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Abstract Anolis lizards from Puerto Rico (®ve species
from one site), CuracËao and Aruba in the southern
Caribbean (2 populations), and 22 populations from 14
islands in the eastern Caribbean were surveyed for blood
parasites (two species of Plasmodium and haemogregarines). Literature records for gut helminths from
nine of these populations were added to the data set.
Dorsal body color and dewlap color of males were also
observed and classi®ed into objective classes with no
subjective view of showiness. These data were used to
test the among-species prediction of the Hamilton-Zuk
hypothesis which states that species harboring more
harmful parasites over their evolutionary history will be
more likely to evolve extravagant sexually dimorphic
traits. Critics have noted important shortcomings in
previous tests of the prediction; here we corrected for
these errors. Parasite loads (prevalence and number of
species) and dorsal and dewlap color varied substantially
among the populations sampled. However, there was no
association of parasite load with color either in a broad
analysis or when correcting for phylogenetic relationships among the lizard species.
Key words Sexual selection á Hamilton-Zuk hypothesis á
Anolis á Malaria

Introduction
Males of many animal species possess ¯amboyant
morphological features that are lacking in the relatively
drab females. Darwin's hypothesis of sexual selection
proposes that such ornaments, although costly to produce and maintain, are advantageous because they act as
``charming'' signals to females during mate selection.
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Any reduction in the survival component of ®tness
caused by the ornament would be more than oset by an
increase in mating success enjoyed by the extravagant
male (review in Andersson 1994).
Although female choice may be a potent force favoring the evolution of ornaments by males, how do
females bene®t from their selection of extravagant
males? Once female choice becomes established in the
population, any female not selecting a showy male may
produce sons that would have diculty ®nding a mate in
the next generation. The original bene®t for females in
choosing the showy mate may no longer exist, yet female
preference for the trait continues. However, females may
also incur costs in seeking and selecting only males with
the showy trait (Pomiankowski 1987), and this might
weaken the selective pressure toward female choice and
the maintenance of the showy trait by males.
Two hypotheses oer an explanation for the origin
and maintenance of extravagant traits in males. The ®rst
proposes that random biases in the sensory system of
some species leads females to favor males with some
useless feature (Ryan and Keddy-Hector 1992). Thus,
females gain no bene®t initially from their preference,
and eventually bene®t only because they produce ``sexy
sons.'' The second hypothesis argues that the extravagant trait contains information about the genetic
quality of the male; females can capture ``good genes''
for their ospring by mating with the most showy male.
The good genes hypothesis is intuitively pleasing, but
requires demonstration of the exact kind of information
being passed to females by the appearance of the male's
ornament. Hamilton and Zuk (1982) proposed that the
appearance of a showy trait contains information about
the male's parasite load. Males infected with parasites
would appear scrofulous in general, and the ornament's
appearance would suer most severely. Females could
then pick mates that carry low parasite burdens, and are
thus likely to possess a genotype that confers resistance
to speci®c parasites. Parasites are extremely abundant
and diverse biologically, so resistance to one kind of
parasite would not guarantee resistance to others. The
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appearance of the showy trait would therefore always
contain honest information about the male's genetic
quality because dierent strains or species of parasite
would cycle through the host population.
The Hamilton-Zuk hypothesis leads to two testable
predictions. For those species with males possessing an
extravagant feature, parasitized males will be less showy
than infected males. Within populations, the uninfected
males should be the most extravagant. Among species,
however, those harboring more parasites will be more
likely to have evolved conspicuous ornaments in the
males. Those species with the most showy males today
should be those that have been exploited by the most
parasites over their evolutionary history.
Several tests of the among-species prediction have
been reported, but these have provoked a blistering
controversy among evolutionary biologists and parasitologists (reviewed by Mùller 1990; Read 1990; Clayton 1991). The original study of Hamilton and Zuk
(1982) established the methods that are typical in
among-species tests of the hypothesis. They compared
variation in showiness among bird species with the
number of parasites infecting each bird species. Experienced bird watchers gave a subjective score to the appearance of North American birds, and, independently,
literature data were used to determine the number of
species and prevalence of parasites infecting each bird.
The analysis found a signi®cant association: bird species
that suer attack by more parasites were those that were
more brightly colored.
Critics have noted ®ve major benchmarks required
for an ideal among-species test of the Hamilton-Zuk
hypothesis. These are:
1. The evolutionary relationships among the species of
host must be included in the analysis. A particular
evolutionary lineage might be both showy and carry
many parasites for independent historical reasons, so
each species of host cannot be added into the analysis
as though they are independent data (Read and
Harvey 1989).
2. The rating of showiness is subjective and results could
dier depending on the method used in scoring (Read
and Harvey 1989). Human observers can only guess
at the sensory response of another species to colors or
shapes. Therefore, data on the supposed ornament
must be gathered and analyzed in an objective way,
without any subjective rating of showiness.
3. Viewing pictures in a book, or watching the animals in
nature at one or a few sites, does not respect the
variation in the appearance of a wide spread species.
4. Literature records of parasite loads do not tell how
widespread the parasites are, or the length of the
association of the parasites and hosts. For example,
prevalence of parasites of birds varies greatly among
geographical regions, time of year, and among years;
other kinds of parasite-host systems may vary in
parasite loads in similar ways, thus confounding any
measure of the long-term association of hosts with

