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Abstract

Dispersal may be particularly important for the regional persistence of meta-
populations that experience local extinctions. Some amphibian species are 
structured as metapopulations. Long-term persistence of these species should 
depend on natural connections between local subpopulations through disper-
sal. We explored movement distances of fire salamander adults (Salamandra 
infraimmaculata), a locally endangered species, on Mt. Carmel, northern 
Israel, and investigated the implications of movement for persistence of 
populations.

During the breeding seasons (November–March) of 1999–2000 and 
2002–2006, capture–recapture surveys were conducted around four breeding 
sites and along unpaved roads connecting them. Out of 300 adult salamander 
captures, 72 cases were recaptures. Most of the recaptures were in the same 
site as the initial capture. In eight cases (11%), however, salamanders were re-
captured at least 400 m away from the first site. The maximum direct distances 
between capture–recapture sites (1100–1300 m) were greater than previously 
documented and indicated potential connectivity between breeding sites.

We then examined the potential implications of habitat fragmentation, 
i.e., isolation of a breeding site, on population persistence by calculating lo-
cal extinction risks of one of the sites assuming it is an isolated population. 
Parameters were based on 18 years of count-based data. The high probability 
of local extinction found by the analysis highlights the severe consequences of 
fragmentation. Hence, we conclude that it is important to preserve the terres-
trial habitats and promote landscape connectivity between breeding sites, in 
addition to the aquatic sites, in order to enable individual movements between 
sites and the possibility of a rescue effect.
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Introduction

Dispersal is an important life history trait with direct consequences on gene flow and 
population dynamics and persistence (Colbert et al., 2001). Dispersal between popula-
tions may reduce local extinction rates through a “rescue effect” (Brown and Kodric-
brown, 1977), by reproduction in the populations into which they disperse, and by 
increasing genetic diversity. Moreover, dispersers may recolonize areas following local 
population extinction and can live and reproduce in small areas of suitable habitat that 
would be insufficient to support a viable isolated local population (Templeton et al., 
2001).

Dispersal may be particularly important for the regional long-term persistence of 
populations that are structured as a metapopulation (Hanski and Gilpin, 1997) and expe-
rience local extinctions due to stochastic processes. A metapopulation is defined as a set 
of breeding patches connected by occasionally dispersing individuals. Each patch, when 
isolated, has a substantial extinction probability. Thus, the long-term persistence of the 
metapopulation depends on dispersal and colonization and occurs only at the regional 
level (Smith and Green, 2005).

Some amphibian species populations are structured as metapopulations (Smith and 
Green, 2005). Moreover, many studies of amphibian populations have documented high 
local extinction rates due to droughts and other factors (reviewed by Marsh and Tren-
ham, 2001). Consequently, the long-term persistence of these species should depend on 
natural connections between local subpopulations through dispersal.

Traditionally, amphibians were believed to have strong breeding site fidelity and 
low dispersal rates (Blaustein et al., 1994). However, recent studies demonstrate that 
amphibians do exhibit a wide range of dispersal strategies, and there are species that 
can move distances much greater than previously thought (Marsh and Trenham, 2001; 
Trenham et al., 2001; Funk et al., 2005; Smith and Green, 2005; Cushman, 2006). These 
movements may include directional dispersal followed by establishment, migration be-
tween breeding sites (e.g., Funk et al., 2005), and temporary migration between critical 
habitat elements (e.g., between breeding sites and terrestrial habitats, as in the case of the 
spotted salamanders (Ambystoma maculatum) and American toads (Bufo americanus) 
(Rothermel, 2004)).

