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Abstract.— Twenty-seven islands in the Lesser Antilles contain either one or two species of Anolis
lizards. On nine of the ten two-species islands, the species differ substantially in size; 16 of the 17
one-species islands harbor an intermediate-sized species. Two processes could produce such a
pattern: size adjustment (or character displacement), in which similar-sized species evolve in
different directions in sympatry; and size assortment, in which only different-sized species can
successfully colonize the same island together. Previous analyses implicitly have assumed that size
is evolutionarily plastic and determined solely by recent ecological conditions, and consequently
have tested the hypothesis that character displacement has occurred on each of the ten two-species
islands. Other studies have focused only on size assortment.

By analyzing such patterns in a phylogenetic context, I explicitly consider historical effects and
can distinguish between size adjustment and size assortment. Using a minimum evolution algo-
rithm, I assess evidence for size adjustment by partitioning changes in size along branches of the
phylogenetic tree. Size evolution appears rare (a minimum of 4-7 instances of substantial size
evolution). In the northern (but not the southern) Lesser Antilles, size change was significantly
greater when a descendant taxon occurred on a two-species island and its hypothetical ancestor
occurred on a one-species island, thus supporting the size adjustment hypothesis, though size
adjustment might have occurred only once. The relative rarity of size evolution suggests that size
assortment might be responsible for non-random patterns. In both the northern and southern
Lesser Antilles, a null model of no size assortment is convincingly rejected. Closely related taxa,
however, are usually similar in size, and hybridization between species has been reported. Con-
sequently, similar-sized species might not coexist because they interbreed and coalesce into one
gene pool. A null model that only allows species from different “clades’ to co-occur is rejected for
the northern Lesser Antilles, but is ambiguous with regard to the southern Lesser Antilles. Thus,
competitive exclusion is probably responsible for the pattern of size assortment in the northern
Lesser Antilles; both competitive exclusion and interbreeding of closely related species of similar

size might be responsible for the patterns evident in the southern Lesser Antilles.
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The role of interspecific interactions in
structuring communities has been debated
for more than half a century. Recent dis-
cussion has focused on the appropriate
method to judge observed patterns of body
sizes and geographic distributions relative
to random expectations. Numerous authors
have proposed formulae for constructing
“null models” (sensu Harvey et al., 1983)
with which to compare observed patterns.
Others have argued, however, that it is im-
possible to construct biologically realistic
null models that do not inadvertantly in-
corporate the results of the processes for
which they are supposed to serve as null
hypotheses (e.g., Grant and Abbott, 1980;
Diamond and Gilpin, 1982; Case and Si-
dell, 1983; Colwell and Winkler, 1984;
Schoener, 1984). Often lost amidst this de-
bate (but see Colwell and Winkler, 1984)
has been the simple fact that species and
populations do not appear de novo, shaped
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only by current ecological conditions; rath-
er, they have a history of evolution (Lauder,
1981; Felsenstein, 1985; Huey and Bennett,
1987). This paper uses the much discussed
case of the Anolis lizards of the Lesser An-
tilles to show that the importance of inter-
specific interactions often can be analyzed
most appropriately by examining them in
historical context.

Schoener (1970) found that the size of
lizard species on 27 Lesser Antillean islands
varied in a remarkably consistent way with
the number of species on an island (Fig. 1).
Ten of these islands have two species,
whereas 17 have only one species. On nine
of the two-species islands, one species is large
and the other small. Specifically, the species
differ in size by a factor of 1.5 or more (on
the 10th island, St. Maarten, the difference
is 1.45). In contrast, on 16 of the 17 one-
species islands, species are intermediate in
size (defined as 15.0 mm < jaw length <
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21.5 mm; the exception is ferreus on Marie
Galante).

Two fundamentally different processes
could produce such a pattern of size dissim-
ilarity among sympatric species (Case, 1983;
Case and Sidell, 1983; Case et al., 1983;
Grant and Abbott, 1980; Grant, 1986): (1)
size adjustment (or character displace-
ment): species of similar size colonize an
island and evolve in opposite directions in
situ to minimize resource competition; (2)
size assortment: competitive exclusion or
other processes prevent similar-sized species
from colonizing the same island; only species
that are already dissimilar in size can suc-
cessfully colonize and coexist. Schoener
(1969a, 1988) and Williams (1969, 1972)
have suggested that character displacement
has occurred frequently in Lesser Antillean
Anolis, but also have considered size as-
sortment to be important in generating ob-
served patterns; others (e.g., Simberloff,
1983; Simberloff and Boecklen, 1981) have
implicated only size adjustment as a cause
of these patterns of size distribution.