their parasites (Weatherhead and Bennett 1991, 1992;
Weatherhead et al. 1991; Merila et al. 1995). The
hypothesis proposes that parasites have aected the
evolutionary history of their hosts, so information
about the duration of the parasite-host association is
critical for any test of the hypothesis. To correct for
points 3 and 4, the host population must be sampled
for appearance of the ornament and for parasite load
over its entire geographic range, and evidence of a
long-term, fairly stable relationship between the
parasites and hosts must be established.
5. The hypothesis assumes parasites harm their hosts,
thus providing an opportunity for selection to function, and that parasite infection alters the appearance
of the extravagant male trait. Thus, surveys should
not examine randomly selected parasites, but only
those known to cause harm to the host and alter the
trait under study (Zuk 1991).
Meeting these benchmarks makes testing the
among-species prediction an onerous task; indeed,
Cox (1989) opined that the hypothesis may not be
testable at all. Here we present an among-species test
of the Hamilton-Zuk hypothesis by comparing the
colors of Anolis lizards in the Caribbean islands with
their parasite burdens. Our study was designed to
answer the shortcomings found by critics of previous
publications.

Study system and methods
The lizard genus Anolis contains approximately 150 species distributed in the Caribbean islands, with many more species on the
mainland of North, Central, and South America (Roughgarden
1995). The small islands of the eastern Caribbean support one or
two anole species each; endemic species are common, sometimes
inhabiting a few islands that were connected in the Pleistocene, and
sometimes inhabiting only a single island. Roughgarden (1995)
presents evidence that the distribution of anoles in the eastern
Caribbean is a result of a combination of tectonic events and ancient overwater transport. Thus, the present distribution of anoles
has existed for millions of lizard generations.
We examined 29 Anolis populations on 14 islands in the eastern
Caribbean, two islands in the southern Caribbean, and at one site
in eastern Puerto Rico (Table 1). Anolis on these islands vary enormously in body color; males range from a drab tan or brown in
some species, to bright green in others, to complex mixtures of
color. A. bimaculatus on St. Kitts, for example, is a combination of
green, blue, yellow, white, and black. Likewise, male anoles possess
an enlarged ¯ap of skin under the chin (the dewlap) that can be
erected during display. Dewlap color varies among species, from
uniform tan and pale yellow, to complex mixtures of yellow, orange, and black. Color paintings of the anoles of the eastern Caribbean in Lazell (1972) illustrate the variation in color among
Anolis species. For the populations on the Lesser Antilles, we can
observe the showy features (body and dewlap color) of each anole
population throughout its long-established range, a single island.
On a few of the larger eastern islands, such as Dominica, the endemic anole has evolved into distinct subspecies, so colors of these
ancient populations can be examined as well.
We made color photographs of the dorsal surface and dewlap of
male lizards from each island; on Dominica there is substantial
color variation among localities, so these were all sampled as well.
Similar color variation exists on Martinique, but we sampled only
one of the color morphs. Both dorsal and dewlap colors vary
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among individuals in a local population, and dorsal color also can
change in an individual anole over time. Therefore, we chose to
photograph several males that to us appeared to dier the most
from females in that population. We then showed two to ®ve of
