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Amphibians in general are considered poor dispersers and thus their dispersal curve
should be dominated by short movements. Additionally, as male toads do not compete
for females and sexual selection is by female choice, dispersal should be male-biased.
Furthermore, since adults are site-loyal and polygynous, juveniles should move farther
and faster than adults. We tested the hypotheses that dispersal would be limited and
both sex- and age-biased in a population of Fowler’s toads Bufo fowleri at Lake Erie,
Ontario, Canada. Based on a mark-recapture study of 2816 toads, 1326 recaptured at
least once, we found that although the toads did show high site fidelity, the dispersal
curve was highly skewed with a significant ‘‘tail’’ where the maximum distance moved
by an adult was 34 km. Dispersal was neither sex-biased nor age-biased despite clear
theoretical predictions that dispersal should be biased towards males and juveniles. We
conclude that the resource competition hypothesis of sex-biased dispersal does not
predict dispersal tendencies as readily for amphibians as for mammals and birds. Toad
dispersal only appears to be juvenile-biased because the juveniles are more abundant
than the adults, not because they are the more active dispersers.
M. A. Smith (alex.smith@mail.mcgill.ca) and D. M. Green, Redpath Museum, McGill
Univ., 859 Sherbrooke St. West, Montreal, QC H3A 2K6, Canada (present address of
M. A. S.: Biodiversity Inst. of Ontario, Dept of Integrative Biology, Univ. of Guelph,
Guelph, ON N1G 2W1, Canada).

Habitat destruction, fragmentation, and deterioration
have resulted in populations of many species becoming
patchily distributed across the landscape (Saunders et al.
1991). When a set of populations is patchily distributed
over a landscape with significant environmental stochasticity, we expect variance in population persistence in the
local habitat patches (Thomas et al. 1996, Green 2003).
Yet, species in such landscapes do not simply become
extinct. This is because immigrants may rescue populations that have gone locally extinct, or are on the verge of
local extinction. Thus, the rate and extent of movement
over the landscape is an important predictor of the
persistence of the species overall and consequently
extinctions cannot be predicted without understanding
the movement characteristics and resultant population

size and population level genetic relationships for the
animal in question (Petit et al. 2001). For many species,
such as plethodontid salamanders (Welsh and Droege
2001), with low variance in demographic characteristics,
this ‘‘rescue effect’’ (Brown and Kodric-Brown 1977)
may not be noticeable (Green 2003). However, when
there is high variance in reproductive success and
resources, as in many species of amphibians, the
importance of dispersal for population persistence may
be high. Indeed, at the population level, dispersal is the
source of novelty and resilience that mutation is to the
individual, and thus studies of dispersal are as crucial to
ecology as estimates of mutation are to genetics.
Temperate anuran amphibians often utilize patchily
distributed breeding habitat and tend to breed in the

Accepted 11 May 2006
Copyright # ECOGRAPHY 2006
ISSN 0906-7590
ECOGRAPHY 29:5 (2006)