Although amphibians depend on both aquatic and terrestrial habitats for their popula-
tion viability, conservation efforts aiming to protect these species historically focused on 
protecting wetlands and mostly neglect terrestrial habitats (Semlitsch, 1998; Rothermel, 
2004; Sztatecsny and Schabetsberger, 2005). If dispersal between breeding sites plays 
an important role in amphibian dynamics, then habitat fragmentation (e.g., roads and 
urbanization) may increase extinction rates (Funk et al., 2005; Marsh et al., 2005; Cush-
man, 2006) because dispersal can be strongly influenced by the environmental matrix 
(Templeton et al., 2001, but see Marsh et al., 2004). Thus, historical conservation efforts 
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would not be sufficient for protecting amphibian populations at the landscape level 
(Semlitsch, 1998; Rothermel, 2004; Funk et al., 2005). A better understanding of the role 
of dispersal in different amphibian species is needed as a basis for developing protection 
measures (Trenham and Shaffer, 2005) and for defining the proper “conservation unit”, 
i.e., the landscape components that should be protected.

Dispersal data that allow reliable estimates of dispersal parameters are lacking for 
most amphibians species (Smith and Green, 2005; Cushman, 2006). Salamanders as 
a group may not move very far. However, there is high variation among species in the 
maximum distance recorded, ranging from several meters (e.g., Rhyacotridon cascade, 
Smith and Green, 2005) to several kilometers (e.g., Taricha rivularis, Smith and Green, 
2005; for further discussion see: Semlitsch, 1998; Trenham et al., 2001; Marsh and Tr-
enham, 2001; Rothermel, 2004; Trenham and Shaffer, 2005).

Information on movement patterns of the fire salamander, Salamandra infraim-
maculata (Steinfartz et al., 2000), and on its role in population structure and persistence 
should contribute to conservation measures aimed to protect this locally endangered spe-
cies. In this study, we first investigated movement distances of fire salamanders among 
and around breeding sites on Mt. Carmel, northern Israel, using capture–recapture data. 
The movement distances may include any type of movements from a breeding site: 
dispersal to summer burrows (temporary migration), dispersal between breeding sites, 
foraging forays, or unidirectional movement followed by establishment. We compared 
these movement distances to the direct distances between breeding sites in the area as 
an indication of potential connectivity between the sites through migration or dispersal. 
We then explored the potential implications of isolation of the breeding sites, caused by 
habitat fragmentation, on population persistence by calculating local extinction risks in 
one of the breeding sites, assuming it is an isolated population.

Methods

1. The Species
Salamandra infraimmaculata (also referred to as Salamandra salamandra infraim-

maculata (Degani et al., 1999)) is found throughout much of the Near East (Steinfartz et 
al., 2000), but is classified as an endangered species in Israel (Dolev and Perevolotsky, 
2004). The species is found in several areas of northern Israel. Mt. Carmel is the south-
ern limit of its range worldwide (Degani, 1996). S. infraimmaculata adults return to 
breeding sites in the autumn and winter when the rains begin. Females larviposit in a 
variety of aquatic habitats including small springs, large ponds, rock pools, pools in wa-
dis (summer-dry streams), quarry cisterns, and wells (Degani, 1996). Larvae remain in 
temporary pools for a minimum of 2–3 months, then metamorphose and leave the water. 
After reaching reproductive maturity (approximately 3–5 years old), S. infraimmaculata 
return to pools to breed (Warburg, 1994). Little is known about the terrestrial, non-
breeding stage of S. infraimmaculata. Adults and juveniles are assumed to crawl into the 
burrows or crevices in the ground, under rocks, or into small caves during the hot, dry 
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season. The range of movement distances from the breeding sites to the summer habitats 
is unknown, as is the range of the potential long-distance movements of dispersing indi-
viduals. The conventional wisdom is that the fire salamanders have strong breeding site 
fidelity (Warburg, 1994). We know of no dispersal assessments of S. infraimmaculata. 
In “homing” experiments, S. infraimmaculata individuals returned to the original site in 
which they were captured when the displacement distance was up to 400 m away from 
the site where they were released (Degani, 1996). A recent study (Schmidt et al., 2007) 
suggested high migration activity of Salamandra salamandra salamandra, however, it 
was based on demographical analysis and not on empirical data of movement patterns.