In this paper, I utilize a phylogenetic ap-
proach to investigate whether size adjust-
ment and/or size assortment are responsible
for producing non-random patterns in the
Lesser Antilles. I first determine when size
evolution most likely occurred in the di-
versification of Lesser Antillean Arnolis; 1
use this information to test whether size ad-
justment was responsible for this evolution.
I then ask whether differential colonizing
success (i.e., size assortment) of different-
sized species has occurred.

Size Adjustment

Null models have been developed to test
this and other purported examples of size
adjustment (e.g., Simberloff and Boecklen,
1981; Simberloff, 1983), but these models
do not incorporate historical information.
Implicitly, they assume that each popula-
tion has evolved to its current size on the
island it occupies. As a result, these methods
risk overestimating the frequency of size ad-
justment and prevent separate evaluation of
the effects of historical and ecological pro-
cesses potentially capable of generating pat-
terns of size dissimilarity.

Phylogenetic analysis of the patterns of
body size and of island distribution circum-
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Fic. 1. Distribution and sizes of Arnolis in the Less-

er Antilles (modified from Schoener 1970). Species
and mean jaw lengths for males are noted for each
island. For two-species islands, the ratio between the
larger and the smaller species is given. Islands are: 1.
Anguilla; 2. St. Maarten; 3. St. Croix; 4. Saba; 5. St.
Eustatius; 6. St. Christopher; 7. Nevis; 8. St. Barthe-
lemy; 9. Redonda; 10. Barbuda; 11. Antigua; 12. Mont-
serrat; 13. Guadeloupe; 14. La Desirade; 15. Marie
Galante; 16-17. Iles des Saintes; 18. Dominica; 19.
Martinique; 20. St. Lucia; 21. Barbados; 22. Bequia;
23. Carriacou; 24. Tobago; 25. Grenada; 26. the Gren-
adines; 27. St. Vincent. I do not include two non-Lesser
Antillean island groups in Schoener (1970), St. Croix
and the Cayman Islands. Including them does not alter
the results of the analysis presented here.

vents these difficulties and permits a statis-
tical assessment of both size adjustment and
size assortment. Figure 2 displays how a
pattern of size dissimilarity, with a large and
a small species on two-species islands and
intermediate species on one-species islands,
could be produced by size adjustment and/
or size assortment. Figure 2a demonstrates
size assortment. For some unspecified rea-
son, ancestral species evolve size differences
while on one-species islands, and then only
taxa dissimilar in size (i.e., large and small)
can successfully co-occur. Figure 2b illus-
trates size adjustment. When two taxa col-
onize the same island, they evolve differ-
ences in size that allow coexistence. Figure
2c¢ demonstrates both processes. Size ad-
justment occurs when two similar-sized
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Fic. 2. Phylogenetic illustration of the capability
of size assortment and character displacement to gen-
erate patterns of size dissimilarity. Figure 2a illustrates
size assortment; Figure 2b size adjustment; Figure 2¢
both size assortment and size adjustment; Figure 2d
neither. See text for discussion. Arrows represent evo-
lutionary increase or decrease in body size. Black
rectangles indicate that descendant taxa occur on two-
species islands, whereas ancestral taxa occur on one-
species islands. Numbers refer to the number of species
on the island occupied by that taxon. Except in 2d,
two-species islands contain a large and a small species.
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species first co-occur; subsequent successful
colonization of additional islands by de-
scendants of both forms constitutes size as-
sortment. Figure 2d illustrates a chaotic pat-
tern resulting from neither character
displacement nor size assortment.

Interpretation of the ecological context of
evolutionary change requires a well-corrob-
orated phylogenetic hypothesis (Felsen-
stein, 1985; Donoghue, 1989). The Anolis
of the northern and southern Lesser Antilles
are derived from different stocks; Figure 3
presents a phylogeny for each. Despite sev-
eral unresolved polychotomies, I will dem-
onstrate that the phylogenetic resolution is
sufficient to indicate that size adjustment
has not been widespread.

