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ABSTRACT. The island rule suggests that, when mainland animals are isolated on islands, large animals tend to become
smaller, while small animals tend to become larger. A small frog in eastern Brazil, Phyllodytes luteolus (Wied-Neuwied,
1824), is widely distributed in association with bromeliads. At the end of the last glaciation, parts of the mainland
became islands due to rising sea levels, thereby isolating frog populations on these islands. If the island rule holds, we
predicted that frogs on islands would tend to be larger than frogs on the mainland. We compared sizes (weight and
length) of 30 randomly selected male frogs from the mainland with 30 from an island in the state of Espírito Santo,
Brazil. We also sampled population density on the island and mainland because concurrent with changing sizes, depending on the causal relationship, density may also change. As predicted, island frogs tended to be larger (both in
snout-vent length and weight) and were much more abundant. While not specifically addressed in this study, the
absence of predators and interspecific competitors may explain both of these trends.
KEY WORDS. Bromeliad; amphibian; anuran; bromeligenous.

The island rule hypothesis suggests that after becoming
isolated on islands, mainland animals tend to change in size,
with smaller animals increasing and larger animals decreasing
in size (FOSTER 1964, VAN V ALEN 1973). Originally described with
mammals, the island rule has been expanded to include other
vertebrates, because changes in size have been found in a variety
of taxa (LOMOLINO 1985, CASTELLANO & GIACOMA 1998, CLEGG &
OWENS 2002, BOBACK & GUYER 2003, RAIA & MEIRI 2006, W U et al.
2006, PRICE & PHILLIMORE 2007, MATHYS & LOCKWOOD 2009, but
see MEIRI 2007). Concomitantly, if body size increases then density may also increase (MCARTHUR et al. 1972, CASE 1975). The
increase in size in smaller animals is generally attributed to
the loss of predators on the islands or increased resource abundance (or both), which in turn, may be due to the loss of interspecific competitition (LOSSOS & RICKLEFS 2010). Because small
amounts of gene flow would prevent heritable change in body
size, reproductive isolation of the island populations is required
for this process to occur (HARTL & CLARK 2006).
Population size may also change when a species is isolated on the island, but the exact relationship is unclear and
depends upon the context (L OMOLINO 2005, W HITTAKER &
FERNANDEZ-PALACIOS 2007, LOMOLINO et al. 2012). Relatively smaller
population sizes are expected when competition is stronger

(MCARTHUR et al. 1972), and the absence of competitors on islands may lead to increased population size (CASE 1975). However, this will depend upon resource availability and whether
resources were the limiting factor on the mainland. Also, intraspecific competition may be stronger than interspecific, leading to a smaller population size when individuals increase in
size. Thus, density compensation can lead to similar, increased
or decreased density on islands (MCARTHUR et al. 1972, WRIGHT
1980, WHITTAKER & FERNANDEZ-PALACIOS 2007).
After the last glaciation, rising sea levels resulted in island formation along the Brazilian coast. Once isolated, island
populations of animals that cannot disperse have remained reproductively and genetically isolated (BENZIE & STODDART 1992).
Thus, these islands are a natural testing-ground for the island
rule, especially in frogs because salt water is a barrier to dispersal (HOPKINS et al. 2014). At the same time, other sources of
water are necessary and frogs that use those sources may tend
to persist. Thus, water in tank bromeliads can favor persistence
of those frog species that use them, if, on the island, bromeliads also persist and accumulate rain water. A frog that obligatorily uses bromeliads, Phyllodytes luteolus (Wied-Neuwied, 1824)
is small (SVL: 24-25 mm, HADDAD et al. 2013), widely distributed
in eastern Brazil (FROST 2013, SALLES & SILVA-SOARES 2010) and is
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found, along with several species of tank bromeliads, on the
mainland and on nearby islands (PEIXOTO 1995, OLIVEIRA et al.
2015). Thus, this species can offer a test of the island rule.
A variety of frogs obligatorily use bromeliads in Atlantic
Forest and their sizes range from 14 to 49 mm (HADDAD et al.
2013). A change in size on islands may be due to a variety of
factors, including changing pressures due to predation or competition, among others. This implies that other population
parameters may also change on islands, such as population
density. While density may change on islands relative to the
mainland, complex dynamics and coexisting species must be
understood to predict the direction of those changes (DIAMOND
1970a,b, MCARTHUR et al. 1972, CASE 1975, MCGRADY-STEED &
MORIN 2000, WHITTAKER & FERNANDEZ-PALACIOS 2007). Regardless,
if density remains constant and if the island rule holds, and
size changes on islands, then biomass will also change. Thus,
if the island rule holds, then other population parameters are
expected to change as well, and understanding those changes
can help in understanding causality in changing sizes.
Here, we describe a test of the island rule using frog populations on the mainland and nearby islands. Also, we compare
abundance on the mainland and island as a first step in understanding what factors may influence the island rule. Because
frogs are small, we predicted that size will increase. We also
predict that density will change on the islands relative to the
mainland because at least some of the potential predators and
competitors are absent from the island.