these photographs as well as the paintings in Lazell (1972) to 14
individuals (with no communication among the members of the
panel) who placed each lizard into one of four dorsal color classes
and four dewlap color classes. We did not ask the panel members to
rank the showiness of the lizards (this would contain a subjective,
strictly human bias). The dorsal color classes were: (1) uniform
brown or a pattern of tan or brown, including spots or blotch; (2)
uniform green, yellow, or some other color other than brown; (3)
two colors such as brown and yellow, yellow and green, green and
black; (4) more than two colors such as black, green, and yellow.
The dewlap classes were: (1) all cream or tan; (2) any other single
color; (3) two colors; (4) more than two colors. For all of the lizard
populations, 10±14 of the 14 human observers agreed on placement
into a color class for both dorsal and dewlap appearance. Anolis
can see into the ultraviolet, and the degree of re¯ection of ultraviolet light from dewlaps varies among species (Fleishman et al.
1993). However, the broad color classes used here are likely to be
viewed by Anolis and human eyes in similar ways.
We surveyed each lizard population for blood parasites. For
each island, 2±50 sites were surveyed, depending on island size and
the presence of subspecies on the island. A blood smear was made
for each lizard and the animal returned to its point of capture.
Smears were stained and examined using the methods described in
Schall and Bromwich (1994). Two species of Plasmodium are
common in the Caribbean islands, P. azurophilum and P. ¯oridense.
The distribution of these two species is described in Staats and
Schall (1996) and Schall (1996). A biogeographical analysis (Staats
and Schall 1996) concluded that malaria was most likely introduced
onto each island when the local anole ®rst became established
there. That is, the parasites have long coevolved with the Anolis of
each island. Previous studies in the Caribbean have shown that
malaria prevalence does not vary substantially by season or over a
few year period (Schall and Vogt 1993; Schall 1996), suggesting our
samples give an adequate re¯ection of the prevalence of Plasmodium on the islands. We also scored for presence of haemogregarines, another taxon of blood parasite, but could not identify these
parasites to species without knowledge of the invertebrate host.
Prevalence and number of species of helminth parasites in the intestines has been reported for nine of our anole populations
(Dobson et al. 1992) and is included in the analysis. No information is available on the duration or stability of these helminth
parasite-host systems on the islands.
Plasmodium infection causes multiple pathologies for lizard
hosts, including Anolis (review in Schall 1996). Malarial parasites
can also change the sexually dimorphic color of male lizards, perhaps by altering hormonal levels (Ressel and Schall 1989; Dunlap
and Schall 1995). The in¯uence of gut-dwelling helminths or haemogregarines on the health of lizards is unknown.
Although the phylogenetic relationships of Anolis and related
genera are controversial, the species groups used in this study for
the eastern Caribbean appear to be re¯ect the consensus view.
Thus, we use the summary cladogram and other information given
by Roughgarden (1995) in our phylogenetic analysis.

Results
Table 1 presents the results for the 7092 lizards we
sampled, plus 880 lizards sampled for their intestinal
parasites by Dobson et al. (1992). Sample sizes vary
among the populations we surveyed and could bias the
determinations of number of Plasmodium species and
their prevalence. Data in Table 1 show malarial prevalence is positively correlated with sample size (Spearman correlation, rs  0:56; P < 0:01). Also, a signi®cant

