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Abstract. Island varanids seem to be an exception to the
rule that territorial vertebrate taxa often become gigantic
relative to mainland relatives when on islands, whereas
non-terrilonial species become dwarled (Case 1978}, How-
ever, no systematic island/mainland studies have exam-
ined the empirical size trends in this group of carnivorous
lizards. We perform such an analysis for the Australian
region and critically evaluate various selective agents that
might be responsible for size changes in several island
populations. Insular gigantism occurs at least four times
among the island populations examined. The magnitude
of size change is positively correlated to prey abundance
on the islands (as indirectly measured through a condition
index of the lizards, essentially a measure of how fat they
are) and the size of prey: islands with large prey have large
varanids and vice versa. Since the island population with
the largest size change, the Reevesby Faranus rosenbergi,
was introduced less than 100 years ago, these size changes
can he quite rapid. This might indicate that selective
cacllicicnts are strong; however, we can not exclude the
possibility that these size differences have no genetic
component and simply reflect environmental differences in
growth rate and shifts in age structure between island and
mainland locations.
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Body size is an easily measured phenotypic trait that often
shows tremendous infer- and intraspeeific variation from
island to island or island to mainland. Many vertcbrate
groups display predictable and striking differences in body
size between closely related island and mainland forms
(Foster 1964; Case 1978; Carlquist 1965; Reese 198%;
Hooijer 1951). For cxample, among cricetid rodents, is-
land forms are typically larger than mainland relatives
while among artiodactyls, elephants, hippos, and car-
nivores, the reverse is often the case (Foster 1964; Anger-
bjérn 1986; Lister 1989). Among repliles, some taxa like
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tortoises and iguanid lizards are typically large on islands
while other groups like snakes are often dwarfed (Reese
1989; Soulé 1966; Schoener 1969, 1970). Case (1978) re-
viewed these varied size trends and found a loose associ-
ation between insular gigantism and territorial taxa, on
the one hand, and insular dwarfism and non-territorial
taxa, on the other.

Models of optimal body size predict that optimal body
size should be directly related to food availability
{Schoener 1969; Case 1978) and therefore, given heritabie
variation in body size, size might evolve to be larger in
isolated populations with sustained higher food levels.
Food availability may be greater on islands because of the
loss of competitors, a morc benign maritime climate, or
reduced threat from predation leading to more frecdom in
foraging activities. Yet, in the absence of much predation
and competition, island population sizes are expected to
rise. In turn, this higher population size could mitigate any
enhanced food productivity: more consumers would make
larger demands on their food supply. Territoriality would
dampen this density compensation so that a higher ratio of
food supply per consumer would still exist in islands
compared to mainland populations. Non-territorial spe-
cies are in potential danger of seriously over-exploiting
their island resources {once freed from predators) and
should exist at lower levels of [ood supply/consumer than
mainland populations. All this assumes that consumers
have some impact on the growth rate of their resources
and this may not be the case in many situations (Andre-
wartha and Browning 1961).

As with other biogeographic rules, Case (1978) also
found numerous exceptions to the association of relatively
large size in island races or species that are ferritorial
compared to mainand rclatives. Social structure also
affects optimal body size. For promiscuous/polygamous
species. intraspecific competition among males for femalcs
may become intensified if densities are high as in insular
situations. Since larger males are usually socially domi-
nant, hold larger territories, and mate with more females
(Stamps 1983, Brattstrom 1974}, selection may act directly
on malcs leading to larger male body size; female size
might also increase simply as a correlated character



{females share the same genes as males except on the sex
chromosomes).

For species in which prey handling ability is closely
related to prey size, body size may shift in response to a
shift in the size spectrum of their food. For example, if a
small-sized competitor was missing from an island, the
availability of smali-sized prey might be greater, in turn,
favoring a decrease in body size even in territorial species
(i.e. character displacement or conversely character relaxa-
tion). In this way, a species’ body size might be more
closely related to the body size of available prey than
overall prey abundance. For example, this appears to be
the case for black tiger snakes (Notechis ater niger) on
islands off southern Australia (Schwaner 1985, 1990;
Schwaner and Sarre 1988, 1990; Williams et al. 1988;
Shine 1987).