649

same ponds year after year (Duellman and Trueb 1986,
Sinsch 1990) and thus when there is variation in
reproductive success dispersal ability is a critical population parameter. Although the literature for amphibians
in general (Sinsch 1990, Blaustein et al. 1994) suggests
that any movement is limited and occasional, the
dispersal range and frequency of specific amphibian
species often is poorly known. Because breeding ponds
are both ephemeral and a potentially limiting resource
for pond-breeding amphibians (both the aquatic (breeding, feeding etc.) and the terrestrial (hibernation, feeding
etc.) aspects of ‘‘pond’’ habitat (Skelly et al. 1999, Marsh
and Trenham 2001)), dispersal should in theory be both
male- and juvenile-biased (Lomnicki 1988). Indeed, the
individual frogs and toads observed to have dispersed
the greatest distances often are juveniles (Berven and
Grudzien 1990, Bulger et al. 2003).
It is notoriously difficult to track large numbers of
individuals accurately enough to determine a dispersal
curve (Nathan et al. 2001, Largier 2003, Cain et al. 2003,
Gaines et al. 2003). Fowler’s toad (Bufo fowleri  a
medium-sized toad whose adults are 50 to 80 mm from
snout to vent, with females slightly larger than males)
exists in a landscape with near ideal conditions for
measuring dispersal. At Long Point, Ontario, the toads
occur along 35 km of virtually uninterrupted beach.
Aside from small-scale daily movements between the
water’s edge and retreats to foreshore dunes, dispersal
is one-dimensional, confined to east-west movements
parallel to the shoreline. With global positioning system
technology, marked and recaptured individuals can be
located with great accuracy, enabling movement distances to be determined at both small and large scales.
Although common in the eastern United States,
populations of Fowler’s toads within Canada are limited
to the sandy beaches on the northern shoreline of Lake
Erie-isolated from one another by uninhabitable
stretches of shoreline development and by the lake itself.
As with many pond-breeding amphibians their abundance fluctuates wildly (Green 1997), and we would
expect them to be incapable of the long-distance movements necessary to recolonise isolated populations.
Thus, estimating extinction risk is intrinsically tied to
estimating dispersal potential. Although maximum
movements from the literature for B. fowleri exist
(ranging between 100 and 2000 m (Nichols 1937, Blair
1943, Stille 1952, Ferguson 1960, Clarke 1974, Breden
1987, 1988)), the pattern of movement has not been
rigorously quantified for this species. As with many
amphibian species, previous measures likely were underestimates of potential movement (Smith and Green
2005).
To date, there is little empirical work regarding the
theoretical prediction of sex-biased dispersal in amphibians. Indeed, there is limited evidence to support a
recent statement that amphibian dispersal is female650

biased (Palo et al. 2004). Differential competition for
resources between the sexes has been implicated in
the evolution of dispersal and the maintenance of a sex
bias in dispersal. If it is solely inbreeding avoidance
that selects for dispersal there should be no sex-bias
in dispersal capabilities (Johnson and Gaines 1990).
Female-biased dispersal is to be expected when, prior to
female selection of males, there is some kind of resource
partitioning by males as in monogamously mating birds
(resource competition hypothesis  Greenwood 1980).
Male-biased dispersal is to be expected when the
distribution of males is determined by the distribution
of females, not by any a priori resource partitioning
(Greenwood 1980). These predictions have been widely
supported in birds and mammals, but testing these
generalizations with amphibians has yet to be pursued.
In general the Bufo mating system is polygynous (Wells
1977), and in B. fowleri males do not appear to compete
for females (Laurin and Green 1990, Green 1992).
Sexual selection likely is by female choice (Sullivan
1983, 1992) where females judge males and likely do
not breed more than once a year. Therefore, we predicted
that with no a priori partitioning of resources, B. fowleri
would exhibit male-biased dispersal. To test the hypothesis of sex-biased dispersal we compared site-specific and
known-point mark-recapture distance records for adult
males and females as dispersal frequency distributions
(dispersal curves i.e. Nathan et al. 2001).
Toad mortality rates, high at all life stages, are greatest
during early life (Type III survivorship curve) predicting
that pre-sexual animals should move farther, faster, and
more frequently than adults, assuming resource limitations (Hamilton and May 1977). Indeed, dispersal in
anurans, and in many vertebrates, is usually attributed to
the young. Dole (1968, 1971) noted that the longest
distances recorded by Rana pipiens were by juvenile
frogs and that connections between populations likely
were made by juveniles rather than adult frogs. Schroeder (1976) documented that most between-population
movement is accomplished by immature Rana clamitans.
Sjögren Gulve (1998) observed that while only 1% of
adult Rana lessonae dispersed between localities, 35% of
juveniles dispersed to neighboring ponds. Bulger et al.
(2003) invoked the importance of juvenile dispersal,
yet never observed this. We tested the hypothesis of agebiased dispersal by comparing dispersal distances
of known-age animals and comparing the frequency
distributions of movement rates for known-point markrecapture distance records for adult males and females,
pre-sexual animals (juveniles) and pre-hibernation toadlets (metamorphs).
Each hypothesis tested here is dependant on the
assumption that we can accurately measure longdistance dispersal events on the scale of our study site.
Yet, even if movement is limited, animals can emigrate
outside the study site. Since such individuals cannot be
ECOGRAPHY 29:5 (2006)

recaptured, the animal’s capability of long-distance
movement is not properly estimated. To determine
whether our estimate of the kurtosis of the movement
frequency distribution was biased by the size of our
study site, and test that we had not underestimated the
long-distance movements of B. fowleri, we considered
three methods to correct for this bias  two analytical
and one simulation.

