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Body Size Evolution in Snakes: Evidence from Island Populations

ScoTT M. BOBACK

The current literature reports divergent conclusions on the patterns of body size
change in island snakes. I reviewed body size data in the published literature and
tested the effects of island biogeographic variables on such changes. I found that
none of the physiographic variables (island area, island age, distance to mainland,
and latitude) was important in determining changes in size of island snakes. Addi-
tionally, a current hypothesis of phylogenetic history had no effect on changes in
body size. Rather, the proportional change in body size of island snakes was bi-
modal, consistent with a diet alteration hypothesis that suggests that snake body size
is principally influenced by prey size and that island snakes encounter prey that are
larger or smaller in size compared with those on the mainland. Also, snakes that
became small on islands did so to a relatively greater degree than those that became
large. Ontogenetic changes in foraging strategies appeared to explain this pattern.
The distribution of gigantic and dwarf snake populations on islands differed signif-
icantly between the families Viperidae and Colubridae. The foraging style of colu-
brids, specifically nest-robbing behavior, may predispose these species to become
larger on islands. Numerous colubrid (and one elapid) species attain their largest
sizes on islands that also support nesting seabirds, whereas dwarfed populations

consume mainly squamates.

ODY size is a conspicuous trait that is
strongly associated with the life history of
an organism (Tinkle, 1962; Ankney and Mac-
Innes, 1978; Charnov, 1993). Because of this,
ecologists have long been interested in the ef-
fects of size on such life-history variables as age
at first reproduction, reproductive output, and
survival (Blueweiss et al., 1978; Stearns, 1983;
Shine, 1994). Less emphasis has been directed
toward investigating the determinants of body
size (but see Willemsen and Hailey, 1999). In
reptiles and other vertebrates, geographic vari-
ation in body size is well documented (Lindsey,
1966; Gould and Johnston, 1972; Parker and
Plummer, 1987) and suggests that regional en-
vironmental differences may cause phenotypi-
cally plastic changes and/or select for local ge-
netic adaptation.

Island populations have provided a model for
comparative research in ecology and evolution
(Gorman, 1968; Gotelli and Graves, 1990; Losos,
1995) because of different, and sometimes pre-
dictable, body sizes compared with mainland rel-
atives (Mertens, 1934; Carlquist, 1965). In fact, dis-
tinct patterns of change in body size for a variety
of taxa have spurred development of hypotheses
that explain trends of insular gigantism and dwarf-
ism across broad taxonomic groups (e.g., Foster,
1964; Case, 1978; Lomolino, 1985).

Case (1978) inventoried body size data for
snakes and found a tendency for dwarfism on
islands. He proposed that changes in food avail-
ability on islands could explain these decreases
in size. However, more recent studies describe

populations with larger body size on islands
than mainlands (Schwaner and Sarre, 1988;
Forsman, 1991b; Mori, 1994). In fact, some au-
thors now claim insular gigantism as the rule for
snakes (e.g., Rodriguez and Drummond, 2000).

Regardless of the direction of size change on
islands, island biogeography theory can assist in
understanding the influences on such changes by
predicting the relative magnitude of change. The
theory predicts an increase in species diversity as
island area increases and/or distance from main-
land decreases (MacArthur and Wilson, 1967).
Hence, the number of interspecific competitors
should increase with island area and decrease with
distance from mainland. Additionally, island bio-
geography theory states that colonization (or re-
sistance to extinction) is affected by the degree of
isolation of an island (measured as the distance
from a source). Body size is thought to be an im-
portant variable in predicting the ability of an or-
ganism to disperse to, and compete within, islands
(Schoener, 1970; Roughgarden, 1995). For ex-
ample, in Anolis, single-species islands support spe-
cies of an optimum, moderate size (Roughgarden,
1995). Subsequent colonists are predicted to be
of a larger average size and the resident is pre-
dicted to decrease in size to minimize competition
with the large species as it evolves toward the op-
timum size (taxon cycle; Roughgarden and Paca-
la, 1989). Alternatively, both the resident and col-
onist may undergo simultaneous shifts in body
size, one becoming larger and the other smaller
to reduce interspecific competition (character dis-
placement model; Losos, 1992). Further, as island
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area increases and more complex communities
are established, a greater number of size classes
(i.e., ecomorphs; Williams, 1983) are possible
(e.g., see Rodriguez-Robles and Greene, 1996).
Competition and colonization ability may influ-
ence the relative magnitude of body size changes
of other squamates on islands, like snakes. If so,
then, all else being equal, I expected a positive
relationship between island area and changes in
snake body size, and a negative relationship be-
tween island distance (from mainland) and
changes in snake body size.

