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EVOLUTIONARY IMPLICATIONS OF PHENOTYPIC PLASTICITY IN THE HINDLIMB
OF THE LIZARD ANOLIS SAGREI
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Abstract.—Species of Anolis lizards that use broad substrates have long legs, which provide enhanced maximal sprint
speed, whereas species that use narrow surfaces have short legs, which permit careful movements. We raised hatchling
A. sagrei in terraria provided with only broad or only narrow surfaces. At the end of the experiment, lizards in the
broad treatment had relatively longer hindlimbs than lizards in the narrow treatment. These results indicate that not
only is hindlimb length a plastic trait in these lizards, but that this plasticity leads to the production of phenotypes
appropriate to particular environments. Comparison to hindlimb lengths of other Anolis species indicates that the range
of plasticity is limited compared to the diversity shown throughout the anole radiation. Nonetheless, this plasticity
potentially could have played an important role in the early stages of the Caribbean anole radiation.
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The length of the hindlimb of Anolis lizards varies tre-
mendously, with some species having limbs twice as long as
other species of comparable size (Losos 1990a). This vari-
ation reflects adaptation to living in different structural hab-
itats (Williams 1983; Losos 1990a; Larson and Losos 1996):

3 Present address: Department of Pharmacology, School of Med-
icine, Campus Box 8103, Washington University, St. Louis, Mis-
souri 63130.

3 Present address: Department of Herpetology, Chicago Zoolog-
ical Park, 3300 Golf Road, Brookfield, Illinois 60513.

Accepted July 26, 1999.

species utilizing broad surfaces, such as the ground or tree-
trunks, tend to have long hindlimbs relative to their body
size, whereas species using narrow surfaces, such as twigs,
have relatively short limbs (Moermond 1979; Williams 1983;
Losos 1990a). Comparisons among recently diverged pop-
ulations of anoles reveal similar trends, only at a smaller
scale. Among Bahamian populations of both A. sagrei and
A. carolinensis, which have probably been separated for sev-
eral thousand years, a relationship exists between mean perch
diameter and mean relative hindlimb length (Losos et al.



302

1994); a similar relationship exists among populations of A.
sagrei experimentally established 20 years previously in the
Bahamas (Losos et al. 1997). The similarity in these patterns
manifested both intra- and interspecifically over time scales
ranging from 20 years to more than 20 million years suggests
not only that natural selection is the agent responsible, but
also that no distinction might exist between micro- and mac-
roevolutionary processes; the latter simply may be an ex-
trapolation of the former manifest over long periods of time.

However, this conclusion rests on a critical assumption,
namley that the differences observed among intraspecific
populations reflect genetic differentiation. An alternative hy-
pothesis is that different phenotypes are the result of phe-
notypic plasticity. Previous work, conducted entirely on en-
dotherms, has revealed that differences in biomechanical
forces placed on growing bones, usually as the result of dif-
ferences in activity levels, can affect limb growth (reviewed
in Steinhaus 1933; Booth and Gould 1975; Kiiskinen 1977;
Erickson 1997). This work generally indicates that a regimen
of strenuous exercise (e.g., running on a treadmill, swim-
ming) leads to a thickening of limb bones, but not to increased
bone length (e.g., Jones et al. 1977; Woo et al. 1981; Loitz
and Zernicke 1992; see also Erickson 1997). Some exceptions
exist, however. For example, the ulna and radius on the serv-
ing arm of professional tennis players is longer than the same
bones on the nonserving arm (Buskirk et al. 1956; for another
example, see Kiiskinen 1977; for theoretical discussion,
Wong and Carter 1990). Consequently, lizards living in dif-
ferent island environments, and thus behaving in different
ways, might develop differently, thus leading to a plasticity-
induced relationship between limb length and habitat use.

To test this possibility, we conducted limb growth exper-
iments on A. sagrei, the species that was involved in the
previous experimental and natural comparative studies in the
Bahamas (Losos et al. 1994, 1997). This species is found
naturally throughout the eastern Caribbean and, as a result,
is exposed, both within and among populations, to a wide
range of environmental circumstances (Schoener 1968,
1975). Thus, this species would seem to be a good candidate
for the evolution of adaptive phenotypic plasticity.