2. The Study Area
Mt. Carmel, located in northern Israel (Fig. 1), is characterized by Mediterranean 

climate (Carmel and Stoller-Cavari, 2006). S. infraimmaculata breeding habitats in the 
Mt. Carmel region are patchily distributed, and many of the breeding sites are ephem-
eral. The study area (32º44¢N, 35º00¢E) covered ~15 km2 on the top of Mt. Carmel, 
south of Haifa, between two settlements: Kibbutz Beit-Oren and the town of Isfiya 
(Fig. 1). Within this area, four breeding sites were studied (Fig. 1): (1) Sekher Pond, a 
semi-permanent pond; (2) Damun pools, a set of temporary natural rock pools (Spencer 
et al., 2002), approximately 400 m from Sekher Pond. At this site, S. infraimmaculata 
dynamics were extensively studied between the years 1973–1991 (Warburg, 1994); (3) 
Pine Club breeding site, which includes a man-made temporary water reservoir and 
temporary natural rock pools; (4) Ein Alon, a permanent natural spring.

Direct distances among the studied breeding sites range from 400 m to several kilo-
meters. The direct distance from one breeding site to the closest site in its vicinity is up 
to 2 km (Fig. 1). Natural undisturbed habitat of Mediterranean woodland connects the 
Sekher and Ein Alon sites. However, a two-lane road runs between the Sekher, Damun, 
and the Pine Club sites (Fig. 1).

Mt. Carmel is subject to development pressure. The transformation of agricultural 
lands and woodlands into built-up areas—e.g., the growth of the city of Haifa in the 
north and the town of Isfiya in the east—is a process that leads to loss of natural habitats 
and to fragmentation. This process threatens biodiversity in the region, including the 
distribution of S. infraimmaculata.

3. Capture–recapture
Adult salamanders were captured on rainy nights throughout the breeding season 

from October to March. The study was conducted during 5 breeding seasons: 1999–
2000 and 2002–2006 (total of 61 nights—average of 12 nights per season). During the 
winter of 1999–2000, capture efforts were focused on Damun site and the ~17 km of 
unpaved forest roads within the study area. These roads pass near two of the studied sites 
(Damun and Ein Alon, Fig. 1). During 2002–2005, capture efforts were focused on the 
breeding sites (mainly Sekher and Damun, Fig. 1). Throughout the 2005–2006 season, 
all the sites and unpaved roads were explored for salamanders: on each night a couple 
of breeding sites or road segments were surveyed.
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During each survey, we searched for salamanders (using flashlights) in a constant 
area per site, for approximately one hour. The following parameters were collected on 
each adult salamander encounter: (1) digital dorsal photo, (2) sex (at the beginning of the 
season when distinction is clear), and (3) spatial position (the breeding site). Accurate 
spatial position (geographic coordinates) was measured by a GPS (Rikaline model 6021-
´6; error of ± 5 m) or by a car odometer (error up to ± 50 m) for individuals encountered 
on the routes between the breeding sites. The captured individuals were immediately 
released at their capture site.

A photograph of each captured individual was compared with our photograph data-
base. We used the unique dorsal spot patterns of each individual to identify the same 
individual at different recapture events (Warburg, 1994). At least two observers con-
firmed a recapture. Capture–recapture locations were then analyzed using Geographical 
Information System techniques (Arcview 3.1) and digitized aerial photos.

4. Extinction risks
To assess the implications of isolation of a breeding site on population persistence, 

we examined the risk of extinction of the population in the Damun site, assuming for the 
analysis that it is an isolated population. The goal of this analysis was to provide a gen-
eral estimate of extinction probabilities in order to suggest the potential effect of habitat 
fragmentation around one breeding site leading to isolation and hence to limitation of re-
colonization or rescue effect. We used long-term count data (population censuses over 
multiple years) of the Damun population collected by Warburg (1994) as the empirical 
basis for the analysis. The count data represent the cumulative number of different in-
dividuals captured on various searching occasions, in each breeding season (Warburg, 
1994). We used the diffusion-approximation approach developed by Dennis et al. (1991) 
and described by Morris and Doak (2002, chapter 3). In this method, P, the probability 
of extinction in t years, is a function of the geometric mean of the population growth 
rate, µ, and the variance of the log population growth rate, σ2, the initial population size 
(*), and an extinction threshold of population size (*). It is calculated as
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where Φ is the standard normal cumulative distribution function and xd is the distance 
on a logarithmic scale from the parameters indicated above by a star: initial population 
size and an extinction threshold of population size.