A minimum evolution algorithm (Huey
and Bennett, 1987) can be used to test the
hypothesis that size change occurred si-
multaneously with the transition from one-
species to two-species islands, or vice versa.
The algorithm assigns values to hypotheti-
cal ancestral taxa so as to partition character
change along the branches of the phylogeny
to minimize the sum of the evolutionary
changes (i.e., the difference between each
descendant and its ancestor) squared. An
alternative approach (Farris, 1970; Larson,
1984; Sessions and Larson, 1987), which
minimizes the sum of the absolute amount
of evolutionary changes, was not used be-
cause the algorithm finds numerous equally
parsimonious solutions (Swofford and
Maddison, 1987).

Whether an ancestral form occurred alone
or in sympatry can also be determined, based
on whether descendant species occur on one-
or two-species islands. Anolis distribution
in the Lesser Antilles results primarily from
colonization and fragmentation of island
banks caused by the post-glacial increase in
sea level (Williams, 1969). Thus, the ances-
tor of any pair of sister taxa probably oc-
curred on one of the islands that its descen-
dants occupy (In this sense, the ancestor
may be essentially identical with a descen-
dant. For example, if a species colonized
one island, and from there a second island,
then the common ancestor of the taxa on
the two islands would be the population that
had colonized the first island before it col-
onized the second). For example, because
A. wattsi occurs on Barbuda and Antigua,
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and both islands contain another species,
then the ancestor of these two populations
of wattsi probably occurred in sympatry with
another species on either Barbuda, Antigua,
or the island bank containing both. For cases
in which sister taxa differ, I considered the
nearest outgroup to determine whether the
ancestral form probably occupied a one- or
two-species island. In the case of the wattsi
and bimaculatus groups, which co-occur on
six islands, this reasoning predicts that col-
onization of an island (e.g., Antigua) by both
groups was essentially simultaneous.

Thus, for each species in the phylogeny,
both extant and hypothetical ancestral, one
can infer how much each species changed
in size from its most immediate ancestor,
and whether it occurred on an island with
a different number of species than its ances-
tor. The prediction of the size adjustment
hypothesis, that changes in size are associ-
ated with a move to an island with a dif-
ferent number of species, can then be tested.
Statistical results must be received cau-
tiously, however, because the size value as-
signed to each hypothetical ancestor de-
pends on values assigned to its hypothetical
ancestor and descendants (Felsenstein, 1988,
Huey, 1987). Further, these results depend
on the reconstruction of character evolution
based on parsimony.

Results of such an analysis depend on how
unresolved polychotomies in Roughgar-
den’s, et al. (1987) phylogeny are resolved.
One example dealing with anoles of the
northern Lesser Antilles is presented in Fig-
ure 4. In this phylogeny, Anolis bimaculatus
and leachi were assumed to be sister taxa
because Lazell (1972), in the last taxonomic
revision of the group, considered them con-
specific. In all other cases, I resolved poly-
chotomies by assuming that geographically
proximate species or populations were more
closely related than either was to taxa on
more distant islands. The original species
colonizing the northern Lesser Antilles (the
outgroup in Figure 4) was assumed to occur
on a one-species island.

Given these assumptions, character dis-
placement is demonstrable in the northern
Lesser Antilles; size adjustment is greater
when descendants occur on two-species is-
lands and their ancestors occurred on one-
species islands (Mann-Whitney U-test, P <
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Fic. 3. Phylogeny of Anolis in the eastern Carib-
bean based on immunological, electrophoretic, kary-
ological, and morphological (primarily scale charac-
ters; body size is not used in constructing the phylogeny)
studies by Gorman and others (modified from Rough-
garden, et al. 1987). The roquet series is most closely
related to South American anoles and only distantly
related to the cristatellus and bimaculatus series. Re-
cent controversy over Anolis systematics (Guyer and
Savage, 1986; Cannatella and de Queiroz, 1989) does
not affect this arrangement. Size: L = large (jaw length
> 21.5 mm); I = intermediate (21.5 > jaw length >
15.0); S = small (jaw length < 15.0).

0.056, see Table 1; the three taxa that oc-
cupied two-species islands and had imme-
diate ancestors that occupied one-species is-
lands are indicated by boxes in Fig. 4).
Figure 4 also reveals that substantial
changes in body size have been uncommon
in the northern Lesser Antilles. The evo-
lution of small size occurred only once, in
the ancestor of the wattsi group; large size
only evolved twice, in ferreus and in the
bimaculatus-leachi group (large size evolved
three times if bimaculatus and leachi are not
sister taxa). Intermediate size, ancestral to
the entire clade (which accords with Schoe-
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FiG. 4. One possible resolution of the phylogeny
for the bimaculatus series. Numbers across the top row
are, for each taxon, jaw length (in mm) and number of
species on the island it occupies. Sizes of ancestral
forms, calculated using the minimum evolution algo-
rithm described in the text, are noted next to the node
for each ancestral form. Boxes represent the evolu-
tionary transition from one-species to two-species is-
lands.

ner’s (1969a) prediction that Anolis colo-
nists are usually approximately this size),
never re-evolved from large or small taxa.