Exceptions might also arise because of differences in
the numbers and variety of predators. The common
defense of small animals is to escape into numerous hiding
places since their small size allows quick entry. The smaller
the animal, the greater the availability of predator-proof
refuges and the greater importance of hiding as a predator
delense. The absence of large predators on islands may
allow larger size in their prey.

Varanids are wide-ranging, active foraging, carnivo-
rous lizards that generally do not defend exclusive feeding
territorics (Pianka 1968; Green and King 1969; Auffenberg
1981). Examples of dwarfism among varanids were men-
tioned by Mertens (1934). He included instances in
Indonesia {Varanus salvodori), the Bismarks (V. indicus),
and Monte Bello island off Western Australia (V. gouldii).
In the latter case, however, Mertens’ conclusion scems to
be bascd on a single specimen (pg 67).

Here, we quantily the island-mainland size differences
in three Australian varanid species and cxamine two
altcrnative food-based hypotheses for their possible origin.
Our focus on food-based hypotheses, rather than pre-
dators, is because in the Australian fauna today the most
serious predators of large varanids are humans and intro-
duced dingos. All the islands that we discuss lack these
predators. All the islands in this study are xeric, post-
Pleistocene land bridge islands with isolation times from
the maintand of anly 5-15 thousand years (Robinson et al.
1985).

Methads
Rationale

If body size in varanids increases with increases in the per-capita
food supply (Case 1978), then populations of relatively large body
stze will be a) insular; b) associated with higher food levels and ¢}
oceur at lower population densities. If body size in varanids responds
more 1o changes in the body size of available prey, then large-body-
sized varanid populations will be a) insular or mainland depending
on the available prey size distributions in the two places; b) associ-
aled with large-sized prey; and c) uncorrelated with varanid popula-
tion density.

Notice that these two mechanisms are not mutually exclusive. To
distinguish relative role of the two, it is necessary to have measures of
both prey abundance and prey size distributions in both island and
mainland sites. With most lizards it is difficult to get an accurate
measure of prey abundance. Defining what is an acceptable and
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“available” prey demands a keen understanding of the animal’s
gestall. More fundamentally, prey abundance is subject to much
environmental variability in desert habitats. It may be impossible to
extrapolate from present differences in prey abundance between
populations to those in the distant past. Here we use the animal’s
body fat condition as a bio-assay of recent-term food availability.
Animals that have been successful foragers during their recent life (at
least one growing season) will have more food in their stomachs und
more stored food in the form of fat bodies. They will be relativcly
heavy for their length compared to animals that have been un-
successful foragers. Thus the y-axis deviations from the y=log body
mass versus x=log snout-vent length is a useful measure of body
condition and indirectly of recent food abundance, provided that
these residuals are homoscedastic. Condition of different popula-
tions of the same species (e.g. insular and mainland) can be compared
by examining the log weight-residuals of animals from that location
1o the regression line (log weight vs log snout-vent length) based on
all populations pooled.

This condition index would fail as a practical measure of food
abundance if all excess food bevond maintenance costs was conver-
ted immediately into linear growth, rather than fat storage or egg
production. Lizard linear growth rates are positively correlated with
food availability (Schoener and Schoener 1978; Dunham 1978;
Andrews 1979, 1982; Roughgarden and Fuentes 1977, Case 1982),
however, there is nearly always a lag time between assimilation and
growth and reproduction in peikilotherms and fat and/or glycogen
storage is the inlervening step (Andrews 1982).