Given the uncertainty about the current population size of the Damun population, we 
used a range of likely initial population sizes, between 20–60 individuals (see Warburg, 
1994), to calculate the probabilities of extinction. We defined the extinction threshold as 
2 individuals, since there were years in which the census counts (Warburg, 1994) indi-
cated only few individuals, and yet the population did not become extinct.

This count-based analysis is based on several assumptions, which we assessed fol-
lowing Morris and Doak (2002, chapter 3), before carrying out analyses: (a) Density 
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independence—there was no significant correlation between µ and the population size 
at each time step (linear regression, df = 17, p = 0.19). Hence we concluded that the 
applicability of the analysis is not likely to be violated by density dependence, at least 
over time periods of moderate length; (b) No temporal environmental trends—there 
was no significant change in µ over time (linear regression df = 17, p = 0.96) nor a 
temporal trend in σ2 over time (linear regression df = 17, p = 0.24); (c) Only small to 
moderate environmental variation—the Mediterranean climate is relatively stable, and 
catastrophes are rare. With short-term count data, we lacked sufficient information to 
estimate the frequency and potential impact of rare catastrophes. Thus, if catastrophes 
do occur (e.g., a sequence of several years of drought) our assessment of extinction risk 
will likely underestimate the true risk; (d) No demographic stochasticity—data were not 
sufficient to include the potential impact of demographic stochasticity, and we therefore 
might underestimate extinction risk; (e) Observation error is minor (i.e., census counts 
represent the true population size of the entire population or a constant proportion of the 
population)—since we used published count-based data, we could not estimate observa-
tion error and its potential impact on simulation results. Observation error might lead to 
a pessimistic measure of viability over the short term (Morris and Doak, 2002); however, 
it might offset to some extent the potential underestimates mentioned above.

Given these uncertainties and the limitations of the count-based data, we were inter-
ested in general trajectories. These simulations were intended as an illustration of the 
types of phenomena that may be observed, and thus illustrate the potential importance 
of rescue effect through dispersal for population persistence.

Results

1. Capture–recapture
Out of 300 adult salamander captures, 72 cases were recaptures. More than half of 

the recapture events (51%) occurred after a time interval of from one to four years. One 
recapture event occurred after six years (Table 1). Most of the recaptures were in the 
close vicinity of the same breeding site as the former capture site, i.e., within 200 m 
of the pond (Table 1). In eight cases (11%), however, salamanders were recaptured at 
least 400 m away from the first location (Fig. 2): three males, two females, and three 
of undetermined sex. In three cases, the direct distance between recaptures was greater 
than 1100 m, with a maximum distance of 1280 ± 50 m (Fig. 2). Two recaptures were 
in different breeding sites (Table 1): one animal first captured in Sekher was recaptured 
in Ein Alon, and another first captured in Sekher was recaptured in Damun (Fig. 3). 
The latter was a detected road kill 30 m away from a rock pool of the Damun breeding 
site and 400 m away from Sekher, the original site of capture. The movement-distances 
curve (Fig. 2) that presents the distribution of distances between capture–recapture sites 
may include any type of movements from a breeding site: dispersal to summer burrows 
(temporary migration), dispersal between breeding sites, foraging forays, or unidi-
rectional movement followed by establishment. This curve fits the general shape of a 
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Table 1
Number of capture–recapture events within and between seasons and sites. Adult salamanders 
were captured and documented on rainy nights throughout the entire breeding season from Octo-
ber to March, during 5 seasons: 1999–2000 and 2002–2006. Capture efforts were focused on four 

breeding sites and unpaved forest roads (“roads”) between sites (Fig. 1)
Time interval	 Capture–recaptures	 Capture–recaptures	 1st capture	 Capture–recaptures
between	 within the same	 in different	 along a road	 along a road
capture–	 breeding site	 breeding sites	 and recapture
recapture				   in a breeding
				   site
Same season	 34	 1	 0	 2
After a year	 13	 0	 0	 0
After 2 years	 11	 1	 1	 0
After 3 years	 4	 0	 2	 0
After 4 years	 1	 0	 1	 0
After 5 years	 0	 0	 0	 0
After 6 years	 0	 0	 0	 1