Results for the southern Lesser Antilles
are clear-cut: size adjustment cannot be
demonstrated regardless of how the poly-
chotomies are resolved, even if richardi on
Tobago (which was probably recently intro-
duced by man [Gorman et al., 1978]) is ex-
cluded (Table 1). In several cases, substan-
tial size change accompanies change in
island-species number, but in several other
cases it does not. As with the northern Less-
er Antilles, substantial size evolution was
uncommon (one-three instances, depend-
ing on resolution of polychotomies).

Size Assortment

Given that size evolution has been rare,
size assortment might account for non-ran-
dom distributional patterns of Lesser An-
tillean Anolis. The scarcity of intermediate-
sized species on two-species islands suggests
that only large and small species can suc-
cessfully colonize islands occupied by the
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other (Williams, 1969). Further, if size evo-
lution is uncommon, then the scarcity of
large or small species on one-species islands
indicates either that only intermediate-sized
species can colonize vacant islands, or that
intermediate-sized species normally
triumph over large or small species when
they occur sympatrically. The latter sugges-
tion accords with suggestions that inter-
mediate-sized anoles are the optimal size
given prey size distributions on these is-
lands (Schoener, 1969b; Roughgarden, 1974;
Roughgarden and Fuentes, 1977).

Hypotheses of size assortment can be
tested using standard null model procedures
(e.g., Strong et al., 1979; Grant and Abbott,
1980; Hendrickson, 1981; Simberloff and
Connor, 1981; Case, 1983; Case and Sidell,
1983; Colwell and Winkler, 1984; Schoener
1984, 1988). Unlike previous null model
tests of size assortment, my analysis does
not risk confounding size assortment and
size adjustment. Size adjustment, though
responsible for most size differences among
northern Lesser Antillean species, appears
to have occurred only once, and in the rel-
atively distant past. Consequently, to the
extent that non-random patterns exist, size
assortment must be the cause.

Although size assortment is primarily an
ecological process, a phylogenetic perspec-
tive can be enlightening. When islands have
been colonized from the mainland, which
mainland species might reasonably be in-
cluded as potential colonists is often unclear
(e.g., Strong et al., 1979; Grant and Abbott,
1980; Schoener 1984, 1988). For Lesser An-
tillean Anolis (and also the much debated
example of the Galapagos finches [Grant,
1986]), Figure 3 indicates that there is no
pool of mainland colonists that have pop-
ulated the islands (contra Schoener, 1988).
The roquet and bimaculatus species groups
are each monophyletic; thus, the islands are
inhabited by species descended from a sin-
gle colonization event, with all subsequent
speciation and colonization occurring with-
in the archipelago.

Using the species occurring within an is-
land group to generate the null pool can lead
to incorporation of competitive effects into
the null model if some species have become
extinct on all islands (Grant and Abbott,
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1980; Colwell and Winkler, 1984; Schoener,
1988), which would make the detection of
competitive processes more difficult. None-
theless, I use this approach for Lesser An-
tillean Anolis, because no better alternative
exists. Only knowledge of all species that
had ever occurred in the archipelago would
allow this difficulty to be circumvented.

In constructing the null distribution pre-
dicted under random expectations, whether
to draw species from the pool of potential
colonists in proportion to their occurrence
is debated. Doing so might also lead to in-
corporation of competitive effects into the
null model (Grant and Abbott, 1980; Dia-
mond and Gilpin, 1982; Colwell and Wink-
ler, 1984); not doing so might attribute rar-
ity of particular species or species
combinations to competition, when other
factors, such as limited dispersal ability or
restrictive habitat requirements, might be
responsible (Connor and Simberloff, 1979,
1983). I employ both approaches below.