The range of prey size available eaten by a varanid species is
determined from stomach contents of lizards from all pooled popula-
tions, The range of prey sizes available for a given species in a given
local is then determined by faunal surveys using the potential prey
lists compiled [rom stomach contents. Pianka (1970, 1982), Shine
(1986), James et al. (1992), Losos and Greene (1988). and King and
Green (1979) present exhaustive lists of prey items for many varanid
species and the museum specimens that we have examined add no
qualitatively new items. We use our own faunal surveys supple-
mented with published faunal records from each island location to
make a list of the availabie prey items at each site. For example, the
largest individuais of ¥. rosenbergi, which happen to be insular, can
eat penguin chicks but not adult penguins. We therefore consider
penguin chicks an available prey item when they are present at a
location, even if the local population of V. rosenbergi at that site is
too small to consume them. Adult penguins are never considered as
available prey. We have not determined the relative abundance of
different-sized prey at each location. Varanids may kill their own
prey as well as scavenge on already-dead items. Large prey items are
more frequently scavenged than small. For example, on Kangaroo
istand, V. rosenbergi will scavenge on road-kill kangaroos, vet adult
kangaroos are toe large to be kifled by these varanids. Prey items
that are solely scavenged are not included.

Phenotypic mean bady size differences between populations may
be purely environmental responses to differences in food availability
with no evolutionary and genetic differentiation, Tt is especially
difficult to distinguish between genetic and environmental causes of
bedy size differences in slow and continuous growing reptiles such as
these varanid lizards. Barnett and Schwaner (19835) were able to
demonstrate that new-born tiger snakes from an island of giant
adults, raised in the laboratory and fed ad libirum, grow significantly
faster than those in the field. Schwaner (unpublished) has also found
that in young snakes raised in the laboratory and fed similar diets,
snakes from popuiations with iarge adult size grow significantly
faster than those from dwarfed populations indicating that these size
differences are at least partly genetic. We have not attempted such
studies with varanids so our study is, by itself, mute on this important
distinction.

Museum specimens

We measured all the island and mainland varanids available in the
South Australia Museum, Adelaide and the Western Ausiralia
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Museum, Perth in the following species: V. gouldii, V. rosenbergi, and
V. acanthurus (sample sizes appear in Tables 1 and 2). The first two of
these species are similar in size and habits and were formerly
considered as only subspecics of V. gouldii {Storr 1980). In varanids,
sex determination is difficull because there are no oulward secondary
sexual characteristics in most species. Reliable scx determination is
based on the presence or absence of a hemi-penis and testes or
ovaries. Since this often entails destructive sampling, sex was not
determined on all individuals. Snout-vent length was measurcd to
the nearest mm using a meter stick. Specimens from the South
Australia Museum were then blotted dry of alcohol and weighed
using spring scales, usually fo the ncarest gm. We could not locate
twao specimens of V. gouldii that were measured by Storr (1980) at the
Museum of Western Australia and included in his monograph. These
two specimens (Nos. 14666 and 24811) apparently no longer exist.

Field work

King and Green (1979) and Green and King (1978) conducted a long-
term study of V. rosenbergi on Kangaroo island and V. gouldii on
coastal South Australia. King (pers. comm.) has generously supplied
us with his raw size data. Many animals in his study were placed in

Table 1. Snout-vent length comparisons for lizards of different sexes,
species, reglons, and collected from different seasons for Varanus
rosenbergi and V. gouidii. Only individuals greater than 240 mm
snout vent are included in the comparisons (¥ > 240 mm). Snout-
vent (SV) is log-transformed. Unpaired i-test comparisons are made
between pairs of populations or ANOVAS if more than two groups
are comparcd

Group N Mean log SV p
Comparison: SEASON; Group: Kangaroo Island V. rosenbergt.
Spring/Summer 203 2,602 0.170

Fall/ Winter 69 2.611

Comparison: SEX; Group: Kangaroo Island V. rosenbergi
Males 27 2.588 0.0017
Females 13 2529

Compurison: SEX; Group: Mainland V. rosenbergi
Males 26 2.521 0.050
Females 10 2.481