Fig. 2. Movement curve of S. infraimmaculata on Mt. Carmel. The frequency distribution of dis-
tances between capture and recapture of 72 recapture events.
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Fig. 3. Capture–recapture locations of long-distance movements. Capture–recapture locations of 
eight cases in which salamanders were recaptured between 400 and 1280 m (+ 50 m) away from 
the initial capture. Each pair is represented by a straight connector (in white).

typical dispersal curve: at one end of the distribution there is an abundance of relatively 
short distance movements whereas at the other end there is a scarcity of relatively long-
distance movements (Nathan et al., 2003).

The four breeding sites explored in our study (Fig. 1) are separated by no more than 
1200 m. These distances are within the movement distances found in our study (Fig. 2). 
Hence, these sites, and other sites within these movement distances, are likely connected 
by dispersal (Fig. 4).

2. Extinction risks
Based on 18 years of count-based data of adult salamanders at Damun reported in 

Warburg (1994), the population geometric growth rate, µ, is 0.019 (i.e., the population 
tends to increase). The variation in this parameter, σ2, is 0.267. For a range of initial 
population sizes (between 20–60 individuals) and an “extinction threshold” of 2 indi-
viduals, the model predicted that the probability of extinction of this “single, isolated 



152	 s. bar-david et al.	 Isr. J. Ecol. Evol.

population” is at least 25 percent within 50 years and at least 40 percent within 100 years 
(Fig. 5a). For the lowest range of the initial population size (e.g., 20 individuals, Fig. 5b), 
the probability of extinction is at least 50 percent within 100 years.

Confidence interval analyses, following Morris and Doak (2002), yielded a 95% 
confidence interval for µ of –0.234 to 0.277, and for σ2 of 0.148 to 0.618. Model pro-
jections based on calculation by 500 bootstrap samples from these ranges (Morris and 
Doak, 2002) generate rather broad confidence intervals for the probability of extinction 
risk (dotted lines, Fig 5).

Discussion

Habitat fragmentation is considered as a major threat to amphibian populations (Sem-
litsch, 2003). An immediate effect of fragmentation is the mortality of individuals occur-

Fig. 4. Estimated ranges of potential connectivity by long-distance movements between breeding 
sites. Dots represent breeding sites of S. infraimmaculata in the studied area. Circles represent the 
ranges of potential movement distances from breeding sites (their radius = ~max recorded move-
ment distance (1280 m)).



Vol. 53, 2007	 Long-distance movements by fire salamanders 	 153

Fig. 5. Extinction time cumulative distribution function for the Damun salamander population. 
The risk of local extinction, for an initial population of salamanders of 60 individuals (a) and 20 
individuals (b) to decline to an extinction threshold of 2 individuals, when µ = 0.019 and σ2 = 
0.267 (solid lines). The analysis (Morris and Doak, 2002, chapter 3) was based on 18 years of 
count-based observation data (Warburg, 1994—Appendix 1). Dotted lines outline results for an 
approximate 95% confidence interval (–0.234 < µ < 0.277 and 0.148 < σ2 < 0.618) as determined 
by a bootstrap procedure (calculated by 500 bootstrap samples, Morris and Doak, 2002).



154	 s. bar-david et al.	 Isr. J. Ecol. Evol.

ring in the destroyed or degraded habitats. Secondarily, the loss of landscape connectiv-
ity and the introduction of landscape barriers affect animal movement. The implications 
of these processes for amphibian populations are poorly understood (Dodd and Smith 
2003), especially since the movement abilities of amphibian species were rarely directly 
tested and quantified (Smith and Green, 2005). Recent research suggests that the impact 
of habitat fragmentation increases with dispersal ability of amphibian species (reviewed 
by Cushman, 2006). Generally, in species with high dispersal abilities, dispersal among 
subpopulations is expected to increase population persistence through gene flow and 
rescue effect. Hence, habitat fragmentation, which induces isolation of subpopulations, 
is expected to increase extinction rates (Funk et al., 2005).