In the northern Lesser Antilles, all six two-
species islands have a size ratio greater than
1.45. A null model, which assumed that the
distribution of potential colonists mirrors
the size distribution of extant species was
constructed by calculating the size ratio of
every possible species pair. Ratios for species
pairs were calculated by using each possible
combination of the populations of each
species, but these were given only fractional
weight in the species pool (i.e., if a species
had three populations, then each ratio in-
volving one of these populations was given
a weight of one third). There are 78 species
pairs in the northern Lesser Antilles; the
probability that a randomly drawn pair
would have a size ratio greater than 1.45 is
0.34 (Table 2). The probability that all six
such pairs would have a ratio of 1.45 or
greater is 0.34% = 0.0014. Similarly, I eval-
uate the probability that species on one-
species islands will be of intermediate size
(18.3 mm < jaw length < 22.3 mm,; to be
conservative, I define intermediate size more
narrowly than above). The probability that
a randomly chosen species falls between
these points is 0.46, and the probability that
10 of 11 occupants of single species islands
should be of intermediate size is (1) (0.46'°)
(0.54") = 0.003. These are independent tests
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TaBLE 1. Size change associated with shifts from one-
species to two-species islands, and vice versa.

Taxon occupies an
island with the same
number of species
as the island
occupied by most
immediate
ancestor

Taxon occupies an
island with a different
number of species than
the island occupied by
most immediate ancestor

Northern Lesser Antilles

Number of
populations* 3kk 41

% + SE 1.9 £ 1.0 0.9 £ 0.1
(range)* (0.3 to 3.0) (0 to 4.0)

ts = 1.61, P < 0.056**
Southern Lesser Antilles*++

Number of
populations* 5 19

x + SE 14 + 1.2 0.8 +0.2
(range)* (—0.5 to 4.3) (0.1 to 3.4)

Us = 57, P < 0.50*++*

* Includes present and hypothetical ancestral species and populations.

** These are the taxa in the phylogeny in Figure 4 directly above the
closed boxes.

+ Calculated by subtracting the size of a taxon’s immediate ancestor
from that taxon’s own size. Absolute value of size change is reported for
taxa on islands with the same number of species as their ancestors. Taxa
whose ancestors occurred on one-species island and that occurred on an
island with a smaller taxon were expected to evolve to larger size, and
vice versa. Taxa that evolved in the opposite direction to that predicted
were assigned negative values.

++ Mann-Whitney U-test, one-tailed, normal approximation for sam-
ples >20. Given the low power of a statistical test (particularly a non-
parametric one) with a sample size of three (Sokal and Rohlf, 1981), I
treat this result as significant.

+++ Using a phylogeny in which trinitatis is the sister group to the
roquet-extremus-aeneus clade, richard: and griseus are sister taxa, rich-
ardi on Tobago is included, and the relationships of populations within
a species reflect geographic proximity. Alternative resolutions of the un-
resolved polychotomies in Figure 1 do not alter qualitatively the results.

++++ Mann-Whitney U-test, one-tailed.

of the hypothesis of size assortment. The
probability of achieving two such results,
by Fisher’s test for combining probabilities
(Sokal and Rohlf, 1981), is P < 0.0005 (Ta-
ble 2).

To account for species-specific differences
in frequency of occurrence, the same cal-
culations can be made, using as the null pool
size ratios from all combinations of popu-
lations weighted equally, with the exception
that size ratios from two conspecific pop-
ulations are excluded, because the absence
of such combinations would be expected to
be caused by interbreeding. Using this pool,
the null hypothesis of random placement of
populations on islands is convincingly re-
jected (Table 2). Similarly, using either
method of generating the null pool, the null
hypothesis can be rejected for Anolis on the
southern Lesser Antilles (Table 2). Using a
similar null model, Schoener (1988) came
to identical conclusions.
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TABLE 2. Tests for size assortment.

Probability that so
many taxa on

Probability that species  one-species islands

on two-species islands are intermediate Combined
are so dissimilar in size* in size** probability
Northern Lesser Antilles Species
1. P <0.0014 P < 0.0028 P < 0.0005
2. P < 0.0002 P < 0.0039 P < 0.0001
Southern Lesser Antilles Species
1. P <0.0013 P < 0.57 P < 0.01
2. P <0.008 P <0.23 P < 0.025
Northern Lesser Antilles Clades
1. P < 0.0035 P < 0.0029 P < 0.0001
2. P < 0.005 P < 0.0029 P < 0.0001
Southern Lesser Antilles Clades (phylogeny #1)
1. P <0.100 P < 0.553 P <0.30
2. P <0.028 P <0.23 P < 0.05
Southern Lesser Antilles Clades (phylogeny #2)
1. P <0.221 P <0.574 P < 0.40
2. P < 0.068 P <0.23 P <0.10

1 = not weighting by frequency of occurrence of species.

