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Introduction

Abstract

Following habitat fragmentation, the remnant faunal community will undergo a
period of species loss or ‘relaxation.” Theory predicts that species with particular
life-history traits, such as a small population size, small geographical range, low
fecundity and large body size, should be more vulnerable to fragmentation. In this
study, we investigated the relationships between the above life-history traits and
the fragmentation vulnerability index (the number of islands occupied) of five
lizard species inhabiting recently isolated land-bridge islands in the Thousand
Island Lake, China. Data on life-history traits were collected from field surveys
(population density) and from the literature (body size, clutch size and geographi-
cal range size). The species—area relationships for lizards sampled from the
mainland versus on the islands differed significantly (i.e. the number of species
inhabiting islands was decreased relative to similar-sized areas on the mainland),
indicating that species extinction has occurred on all of the study islands following
isolation. For the fragmentation vulnerability index, model selection based on
Akaike’s information criterion identified natural density at mainland sites as the
best correlate of vulnerability to fragmentation, supporting the hypothesis that
rare species are most vulnerable to local extinction and will be lost first from
fragmented landscapes. In contrast, there was little evidence for an effect of lizards’
snout-vent length, clutch size or geographical range size on fragmentation
vulnerability. Identification of species traits that render some species more
vulnerable to fragmentation than others has important implications for conserva-
tion and can be used to aid direct management efforts.

Theory predicts that species with particular traits, such as

Habitat fragmentation is widely considered to be one of the
greatest threats to biological diversity (Wilcove et al., 1998).
Many studies have shown that following fragmentation, the
faunal community will undergo a period of species loss, or
‘relaxation,” before a new equilibrium community is estab-
lished (MacArthur & Wilson, 1967; Diamond, 1972;
Terborgh, 1974; Ferraz et al., 2003). However, because
large-scale planned experiments are usually constrained by
laws, ethical considerations and logistic and scientific ob-
stacles, the processes and mechanisms underlying species
loss remain poorly understood (Robinson et al., 1992;
Debinski & Holt, 2000; Haila, 2002). In light of these
difficulties, large-scale ‘unplanned natural experiments’
(Diamond, 2001) such as the islands created by the inunda-
tion of hydroelectric reservoirs at Gatun Lake, Panama and
Lake Guri, Venezuela, have provided invaluable opportu-
nities to examine the processes and mechanisms driving
local species extinctions (Terborgh, Lopez & Tello, 1997,
Diamond, 2001; Wu ef al., 2003).

a small population size, small geographical range, low
fecundity and large body size, may be at a greater risk of
extinction than others (McKinney, 1997; Simberloff, 1998;
Purvis et al., 2000). First, small populations are more likely
to die out than large ones because small populations are
vulnerable to demographic and environmental stochasticity,
genetic deterioration, inbreeding and slow rates of adapta-
tion (Pimm, Jones & Diamond, 1988; Pimm, 1991; Lande,
1999). Second, a small geographic range is commonly
viewed as one form of rarity (Rabinowitz, Cairns & Dillon,
1986) and thus may likewise increase the risk of extinction
by reducing the likelihood of population persistence in the
face of problems caused by demographic stochasticity, local
catastrophes and/or inbreeding (Gaston, 1994; Angermeier,
1995; Purvis et al., 2000; Jones, Purvis & Gittleman, 2003).
Moreover, species with low fecundity are also predicted to
be at a greater risk of extinction than those with high
fecundity because they will be less able to compensate for
any increase in mortality (MacArthur & Wilson, 1967),
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extending the time needed to recover from population
‘crashes’ and increasing the chance of stochastic extinction
(Pimm et al., 1988). Finally, a large body size is typically
correlated with traits that promote extinction risk, such as a
low population density and high rates of exploitation
(McKinney, 1997; Cardillo, 2003). Therefore, large-bodied
species are often quickly lost from habitat fragments. How-
ever, the relative importance of these traits is much less
clear, as analyses are often confounded by a high degree of
collinearity or synergistic interactions among traits (Laur-
ance, 1991; Davies, Margules & Lawrence, 2004; Hero,
Williams & Magnusson, 2005).