Movement data on S. infraimmaculata, collected in this multi-year capture–recapture 
study, indicate capability of long-distance movement. The maximum direct distances 
between capture and recapture sites (1100–1300 m) were found to be greater than move-
ment distances of S. infraimmaculata previously documented in the literature (Degani, 
1996). Although most of the recaptures were in the close vicinity of the first captures, 
usually near the breeding sites (indicating high fidelity), the distribution of movement 
distances (Fig. 2) implies that there is a strong likelihood that some individuals may 
complete long-distance movements beyond the maximum distance recorded in this 
work. These long-distance movements may increase connectivity and contribute to 
population persistence through rescue effect and re-colonization (Semlitsch, 2003; 
Smith and Green, 2005; Cushman, 2006).

Based on the movement capabilities of S. infraimmaculata found in this study, we 
suggest that its breeding sites in the study area are connected (Fig. 4). Hence, the spatial 
structure of the S. infraimmaculata individuals in the study area likely fits that of a meta-
population (rather than a set of isolated populations). However, further studies should 
be conducted to estimate the rate of dispersal of both adult and immature salamanders 
and how it might be affected by habitat type, topography, and connectivity between 
breeding sites.

Data on long-distance movements are usually scarce; thus accurate estimates of long-
distance dispersal are difficult to obtain (Trakhtenbrot et al., 2005). Moreover, they are 
usually underestimated by capture–recapture studies since they are often artificially 
truncated by the size of the study area (Marsh and Trenham, 2001; Smith and Green, 
2005). However, it should be mentioned that only efficient long-distance movement (i.e., 
a movement that is followed by establishment and breeding) would lead to a successful 
colonization and hence contribute to population persistence (Nathan et al., 2003). In the 
context of amphibian populations, long-distance movements might be particularly im-
portant for enabling connectivity to remote breeding sites. Due to high local extinction 
rates in many amphibian species, the regional population persistence is dependent on 
local rescue effects through dispersal and re-colonization (Marsh and Trenham, 2001).

Because this capture–recapture study focused on adult salamanders, our estimates 
of distance and frequency of long-distance movements are probably conservative; ju-
veniles are thought to be the main dispersers in populations of herpetofauna (Marsh et 
al., 2004; Cushman, 2006; Templeton et al., 2007). Moreover, the study design, which 
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focused primarily on a few specific breeding sites and ignored others, as well as possible 
routes between them, and the potential detection error, likely also lead to conservative 
estimations. Thus, movements between breeding sites are likely more frequent than 
measured in this study. Genetic studies conducted on individuals from these populations 
support high inter-pond dispersal (Peleg et al., 2007). The analysis indicates low average 
genetic differentiation between geographically close breeding sites (e.g., Fst = 0.0165 
between Sekher and Damun sites). This suggests high connectivity between them.

Isolation of a breeding pond of S. infraimmaculata through habitat fragmentation 
might increase the probability of local extinction by limiting the probability of suc-
cessful inter-pond movement (i.e., movement followed by establishment, spawning, or 
breeding) and hence the probability of a rescue effect and re-colonization (Cushman 
2006). The risk of local extinction of the Damun population, found in our analysis, high-
lights the severe potential consequences of fragmentation on population persistence: the 
Damun population, if isolated, might become extinct, with high probability, within a few 
dozen years. This would have a direct effect on the dynamics of the S. infraimmaculata 
population on Mt. Carmel at the regional level. The rather broad confidence intervals of 
the model projections limit the accuracy of the extinction risk estimates. In this analysis, 
however, the general trajectories are emphasized in order to illustrate the types of phe-
nomena that may be observed following population isolation.