2 = weighting by frequency of occurrence.

* The hypotheses are: for the NLA, what is the probability that all six
two-species islands should have a size ratio > 1.45? For the SLA, what
is the6 p'l;obability that all four two-species islands should have a size ratio
> 1.67?

** The hypotheses are: what is the probability that 10 of 11 (NLA) or
3 or" 4 (SLA) species on one-species islands should be of intermediate
size?

Competitive Exclusion or Interbreeding
as the Cause of Size Assortment

The phylogenetic perspective provides an
important and overlooked insight into the
cause of size assortment. On two-species is-
lands, one striking regularity emerges: no
island contains two relatively closely related
species, with one possible exception (trini-
tatis and griseus may be sister taxa [Yang
etal., 1974, but see Baverstock etal., 1979]).
This may be caused by the apparent rarity
of size change in these lizards; most closely
related species are of the same size and may
competitively exclude each other. However,
delimiting the reproductive species bound-
ary for allopatric populations is notoriously
difficult, and interspecific hybridization is
known for these lizards (Gorman and Yang,
1975); Gorman and Kim (1976) postulated
occasional hybridization with invading col-
onists as one possible explanation for the
low genetic distances among solitary mem-
bers of the bimaculatus series. Consequent-
ly, this pattern of close relatives never co-
occurring on an island might result from a
lack of reproductive isolation of currently
recognized species. When a species coloniz-
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FiG. 5. Size evolution in the Anolis wattsi series.
All members are small; the outgroup is of intermediate
size. This phylogeny only provides evidence for one
evolution of size change (a). If one suggests that small
size has arisen on each island currently occupied by
members of the series, phylogeny (b), which requires
a minimum of six evolutionary changes in body size,
is appropriate. Boxes represent evolution of small size.

es an island occupied by a closely related
species of similar size, interbreeding might
occur, which would prevent establishment
and coexistence of similar sized species
(Williams, 1969).

If this were the case, treating each species
as an independent entity in the analyses
above would be incorrect, and the appro-
priate null model would consider only those
size ratios possible between members of dif-
ferent “clades” (defined below). According-
ly, I have recalculated the null models using
the methods above. In the northern Lesser
Antilles, I assume there are four distinct
clades: the wattsi series, bimaculatus-leachi,
sabanus-gingivinus-nubilis, and the remain-
ing five species. In the southern Lesser An-
tilles, I consider three clades: luciae, richar-
di-griseus, and the remaining four species.
Alternatively, I also consider the possibility
that trinitatis is the sister taxon to richardi-
griseus and part of their clade.

For the northern Lesser Antilles, the com-
bined probability of generating as extreme
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a pattern of size dissimilarity on two-species
islands and intermediate size on one-species
islands is P < 0.0005 regardless of whether
one weights by frequency of occurrence. For
the southern Lesser Antilles, if trinitatis is
not the sister taxon to richardi-griseus, the
combined probabilities are P < 0.05 if the
likelihood of drawing each species is weight-
ed by frequency of occurrence, and P < 0.30
if species occurrences are unweighted. If
trinitatis is part of the richardi-griseus clade,
the probabilities are P < 0.10 and P < 0.40,
respectively. Thus, whether size dissimilar-
ity of sympatric anoles in the southern Less-
er Antilles is caused by competitive exclu-
sion or possible reproductive compatibility
of similar-sized species is unclear. How-
ever, this approach greatly reduces sample
size and hence is a very conservative test.

DiscussioNn
Size Distribution Patterns and Phylogeny

The major point of this exercise is to il-
lustrate the desirability of a phylogenetic
approach in examining the results of his-
torical ecological processes such as those re-
sulting from interspecific interactions. Pre-
vious workers have suggested that Anolis in
the Lesser Antilles show great evolutionary
plasticity in size and that size adjustment is
a major factor determining the current size
of species on islands. Elaborate analyses of
this proposition have assumed that each
population on each island is a completely
independent entity (Simberloff and Boeck-
len, 1981; Simberloff, 1983), which is un-
justified (Felsenstein, 1985).