A relationship between body size and latitude
has been noted for many organismal groups
(Mayr, 1956). Previous work on snakes (Lindsey,
1966; Ashton, 2001) suggests that members of this
group are smaller at higher latitudes (i.e., the op-
posite of Bergmann’s rule). Thus, I predicted lat-
itude to have a negative relationship with the rel-
ative magnitude of snake body size changes.

Island age may also modify body size distribu-
tion within a species’ range. For example, if one
assumes that colonization rates of islands have
not changed through evolutionary time, popu-
lations on older islands will have had a greater
chance to diverge from the source population,
on average, compared with those on younger is-
lands. For island communities isolated in situ
(e.g., land-bridge islands), island age, as mea-
sured by sea level rise, should be a direct mea-
sure of time since isolation. Populations evolving
in isolation for a longer time will have more of
an opportunity to diverge in body size from the
source population (Soule, 1966). If changes in
body size are influenced by the amount of time
a population has been in isolation, a positive re-
lationship is expected between island age and
changes in snake body size.

Alternatively, the selective response to local
prey availability could explain the difference in
body size of snake populations on islands rela-
tive to the mainland (Barnett and Schwaner,
1985; Forsman, 1991b; Madsen and Shine, 1993;
Rodriguez-Robles and Greene, 1996). Char-
nov’s (1976) optimal diet model suggests that
the most profitable prey-type should be the one
most often consumed. Because island environ-
ments typically have reduced prey diversity rel-
ative to the mainland, altered prey communities
are expected on islands. The consensus of pre-
vious authors is that prey consumed most often
by adult snakes on islands differ in size com-
pared with prey consumed by the same species
on the mainland (Case, 1978; Schwaner, 1985).
Decreased average prey size on some islands is
associated with increased abundance of squa-
mates and decreased abundance of birds and
mammals (Case, 1978; Hasegawa and Morigu-

chi, 1989). Other islands may exhibit increased
average prey size because of increased availabil-
ity of seabird chicks (Schwaner and Sarre, 1988;
Kohno and Ota, 1991; Mori, 1994). If prey size
is the primary factor determining snake size on
islands, and if islands conform to one of two
types mentioned above, then the proportional
change in body size of snakes on islands should
form a bimodal distribution. I term this the
“diet alteration hypothesis.”

In this review, I examine the influence of is-
land area, island age, distance to mainland and
latitude on changes in body size in island snake
populations. I examine these variables first us-
ing unadjusted data and then adjust the data to
account for the effects of a current hypothesis
of phylogenetic relationships. Finally, I use pat-
terns in the magnitude of dwarfism and gigan-
tism to assess the role of the diet alteration hy-
pothesis in explaining changes in body size of
island snakes.

MATERIALS AND METHODS

I reviewed data describing body sizes of 76
mainland and island populations of 30 species
of snakes representing the Boidae, Colubridae,
Elapidae, and Viperidae (Appendix 1). For each
of these populations, I determined island age,
area, distance to mainland, and latitude. When
values for these variables were not readily avail-
able in the literature, I estimated them from
methods described below.