dierence in sample size exists for islands scored with 0,
1, or 2 species of Plasmodium (Kruskal-Wallis test,
P < 0:05). The three islands with largest samples had
two species of Plasmodium detected, and the four islands
with the smallest samples had no detected malaria. This
pattern results at least in part from our collecting most
heavily on islands where preliminary sampling revealed
high prevalence of both species of Plasmodium (Saba,
St. Christopher, St. Martin, Puerto Rico). (This detailed
sampling was done as part of other studies on the
population biology of the parasites.) When these few
islands with sample sizes >250 are removed from the
analysis, the correlation between prevalence and sample
size vanishes (P > 0:05).
On islands with parasite prevalence typical for anole
populations, a small sample reveals the actual prevalence and species of parasite present. For example, in
the ®rst survey on Saba, only 43 lizards were collected,
but both species of Plasmodium were found and in an
overall prevalence very similar to the result of the much
larger sampling (37% vs. 47%). Two samples were taken
on St. Christopher, approximately 2 years apart, that
diered in sample size (79 vs. 211) with no signi®cant
dierence in prevalence (Staats and Schall 1996). It is
possible that the prevalence of infection was low on
some islands with small sample sizes, and any blood
parasites there could have been missed in the sampling.
However, chronic low parasite prevalence should not
have had an eect on the evolution of showy traits in
males; that is, low prevalence would be equivalent to
zero prevalence. Nonetheless, the analysis below will
correct for any possible bias of number of parasite
species by sample size.
We compare color class of dorsal surface and dewlap
by parasite burden in two ways. First, Kruskal-Wallis
tests examine dorsal and dewlap color classes by percent
of lizards infected with Plasmodium, haemogregarines,
or intestinal helminths. None of the comparisons were
signi®cant (P s  0:367 ÿ 0:938). Second, the number of
species of Plasmodium and number of species of helminths were compared with color class. Sample sizes
(number of populations) were too small for any kind of
matrix test of our color classes and number of species.
Therefore, we combined number of species into two levels, and color classes into two groups. To eliminate any
subjective bias in joining color classes, we ran Fisher
exact tests with every possible combination of color
classes. Again, no signi®cant association was observed
P s > 0:10. This series of analyses was repeated using
only populations with sample size >99, again with no
signi®cant results P s > 0:10. We conclude that there is
a lack of association of color class and parasite burden.
Examination of the consensus phylogeny of anoles in
the eastern Caribbean (presented in Roughgarden 1995)
reveals all but one of the species of Anolis used here fall
into one of three species groups, one found on Puerto
Rico (the cristatellus group), one in the northern Lesser
Antilles (the bimaculatus group), and one in the southern
islands (roquet group). These species groups are in-
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Table 1 Data on parasite loads and two showy traits (color of
dorsal surface and dewlap color) in male anoles for 29 Anolis populations from 17 islands in the Caribbean. Given are island name,
species of Anolis (and subspecies when appropriate), species group
to which populations in the northern and eastern Caribbean belong

(B bimaculatus, R roquet, C cristatellus), number of sites sampled
on each island, scores for dorsal and dewlap color pattern, and
prevalence (and number of species) of Plasmodium, haemogregarine, and helminth infections for each of the population of
anoles

Island

Anolis Species

No. of
sites

n

Dorsal
score

Dewlap
score

Plasmodium
% Infected
(no. species)

Anguilla
St. Martin

A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.

4
17
10
5
50
6
4
5
5
4
4
3
3
2
1
2
6
3
4
2
3
3
3
3
4
4
4
1
5

97
828
206
133
2086
78
48
290
16
22
13
63
62
72
46
80
161
119
79
28
20
26
83
15
386
1516
256
216
47

1
1
4
1
3
4
3
4
3
4
3
3
3
4
4
3
4
2
2
4
3
3
3
3
2
1
1
1
3

3
3
1
3
3
4
2
4
2
4
2
2
2
2
3
2
3
2
2
3
3
3
4
4
2
3
3
3
2

7
25
2
7
47
0
0
14
0
0
0
10
13
12
0
10
4
0
13
0
2
8
0
0
1
22
1
1
1

St. BarteÂleÂmy
Saba
St. Eustatius
St. Christopher
Antigua
Montserrat
Dominica

Martinique
St. Lucia
St. Vincent
Barbados
Grenada
Aruba
CuracËao
Puerto Rico

gingivinus (B)
gingivinus (B)
pogus (B)
gingivinus (B)
sabanus (B)
b. bimaculatus (B)
schwartzi (B)
b. bimaculatus (B)
schwartzi (B)
b. leachi (B)
wattsi (B)
lividus (B)
o. oculatus (B)
o. cabritensis
o. montanus
o. winstoni
roquet summus (R)
luciae (R)
trinitatis (R)
extremus (R)
richardi (R)
aeneus (R)
lineatus
lineatus
evermanni (C)
gundlachi (C)
stratulus (C)
cristatellus (C)
krugi (C)