Materials and methods
(a) Mark-recapture
We studied B. fowleri at Long Point, Ontario (Fig. 1), a
35 km long sand spit and dune formation that lies
approximately east-west on the north shore of Lake Erie
(42834?37ƒN, 080826?24ƒW). Each year, beginning in late
April, adult toads in the study area were found, handcaptured, marked, and recorded. Estimates of total
population size based on recaptures suggest that 70 
100% of the adult male toads were captured each year
(Green unpubl.). All study sites were inspected nightly
from late April until late June (a period extending both
earlier and later than the breeding season at our
locality). The position of each individual was recorded
by site (Fig. 1) from 1988 to 2000, by global positioning
system (GPS /Garmin II/) in 2001, and using differentially corrected GPS in 2002 2003 (DGPS/Garmin
II/ with GBR23 differential correction beacon). Toads
were measured (snout-vent length), sexed, and a unique
combination of toes was clipped to allow for the
identification of individual animals (Green 1992). Phalanges were stored in 10% buffered formalin and were
used in skeletochronological estimates of age on individuals captured in 1994, 1995, and 1997 1999 (Kellner
and Green 1995). Although toe clipping can potentially

reduce the survivorship of individuals and therefore the
recapture rate (Clarke 1972, Parris and McCarthy 2001,
May 2004, McCarthy and Parris 2004, Funk et al. 2005),
we observed no reduction in recapture rate between
individuals with an increasing number of clipped toes
(Smith and Green unpubl.). The movements of 227
known-age animals (23 females, 204 males) were
grouped by sex and age classes (1 5 yr old). Female
toads are inconspicuous and spend less time than males
at breeding sites (Green 1997). Much of these data were
generated while the animals were breeding so it is to be
expected that the total number of females captured will
be less than males. On the beach, foraging males and
females have equivalent capture probabilities. For more
specific details regarding field methodology see Green
(1992, 1997).
In 2002, we individually marked 421 juveniles using
only non-additive toe-clips (i.e. no more than one toe per
appendage was clipped). Although some individuals may
achieve sexual maturity in their first year, others may not
do so until the age of 3. All juveniles were captured and
released on the Thoroughfare Unit at Long Point,
Ontario. In August of 2003, we similarly marked 70
recently transformed individuals at James N. Allan
Provincial Park (42850?27.6ƒN, 079832?49.2ƒW). In each
case, we calculated the distance and the movement rate
between all captures, and between initial and
final capture for each individual. The frequency distribution of these observations was transformed to a
percentage and then compared to the equivalent data
(DGPS recorded recaptures) for adult males and females
collected in 2001 and 2002.
For each recaptured animal the distance, time, and
direction between captures was calculated and the
statistical properties of the movement frequency distributions were determined using a Kruskal-Wallis test
(Sokal and Rohlf 1995). We tested the hypothesis that
the movement distribution was normal using Lilliefor’s
test for normality, and estimated the kurtosis and
symmetry of the distribution.
The movement frequency data were compared to
exponential and power models. The significance of
each model was calculated by regression analysis of
ln(frequency /1) vs distance and ln(frequency/1) vs
ln(distance) respectively. Statistical comparisons were
made using Systat (v 9), and Matlab (v 6.12).