Lizards are well suited for evaluating vulnerability to
habitat fragmentation for several reasons. First, lizards are
tightly linked to their habitats (Pough ez al., 1998), and are
thus sensitive to fragmentation (e.g. Cosson et al., 1999;
Mac Nally & Brown, 2001; Driscoll, 2004). Second, lizards
are ecologically highly diverse, suggesting differential vul-
nerability contingent upon species-specific ecological traits
(Pough et al., 1998). Moreover, lizards are vertebrates with
poor mobility compared with birds and mammals, which
may increase its vulnerability to habitat fragmentation to a
greater extent (Mac Nally & Brown, 2001). However, exist-
ing studies examining the effects of habitat fragmentation
on vertebrates are extraordinarily biased to birds and
mammals, while few studies have examined lizards and their
vulnerability to habitat fragmentation (Sarre, Smith &
Meyers, 1995; Mac Nally & Brown, 2001).

In this study, we investigated the effects of habitat
fragmentation on lizard species using data from islands
created by the inundation of Thousand Island Lake in
Zhejiang Province, China. We first showed that species
extinctions had occurred on islands by comparing the
species—area relationships (SPARs) for lizards in the Thou-
sand Island Lake with that in the neighboring mainland. We
then test a priori four well-defined and commonly cited
hypotheses that species with a small population size, a small
geographical range, a low fecundity and a large body size
would be more vulnerable to fragmentation. Understanding
the relationships between species traits and fragmentation
vulnerability will have important implications for conserva-
tion, improving predictions about which species are most
threatened by future disturbances and helping to direct
management efforts.

Methods

Study sites

The  Thousand Island  Lake  (29°22"-29°50"N,
118°34"-119°15" E) was created in 1959 by the damming of
the Xinanjiang River in western Zhejiang Province for the
purpose of generating hydroelectricity (Fig. 1). With con-
struction of the Xinanjiang dam, an area of ¢. 580 km? was
inundated, creating 1078 islands (0.25-1320 ha) out of for-
mer hilltops when the waters reached their final level
(108 m). The natural vegetation of the area is a mix of
subtropical deciduous and coniferous forest. The shrubs on
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most islands are very dense, and are composed of Smilax
davidiana, Grewia biloba, Rhamnus utilis, Vaccinium henryi,
Eurya muricata, Lespedeza virgata, Loropetalum chinense,
etc. (Sun et al., 2008). The climate is typical of the sub-
tropical monsoon zone and is highly seasonal, with hot
summers and cold winters. The average annual temperature
is 17.0 °C, ranging from —7.6°C in January to 41.8°C in
July. Annual precipitation at the study sites is 1430 mm.

We conducted our research across a set of 42 islands and
seven neighboring mainland sites. Study islands were se-
lected to represent a range of areas and degrees of isolation
(Table 1). Island sizes were measured by polar planimetry as
the total island areas in hectares. Distances from the main-
land and among the islands (the source areas for small
islands were deemed the nearest large island or the main-
land) were estimated from a map at a scale of 1:10000. We
selected seven nearby mainland ‘control’ sites that were
located on a peninsula that juts into the lake. We selected
this situation to mimic as closely as possible the physical
conditions characteristic of islands (exposure to edge and
prevailing easterly winds).

Sampling methods

We used the line transect method (Jaeger, 1994) to survey
lizard occupancy and abundance on each of the study
islands and mainland sites during two breeding seasons
between 16 April and 30 July in 2007 and 2008. To facilitate
surveys, we cut transect trails (¢. 20 cm wide) that traversed
the mountain ridges on all the islands and at the mainland
control sites (Terborgh et al., 1997). As the cut transect trails
were very narrow (c. 20 cm wide), and none of the five lizard
species prefers open areas (Huang, 1990), the cutting of
transects may not be relevant to our study species. To
account for the greater habitat diversity associated with
larger sites, sampling effort was roughly proportional to
island area (log;o transformed) (Schoereder et al., 2004).
Accordingly, eight transect trails were sampled on island 1
(the largest study island, area > 1000 ha), four on islands 2
and 3 (island area > 100 ha), two on four islands (10 <island
area<100ha) and one on each of the remaining small
islands (island area <10ha; Table 1). Consequently, larger
sites were sampled more intensively on an absolute basis but
less intensively per unit area than smaller sites.