Comparison: SEX; Group: Mainland V. gouldii
Males 58 2.458 0.0028
Females 30 2.491

Comparison: REGION: Group: Mainland V. rosenbergi
South Australia 10 2.540 0.058
Western Australia 33 2.504

Comparison: REGION; Group: Mainland V. gouldii
South Austraiia 48 2.490 0.032
Western Australia 71 2473
Northern Territory 15 2512

Comparison: SPECIES; Group: South Australia V. rosenbergi and
V. gouldii

V. rosenbergi 10 2.540 0.014

V. gouldii 48 2.490

Comparison: SPECIES; Group. Western Australia V. rosenbergi and
V. gouldii

V. rosenbergt 33 2.504 0.013

V. gouldii 71 2473

the South Australia Museum and we can thus compare masses and
lengths before and after fixing; this allows an estimate of live body
sizes of animals from populations for which we only have preserved
specimens,

Additionally, we personally studied and collected V. rosenberygi
from Thistie Island, Spilsby Island, and Reevesby Island as well as
from South Australia and Western Australia mainland locations.
Mass, length, and sex were determined from live animals collected
during 1984—-1985. During this field work we estimated the relative
abundance of varanids based on timed encounters with animals or
animal signs (burrows, scats, and tail drags). TIC counted the
number of such signs seen in three hours of search per site. Such are
very crude abundance estimates can not be converted into absolute
densities, We use them only as a way of crudelv comparing
the relative rank abundance of animals beiween island-mainland
pairs.

Body-size comparisons between populations

Mean body size for lizards is not a useful index of the maximum size
attainable in a population because it is highly influenced by the age
distribution of the population when it was sampled. On the other
hand, the maximum body size is highly sensitive to the total sampling
effort. Case (1976) used the upper decile body size as a compromise
but this measure lacks confidence intervals and straightforward
statistical comparisons are lacking. Here we use the mean body size
of all individuals which are greater than a threshold size, T; The
actual minimum size for reproductive maturity is difficolt 10 know
with certainty because reproduction in thesc varanids is highly
seasonal (King and Green 1979). Many individueals that do not show
enlarged testes or ova could still be reproductively mature.
The smallest gravid female of V. gouldii and V. rosenbergi in our
sample was 250 mm and 235 mm respectively. For V. rosenberyi
and V. gouldii, we chosc T as 240 mm, which was the lower trecile of
the mainland populations lor both these species (see Fig. 1), We refer
Lo animals above size T as “adulls”. For V. acanthurus, we cxcluded
individuals below T =130 mm, which again was the lower trecile of
Lthe size distribution, however size at reproductive maturity here is
unknown. (Fig. I).

In comparing size differences between populations, we chose to
keep a constant T, rather than a relative value, even though
populations may differ in mean and maximum bady size. This means
that dwarl populations will have fewer individuals and only the
largest individuals will be included in the sample of “adults”;
“giganlic” populations will have relatively more individuals included
in the “adult” samplc than should be. In both cases, the hias is such to
make it more dillicult to prove directional size changes: i.c. signifi-
cant dwarfism or significant giganlism compared to an intermediate
sized population. Thus by using a fixed T, we provide a conservative
test of between-population body size differences compared to that of
using a sliding T, different for different populations. We feel that this
conservative statistical approach is justified because we will be
making multiple comparisons and there 1s the possibility that Type |
errors may slip in.

Results
Sexual dimorphism in size

To compare size differences between populations we must
be aware of potential size differences between the sexes
that could confound comparisons between populations
with different sex ratios. The sex ratio is usually skewed
toward males (Fig. 2, Table 1). For mainland V. rosenbergi
and V. gouldii, males reach adult snout-vent lengths that
are about 12% larger than females (t-tests <0.05). The
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Table 2. Tsland/Mainland size contrasts for varanid populations. Snout-vent lengths were first log transformed. Only individuals whose snout
vent exceeds T are considered. The “Trend” indicates the direction of size differcnces for islands relative to mainland po_pula.tions (ND=no
significant difference) and the size ratio shows the istand population’s mean adult sv (before log transformation) divided by that of the

constrasting mainland population.