By contrast, my findings support the hy-
pothesis that size adjustment has occurred,
but indicate that it has occurred infrequent-
ly—perhaps only once. Nevertheless, the
distribution of Anolis body size on islands
is highly non-random; competition very
likely has been a major force determining
the distribution of these lizards, but it acts
primarily by allowing only species of dis-
similar size to colonize an island and co-
exist. My analysis raises the possibility that
the dissimilarity in size of sympatric species
in the southern Lesser Antilles might result
not from competitive exclusion, but from
interbreeding of ‘similar-sized and closely
related species, which consequently cannot
coexist. More detailed knowledge of the
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phylogeny and species boundaries in this
group is needed.

Size Evolution and Parsimony

Size evolution could be more frequent
than indicated by minimum evolution ap-
proaches. In many species, considerable ad-
ditive genetic variation exists for body size
(Falconer, 1981), which is generally a rela-
tively labile character evolutionarily. In
Anolis, in particular, body size appears to
evolve readily in response to selective forces
(Schoener, 1969a, 19695b; Lister, 1976;
Roughgarden and Fuentes, 1977).

My analysis neither assumes that size is
an evolutionarily conservative character, nor
disproves the hypothesis that size adjust-
ment has occurred on each of the ten two-
species islands. It does, however, consider
only those evolutionary changes for which
evidence exists. For example, because the
ancestral size is intermediate, small size has
evolved at least once in the wattsi group
(Figs. 3, 4), as depicted in Figure 5a. No
evidence suggests that small size has evolved
multiple times, as an hypothesis of wide-
spread size adjustment would require (Fig.
5b). If, in fact, the latter depiction were cor-
rect, my analysis would be conservative by
underestimating the extent of size adjust-
ment.

Data from other sources (e.g., fossil data
from each island) could provide additional
evidence. However, without any other
source of information, as in any reconstruc-
tion of historical events, one can base de-
ductions only on the evidence at hand. To
draw other conclusions (which implicitly is
done when phylogenetic information is ig-
nored), amounts to pure speculation. In this
case, no evidence suggests widespread evo-
lution of body size in Lesser Antillean 4#-
olis.

Intraspecific Size Variation

Subsequent to Schoener’s (1970) discus-
sion, Lazell (1972) reported that substantial
variation in size exists among marmoratus,
oculatus, and roquet. 1 have not included
intra-island variation in this analysis, be-
cause it is readily interpretable without re-
course to explanations involving interspe-
cific interactions. All three species occur on
relatively large islands with considerable
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geographic variation in climate; popula-
tions of larger lizards are always found in
more mesic habitats. On Dominica, Rough-
garden and Fuentes (1977) have shown that
insect abundance varies inversely with arid-
ity, and that lizard size, in turn, is correlated
with insect abundance.

Vicariant Events as an Explanation for
Size Assortment

Vicariant events also may be responsible
for patterns of species distributions. Possi-
bly as recently as 7,000 years ago, lower sea
levels during the last glacial period resulted
in the emergence of several island banks
(e.g., the St. Kitts bank, comprising St.
Christopher, St. Eustasius, and Nevis [Wil-
liamson, 1981]). Consequently, the presence
of particular species or species pairs on sev-
eral islands in the same bank might not in-
dicate independent colonization of these is-
lands. On the other hand, islands on the
same bank do not necessarily have the same
anole fauna (e.g., both the St. Maarten and
Grenada banks). Thus, although recent is-
land connections may explain similarities
in fauna, the dynamics determining species
composition have been operating on each
island since the banks were fragmented by
rising seas. In any case, analyzing the data
using banks rather than islands does not
qualitatively alter the results.

The distribution of the wattsi and bima-
culatus groups also could suggest a vicariant
interpretation. An area cladogram (Rosen,
1978) superimposing the phylogeny of these
groups upon their geographic distribution
(cf. Fig. 4) implies that size assortment oc-
curred on only one island, with the present
distribution resulting from the fragmenta-
tion of this island into six islands. Genetic
distances within these groups, however, in-
dicate that they have diverged much too
recently for this scenario to be plausible
(Gorman and Kim, 1976). Furthermore,
there is no question that Anolis can and have
colonized Caribbean islands by overwater
dispersal (Williams, 1969; Schoener, 1975;
Schoener and Schoener, 1983).