During the survey, an observer walked each transect trail
at a steady pace (10mmin~") searching the ground and on
tree boles with PANDA® 10 x 40 roof prism binoculars.
Any lizards detected within 4 m of the trails were recorded.
Once a lizard was detected, the time spent in identification (if
necessary) was excluded from the elapsed survey time; only
individuals for which confident identifications could be
made (using the criteria of Stebbins, 2003) were included in
analyses (Germaine & Wakeling, 2001). We used GPS to
record the length of each line transect. Surveys were con-
ducted from between 1 h after sunrise until 5 h after sunrise.
All the islands were surveyed 20 times. The order in which
islands were surveyed and the direction in which the trails
were walked were alternated in order to minimize potential
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Figure 1 Locations of study sites (highlighted in
black) in the Thousand Island Lake and on the
neighboring mainland, Zhejiang Province, Chi-
na. Island numbers refer to the information in
Table 1. S1-S7 present mainland study sites.

AT

I

2

biases. Censuses were not conducted during inclement
weather such as strong winds or rains.

A similar sampling method was used on the mainland as
on the islands. To determine the distribution of lizard
species in the unfragmented habitats, we cut seven trails
(c. 20 cm wide) that were 20, 40, 80, 100, 200, 400 and 800 m
long in the seven sites, respectively. Any lizards detected
within 4m of the trails were recorded. As on the islands,
each mainland site was surveyed 20 times.

Life-history traits

We collected published data on the geographical range size,
body size and clutch size for all five lizard species inhabiting
the study islands. We used snout—vent length (SVL) as the
body size. Following Jones et al. (2003), the geographic
range size (km?) was obtained from the most recent avail-
able published species range maps by digitizing the area into
a Geographic Information System (ArcView 3.2). Where no
range maps were available, the minimum area convex
polygon of published point data was calculated excluding
areas of water. All these life-history data were taken from

Huang (1990), Zhao & Adler (1993), and China Wildlife
Conservation Association (2002), except for the clutch size
of Scincella modesta, which was not described in these
publications, and was obtained from Feng (1991). If a range
instead of the mean SVL or clutch size was provided in the
literature, we used the arithmetic mean of the limits (Gaston
& Blackburn, 1995).

Natural density was calculated for each species based on
the results of the transect surveys at mainland sites (Meyer
et al., 2008). For each species, we first calculated the
population density per transect by dividing average number
of detections per transect by transect length in each transect.
We then calculated the population density for each species
by averaging the densities among transects. The insular
population density of each species was calculated similarly,
but including only those islands on which the species was
detected (Crooks et al., 2001).

Statistical analyses

In order to determine whether species extinctions had in fact
occurred on the islands, we compared the logo—log;o SPAR

Animal Conservation 12 (2009) 329-337 (© 2009 The Authors. Journal compilation © 2009 The Zoological Society of London 331
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Table 1 Distribution of lizard species on 32 islands in the Thousand Island Lake, China [+, presence of a species on the island, Euch, Eumeces
chinensis, Tase, Takydromus septentrionalis, Euel, Eumeces elegans, Scmo, Scincella modesta; Spin, Sphenomorphus indicus; S, species
richness (numbers in parentheses are average species richness per transect controlled for sampling effort); area, island area (ha); distance from
mainland, distance from the nearest mainland (m); distance from larger island, distance from the nearest larger island (m); sampling area, transect

length x transect width (4 m)]