Mean log SV

Species/Group N p (t-test) Trend
{after truncation) (size ratio}
V. rosenbergi
Mainland South Australia 10 2.540
TIslands:
Kangaroo Island 309 2.600 0.0003 Giane (1.15)
Reevesby Island 4 2.697 0.0001 Giant (1.43)
Thistle Istand 16 2,575 0061 ND
Spilsby Island 4 2.624 0.0275 Giant {1.21)
Taylors 4 2.542 0.936 ND
V. gouldi
Maintand Western Australia 71 2472
Islands:
Wardang 4 2.590 0.0002 Giant (1.31)
Bernier 4 2.453 0.534 ND
V. acanthurus
Mainland Western Australia 63 2.230
Islands
Barrow 3 2.150 0.039 Dwarf/ND (0.83)

(see discussion)

same is true for the V. rosenbergi population on Kangaroo
Isiand. Below, before we compare body sizes, we first
perform a contingency analysis to determine whether the
sex ratio is significantly different between comparison
populations. If not, we combine both scxes. In Fig. 3 we
show the length/weight (fog transformed) relationship for
the two sexes. Neither slopes nor intercepts for the sexes
are significantly different (ANCQVA,; p=>0.5).

Size/Weight relationships

Since we use lengths and weights of preserved museum
specimens as well as freshly-caught field animals in our
analyses, we must first determine the average degree of
shrinking in length and weight so that we can correct for
differences in size due to preservation. We have both fresh
and preserved lengths and weights for a subsample of
5 Kangaroo Island V. resenbergi. These were collected by
Dennis King during 1966-1972 and were preserved for
roughly 14 18 years before they were again measured at
the South Australian Museum. We also have lengths and
weights for two Reevesby Island V. rosenbergi alive and
after being prescrved for 2 weeks. We have determined that
shrinkage is about two percent in snout-vent length and is
independent of body size. Below when we compare sv
between populations we multiply the kengths of muscum
specimens by this small corrcction factor (1.02). Inter-
estingly, the length-weight relationship lor preserved
and field collected specimens are nearly identical so the
condition indices of the two groups can be lumped
(ANCOVA; p>0.8).

Specimens have been collected during many times of
the year and this could potentially confound size differ-

ences and the condition indices of the individuals. On
Kangaroo lsland, Green and King (1978) made a sys-
tematic effort to collect V. rosenbergi specimens from all
times of the year so we can test for season effects at this site.
We lumped specimens into two groups Fall/winter
(April-August) and Spring/Summer (September—March)
and performed a -test on log snout-vent (Table 1). There
are no significant differences (p>0.17, N =203, 69).

We examined residuals from log weight vs log sv
regressions in mainland V. gouldii and mainland and
Kangaroo Island V. rosenbergi to see if the linear regres-
sion provided a good fit and to sec if there was any
systematic relationship between the value of residuals and
log hody length. There is no tendency for residuals to
change in value with log sv in animals above size T (linear
regression, p>{.8 in all three species). The squared devi-
ations (residual variance) decreases slightly but signifi-
cantly in V. gouldii, increases slightly but significantly in
Kangaroo Island V. rosenbergi, and is statistically inde-
pendent ol log sv in mainland V. rosenbergi. In short we
find no reason to expect a systematic bias in the condition
index with a lizard’s body length.

Regional differences in mainland populations

Mainland specimens have been collected from different
parts of their ranges so it 1s necessary to determine if size
and weight differences exist before comparing different
mainland populations to off-shore island populations. The
largest mainland V. gouldii occur in the Northern Terri-
tory where we have no islands from which lizards werc
measurcd. Table 1 shows a tendency, although not quite
significant, for both V. rosenbergi and V. gouldii to be
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Mainland samples

V. rosenbergi
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Fig 1. Histograms of the snout-vent lengths of mainland popula-
lions of three species of Faranus. Only animals larger than T (the
arrow) are used in latter statistical comparisons. Note the change in
scale of the x-axis in the bottom subfigure

larger in South Australia than Western Australia. Since we
have islands ol both these coasts, we only compare insular
populations of both species to the mainland population
from the same state. Also within the same mainland
region, V. rosenbergi is slightly larger than V. gouldii.