(b) Testing limits of the study site
Fig. 1. Fowler’s toad breeding localities (capture sites) monitored nightly at the base of Long Point, Ontario Canada.
Location of James N. Allan Provincial Park (JNA) is also
marked. The Thoroughfare Unit of the Canadian Wildlife
Services is the area from the margin of the foremost box to
the easternmost site.
ECOGRAPHY 29:5 (2006)

Habitat exists to the east and west of the study site, and
it is possible that animals captured near the eastern and
western perimeters were not recaptured because they had
moved off the site. We have used three methods to
estimate the effect that these missed individuals would
have upon our measurement of the movement frequency
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Each x has an associated correction. For each 100 m
distance category, the total number of animals observed
was divided by the average correction factor associated
for movements in that category to give the corrected
distribution.
The third method we developed was ‘‘idealized site’’
(IS), based on Baker et al. (1995) and written in Matlab
(v 6.12). We considered the network of habitat patches
described here (Fig. 1) which is roughly linear without
habitat to the north or south but with habitat to the east
and west. These areas were occasionally surveyed, but
the study site was too large to allow frequent regular
visits to all areas. We mirrored the observed landscape of
toad breeding habitats to the east and west creating a
hypothetical transect of 25 km with 56 habitat patches to
estimate the dispersal events we might see if our study
transect was extended in each direction. Within this new
transect containing our actual and hypothetically added
sites, we considered all actual dispersal events (of
distance i), that originated from an actual site j. Around
each event, we described a circle with radius i. In reality
dispersal event i originating at j was observed in one
direction (observed). Assuming that all endpoints are
equi-probable, that movement event was equally likely to
have occurred in the opposite direction (alternate). We
let x represent the number of observed sites covered by
distance i. For that same distance event, we let y equal
the number of sites in the alternate direction. Thus, the
probability of observing an equivalently sized dispersal
event, in the direction opposite what actually occurred, is
y/(x/y). The average of these values grouped by
equivalently sized dispersal events was the IS correction
factor. Dividing the observed frequency of the dispersal
event by this factor estimates the animals missed by the
structure of the study site. The methodology assumes
that all endpoints are equi-probable, and this allows the
use of averages.
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We marked 2200 adults and 410 juveniles at Long Point
between 1990 and 2002; of these 986 and 260, respectively, were recaptured at least once. At James N. Allan
Provincial Park, 101 adults and 70 metamorphs were
marked with 38 and 42 recaptured at least once. Overall,
2816 toads were marked and of these 1326 were
recaptured at least once.
While nearly 70% of recaptured toads (536 of 736
between site recaptures male and female combined) were
within 100 m of their initial capture site, ca 2% of the
animals marked (12) moved the maximum distance of
the Long Point habitat patches (Fig. 1 and 2). The
dispersal curves were highly skewed leptokurtic
(kurtosis /79.74, skewness /8.81), and were neither
normal (Lilliefor’s test /1) nor exponential. An inverse
power relationship explained 63% of the observed
variation in the movement frequency when recaptures
were measured for adults with DGPS (Table 1). There
was no significant difference between the movement
distance frequencies of adult males and females (Mann
Whitney U /3939, DF/1, p/0.099). Only 11% of
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distribution. The first was simply to restrict analysis to
those animals first captured in the centre of the study
site, therebyincreasing the likelihood of recapture.
The second method adjusted the observed frequency
distribution according to the probability that the dispersal was contained within the study site (Barrowclough
1978), defined for R (radius of study site), r (distance
from site centre to capture point), and x (distance from
capture to recapture). When 0 B/r B/R/x, the probability is 1, and when R/r /R /x the probability (p) is
described by:

Distance (m)

Fig. 2. Movement frequency distribution of between-capture
distances made by 609 male (A) and 129 female (B) Bufo fowleri
between 1991 and 2001. Movement bins along the x-axis are for
100 m. All captures were made the same year.
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Table 1. Comparing movement estimates using movements measured among-sites with differentially corrected global positioning
system (DGPS) to an exponential or power model. In the exponential model, DISTANCE is the untransformed distance (m), in the
power model DISTANCE is the natural logarithm of the distance from the previous capture. The comparisons between male and
female frequency distributions were made with distances measured among sites.
Exponential
2

All individuals, DGPS
Males among sites
Females among sites

Power
2

R

Significance (p)

R

Significance (p)