Lizard species

Distance from

Larger Number of Total length Sampling
Island  Euch Tase Euel Scmo  Spin S Area Mainland  island transects (n)  of transects (m)  area (ha)
1 + + + + + 5(4.00 1289.23 897.41 897.41 8 3200 1.28
2 + + + + 4 (3.5) 143.19  1415.09 786.31 4 1600 0.64
3 + + + + 4 (3.5) 109.03 964.97 132.30 4 1600 0.64
4 + + + + 4(3.0) 55.08 953.95 506.00 2 800 0.32
5 + + + + 4(3.0) 35.64 2110.41 34.16 2 800 0.32
6 + + + 3(3.0) 46.37 729.80 155.35 2 800 0.32
7 + + + 3(2.5) 32.29 1936.95 470.87 2 800 0.32
8 + + 2 5.69 21.85 379.46 1 375 0.15
9 + + 2 2.83 1238.14 154.60 1 150 0.06
10 + + 2 2.29 973.85 30.37 1 300 0.12
11 + + 2 2.00 1042.38 56.52 1 300 0.12
12 + + 2 1.74  2293.25 331.69 1 300 0.12
13 + + 2 1.17  2453.37 36.63 1 250 0.10
14 + + 2 1.20 2128.52 29.79 1 225 0.09
15 + + 2 1.01 2437.85 89.11 1 250 0.10
16 + + 2 0.73 1320.40 81.91 1 300 0.12
17 + + 2 0.59 1018.42 26.16 1 250 0.10
18 + + 2 0.30 1086.03 41.60 1 175 0.07
19 + 1 2.90 1785.30 32.32 1 275 0.11
20 + 1 1.93 888.05 26.32 1 250 0.10
21 + 1 1.54 711.04 72.59 1 275 0.11
22 + 1 1.52 849.88 60.37 1 250 0.10
23 + 1 1.62 2849.99 90.22 1 175 0.07
24 + 1 1.40 1760.34 100.39 1 375 0.15
25 + 1 1.26 54.86 410.49 1 200 0.08
26 + 1 1.20 657.72 29.80 1 225 0.09
27 + 1 1.03 1458.81 90.72 1 250 0.10
28 + 1 1.01 2103.85 41.05 1 250 0.10
29 + 1 0.86  2321.51 46.65 1 225 0.09
30 + 1 0.83  2298.50 16.74 1 275 0.1
31 + 1 0.80 2097.52 101.43 1 300 0.12
32 + 1 0.67 1139.87 17.01 1 325 0.13

Other 10 study islands contain no lizard species.

generated for lizards occurring on the islands of Thousand
Island Lake with the curve generated for the mainland sites.
As the sampling effort on seven large islands is much higher
than small islands (Table 1), this may increase the prob-
ability of detecting rare species with a low detection prob-
ability (Hill, Curran & Foody, 1994). To standardize the
sampling effort in the SPAR analyses, we used the average
number of species per transect instead of the total number of
species recorded per island. Moreover, to standardize the
SPAR comparison between islands and mainland sites, we
used the sampling areas rather than island areas to make
them comparable to mainland plot areas. The sampling
areas were calculated as total transect length x transect
width (4 m) (Table 1).

To differentiate fragmentation effects on species diversity
from area effects, we applied the SPAR method as follows

332

(Yaacobi, Ziv & Rosenzweig, 2007). We first determined the
SPAR for lizards on islands. Then we extrapolated the
SPAR to a point above the total sampling area (6.45 ha) of
the set of islands. The value of diversity at that point
represents the predicted value of lizards’ diversity for an
imaginary patch of that size, providing fragmentation has
no effect on diversity. If the actual number of species in the
set of 32 islands is less than this predicted value, then
fragmentation will have decreased diversity. If it is greater,
then fragmentation will have increased diversity. To deter-
mine whether the total species number in the set of 32 islands
departs significantly from the predicted value, we examined
whether it was in the 95% confidence interval of the
predicted value. As the potential species pool in nearby
mainland of the Thousand Island Lake is larger than the
predicted value of lizards’ diversity (11>10.03) (Huang,
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Y. Wang et al.

