1990c). An alfernative method of
avoiding predators is to be highly inconspicuous and,
when detected, to elude capture by hiding. Possi-
bly as a couseguence of the above factors, twig
anoles have opted for this second approach. Alltwig

anoles known to date are highly cryptic and, when
distarbed, slowly move out of sight (Schoener 1968;
Williams and Rand 1969; Hicks and Trivers 1983;
D. J. Irschick and J. B. Losos, personal observa-
fon). If twig anoles have evolved to be highly in-
conspicuous, ther frequent displays might render
them highly visible to predators. The need to avoid
predation may thusexplain, in part, why twig anoles
exapined to date display infrequently relative to
other anole ecomorphs. Becanse anoles display to
defend territories, infrequent displays might thus
make active defense of a territory unfeasible. Al-
though few data are available on territoriality in twig
anoles, that at least one twig anole (Anolis
valencienniy appears to be much less territorial than
other anoles (Hicks and Trivers 1983) is in support
of this hypothesis. One means of festing if display
behavior is directly correlated with behavioral char-
acteristics such as tewritorial behavior would be to
examine whether anole ecomorphs which display
frequently {e.g., trunk-ground anoles} are more ter-
ritorial than ecomorphs which display less frequently
{e.g., twig anoles).

Intersexual Differences in Anolis angusticeps

Intersexual differences in microhabitat use have
been previously documented in Anolis Hizards (An-
drews 1971; Lister 1976). We observed a signifi-
cant propensity for males to perch on broader sup-
poris than females. In a much more extensive sindy
at the same locality, Schoener {1968) cbserved no
significant intersexual differences in perch diameter
in A. angusticeps. Due to his much larger data set,
Schoener’s data probably best reflects intersexual
ecological relationships. We also observed that mate
A. angusticeps spent more time displaying than fe-
males. This difference in display behavior is con-
sistent with daia which indicate that male lizards
are more likely to actively defend territories or at-
tempt 1o attract mates than females (Stamps 1983).

SUMMARY
Few quantitative data exist on the behavior and ecol-

ogy of twig anoles. Their cryptic habits make such
studies especially difficult. Here we examined
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whether an anole saperficially similar to twig anoles,
Anolis angusticeps, exhibits morphological, ecologi-
cal, and behavioral characteristics similar to other
twig anoles for which data are available. In par-
ticutar, we predicted that, if A. angusticeps is a twig
anole, it should be sirnilar morphologically to other
twig anoles, use narrow perches, move by walking
stowly, and display infrequently. These predictions
were confirmed. We recommend further studies
investigating the morphological, ecological and be-
havioral characteristics of twig anoles 1o verify
whether the above-mentioned characteristics are
more broadly applicable.
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APPENDIX 1. National Museam of Natura] History (Usan)
specimen numbers for Cuban samples of Anoliy angusticeps
examined in this study. Data for Bahamian specimens of A.
angusticeps are available upor request from the awhors.

UsriM 51847, Cape San Antonio, Cuba; 0SNM 54416, Santa
Cruz River, Cuba; USNM 160913, Habana, Cuba; vsaq
160920, Habana, Cuba; UsNM 160921, Habana, Caba; UsNM
160522, Habana, Cuba; Usitd 160924, Bosque de Habana,
Cuba; USNM 160928, La Habana, Cuba: TS 160937, La
Habana, Cuba; usrem 337640, Matanazas, Playa Larga, Cuba;
Usi 337641, Matanazas, Playa Earga, Cuba; UsNM 337642,
Matanazas, Playa Farga, Cuba; USNM 337644, Matanaras,
Playa Larga, Cuba.

APPENDIX 2. Anolis species included in morphologica (des-
ignated by aa M), ecological {E), and behavioral (B) analy-
ses, followed by the ecomorph desigration and istand of or-
gin: HISP = Hispaniola, Ja =Jamaica, PR = Puerto Rico. Sampie
sizes for ecological anabyses are noted in parentheses {sam-
Dle sizes for morphological and behavioral analyses are not
provided),