To enable salamander movements over the landscape (i.e., movement between breed-
ing sites and movement to terrestrial habitats), the conservation unit should include land-
scape components beyond the aquatic sites. It is important to maintain terrestrial buffers 
around breeding sites (Semlitsch, 1998; Porej et al., 2004; Regosin et al., 2005), and 
connections between them and suitable terrestrial habitats (Rothermel, 2004). Since the 
type and quality of the landscape occurring between habitat patches affect the number 
of successful immigrants (Smith and Green, 2005), it is important to maintain landscape 
connectivity and migratory links between breeding sites (Marsh and Trenham, 2001; 
Funk et al., 2005; Rubbo and Kiesecker, 2005).

Among the vertebrate animal taxa, amphibians are the group with the highest pro-
portion of species threatened with extinction (Stuart et al., 2004; Beebee and Griffiths, 
2005). Recent research suggests that roads can have a substantial negative effect on am-
phibian persistence by decreasing dispersal and increasing mortality (Dodd and Smith, 
2003; Marsh and Beckman, 2004; Marsh et al., 2005; Cushman, 2006). In our study, 
roadkills of adult salamanders were found along a road near the Damun site (Fig. 1). One 
of these individuals was first captured at the Sekher site, indicating that it crossed the 
road while moving between the breeding sites (Fig, 1). To mitigate the negative effect 
of roads on dispersal and hence on species persistence, construction of underpasses for 
animals is a potential measure to be taken. However, the efficiency of these underpasses 
should be further explored for different amphibian species (Lesbarreres et al., 2004).

Given the temporary nature of many S. infraimmaculata breeding sites on Mt. Car-
mel, the patchy structure of the habitat, and the intense development pressure in this 
region, the regional population might be under threat. In such a highly disturbed land-
scape, further development in the area (e.g., paving new roads) might create dispersal 
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barriers that would prevent migration and natural colonization from occurring. In this 
case, translocation of amphibians might be considered as an option for preserving the 
population (Marsh and Trenham, 2001). However, as has been suggested by Seigel and 
Dodd (2002), translocation is a complex issue, and amphibian translocations have po-
tentially large costs in comparison to their possible benefits, so translocations could be 
particularly damaging to critically endangered species.

Another management strategy that may be considered in the context of landscapes 
undergoing habitat fragmentation is the creation of artificial winter pools. Artificial 
pools, when created within a suitable distances from occupied pools, may serve as an 
effective conservation tool by enhancing colonization and dispersal (Johnson and Sem-
litsch, 2003; Petranka et al., 2003; Semlitsch, 2003). For both management strategies, 
accurate information about dispersal is critical in estimating the potential connectivity 
between sites and suitable distances between pools.

Further study of S. infraimmaculata on Mt. Carmel is needed in order to gain ad-
ditional insights on dispersal parameters, to estimate annual migration rates, and to 
explore the ways these parameters are affected by habitat fragmentation. Moreover, to 
gain a better understanding of metapopulation viability, the dynamics of each subpopu-
lation around a breeding site should be explored: some might be sink or others source 
populations. Studies focused on exploring long-distance movement traits should cover 
large areas (e.g., studies that covered larger areas also tended to report longer maximum 
movement distances; reviewed by Smith and Green (2005)). In designing studies of 
amphibian dispersal, this consideration should be taken into account (Funk et al., 2005). 
Moreover, based on the capture–recapture events in our study, we suggest that research 
efforts should be focused not only around breeding sites, but also on potential migration 
routes between them. Also, since S. infraimmaculata individuals spend the majority of 
their lifetime in terrestrial habitats, research should include these habitat components 
and concentrate on inter-habitat movements (e.g., Rothermel, 2004). More precise 
details on dispersal traits will illuminate the potential threat of future urban and road 
development plans on the population’s long-term persistence on the regional scale.

In summary, S. infraimmaculata was found to have greater movement ability than 
has been previously reported, and is apparently adapted to dispersal. Hence habitat 
fragmentation might endanger the population’s long-term persistence, on both local 
and regional scales. It is therefore important to preserve the terrestrial habitats and 
landscape connectivity between breeding sites, in addition to the conventional protec-
tion of aquatic sites, in order to enable individual movements that are invaluable for 
population dynamics.
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