I used body length as an estimate of body size
in all analyses. Although some authors argue that
body mass is the best indicator of body size (e.g.,
Hedges, 1985), length is correlated with body
mass (Kaufman and Gibbons, 1975; Guyer and
Donnelly, 1990) and is less sensitive than mass to
short-term changes in body condition, prey con-
sumption, and reproductive status (Seigel and
Ford, 1987). Body length can be reported as a
mean or maximum and may include all or part
of the body (e.g., total length or snout-vent
length, SVL). Because the most consistently re-
ported measure was maximum SVL (37 of 76
populations), I used this variable to estimate
body size. I encountered three other measures
of length among the remaining 39 populations
surveyed: mean SVL of the five largest adults (n
= 6), mean SVL of the 10 largest adults (n =
12), and mean SVL for all adults (n = 21). 1
assumed the first two to be functionally identical
to maximum SVL. For studies reporting mean
SVL for all adults, I estimated maximum SVL
from an equation generated from a subset of
data for which both maximum and mean SVL
measures were reported (17 species from La Sel-
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va, Costa Rica [C. Guyer and M. A. Donnelly
pers. comm.] and six populations from the lit-
erature). A regression of maximum SVL on
mean SVL from these data resulted in a linear
relationship (max SVL = 1.2 X mean SVL + 5.0)
in which mean SVL explained 94% of the varia-
tion in maximum SVL. From this regression line
I predicted maximum SVL for the 21 popula-
tions for which only mean SVL was known.

Island area (km?) was estimated by overlaying a
translucent mat containing a 1 X 1-mm grid sys-
tem on a chart (see Appendix 2 for the list of
charts used). The number of 1 X 1 mm blocks
contained within an island was counted; those
blocks bisected by the island outline were esti-
mated to the closest half block. Block area was
determined using the scale on the map and, when
multiplied by the total number of blocks within
the outline, gave an estimate of island area. I used
a divider to measure distance in kilometers from
the mainland to the island. Latitude was mea-
sured at the geometric center of each island.

Island age was estimated for land-bridge is-
lands (those islands once connected to the
mainland and isolated by sea-level rises) from
minimum ocean depths between the mainland
and the island (Defense Mapping Agency
[DMA] hydrographic charts compared with the
rate of post-Wisconsin eustatic sea level rise;
Rawlinson, 1974; Wilcox, 1978; Devoy, 1987).
Milliman and Emery (1968) have established
general features of these sea level changes.
From the curve generated by these authors (sea
level as a function of time), I estimated island
age from minimum ocean depths. This tech-
nique ignores geologic processes such as crustal
uplift and coastal erosion that may influence
date of island isolation (Gastil et al., 1983), but
this assumption is reasonable for two reasons.
First, coastal erosion is not likely to influence
isolation significantly within the time scale of
sea level isolations estimated in this study (<
10,500 yr). Second, of the 14 islands with ages
estimated with the sea level curve, the majority
(86%) occur in regions with either stable tec-
tonics (Jennings, 1971) or with rates of crustal
movement that are not likely to affect island iso-
lation within this time frame (Jacobs et al.,
1959; Strahler, 1998).

Deep-water (oceanic or volcanic) islands pre-
sented additional difficulties in my ability to es-
timate age of origin. Ages of most islands of the
Caribbean and Gulf of California were estimat-
ed from potassium/argon dates of base rock
(e.g., Gastil et al., 1983; Lonsdale, 1989; Lewis
and Draper, 1990). Other methods included
employment of Milliman and Emery’s (1968)

curve (see above) and published geologic data
(Kaye, 1959; Schoenherr et al., 1999).

Several islands were quite small (< 3 km?)
and located adjacent to a larger island (10 of
the 76 populations). The source of propagules
for these satellite islands is typically an adjacent
larger island (Soule, 1966; MacArthur and Wil-
son, 1967). Indeed, phylogenetic information
confirms this for some of these satellite popu-
lations (e.g., Kohno and Ota, 1991). Further,
two of the adjacent larger “‘source” islands were
greater than 67,000 km? in size. Therefore, pop-
ulations on these satellite islands were consid-
ered to originate from “mainland” populations
on the nearest larger island.

I used path analysis to test the influence of
island biogeographic variables on body size
changes in snake populations. This technique
requires an a priori model to test the effect of
predictor (independent) variables on one or
more criterion (dependent) variables. Path
analysis is similar to multiple regression in that
both techniques attempt to determine the ef-
fect of one independent variable on a depen-
dent variable, while all influences of other in-
dependent variables are held statistically invari-
ant (Sokal and Rohlf, 1995). Path analysis dif-
fers from multiple regression in requiring the
use of standardized partial regression coeffi-
cients (i.e., path coefficients). Therefore, path
analysis is favored over multiple regression
when the independent variables are measured
on different metrics (Sokal and Rohlf, 1995), as
is the case with the current study. My path mod-
el estimated the effect of five predictor variables
(island area, island age, distance to mainland
and latitude) on percent change in body size
on islands. This analysis was performed on all
30 species of snakes. For those species in which
data from multiple island localities were avail-
able, I calculated mean values for all predictor
variables for that species because these localities
were relatively close to one another.