Anolis sugrei — Trunk-ground, Ia, (18} [, 8. BL; A. lineatopus
== Trunk-ground, IA {18) 4, E, B]: A. cooki — Trunk-ground,
PR ML A. cristatelins — Trank-ground, PR {28) [, E, B}, A.
gundlachi — Tronk-ground, PR {28) M, B, B); A. cybores —
Trunk-ground, HISP {71) [M, & B]; A. longitibialis — Trunk-
ground, HISP [M); A. marcanoi — Trunk-ground, HiSk [m]; A.
strahmi — Trapk-ground, HIsP [M3; A, grahanmi — Trank-
crown, 1A {18) [M. E, BL A. opalinus — Trank-crown, Ja (18)
[M. B, B): A. evermanni — Trank-crows, PR (28) [M, E, Bl A.
stratulus — Trunk-crown, FR (28) M, E, B%: A. chlorocyamus
— Trank-crows, HISP (86) [M, B, BY; A. aliniger — Trunk-
crown, HISP (36) M, &, B}; A. coelestirus — Trunk-crown,
HISP (40} [y A. singularis — Tronk-crown, HISP [M]; A.
porcatus — Trank-crown, HISP [M]; A, pulchellys — CGrass-
bush, PR (28) [M, &, B); A. poncensis —- Grass-bush, PR(18)
[, B, 8] A, krugi — Grass-Bush, PR (28) [M, B, B]: A. olssoni
— CGrass-Bush, HISP (46) [M, B, B} A semilineatus — Grass-
Bush, HISP [M]; A. bahorucoensis Grass-bush, HISP {M}; A.
distichus —Trunk, HI5P (443 M, E, BL; A christophei — Trunk,
HISP [E, Bl A. brevirostris ~Trunk, HISP [B, B]: A. valencienni
— Twig, 14 {15) IM, B, BL A. occultus — Twig, PR iM]; A
insolitus — Twig, ISP {4) (M, B, BJ; A, cuvieri v Crown-
glant, PR (5} [M]; A. garmani ~— Crown-giang, Ja (18) [M, B,
BY*; A. barahonae — Crown-giant, HISP (5) [a).

* No data for display behavior are avaiiable,
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Resumen.—La lagartifa policrétida Anolis angusticeps es superficialmente similar 2 las Emﬁ.&m.m muomb.mw enanas
que viven en ramitas, un ecomorfo que ba surgido independientemente varias veces en las Antillas, meEsmBmm la
utilizacion del habitscuio, conducta de locomocién v caracterfsticas morfolgicas de A. angusticeps para determinar
si éste exhibe caracteristicas similares a fas de ofras lagartijas anolinas enanas que viven en ramitas. szm.ﬁo,nw
resultados indican que en todos los aspectos A. angusticeps es una tipica lagartija anolina enanz que vive en Hm.aE.mm.
Como fue predicho, A. angusticeps se encuentra caracieristicamente en perchas de dimensiones nmn.@&wmm, camina
Ientamente, raras veces muestra alguna conducts, y es morfolégicamente similar 2 otras lagartijas anolinas que viven
en ramitas. Le coloracion criptica, movimientos lentos, v exhibicidn infrecuente de conductas de .mmm mmmmmﬁmm
anolinas enanas gue viven en ramitas apoyan lahipdtesis de qus estas lagartijas han evolucionado para ser inconspicuas.
Las caracteristicas cripticas de las lagartijas anolinas enanas que viven en ramitas pudieron haber mz.nmﬁo porque
estas lagartijas atilizan ur habitdculo (perchas estrechas) en el cual escapar ripidamente puede ser difieil y por lo
tanto han evolucionade para esconderse de depredadores potenciales.

Résumé.—Nous avons émdié la répartition de la faune herpétologique dans 31 iles de Exuma Cays Land and Sea
Patk (eclsp) aux Bahamas dans le cadre de quatre visites intensives mmmoemmm\ mﬂ.um wwwo et 1993 . La mm,cnn
herpétologique se compose de 15 especes dont denx {peut-&tre quatre) ont été EWom.mm@w. Frois ,Boamrwm
200géographiques fondamentaux sont mis en évidence par la faune herpétologique, c’est-a-dire par les espéces dont
la répartition est soit ubiguiste, soit réservée aux fies centrales, soit répandue. On ne freave qu’une ,moEm espece sur
presqgue toutes les fles, trois sur les iles les plus grandes et les plus ncBEwMWm sur le plan wqjﬂﬁm {les owmn.mpm& et
quatre sur une vaste gamme d'fles dont la taille varie de grande 2 petite. Trois aw@womm sont si rares que £10Us 0" avons
pas pu les classifier. Les deux autres espéces devaient probablement &tre plus répandues w«ﬁ:.h mais m.wEEmE
aujourd’hui confinées a certains territoires. La taille de I'fle explique 2 elle seule 42% de la variation au titre de la
richesse des espéces. La taille de Pile centrale 1a plus proche et Iz distance entre I'ile cenirale la plus proche et les
fles satellites n'infiuent nullerent sur la diversité faunique. La répartition de la faune herpétologique de eclsp
résulie vraisemblablement d'une série d¢’événements géologiques et historiques associés & des Emmh.maﬂmmwnm
écologigues dynamiques permanentes. L'impact potentiel des prédatenrs exotiques et des &eablissements humains
1 saurait Stre sous-estimé pour expliquer le modéle zoogéographique actuel.
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