dicated in Table 1. If color class or parasite burden is
associated with phylogenetic history of the species, then
each clade must be examined separately. The three
species groups did not dier in parasite prevalence
(Kruskal-Wallis test, P  0:40). Color scores dier
among the three species groups: 4/5 populations of the
cristatellus group fall into color classes 1 and 2, whereas
11/12 bimaculatus and 4/6 roquet populations fall into
classes 3 and 4 for dorsal color. The dewlap scores are
similar among the species groups. Therefore, we next
compare dorsal color vs. parasite load for the three
groups. Percent of lizards infected with Plasmodium or
haemogregarines did not dier among color classes for
any of the species groups (Kruskal-Wallis tests,
Ps = 0.264±0.716). Again, we conclude that there is
no association of parasite load with color class.

Discussion
Two general predictions emerge from the Hamilton-Zuk
hypothesis: (1) within populations of a showy species,
the conspicuous ornament will be less showy in infected
males; and (2) among species, those that have been infected with more parasites over their evolutionary his-

(1)
(2)
(1)
(1)
(2)
(2)

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(2)
(1)
(1)
(1)

Haemogreg.
% Infected
0
6
1
3
6
0
0
2
0
9
0
0
2
11
0
4
9
64
<1
0
15
11
0
0
<1
<1
0
2
4

Helminths
% Infected
(no. species)
22 (2)
65 (3)
44 (1)
76 (3)
45 (3)
50 (5)
75 (7)
62 (4)
67 (5)

tory will be more showy. Both of these predictions have
been subjected to scrutiny.
Within-population tests of the Hamilton-Zuk hypothesis have provided con¯icting and paradoxical results. A detailed study by Mùller (1994) found that the
elongated tail feathers of male barn swallows are altered
by parasitic infection. Resistance to infection appears
heritable, and females prefer males with tail feathers in
good condition. Thus, the hypothesis was strongly supported by Mùller's study. Many other studies ®nd a
deleterious eect on a showy trait or extravagant behavior associated with parasitic infection. These include:
guarding behavior of crickets (Simmons 1990), color of
guppies (Houde and Torio 1992), display rate in guppies
(Kennedy et al. 1987), holding a bower in satin bowerbirds (Borgia 1986), colors of redwing blackbirds
(Weatherhead 1990) and jungle fowl (Zuk et al. 1990),
and spermatophore production by crickets (Zuk 1987).
Whereas some studies ®nd a decrease in mating success
by parasitized males (Jaenike 1988), others detect no
reduction in mating success associated with a pathogen
(Weatherhead 1990). More damaging to the hypothesis
is the ®nding that parasitic infection in some species may
lead to an increase in the showiness of males (directly
contrary to the prediction emerging from the hypoth-
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esis). Such paradoxical results were found for studies of
wild zebra ®nches (Taeniopygia guttata) in Australia
(Burley et al. 1991), whiptail lizards (Cnemidophorus
arubensis) of Aruba island in the southern Caribbean
(Schall 1986), and fence lizards (Sceloporus occidentalis)
in California (Ressel and Schall 1989).
The among-population tests have also produced
con¯icting results. Supporting the hypothesis have been
studies on the birds of North America and Europe
(Hamilton and Zuk 1982; Read 1987), South America
(Zuk 1991), and New Guinea (Pruett-Jones et al. 1991).
The association of bright colors and parasite load is
stronger in nonmigratory neotropical birds, compared
with migratory species, perhaps because of their life-long
contact with the same set of parasites (Zuk 1991). Ward
(1988) found a positive association between parasite
diversity and male color in his study of British ®sh.
Other studies have found no relationship between
parasite load and showy traits in lizards (Lefcort and
Blaustein 1991), North American ®sh (Chandler and
Cabana 1991), and in the complexity of bird song (Read
and Weary 1990). Reexamination of the data for North
American birds (Read and Harvey 1989) and British ®sh
(Chandler and Cabana 1991) cast doubt on the previously described positive association between bright
colors and parasite loads.
All of the previous among-species tests of the Hamilton-Zuk hypothesis have failed to meet one to all of
the benchmarks listed by various critics and reviewed
above. In our study we sought to confront these shortcomings. The data set included information on the color
typical of each population of anoles as well as two
measures of parasite load (number of parasite species
and their prevalence). We sampled over the entire range
of the population on the Lesser Antilles (the island or
portion of the island for distinct subspecies). The parasites and hosts most likely have had a long coevolutionary association. We did not rank the colors by any
measure of showiness, but instead simply cast each population of lizards into one of several distinct color
classes. At least one taxon of parasite we examined
(Plasmodium) harms lizards and can change the color of
males. All of the populations of lizards are congeners,
and the phylogeny of these species is well understood.
An among-species test of the Hamilton-Zuk hypothesis
predicts that lizards in dierent color classes should
dier in parasite load. In this study, no hint emerged of
the pattern predicted by the hypothesis.
Use of clearly de®ned color classes was our attempt
to remove subjectivity from rankings of showiness in the
lizards' color. Critics might argue that substantial information was lost and that a human subjective rating
of showiness is still valuable in this kind of study. In
this case, the conclusion drawn above remains if we
subjectively compare populations of anoles that look
extravagant to the human eye with those that appear
drab. For example, some of the populations that in our
opinion were least showy carried high parasite loads,
such as A. gingivinus on St. Martin and A. gundlachi on