I employed network autocorrelation to iden-
tify and remove the influence of phylogenetic
history on body size in snakes (Cheverud et al.,
1985). Unlike the commonly used independent
contrasts method (Felsenstein, 1985), which
uses paired comparisons, network autocorrela-
tion compares branching sequences (represent-
ed by a taxon-taxon matrix) with trait variation
(Miles and Dunham, 1992). Also, this technique
is superior to the independent contrasts meth-
od when tree resolution is not complete or
branch lengths are unavailable (Gittleman and
Luh, 1992), both of which were true of the tree
used in this study. Finally, network autocorrela-
tion provides adjustments to trait values that are
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Fig. 1. Phylogenetic hypothesis of the relation-
ships among snake taxa used in this study. The
branching pattern is based on published molecular
phylogenies (Lawson, 1987; Kluge, 1991; Densmore et
al., 1992; De Queiroz and Lawson, 1994; Nilson et al.,
1994; Heise et al., 1995; Lopez and Maxson, 1995;
Keogh, 1998; Crother, 1999; Parkinson, 1999; Rodri-
guez-Robles and DeJesus-Escobar, 1999; Parkinson et
al., 2000; Murphy et al., in press). The graph indicates
mean percent size change for each species: y-axis =
mean percent change in maximum size on island
compared with maximum size of mainland popula-
tion. For species with multiple island populations, the
range in percent size change (about the mean) is in-
dicated with T-ines.

appropriate for use in multiple regression or
path analyses.

I used recent phylogenies based on molecular
data to produce a phylogenetic tree represent-
ing the current hypothetical branching se-
quence of the taxa in this study (Fig. 1). This
tree was used to generate a pairwise connectivity
matrix for the 30 species of snakes.

I calculated percent change in body size as
[log(island max SVL)—log(mainland max
SVL)|/log(mainland max SVL)] X 100. I used
the largest individual, irrespective of sex, for
each species from island and mainland popu-
lations. Log-transformations were used to en-
sure independence of variances (Miles and
Dunham, 1992). I then used residuals from the
network autocorrelation analysis as “phylogeny-
free” data and repeated the path analysis de-
scribed above.

Path (and multiple regression) coefficients
may be biased if predictor variables are signifi-
cantly intercorrelated (collinearity, Petraitis et
al., 1996). The association of the predictor var-

iables to each other can be assessed using cor-
relation coefficients and collinearity tests (vari-
ance inflation factors [VIFs] and condition in-
dices; Shannon and Davenport, 2000). VIFs in-
dicate whether standard errors of path
coefficients are inflated because of effects of
collinearity; high VIFs indicate potentially in-
flated confidence intervals for path coefficents.
Condition indices determine whether path co-
efficients are inflated because of collinearity of
the predictor variables; high condition indices
suggest potential biases in the value of the path
coefficients (Shannon and Davenport, 2000).

I tested each of the predictor variables for
normality using a Shapiro-Wilk test. Based on
these results, island area, distance to mainland,
and island age were log-transformed. Transfor-
mation improved the distributions of island
area and distance to mainland as evidenced by
a lack of significance upon rerunning a Shapiro-
Wilk test. Island age was still significantly non-
normal after the transformation. This was likely
because of the large variation in isolation times
between land-bridge and deep-water (oceanic
or volcanic) islands. I used transformed data for
island age to maintain consistency.

To further investigate the effect of evolutionary
history on body size changes in these island snake
populations, I tested for taxonomic biases in the
direction of body size changes between two fami-
lies for which I had sufficient data: Colubridae
and Viperidae. I used a Fisher’s exact test to com-
pare the distribution of insular gigantism and
dwarfism within these two families (Zar, 1984).