Character Displacement or Taxon Cycle
as the Cause of Size Adjustment

Roughgarden and colleagues (Roughgar-
den and Pacala, 1989; Roughgarden et al.,
1983, 1984, 1987) have suggested, based on
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their work in the northern Lesser Antilles,
that character displacement is unlikely be-
cause similar-sized species could not coexist
long enough for character displacement to
occur without one becoming extinct. Rath-
er, they argued that a taxon cycle occurs in
which: (1) A one-species island is invaded
by a large species from a one- or two-species
island. Larger species are competitively su-
perior (Pacala and Roughgarden, 1985;
Rummel and Roughgarden, 1985a); hence,
(2) The large species evolves toward the op-
timal solitary size, (3) causing the smaller
species to evolve to a smaller size and even-
tually perish (Roughgarden et al., 1987). In
support of this theory, studies have shown
that within the northern Lesser Antilles:
competition is most intense between gin-
givinus and wattsi on St. Maarten, which are
in size the most similar sympatric species
pair; wattsi on St. Maarten is smaller than
on any other island; and wattsi has become
extinct in historic times on Anguilla, where
gingivinus is even smaller (Pacala and
Roughgarden, 1982; Roughgarden et al.,
1983; Rummel and Roughgarden, 1985b).
In addition, Roughgarden and Pacala,
(1989), have cited fossil data (Etheridge,
1964, Steadman et al., 1984; Roughgarden
and Pacala, 1989; also see Pregill, 1986) that
indicate that large species have decreased in
size on several two-species islands over the
last several thousand years. Pregill (1986;
Pregill et al., 1988), however, argued that,
contrary to the predictions of this hypoth-
esis, only leachi, and not wattsi, has de-
creased in size on Antigua; he interpreted
recent changes in size as phenotypic and/or
genotypic responses to human habitat deg-
radation.

- Roughgarden’s scenario is plausible, but
it faces several difficulties when considered
phylogenetically. If the cycle has occurred
several times, then solitary species should
not all be most closely related to each other;
some should have as their closest relatives
the larger species on two-species islands,
others should have the smaller species on
two-species islands as their nearest rela-
tives. The observations that all of the small
species form one clade, all of the large species
on two-species islands are closely related
and may be sister taxa, and all solitary is-
land species are members of two monophy-
letic groups suggest that, if a taxon cycle is
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operating, it has not gone through more than
one loop (Roughgarden and Pacala, 1989).
If, in fact, the cycle is in the first loop, it
still seems improbable that the islands (or
island banks) upon which large colonizing
species have landed should be only those
occupied by members of the wattsi group.

Furthermore, the hypothesis does not ad-
equately explain why large size originally
evolved in bimaculatus and leachi. The tax-
on-cycle hypothesis predicts that large size
originally evolved on a single-species is-
land, not coincident with the move from a
one-species to a two-species island, as I have
argued. Roughgarden et al. (1987) and
Roughgarden and Pacala (1989) have sug-
gested that bimaculatus and leachi are de-
scended from large colonists from Guade-
loupe. Phylogenetic analysis, however, lends
no support to this position; bimaculatus-
leachi and marmoratus are not closely
related (Roughgarden et al., 1987). In ad-
dition, the largest marmoratus are substan-
tially smaller than the largest bimaculatus
and leachi (Lazell, 1972). Consequently,
even if marmoratus were the ancestor of
bimaculatus-leachi, the increase of size in
the descendant species (bimaculatus-leachi),
contrary to the taxon-cycle hypothesis,
would require explanation.

My analysis indicates that large size in
the bimaculatus-leachi lineage evolved si-
multaneously with the achievement of sym-
patry with the wattsi group. The conserva-
tive conclusion, given the evidence at hand,
is that most size differences between co-oc-
curring species in the northern Lesser An-
tilles stem from a few, relatively old phy-
logenetic events probably caused by
character displacement. Subsequently, dif-
ferential assortment of species of different
sizes, perhaps coupled with the fragmenta-
tion of island banks caused by rising ocean
levels, have produced the current distribu-
tional pattern—one dominated by size as-
sortment.

The advent of rigorous statistical testing
as a means of examining claims of unusual
patterns of species distributions and co-oc-
currences has been a valuable advance.
However, these patterns reflect an historical
legacy as well as the results of ongoing eco-
logical processes. By ignoring history, null
models implicitly assume that adaptation
to current conditions occurs so rapidly that
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the vestiges of history are quickly erased. In
many cases this is not correct (Gould and
Lewontin, 1979). I have outlined a meth-
odology that, by incorporating historical in-
formation, permits an evaluation of both
the ecological (size assortment) and evolu-
tionary (size adjustment) processes poten-
tially responsible for generating patterns of
species distributions.
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