MATERIAL AND METHODS
The mainland population was examined at Paulo César
Vinha State Park, in Guarapari, in the state of Espírito Santo
(20.615°S, 40.418°W). We examine an island populations from
one of five small islands that are about 200 m from one another
and all are ~3 km from the mainland (20.613°S, 40.382°W, Fig.
1). Vegetation on the mainland and the island are very similar
and includes the tank bromeliad Quesnelia quesneliana (Brongniart)
L.B.Smith as an abundant bromeliad in both habitats.
Frogs were found by listening for vocalizations (CICHI et
al. 2009, SILVA-SOARES et al. 2010, VALDUJO et al. 2011) and visually searching bromeliads on 6, 12 March and 2 April 2013 on
the island and on 10, 25 March and 3 April 2013 on the mainland. During that time the climate was similar in both locations, with no rain and water was only available in the
bromeliads. Searching and captures began at dusk (~6:30 pm)
when the first males began to call. We searched for frogs by
first finding a patch within which a 5 x 5 m plot was able to be
established in which bromeliads were distributed thoughout
the plot. Upon finding a vocalizing frog within that patch,
that location became the corner of the first 5 x 5 m plot that
was then oriented to include as many bromeliads as possible
within the plot. In the plot, we counted all the tank bromeliads and all the frogs after exhaustive searching. After finishing
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Figure 1. Map of the study area in Brazil, with detail of the sampling locations in the state of Espírito Santo, Brazil. The two small
circles just north of the municipality of Guarapari are where the
study took place (marked with mainland and island).

the plot, we then walked at least 5 m until we found another,
different, vocalizing frog in a different patch (as described
above) of bromeliads, at which time that point became the
corner of a new plot. At the time of capture, we weighed (digital scale, 0.01 g precision) and measured snout-vent length
(SVL, digital calipers, 0.1 mm precision) each frog at the capture location, where they were then released. We compared
frog weight and SVL (both log10 transformed) between islands
and the mainland using t-tests.
We compared bromeliad abundance and frog density
(frogs per plant) between the mainland and the island using G
tests. Statistical tests assumed an error probability of 5%.

RESULTS
The island rule held, as predicted, with island frogs being heavier (mean = 1.02 g, SE = 0.10, data back transformed
from log10 values used in tests) and longer (24.0 mm, SE = 0.1,
n = 30) than mainland frogs (0.74 g, SE = 0.10, 21.0 mm, SE =
0.1, n = 30, weight: t = 5.70, SVL: t = 7.60, both p < 0.01, Fig. 2).
We use linear regression between SVL and weight to illustrate
the bivariate relationship (F1, 58 = 187.40, r2adj = 0.76, Fig. 2).
Bromeliads in the sample plots were essentially equally
abundant on the mainland (55, 92 and 116 per plot) and the
island (50, 90 and 117 per plot) and no statistical test was nec-
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Figure 2. Scatterplot (log10 scaled on both axes) of weight (g) by
snout-vent length (SVL) on the mainland and island, illustrating
variation found on each and that both tend to be greater on the
island. The smaller symbols with error bars are the bivariate means
with their 95% confidence intervals. We show the individual regression lines for illustrative purposes, while the two regressions
were not statistically different (see text).

essary. Frogs, on the other hand, were much more abundant
in the sample plots on the island (109, or 1.45 individuals m-2)
than plots on the mainland (20, or 0.26 individuals m-2, G =
56.4, df = 1, p < 0.01, Fig. 3). Combining density with body
weight, biomass of frogs was 6.33 times greater on the island
(3.48 g m-2 on the island and 0.55 g m-2 on the mainland).
On the mainland, frogs were found in four species of
bromeliad: Aechmea blanchetiana (Baker) LB Sm., A. nudicaulis
(L.) Griseb., Quesnelia quesneliana and Vriesea neoglutinosa Mez.
In contrast, on the island, frogs were only found in two species: Q. quesneliana and Neoregelia cruenta (R. Graham) LB Smith.
Thus, while bromeliads were similarly abundant in our study
plots on the mainland and on the island, on the island one
species (Q. quesneliana) was as abundant as the sum of the four
species on the mainland.