0.081
0.245
0.247

0.005
B/0.0001
B/0.0001

0.633
0.577
0.703

B/0.0001
B/0.0001
B/0.0001

either males or females had moved to another habitat
patch upon recapture. The average between-site distance
moved by male and female toads was 390 m and
385 m, respectively. The dispersal curves for both sexes
were highly skewed leptokurtic (adult males kurtosis /
80.04, skewness/8.84, adult females kurtosis /74.25,
skewness/8.38). For both males and females, an inverse
power relationship was a close description of the movement frequency data (Fig. 2, Table 1). Using three
estimates of ‘‘long-distance’’ (1 km (a common value
from the literature  Berven and Grudzien 1990, Sjögren
1991, Waldick 1997, Vos and Chardon 1998, Newman
and Squire 2001, Conroy and Brook 2003), 4 km
(roughly half the Long Point study site), and 7.5 km
(a value slightly less than the maximum size of the study
site)), it is clear that these long-distance events are not
rare at any of these scales (Table 2).
On 24 May 2000 a juvenile Fowler’s toad was handcaptured and given a site-specific toe-clip in a breeding
pond at the base of Long Point. On 28 August 2001, this
toad (now distinguishable as a female) was recaptured
near the tip of the peninsula, 34 km away. This is the
longest recorded movement between captures for B.
fowleri and may be the longest for any anuran (Sinsch
1990, Smith and Green 2005).

There was no significant relationship between age
and distance moved between captures for either
adult males (age classes 1 5, total n/150, KruskalWallis /0.84, p/0.993, DF/4) or females (age classes
1 4, total n/23, Kruskal-Wallis /0.863, p/0.834,
DF /3). The dispersal curve for all ages of toads
was highly skewed leptokurtic (adult kurtosis /29.70,
p B/0.001, skewness/5.15, juveniles kurtosis /29.80,
p B/0.001, skewness/5.1680, metamorph kurtosis /
29.85, pB/0.001, skewness/5.18). There was no significant difference between the resulting distributions
of adult, juvenile and metamorph movement rates
(Kruskal-Wallis /4.286, p/0.12, DF/3) (Fig. 3).

(b) Testing limits of the study site
The study area was not closed. Marked animals moved
off, unmarked animals moved in, and so we applied
various methods to account for such movements. If the
leptokurtic distribution of dispersal events seen over the
entire data set were a function of recaptures missed at
the edges (Baker et al. 1995), we would expect to see a

1.0
Table 2. The frequency of long distance dispersal events per
year. The number of recaptures per year fluctuates in concordance with population size.

ECOGRAPHY 29:5 (2006)

0

0.04
0.02
0

0.
29
7

6

Adults
Juveniles
Metamorphs

0.06

0.
24
7

3

76
123
108
62
40
16
6
162
66
34
41
19
9

0.08

0.
19
8

0
3
2
2
0
0
0
2
0
2
7
3
0
1.62
2.02

0.1

0.
14
8

4
6
2
2
0
1
1
4
0
2
8
5
0
2.69
2.53

Number
of
recaptures

0.
09
9

]/7.5 km

0.
04
9

10
27
8
14
1
2
1
15
6
5
20
6
2
9
8

]/4 km

0.
00
0

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
Mean
Std. Dev.
Years with
no movers

]/1 km

Frequency

Year

0.8

Rate (m/s)
Fig. 3. Frequency distribution of rates for all observed movements for 101 adults, 410 juveniles, and 103 post-metamorphic
individuals. The three distributions are not significantly different (Kruskal-Wallis 4.286, DF/2, p/0.117).
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more normal distribution of movement events within the
sub-sample of animals initially captured in the centre of
the study site. However, the pattern in the subset was the
same: a power relationship of the proportion of recaptures that moved a certain distance (Fig. 4). Additionally, although the Barrowclough and Ideal Site
corrections increased the probability of an animal
moving the maximum length of the study site, both
corrections were still best described by an inverse power
law and were not significantly different from the
uncorrected distribution pattern (Fig. 5). Neither correction was significantly different from the uncorrected
data (observed compared to ideal site correction MannWhitney U test statistic /4073.000, p/0.94; observed
compared to Barrowclough correction Mann-Whitney U
test statistic /3909.000, p/0.74). We therefore conclude
that our study site was large enough to reliably measure
the dispersal potential of this toad without underestimating the long-distance dispersal potential. The leptokurtic pattern demonstrated was not due to recaptures
missed because of a spatially finite study site.