1990), the species—area curve is not saturated and meets the
extrapolation assumption of the SPAR analysis.

We used the number of islands occupied by each species
as the measure of fragmentation vulnerability. This index
is regarded as a good predictor of extinction vulnerability
(Bolger, Alberts & Soulé, 1991; Viveiros de Castro &
Fernandez, 2004; Meyer et al., 2008), to which it is inversely
related. By considering the absence of a species in a given
fragment as a local extinction, we made an important
assumption that all species were present in the whole
study area before the fragmentation. We think the assump-
tion is very likely for the following reasons. First, the
small spatial scale of the area: the islands were separated by
only a few thousand meters within the original continuous
mainland (Fig. 1). Second, all five species studied are
common in continuous mainland and would not be expected
to have very sparse populations before fragmentation.

In preference to traditionally applied stepwise selection
procedures whose use is statistically problematic (Quinn &
Keough, 2004; Whittingham et al., 2006), we used an
information-theoretic approach based on Akaike’s informa-
tion criterion (AIC) (Burnham & Anderson, 2002) to assess
the associations between the fragmentation vulnerability
index and life-history traits. We used the small sample
version of AIC (AIC.) to account for the bias introduced
when the sample size is small relative to the number of
estimated parameters in a model (Burnham & Anderson,
2002). To calculate AIC, for each model, we first regressed
the fragmentation vulnerability index against each life-his-
tory trait separately. All models were then ranked by rescal-
ing the AIC. values such that the model with the minimum
AIC, had a value of 0, that is A;= AIC;—AIC,,;,. The
difference in AIC, values between models can be used to
calculate Akaike weights (w), which is the probability that
the model is the best model in the set of candidate models,
given the data (Burnham & Anderson, 2002). Models for
which A; < 2 are considered to have substantial support,
values of 4-7 have considerably less support, while those
with A;> 10 essentially have no empirical support and can be
ignored (Burnham & Anderson, 2002). We did not consider
interaction effects between variables because of the limited
sample size.

We performed all analyses with SPSS statistical package
(SPSS Inc., 1999). All tests are two-tailed, means are given
as + sE and statistical significance was set at a < 0.05.

Results

SPAR on the mainland and in the Thousand
Island Lake

A total of five lizard species were found to occur on the
study islands in the Thousand Island Lake and on the
neighboring mainland (Tables 1 and 2). The slopes and
intercepts of the SPAR for lizards on the mainland and on
the islands differed significantly (P<0.05 for both; Fig. 2).
Species richness was reduced on islands relative to the
mainland of the same size. This indicates that islands are

Correlates of fragmentation vulnerability in lizards

Table 2 Distribution of lizard species in seven neighboring mainland
sites of the Thousand Island Lake

Lizard species

Species
Plot Area(ha) Euch Tase Euel Scmo Spin richness
S1 0.008 + + 2
S2 0.016 + + 2
S3 0.032 + + + 3
S4 0.04 + + + 3
S5 0.08 + + + 3
S6 0.16 + + + + 4
S7 0.32 + + + + + 5

Euch, Eumeces chinensis; Tase, Takydromus septentrionalis, Euel,
Eumeces elegans; Scmo, Scincella modesta; Spin, Sphenomorphus
indicus; +, the presence of a species

Log (number of species)

0 FryrIeTy

-25 20 -15 -0 -05 0 0.5
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Figure 2 The species—area curves for lizards on 32 islands in the
Thousand Island Lake (triangles) and at seven study sites on the
neighboring mainland (squares). Mainland regression equation: log
(number of species)=0.733+0.177 log area, #=0.638; island: log
(number of species)=0.616+0.476 log area, *=0.511. Slopes and
y-intercepts differ significantly between the mainland and islands
(P<0.05).

impoverished in species number relative to equal areas on
the mainland. The slope of the SPAR on islands (Z = 0.476)
was considerably steeper than that of the mainland patches
(Z =0.177), indicating that species richness increases more
rapidly on the islands as a function of area than on the
mainland. These differences in slope and intercept suggest
that extinction of species has occurred on all islands follow-
ing fragmentation but that rates of species loss were greatest
on small ones.