DISCUSSION
Frogs on the island were larger (26% heavier, 12% longer)
and much more abundant (5.5 times more in number, 6.3 times
more in biomass) than on the mainland, thereby supporting
the island rule in the frog, P. luteolus. The much greater abundance on the island than the mainland suggests that either
resources are more available, predation is lower, or both, on
the islands. Especially interspecific competition may be lower
on the island because P. luteolus was the only frog species found
in all the bromeliads that we searched on the island. On the
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Figure 3. Comparison of the number of bromeliads (similar density on the island and mainland) and number of individuals of P.
luteolus (more abundant on the island) by sampling plot on the
island and the mainland.

mainland, however, we found Aparasphenodon brunoi MirandaRibeiro, 1920, SVL ± 80 mm, Dendropsophus decipiens (Lutz,
1925), SVL ± 19 mm, Rhinella crucifer (Wied-Neuwied, 1821),
SVL ± 100 mm, Hypsiboas semilineatus (Spix, 1824), SVL ± 56
mm, Scinax alter (Lutz, 1973), SVL ± 28 mm, and Scinax
argyreornatus (Miranda-Ribeiro, 1926), SVL ± 21 mm. Thus,
while the island rule holds, the mechanism leading to increased
size remains unclear, with some support for reduced competition. Understanding whether interspecific competition plays
a role in community structure on the mainland would help
clarify how P. luteolus responded on the island.
A similar tendency for increased size on islands was reported for Bufo viridis Laurenti, 1768, in Sardinia, Italy (CASTELLANO
& GIACOMA 1998) and Rana limnocharis (Gravenhorst, 1829) in
Zhoushan, China (WU et al. 2006). However, exceptions occur,
such as Rhinella ornata (Spix, 1824) (larger on the mainland) in
Rio de Janeiro, Brazil (MONTESINOS et al. 2012). This difference
between dwarfism and gigantism on islands and continents is
probably due to the complex interaction between food, space
and predation (WU et al. 2006), but may also be explained by
the size range of the animals in question. That is, larger frogs
should get smaller, rather than merely assuming that frogs are
all small and so should become larger on islands.
Increased size and abundance may occur when resources,
such as food, shelter and breeding sites, are more available
(PUTMAN 1994, HANSSON 1995). However, exactly how this interaction becomes manifest is unclear, because intraspecific com-
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petition may be even more important than interspecific competition, if resources are limiting. Thus, by increasing in abundance on the island, one would expect that intraspecific
competition would also increase, thereby maintaining the small
size of the frog. Greater species richness of frogs on the mainland may also generate much greater competition thereby causing a lower carrying capacity on the mainland relative to the
island. By their absence on the islands, thereby eliminating
interspecific competition, ecological release may have allowed
the frogs to both increase in abundance and size (LOMOLINO
1985, GREENBERG & DANNER 2013).
Also, if predation on the mainland keeps the population
well under its carrying capacity, then ecological release on the
island may simply result in a different equilibrium relationship
between size and abundance as compared to the mainland.
Amphibians are prey for many predators (DUELLMAN & TRUEB
1994), including snakes (BERNARDE & ABE 2006, 2010, BERNARDE
2012) and birds. While we did not search for potential predators, only a few species of vertebrates, including the lizard
Tropidurus torquatus (Wied, 1820), the african gecko Hemidactylus
mabouia (Moreau de Jonnès, 1818), the black rat Rattus rattus
(Linnaeus, 1758), and marine birds were found on the island.
During the study, we only encountered potential frog predators
on the mainland, including snakes in Viperidae, Boidae and
Colubridae. Thus, predation may be much lower on the island.
Our data support the island rule on islands off the coast
of Brazil in the frog P. luteolus. The mechanisms through which
size changes are unclear, but evidence and logic suggest that
competition and predation are both important. Further study
through capture and recapture methods could examine longevity on islands (due to reduced predation, frogs may simply
live longer and longer-lived frogs are larger). Also, rearing frogs
in a common garden experiment with unlimited resources can
show whether this size difference is inherited or facultative.
Evolution towards greater size can be rapid under certain conditions (MATHYS & LOCKWOOD 2009) and here, the small Brazilian frog P. luteolus seems to be on the road to gigantism on the
island. Mechanisms causing this increasing size should be tested
and such tests will improve our understanding of evolution
on islands as well as processes on the mainland.
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