MATERIALS AND METHODS

116 juvenile lizards (snout-vent length [SVL] 26-38.5 mm,
X = 33.1 = 0.1 SE) were obtained from Fort Myers, Florida
in November 1996. Lizards were placed in 37.9-L glass
aquaria, misted daily, and fed hatchling crickets dusted with
mineral supplements every two to three days. The bottoms
of the aquaria were covered with cypress mulch. Lighting
was provided by a cool fluorescent bulb and a Sylvania 350
BL black light bulb placed on the top of each aquarium. The
only perching sites available to the lizards were either four
narrow wooden dowels 0.7 cm in diameter and 41 cm long
(“‘narrow’’ treatment) or two wide pieces of wood with di-
mensions 51 X 8 X 3.5 cm (‘‘broad’’ treatment) placed lean-
ing against walls of the aquaria. Sides of the aquaria were
painted with Fluon, a substance to which anoles cannot ad-
here. Only 65 aquaria were available, so most aquaria initially
contained two lizards. Lizards were haphazardly assigned to
treatment and aquaria with the proviso that lizards placed in
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the same aquarium were matched for size (differences in SVL
generally < 2 mm). Aquaria were arranged on tables in such
a way as to alternate treatments (i.e., each aquarium was
flanked on both sides by aquaria in the other treatment).

At the start of the experiment, we measured SVL and hind-
limb length (distance from insertion of the limb into the body
wall to the distal tip of the claw on metatarsal IV) on all
individuals, which were toeclipped (one toe on one of the
forelimbs) for identification. Because of their small size and
to avoid excessive handling, individuals were not sexed. The
experiment was terminated in March 1997, at which time
SVL and hindlimb length were measured and sex determined.
At this time, most lizards were sexually mature.

We used two approaches to determine whether the exper-
imental treatment affected limb growth. First, we compared
the relative hindlimb lengths of lizards in the two treatments
(narrow and broad) at the end of the experiment using anal-
ysis of covariance with sex and SVL as covariates. Prelim-
inary analyses indicated that no interaction terms were sig-
nificant, validating the assumption of homogeneity of slopes.
Second, we estimated limb growth relative to overall growth,
which we term ‘‘relative hindlimb growth’” (RHG) as (final
limb length — initial limb length)/(final SVL — initial SVL).
Because data from lizards raised in the same cage might
represent pseudoreplication, which could lead to incorrectly
low probability values, we repeated analyses producing sta-
tistically significant results using average values for each
cage. For these analyses, cages with both a male and a female
lizard had to be omitted. Variables were natural-log trans-
formed in all analyses.

REsSULTS

At the start of the experiment, analysis of covariance (AN-
COVA) revealed that the two groups of lizards did not differ
in the relationship between relative limb length and SVL,
either when all individuals are considered (difference in in-
tercepts, F{ ;13 = 0.04, P = 0.85, two-tailed; here and in all
results below, the hypothesis that slopes were homogeneous
was first tested and not rejected) or when only lizards that
survived the experiment are considered (F| 4, = 0.00, P =
0.99). In addition, the sexes did not differ in hindlimb length
relative to SVL (F 5, = 0.43, P = 0.52; determined only for
lizards that survived and could be sexed at the end of the
experiment).

At the end of the experiment, lizards in the two treatments
did not differ in SVL (narrow treatment: ¥ = 41.9 = 0.6 SE;
broad treatment: ¥ = 42.6 = 0.7; t = 0.71, n = 66, P =
0.48). ANCOVA revealed an effect of both sex (males with
longer hindlimbs relative to SVL than females; F| 5, = 13.52,
P < 0.0005, one-tailed) and treatment (lizards in the broad
treatment with relatively longer legs than lizards in the nar-
row treatment; I, oo = 5.04, P =0.014, one-tailed; Fig. 1).
Results were nearly identical when cage averages were used
(sex: Fy 4, = 11.52, P = 0.001; treatment: F| 4, = 6.66, P
= 0.007) and when cages averages were used and the sexes
analyzed separately (males, treatment effect: F; = 5.62, P
= 0.028; females, treatment effect: F'| 3, = 4.02, P = 0.027;
cages with one male and one female lizard omitted).

The difference in hindlimb length between the treatments