Puerto Rico. These lizards appear a drab, cryptic mottled brown color. Some very showy species, such as
A. bimaculatus on St. Christopher and A. sabanus on
Saba, also were heavily parasitized. Populations with
low parasite loads included the dull A. cristatellus on
Puerto Rico (which is very similar in appearance to
A. gundlachi) and the showy A. pogus on St. Martin. On
Dominica, the subspecies of A. oculatus that is most
showy to the human eye, A. o. muntanus, was not infected with any blood parasite, whereas the other subspecies that varied from dull to showy all had about the
same parasite burdens. The most complex dewlap
among all the anole populations is carried by A. lineatus
from Aruba and CuracËao. It was scored a 4 for its mix of
colors, but also was unusual because it was asymmetrical
on left and right sides, showing more bright orange on
one side and yellow on the other. Nonetheless, neither
population of A. lineatus was infected with any blood
parasite. The most heavily parasitized species, A. sabanus from Saba island, displays a uniform pale yellow or
orange dewlap that appears far less showy than the
dewlap of A. lineatus.
What explains the disparate results of the amongspecies tests of the Hamilton-Zuk hypothesis? PruettJones et al. (1991) noted that a pattern supporting the
hypothesis exists for birds only when a broad taxonomic
sweep of an entire region's avifauna is used in the analysis. The pattern is not seen when individual families of
birds are studied. Also, as shown here, the pattern is not
found for other vertebrate taxa. For example, both of
the among-species studies involving lizards, Lefcort and
Blaustein (1991) who studied 26 species among 8 families, and this study of anoles in the Caribbean, do not
support the Hamilton-Zuk hypothesis (also, recall that
the two within-population tests involving lizards came to
paradoxical results). These results suggest some intriguing possibilities. Perhaps sexual selection works differently on birds than some other vertebrate taxa, or
perhaps the pattern seen in the among-family studies
shows a more ancient evolutionary interaction between
birds and their parasites. The theoretical studies of
Clayton et al. (1992) show that the outcome of interaction of parasites and the sexual selection of their hosts is
strongly dependent on the speci®c kind of interaction
between parasite and host.
In any case, the role of parasites in the behavior
and ecology of their hosts was too long ignored by
evolutionary ecologists. Parasites may not present the
spectacle seen when a predator attacks its prey, but
pathogens work relentlessly on every species of freeliving animal. The Hamilton-Zuk hypothesis is now
viewed as a landmark (Sheldon and Verhulst 1996) that
continues to provoke discussion; it may well be among
the most hotly debated ideas in behavioral ecology over
the past decade. The hypothesis was ambitious because
it attempted to resolve a century-old problem in evolutionary ecology by linking the pervasive in¯uence of
parasites with sexual selection. Whatever the outcome of
testing of the hypothesis, the controversy has properly
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led to a growing interest in how parasites in¯uence host
behavior, morphology, and physiology.
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