To evaluate the distribution of the propor-
tional change in body size of island snakes, I
tested the observed distribution against a nor-
mal distribution using a Shapiro-Wilk test for
normality (Zar, 1984). The null hypothesis for
this test was a normal distribution because this
distribution indicates that snake populations be-
come small or large based on chance coloniza-
tion by small or large propagules from the
mainland source.

The Fisher’s exact test was calculated using SAS
(vers. 6, 4th ed. Vols. 1-2, Statistical Analysis Sys-
ytems Institute, Inc., Cary, NC, 1990, unpubl.),
whereas all other analyses were performed using
SPSS (SPSS Inc., vers. 10.0, Chicago, 1999, un-
publ.) statistical software, and included correla-
tion, tests of normality, multiple regression, and
collinearity diagnostics (condition indices and
VIFs). For correlation matrices o was adjusted
(Bonferroni method) to account for multiple
tests, with o’ set at 0.003 and « set at 0.05 (Zar,
1984). For all other tests o was set at 0.05.
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Fig. 2. Path diagram generated from the analysis
of 30 snake species and the predictor variables listed
in Appendix 1. Correlations between predictor vari-
ables are to the left of these variables, path coeffi-
cients are to the right. Bolded double-headed arrows
and * indicate significant correlations (with Bonfer-
oni adjustment P < 0.003). Each direct path (depict-
ed by one-headed arrows) has two values. The first
value is the unadjusted path coefficient, and the sec-
ond is the “phylogeny-free” path coefficient using
network autocorrelation. Solid lines indicate positive
paths; dotted lines indicated negative paths. U rep-
resents the path for unexplained variation.

RESULTS

Overall, the path analysis model explained a
nonsignificant proportion of the variance in body
size change (R = 0.18, ' = 1.06, df = 5, P =
0.407). The model did not show significant paths
from any of the predictor variables, indicating that
none of the proposed variables from island bio-
geographic theory explained a significant amount
of variation in the absolute value of percent size
change on islands (Fig. 2). The path coefficient
for island area showed the largest beta weight
(B=-0.267, P = 0.25). Significant correlations
were documented between latitude and island
area (R =—0.559, P = 0.001) and latitude and
island age (R =—0.635, P < 0.001).

Collinearity of predictor variables did not in-
fluence path coefficients. All VIFs for the pre-
dictor variables were less than 10, the level that
indicates significant collinearity among vari-
ables (Myers, 1990). Additionally, all condition
indices, another measure of collinearity, were
below values indicating significance (30; SAS,
vers. 6, 4th ed. Vols. 1-2, Statistical Analysis Sys-
tems, Inc., Institute, Cary, NC, 1990). The larg-
est condition index among all predictor vari-
ables was 29.0.

I used network autocorrelation to remove the
effect of phylogeny on the dependent variable.
Unadjusted (treating each species as an inde-
pendent unit) and “phylogeny-free” (via net-
work autocorrelation) path coefficients for all
of the predictor variables were similar, indicat-
ing phylogenetic effects were insignificant (Fig.
2). This is corroborated by the fact that network
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Fig. 3. Frequency distribution of island body size
changes of the 30 snake species used in the study. A
= all species, B = Viperidae, C = Colubridae.

autocorrelation estimated that less than 5% of
the size difference was explained by phylogeny
(p =—0.20, P> 0.25, 2 = 0.046).

The frequency distribution of the proportion-
al change in body size of island snakes was sig-
nificantly different from a normal distribution
(Shapiro-Wilk statistic = 0.925, P = 0.05). In-
stead, this distribution was bimodal (Fig. 3A).
Additionally, viperids typically decreased in SVL
(11 species decreased, one increased) relative to
mainland populations, whereas colubrids
showed no consistent pattern (seven species de-
creased, eight increased; Fisher’s exact P =
0.014, df = 1; Figs. 1, 3B-C, see Appendix 1 for
population values).