Discussion
Even though it is true that most toads did not move far,
there is a significant tail to the B. fowleri dispersal
curve where nearly 2% of recaptured animals completed
long-distance dispersal events. Amphibians are not
ordinarily considered to be capable of long-distance
movements, although this may be due to a lack of data
(Marsh et al. 1999) and an expression of the scale of
investigation rather than the abilities of the animals
(Turner 1960, Dole 1971, Smith and Green 2005). The
previous mark-recapture estimate of the longest distance
moved by an amphibian was 15 km (Tunner 1992), but
180
160
140
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0

-5000

-3000

-1000 0 1000
100 m movement bins
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Fig. 4. Movement frequency distribution of adult (male and
female combined) recaptures of 255 adults when first capture is
restricted to sites in the centre of the study area. Movement west
is negative, movement east is positive.
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B. fowleri at Long Point appear able to move more than
twice that distance. In fact, according to the power
relationship detailed here, we should expect at least
0.15% of toads at Long Point to move at least 15 km. An
inverse power function, which was the best description of
movement frequency for this toad, is often a good
description of movement as it does not under-represent
long-distance dispersal events (Hill et al. 1996, Ricketts
2001, Baguette 2003).
We expected dispersal to be male-biased, as there is
no resource partitioning by males in a polygynous
mating system. However, we found movement in B.
fowleri had no sex bias. Greenwood (1980) recognized
that where there is any partitioning of resources by
males, prior to the selection of males by females, there
should be female-biased dispersal. Where males are
highly territorial (Drewry 1970, Howard 1978, Wells
1978, Brzoska et al. 1982, Woolbright 1985, Radwan
and Schneider 1988, Sjögren Gulve 1994, Davis and
Verrell 2005) Greenwood’s hypothesis predicts that
dispersal should be female-biased. However, for many
of these species their movement was not sex-biased
(McVey et al. 1981, Woolbright 1985, Stumpel and
Hanekamp 1986, Holenweg Peter 2001, Lamoureux
et al. 2002, Pilliod et al. 2002). Indeed, one species
predicted to have female-biased dispersal actually exhibited male-biased dispersal (Hyla arborea  Vos et al.
2000). As females invest heavily in offspring, and can
only breed once per year while males can breed more
than once per breeding season  with a comparatively
low metabolic investment  we expect selection for malebiased dispersal. However, for species which appear
to meet these conditions, there was no sex bias to
dispersal (Licht 1969, Calef 1973, Dole and Durant
1974, Howard 1988, Berven and Grudzien 1990, Bulger
et al. 2003, Watson et al. 2003). The elegant generalities
documented by Greenwood are occasionally supported
by amphibians (Turner 1960, Weintraub 1974, Beshkov
and Jameson 1980). Genetic evidence has indicated that
dispersal in Rana catesbeiana is female-biased (Austin et
al. 2003) which supports Greenwood’s hypothesis (however, mark-recapture data from the 1930s indicates that
male R. catesbeiana actually move larger distances than
females (Raney 1940)). Thus, although there is occasional support for Greenwood’s hypothesis with amphibians, they are not described as readily and uniformly as
are birds and mammals. Either the hypothesis is wrong,
or there are elements of anuran life history that
invalidate similar applicability to anurans.
Our finding that juvenile Fowler’s toads move neither
faster nor farther than adults also appears to run
counter to expectations (Dole 1968, 1971, Schroeder
1976, Sjögren Gulve 1998, Bulger et al. 2003) because
juveniles generally are held to be the dispersing life
history stage in amphibians. However, it is not difficult
to find examples that contradict that assumption
ECOGRAPHY 29:5 (2006)