Island/Mainland size contrasts

Table 2 summarizes those comparisons that can be made
between island and mainland populations. In each case we
compare the island population to the mainland popula-
tion in the adjacent mainland state. However, none of our

V. rosenbergi
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Fig 2. A histogram of the snout-vent lengths of Varanus rosenberyi.
This is the pooled sample of all specimens (from both islands and
mainland sites) whose length and sex is known. Males tend to be
more numerous in the population and average slightly larger in body
s17e
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Fig 3. The relationship between log weight (g) and log snout-vent
(mm) for both sexes of V. resenbergi. This is the pooled sample of all
specimens whose lengths, weights, and sexes are known. The dotted
regression line is for males and the solid line is for females. The two
regression lines are not significantly ditferent from each other

results are substantially altered if we use the entire main-
land population instead of just the adjacent statc. For
V. rosenbergi we find examples of significant gigantism on
Kangaroo Island, Reevesby Isiand, and Spilsby Island. On
Thistle, the gigantism is less and not quite significant
{p=0.061). We find no cases of dwarfism in V. rosenbergi
although two (out of five) insular populations do not differ
significantly from mainland populations. Among the
gigantic insular populations, Faranus gouldii is relatively
gigantic on Wardang Island (even though we only have
four animals whose size exceeds T) but not significantly
different on Bernier (but again N is only 4). The apparent
dwarfism of Varanus acanthurus on Barrow island is based
on only three adult spectimens and collecting bias could
have produced this apparent trend (see discussion). The
magnitude of island/mainiand size differences, where
significant, cxcoed those realized between different



geographical regions of the mainland for V. gouldii
and V. rosenbergi {Table 1 compared to Table 2).

Body size and body condition index

Figure 4 contrasts the log sv vs log wt residuals of all
V. rosenbergi populations for which we have simultaneous
weight and snout vent data. Populations which have
heavier, more robust lizards for their length appear higher
on the y-axis. Populations with thinner individuals are
lower. For both axes, the mean plus and minus one st.
error 1s shown. The largest sample available for V.
rosenbergi is the Kangaroo Island population (N =296
individuals whose weight and snout vent are known).
There is a significant linear correlation betwcen a
population’s mean condition index and its mean snoul-
vent length (p <0.023).

Q.30 R L L e L
F Reeveshy ]
. 020 1
c
L2 ]
.':__5 n A Spilsby ]
th 1. —
k] 0.10 ! ou‘ us o ]
g | ——t ]
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< oo 4
b L 4
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Mean snoul-vent length (mm)

Fig 4. The average condition indexes (log weight residuals) lor
various V. rosenbergi populations are comparcd to their mean adult
log snout-vent Iengths (sv in mm). Populations which have heavier,
more robust lizards after controlling for sv appear higher on the
y-axis. Populations with thinner individuals arc lower on the y-axis.
For both axes, the mean value plus and minus one st. error is shown.
There is a significant linear correlation across population between
their mean condition index and their mean adult snout-vent length
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A one tailed t-test was used to compare the residuals
for V. gouldii adults on Wardang Island to those of
mainland V. gouldii adults. In spite of the small sample
size for Wardang (N =4), the contrast was significant at
p<0.035; the mean residual for Wardang was significantly
greater, implying that the relatively gigantic Wardang
animals also have a higher condition index on average
than conspecifics on the mainland.