DIscuUssION

Path analysis failed to show a strong influence
of island area or distance to mainland on the
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amount of body size change in island snake pop-
ulations. Nearly identical path coefficients were
found before and after controlling for the effects
of evolutionary history on body size changes.
The theory of island biogeography predicts an
increase in species diversity with increasing area
cither directly because of an increase in target
size or indirectly because of an increase in hab-
itat heterogeneity (MacArthur and Wilson,
1967). Therefore, increases in area should in-
crease the number of potential competitors and
perhaps the effects of competition. Likewise, de-
creases in distance to mainland should increase
the number of potential competitors. The fact
that the path analysis did not show strong influ-
ences of island area or distance to mainland sug-
gests that competition was not an important in-
fluence on these body size changes even when
phylogenetic history is accounted for. This is in
contrast to Anolis (Schoener, 1970; Williams,
1983), a genus in which competition has been
shown to be important in determining patterns
of body size and ultimately community structure.
Additionally, because colonization ability should
be affected by the degree of isolation of an island
(MacArthur and Wilson, 1967), these results sug-
gest that changes in body size are not associated
with colonization ability. Hence, my results sug-
gest that body size in island snakes does not ap-
pear to be shaped by competition or coloniza-
tion ability. Confirmation of these ideas awaits
experimental testing.

Extinction associated with vicariant events
might also play a role in producing patterns of
change in body size of island snakes. MacArthur
and Wilson’s (1967) original model predicts a
negative relationship between extinction rate
and area. If vicariance creates islands on which
extinction rates are elevated relative to the
mainland, I would expect, but did not find, a
negative relationship between island area and
changes in snake body size. Alternatively, ex-
tinction associated with human activities may be
exacerbated on islands. For example, Pregill
(1986) convincingly showed that human-in-
duced extinction is primarily responsible for the
pattern of Holocene dwarfism in some insular
squamates. If these, and potentially other ver-
tebrate prey (e.g., mammals: Lomolino, 1985),
experience decreases in size on islands, dwarf-
ism in carnivores, like snakes, may be favored,
an idea consistent with my observations of
greater numbers of dwarfed species and greater
magnitude of dwarfism when it occurs. Howev-
er, this explanation does not explain those pop-
ulations that have increased in body size com-
pared with their mainland source population
unless human-induced extinctions occasionally

result in increased average prey size. Humans
also may play a direct role in affecting extinc-
tion probabilities of snake populations (e.g.,
Butterfield et al., 1997). Because this effect may
be greatest for larger snake species, extinction
caused directly by humans does not appear to
explain the overall pattern of dwarfism and gi-
gantism that I observed in insular snakes.

A hypothesis consistent with a bimodal distri-
bution to body size change in island snakes is
that insular prey are typically larger or smaller
than those on the mainland and that prey avail-
ability exerts a strong selective pressure on
snake body size (diet alteration hypothesis). In-
sular snakes that exhibit a smaller size (relative
to the mainland) do so to a greater extent
(mean = 34% smaller than on mainland) than
those that exhibit a larger size (mean = 15%
larger than on mainland). Snakes often have
distinct ontogenetic shifts in prey throughout
their lives, largely because they are gape-limited
predators (Godley, 1980; Mushinsky et al.,
1982). Many viperids, as well as other snakes,
consume squamates as juveniles and rodents as
adults (Saint Girons, 1980). The behavioral and
morphological traits necessary to consume
small prey items are, therefore, characteristic of
many snakes. It may be easier for snakes to re-
tain a small body size and consume small prey
on islands than it is for snakes to evolve a large
size and consume large prey on islands. Of the
species used in this study, dwarfism on islands
was most prevalent within viperids, whereas
about half of boid and colubrid species fit this
pattern. However, nearly all of the viperids
(nine of 12) were within the genus Crotalus.
More non-Crotalus viperids need to be exam-
ined to determine whether the trend of insular
dwarfism is family or genus specific.

Most of the snakes that became larger on is-
lands were colubrids (eight of 11) known to
consume seabird chicks (Hasegawa and Mori-
guchi, 1989; Kohno and Ota, 1991; Mori, 1994)
a prey rarely consumed by dwarfed island spe-
cies. Therefore, nestrobbing may predispose
this group to become large on some islands.
Snake species that attained a smaller size on is-
lands (e.g., rattlesnakes) rarely exhibit nest-rob-
bing as a foraging behavior (Klauber, 1956).
Further, the seasonality of large prey, such as
seabird chicks, may have been a major selective
pressure for a larger body size in the elapid No-
techis ater because the largest snakes are better
able to consume large, fast-growing chicks
(Schwaner and Sarre, 1988). Finally, the ab-
sence (or scarcity) of intermediate-sized prey on
some islands may select for large snakes capable
of accumulating fat reserves and thereby, sur-



BOBACK—BODY SIZE CHANGES IN ISLAND SNAKES 87

viving until seasonal prey become available
(e.g., when seabirds return for nesting; Schwa-
ner and Sarre, 1988; Hasegawa and Moriguchi,
1989; Mori, 1994).