Fig. 5. Movement frequency
distribution of adult recaptures
when corrected by the
Barrowclough, and ideal site
methodology. The first bins
(0 100 m) are truncated for all
distributions.
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(Turner 1960, Wells and Wells 1976, Beshkov and
Jameson 1980, Semlitsch 1981, Reading et al. 1991,
Kusano et al. 1995, Holenweg Peter 2001). Conclusions
concerning dispersal must be informed by knowledge of
the population’s overall age structure. If there is no bias
to dispersal, the ages of dispersing individuals will be in
direct proportion to the sizes of the various age classes.
When juveniles outnumber adults, which is frequently
but not inevitably the case among amphibians, no other
explanation is needed for observations of greater numbers of juveniles than adults having dispersed long
distances. Yet, such unbiased dispersal with respect to
age and sex, as we have observed in B. fowleri , runs
counter to certain theory. Species with very high juvenile
mortality  the classic Type III survivorship curve
(Deevey 1947, Breden 1988)  should have more highly
dispersing juveniles than adults as any resource held by
adults likely would be unavailable to juveniles.
How then do we explain the lack of age- or sex-bias in
dispersal in Fowler’s toad? Mortality is high for all age
classes in this species and it varies from year to year in
relation to a highly changeable environment (Green
2003). Demonstrated theoretically (Roff 1974a, b, Vepsalainen 1974, Jarvinen 1976, Levin et al. 1984, McPeek
and Holt 1992, Oliveri et al. 1995) and empirically
(Peroni 1994), high dispersal frequencies can result from
environmental variability even if there is a 99% chance of
mortality during dispersal (Hamilton and May 1977,
Motro 1982). Nevertheless, the shape of the dispersal
curve, and its consistency in both sexes and all age
classes, indicates that there may be more than one factor
ECOGRAPHY 29:5 (2006)
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driving dispersal movements that overrides other considerations. We propose that a stratified movement
hypothesis where the long-distance movements we have
observed are part of a multi-stage, mixed process, where
much local movement is random diffusion, but long
distance movement is due, at least in part to the passive
dispersal of toads via the currents of the lake. This
stratified movement may be due to differential behaviour
between animals that disperse or do not disperse or be
related to the operation of different dispersal vectors, as
has been noted in many plants (Gomez 2003). Either or
both may be true in the case of B. fowleri at Long Point.
In particular, considering that the toads forage immediately beside the lakeshore and, like other bufonids,
should be able to survive up to a week in fresh water
(Czopek 1962, Schmid 1965), the long-distance movements we have observed may be due in part to surface
currents in Lake Erie (Schwab and Bennett 1987,
Beletsky et al. 1999) dispersing the toads. Such passive
aquatic transmission of adult amphibians has been
invoked previously for B. fowleri (Blair 1943) as well as
for a variety of other species (Martof 1953, Carpenter
1954, Tevis 1966, Schroeder 1976, Crump 1986, Reimchen 1990, Dubois and Stoll 1995, Engle 2001, Pope and
Matthews 2001). Water-borne dispersal has also been
reported in amphibian larvae (Merrell 1970, Johnson
and Goldberg 1975, Stoneburner 1978, Klewen 1986)
and 9 species of amphibian have been observed passively
dispersing on floating macrophyte mats in the Amazon
River (Schiesari et al. 2003). Water-borne dispersal
of this may be involved in connecting populations
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otherwise isolated by intervening landscape structures
(Smith and Green 2004).
In summary, we have shown that 1) although predominantly site loyal, B. fowleri can move surprising
distances with unanticipated frequency. 2) There was no
apparent sex bias to B. fowleri dispersal. Polygynous
mating systems have been predicted to foster malebiased dispersal in other animals, and the absence of
such a pattern here may reflect an apparently random
nature of movement locally and vector-driven passive
dispersal, possibly by lake currents, over longer distances
regardless of sex. 3) The fact that younger toads do not
move faster, nor farther, than adult toads does not
support the dispersing juvenile hypothesis. However,
there may be an order of magnitude more juveniles
than adults and thus an equally large differential in the
likelihood that any recaptured disperser will be a
juvenile. The judgment that juvenile toads contribute
differentially more than adults to a ‘‘dispersal pool’’ may
be one biased by abundance. Since all life history stages
seem to have the same dispersal characteristics, juvenile
toads can comprise a large proportion of the dispersal
pool simply because of their greater relative abundance.
4) Our study site was large enough in extent to enable
reliable estimation of the long-distance dispersal characteristics of this toad and the highly leptokurtic shape
of the dispersal curve. 5) We propose that for these toads,
and perhaps for many amphibians, passive aquatic drift
facilitates long-distance movement with currents in
adjacent water bodies.
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