Body size and prey size

Table 3 shows the range of prey sizes available on islands
where the insular population is either gigantic, dwarfed, or
similar in size to the same species on the mainland. For the
set of species for which we have adequate size data, the
relatively gigantic individuals occur exclusively on islands
where large prey items are available (e.g. rabbits, mutton
birds, petrels, rats, etc). However, large prey are available
for the V. acanthurus on Barrow Island, vet this popula-
tion is dwarfed relative to the mainland. Another deviation
is the V. gouldii on Bernier Tsland. Although we only have
four adult specimens from this island (large than size T),
their average snout-vent length is slightly smaller than
mainland forms, although not significantly so, even
though this island has large prcy in the form ol bandicoots
and breeding seabird populations.

Discussion

Based on eight island/mainland contrasts we find signifi-
cant insular gigantism in half the populations and signifi-
cant dwarlism in one. The one case of dwarfisim occurs in
V. acanthurus, which is the smallest of the three species
considered here, so the different size trends are not simply
a reflection of niche relaxation, in which smaller species
become large on islands while larger species reduce (o
Intermediate sizes. The gigantism in V. rosenbergi can be
quite dramatic; the 43% snout vent increasc on Reeveshy
Island reflects more than a doubling in average adult body
weight,

Table 3. The prey sizes available to varanids on difterent islands and the body size of the endemic insular varanid relative to their mainland

relatives
Island Varanus species Large prey Small prey Relative
size
Kangaroo, SA Rosenb. carrion, penguin chicks, rats mice, lizards, arthropods Giant
Spilsby, SA Rosenb. rabbits mice, lizards, arthropods Giant
Wardang, SA Gouldii rabbits, penguin chicks mice, lizards, arthropods Giant
Reevsby, SA Rosenb. storm petreis and chicks mice, tizards, arthropods Giant
Thistle, SA Rosenb. none mice, lizards, arthropods No diff
Taylors, SA Rosenb. none mice, lizards, arthropods No diff
Bermier, WA* Gouldii bandicool, seabird chicks mice, lizards, arthropods No diff
Barrow, WAt Acanth. rals, scabird chicks {bandicoots) mice, lizards, arthropods No diff/dwarf

Notes: “Giant”, “Dwarl”, or “No &iff” refer to significant body sizc differences between the island and adjacent mainland populations at
p<0.05. The dwarf trend of V. acunthurus on Barrow island is based on a sample of three adull individuals. Bandicoots are present on Barrow

but are too large for consumption by V. acanthurus
Rats include Rattus fucipes and Rarttus rattus

* Bernier Island also has a sympaltric population of the similar sized specics Varanus panopres
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One note of caulion 15 that of the eight insular popula-
tions, six are represented by sample sizes of 3 of 4
individuals above the threshold size T. With such small
samples sizes, we must ask whether there might be collec-
ting bias in these insular populations. A sex bias seems
unlikely since our statistical tests of sex ratio reveal no
differences between islands and mainlands. A seasonal bias
is unlikely to lead to a body size bias, since our island
samples are (like the mainland samples) predominantly
from spring/summer. Moreover, on Kangaroo Island,
where Green and King (1978) and King and Green (1979)
collected individuals throughout the year, there was no
seasonal fluctuation in mean snout-vent length. It is our
belief that the most likely bias for island populations, is
onc in which collectlors might avoid taking the very large
individuals for lack of storage space for preservative and
specimens on boat trips under ¢ramped conditions. In the
casc of Recvesby Island, where we did field work in two
separate years, we saw but did not capture, two additional
specimens of V. rosenbergi that visually appeared to be as
large (if not larger) than the specimens that we did manage
to capture and measure. We therefore believe that the
cases of insular gigantism are most probably real, and not
a sample bias. However, it is difficult 1o be as sanguine for
the solitary case of dwarfism in Barrow Island V. acanthurus.

These body size differences are paralleled by geo-
graphic differences in the amount of available prey, as
revealed by the condition index of the animals and by
differences in the body size of the available prey, but in
neither case 1s the association perfect. We are unable to
reject the null hypothesis that these factors do not influ-
ence body size. The hypotheses are not mutually exclusive
and both may be operating to different deprees in different
places. However, we are unable to tease apart the relative
contribution of these two factors based on the set of
islands that we have studied.