The SPAR method showed that the set of islands had
fewer lizard species than would have been present in an
unfragmented area equal in size to that of the set of 32
islands (5<10.03; Fig. 3). The deviation of lizard species
richness from expectation departs significantly from the
empirical deviation of individual islands from their specie-
s—area curve (Fig. 3), indicating that the decrease of species
richness on islands was due to fragmentation effects but not
area effects.
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Life-history traits and their relationships
with the fragmentation vulnerability of
lizards

The five lizard species occurring in the Thousand Island
Lake exhibited a wide range of life-history traits (Table 3).
The natural density at mainland sites varied substantially
among species, Eumeces chinensis with the highest density
and Sphenomorphus indicus with the lowest density. The
SVL of lizards ranged from 42.36 to 91.18 mm. The clutch
size of lizards ranged from 3.0 to 9.0. The geographical
range size varied from 818 753 to 4 624 317 km?.

The five lizard species also exhibited considerable varia-
tions in vulnerability to fragmentation (Table 3). For the
fragmentation vulnerability index (the number of islands
occupied), model selection based on AIC identified natural
density at mainland sites as the best single predictor of
vulnerability to fragmentation for lizard species in the
Thousand Island Lake (i.e. wax=>0.90) (Table 4). There
was little evidence for an effect of lizards’ SVL, clutch size or
geographical range size on fragmentation vulnerability
(A;>10) (Table 4).

1.4
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Log (number of species)

|
o
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Figure 3 Species-area relationship of the lizards (filled circle) on the
32 islands and their total number of species (filled triangle). The line
shows the expected diversity if fragmentation has no effect. The error
bar shows the 95% confidence interval.
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Discussion

We found that the number of lizard species inhabiting
islands was decreased relative to similar-sized areas on the
mainland and that the slopes and intercepts of SPARs
differed between the islands and the mainland (Fig. 2),
indicating that the inundation of the Thousand Islands Lake
has caused the extinction of species from the newly formed
islands. Many of the previous studies that have attempted to
estimate the vulnerability of species to fragmentation as-
sume that all species are present in each fragment at
creation, and consequently that any species absent from a
patch has become extinct (Diamond, 1972; Wilcox, 1978;
Soulé er al., 1988). However, this approach potentially
overestimates rates of extinction since all species are not
necessarily present in each fragment pre-isolation (Bolger
et al., 1991). Here, we accounted for this potential bias by
constructing a mainland species—area curve that we then
used to estimate the number of lizard species lost from the
study islands (Diamond, 1984).

To date, existing studies examining the effects of habitat
fragmentation on vertebrates are extraordinarily biased
taxonomically (Mac Nally & Brown, 2001). Among verte-
brates, birds and mammals are predominantly studied,
while few studies have examined the effects of habitat
fragmentation on lizards and its vulnerability to habitat
fragmentation (Sarre et al., 1995; Mac Nally & Brown, 2001;
but see Hoehn, Sarre & Henle, 2007 for reviews). Our study
on lizards thus fills in a significant gap, and contributes to
the ecological generality of habitat fragmentation across a
range of terrestrial vertebrate taxa.

We found that natural density at mainland sites was the
best single predictor of fragmentation vulnerability for
lizards in the Thousand Island Lake. This result supports
the hypothesis that species occurring naturally at low
densities are more prone to extinction than those occurring
at a high density (e.g. Diamond, Bishop & van Balen, 1987;
Robinson & Quinn, 1988). In view of the short time isola-
tion of 50 years for the Thousand Island Lake, inbreeding,
genetic deterioration and slow rates of adaptation may
probably be the processes that render small lizard popula-
tions particularly vulnerable to fragmentation because these
processes typically influence populations shortly after frag-
mentation (Pimm ez al., 1988; Pimm, 1991; Lande, 1999;