Case’s (1978) review reported a trend of
dwarfism in island snakes, whereas more recent
studies have documented island populations
that attain large body sizes (e.g., Schwaner and
Sarre, 1988, 1990; Kohno and Ota, 1991). This
review indicates that dwarfism is the more com-
mon event but that both trends are exhibited
by a significant number of snakes. Among the
advanced snake families, dwarfism describes
some groups (Viperidae) more than others (Co-
lubridae). If published literature is representa-
tive of the overall pattern of body size change
on islands, then there must be strong pressure
to modify body size on islands. However, if spe-
cies for which size does not change between is-
lands and mainlands are underrepresented in
published literature (a likely possibility), then
additional data will be needed to understand
how universal the pressures associated with
body size change are for island snakes. Never-
theless, the existence of species capable of be-
coming larger on some islands and smaller on
others (e.g., Elaphe quadrivirgata, Notechis alter,
and Crotalus mitchelli) indicates that some insu-
lar size changes may be more parsimoniously
explained by phenotypic plasticity rather than
direct responses to selection (Madsen and
Shine, 1993). Empirical tests designed to eluci-
date the proximate influences on snake body
size (e.g., Bronikowski, 2000) should help to
clarify these patterns.
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APPENDIX 2. CHARTS USED TO ESTIMATE ISLAND AREA,
DISTANCE TO MAINLAND AND LATITUDE FOR SOME Is-
LANDS USED IN THIS STUDY.

Island

Chart number*

Ile de la Gonave
Dominica

St. Lucia
Grenada

St. Vincent
Grenadines
Santa Catalina
Cerralvo

Cedros

El Muerto

San Esteban

San Lorenzo Sur
Tortuga

South Coronado

(in Pacific Ocean)

Santa Catalina
Oh-shima
Kozo-shima
Niijima
Tadanae-jima
Mikura-jima
Paros
San Esteban
Middle Bass
North Bass
Pelee
Kelly’s
Johnsons
Middle
East Sister
West Sister
Reevesby
Carnac
East Franklin
West Franklin
Goat
Hopkins
KI476
Hareby
Roxby
Chappell
South Coronado
(Gulf of Calif.)
Cerralvo
Kérringboskér
Inre Hamnskér
Norrpada
Angskir
In-Fredeln
Sveska Hogarna
Cyclades

DMA chart 26001
DMA chart 25000
DMA chart 25000
DMA chart 25000
DMA chart 25000
DMA chart 25000
TPC chart H-22C
DMA chart 21008
TPC chart H-22A
TPC chart H-22B
TPC chart H-22B
TPC chart H-22B
TPC chart H-22C

DMA chart 21003
DMA chart 18000
DMA chart 97140
DMA chart 97140
DMA chart 97140
DMA chart 97140
DMA chart 97021
DMA chart 54320
TPC chart H-22B
NOAA chart 14830
NOAA chart 14830
NOAA chart 14830
NOAA chart 14830
NOAA chart 14830
NOAA chart 14830
NOAA chart 14830
NOAA chart 14830
DMA chart 75130
DMA chart 74555
ONC chart R-12
ONC chart R-12
ONC chart R-12
DMA chart 75130
DMA chart 75130
DMA chart 75130
DMA chart 75130
DMA chart 75220

TPC chart H-22C
DMA chart 21008
DMA chart 41180
DMA chart 44180
DMA chart 44180
DMA chart 44180
DMA chart 44180
DMA chart 44180
ONC chart G3

*DMA = Defense Mapping Agency, TPC = Tactical Pilotage Chart,
NOAA = National Oceanic and Atmospheric Administration, ONC =
Operational Navigation Chart.