Where we have conducted field work, it is our distinct
impression that the abundance of varanids is higher in
island situations than on the adjacent mainland. However,
there is no clear relationship between abundance and body
size. For example, on both Kangaroo Island and Reevesby
[sland, V. rasenhergiis relatively gigantic, but it is common
on Kangarco Island while scarce on Reevesby. Neigh-
boring Thistle Island has a smaller body-sized population
of V. rosenbergi, but they were quite common. In a study of
certain island/mainiand anoles in the Caribbean region,
Andrews (1979) found that island species were larger in
adult body size and occurred at greater densities but had
lower growth rates associated with lower insect availabili-
ties. Our impressions of varanid abundance may be biased
by diffcrences in the activity of animals in different places,
although we were carelul to only conduct censuses during
the peak activity periods; more rigorous density estimates
are needed.

The tendency for these non-territorial varanids to
often cxhibit insular gigantism, rather than the dwarfism
predicted from Case’s (1978) arguments is interesting. All
of Case’s dynamic models for population growth assumed
that predators would lower the growth rate of their prey
and this may not be the case here. It is entirely possibie for
a predator population to be food-limited (i.e. the popula-
tion size increases when prey numbers are increased)

without its food prey being predator-limited (Andre-
wartha and Browning 1961). If a predator does not affect
the supply of its food, then predator numbers and territor-
iality will have little impact on island-mainland differences
in food availability. These will be determined more by
differences in food productivity rates between locations,
perhaps due to edaphic or climatic differences or from
differences in the vital rates of still lower trophic levels.
Varanids that feed on eggs and chicks of nesting sea birds
probably do not have much influence on the size of the
next year's nesting bird population since the birds are
migratory. Sea bird numbers and thus the number of
chicks that are potentially availahle may be set_more by
the number of adult birds that return each year ;3 breed,
which will be strongiy influcnced by factors off the island.

Alternatively, it may be that these varanids are more
intraspecifically aggressive than is generally thought. As
their own densities increase, fighting levels may also
increasc even though they may not be maintaining ex-
clusive home ranges. This might lead to losses in foraging
time and harvested energy as envisioned m Case’s (1978)
models for situations leading to gigantism. If this sort of
process 1s responsible for gigantism here, then we would
expect an association between large size and high food
avatlability and indeed we find it. We would not neces-
sarily expect an association belween large varanid size and
high varanid densities and we do not see one.

Predators on varanids {except for humans) are pen-
erally lacking from all the islands studied, so the striking
differences between populations are also not easily as-
signed to direct size-selection by size-specific predators.

As stated earlier, we have no solid evidence that any of
the size differences exhibited between populations have a
genelic component or represent local adaptations. Purely
phenotypic increases in average size would be expected
whenever greater food availability enhances both growth
rates and survivorship. The loss of predators would also
lead to an age structure more heavily represented by older
and consequently larger individuals (Case 1982). Robinson
ct al. (1985) argue persuasively that the V. rosenbergi
populations on the South Ausiralian islands of Spilsby,
St Peter. Reevesby, and Tayvlor (but not Thistle and
Kangaroo Island) were introduced by human settlers less
than 100 years ago. If this is the case, then these size
differences have arisen very suddenly aver as few as 5-10
generations. This still does not ruie out a genetic compon-
cnt to the size diflerences il selection 1s strong. Introduced
populations of the European tree sparrow in North Amer-
ica and Australia show significant departures from ances-
tral Furopean populations in morphology and genctics
(Barlow 1973; St. Louis and Barlow 1988). Further studics
are needed lo examine the phylogenetic relationships
between the island and mainland populations and to
quantifv any demographic and ecological differences he-
tween these varanid populations before the roots of these
size differences will be uncovered.
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