Table 3 Fragmentation vulnerability index (number of islands occupied) and four life-history traits of the five lizard species inhabiting the study

islands in the Thousand Island Lake

Number of Natural

islands density Snout-vent Clutch Geographical
Species occupied (n) (nha™") length (mm) size (n) range size (km?)
Eumeces chinensis 25 29.63+23.92 91.18 9.0 2525742
Takydromus septentrionalis 16 25.48+16.85 66.00 3.0 3108760
Eumeces elegans 10 14.69+11.80 70.55 7.5 2691342
Scincella modesta 7 8.26+5.96 42.36 6.0 818753
Sphenomorphus indicus 5 6.25+3.31 71.68 7.5 4624317

Sample size for natural density (mean = sg) is the number of plots in which each species is present, refers to Table 2.
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Table 4 Results of Akaike information criterion (AlC)-based model selection assessing the association between the fragmentation vulnerability

index (number of islands occupied) and a set of candidate models

Response variable Model description Log (L) K AIC, A; w;

Number of islands occupied Natural density (nha™") —3.36 3 36.72 0 0.9897
Snout-vent length (mm) -8.27 3 46.54 9.82 0.0073
Clutch size (n) —-9.83 3 49.65 12.93 0.0015
Geographical range size (km?) —9.86 3 49.72 13.00 0.0015

For each model, the log-likelihood (Log L), number of estimable parameters (K), sample-size adjusted AIC, Akaike differences (A) and Akaike

weights (w) are presented.

Hoehn et al., 2007). Natural density has also been found to
be an important factor influencing the persistence of a
variety of taxa in other ecosystems (Soulé et al., 1988;
Foufopoulos & Ives, 1999; Feeley et al., 2007).

Contrary to our predictions, we found no relationships
between fragmentation vulnerability and body size, fecund-
ity or geographical range size. In contrast, previous studies
have typically found that species with a small body size, high
fecundity and large geographic ranges are less prone to
extinction following fragmentation (e.g. Cardillo, 2003;
Hero et al., 2005; Cooper et al., 2008). However, it is
important to note two caveats associated with our study.
First, we have a small sample size for studying life-history
traits correlated with fragmentation vulnerability compared
with other relevant studies (Foufopoulos & Ives, 1999; Hero
et al., 2005; Cooper et al., 2008). Second, the lizard species
had a very small range in SVL (42.36-91.18), clutch size
(3.0-9.0) and geographical range size (818 753-3 108 760),
while the ranges are much larger in other relevant studies for
SVL (11.00-245.00), clutch size (3.0-25644.0) and geogra-
phical range size (1-12481 500) (Hero et al., 2005; Cooper
et al., 2008). Such differences in sample size and range in life-
history traits may possibly explain the differences between
our results and other relevant studies.

Based on our results, natural density at mainland sites is
the only species trait associated with the fragmentation
vulnerability of lizards in the Thousand Island Lake, alone
explaining over 90% of variation in fragmentation vulner-
ability among the study species. Other species traits such as
habitat specificity, trophic guild and dispersal ability have
also been identified as potential factors influencing fragmen-
tation vulnerability in other systems (McKinney, 1997,
Purvis et al., 2000; Henle et al., 2004; Hoehn et al., 2007).
These traits may account for some of the remaining varia-
tion in fragmentation vulnerability among lizard species and
warrant further study.

Identifying traits that predispose species to extinction
following fragmentation has important implications for
proactive conservation and can be used to help direct
management efforts. Our study showed that natural density
at mainland sites was the key trait associated with the
fragmentation vulnerability in lizards in the Thousand
Island Lake, while lizards’ body size, clutch size or geo-
graphical range size had little effects on fragmentation
vulnerability. Therefore, lizard species with different extinc-
tion-proneness traits should be given different conservation

priority. As neither large lizard species nor those with low
fecundity or a small range size appear to be at a particular
risk of extinction, it would be inefficient to allocate con-
servation resources on the basis of these life-history traits. In
contrast, conservation efforts giving priority to rare species
with low densities may prove effective for the preservation
of lizard species in this system.
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