Effect of Road Proximity on Reproductive Effort and Movement Patterns of the Wood
Frog (Rana sylvatica)
Author(s): Katherine E. Engberg and Megan B. Rothenberger
Source: Journal of the Pennsylvania Academy of Science , Vol. 89, No. 2 (December 2015),
pp. 48-56
Published by: Penn State University Press
Stable URL: https://www.jstor.org/stable/10.5325/jpennacadscie.89.2.0048
REFERENCES
Linked references are available on JSTOR for this article:
https://www.jstor.org/stable/10.5325/jpennacadscie.89.2.0048?seq=1&cid=pdfreference#references_tab_contents
You may need to log in to JSTOR to access the linked references.
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide
range of content in a trusted digital archive. We use information technology and tools to increase productivity and
facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at
https://about.jstor.org/terms

Penn State University Press is collaborating with JSTOR to digitize, preserve and extend access to
Journal of the Pennsylvania Academy of Science

This content downloaded from
198.162.22.40 on Thu, 12 Aug 2021 22:02:30 UTC
All use subject to https://about.jstor.org/terms

Journal of the Pennsylvania Academy of Science 89(2): 48-56, 2015

RESEARCH NOTE:
EFFECT OF ROAD PROXIMITY ON REPRODUCTIVE EFFORT AND MOVEMENT PATTERNS OF
THE WOOD FROG (RANA SYLVATICA)1
KATHERINE E. ENGBERG AND MEGAN B. ROTHENBERGER 2
Biology Department, Lafayette College, Kunkel Hall, Easton, PA 18042 USA

ABSTRACT
Nearly half of the amphibian species in northeastern
North America rely on vernal pools as their primary
breeding habitat. The problem is that, because
vernal pools are small and isolated, they are often left
unmonitored and unprotected. A primary threat to
both amphibians and vernal pools is habitat destruction
and fragmentation, but our knowledge of the speciesspecific impacts of habitat loss and fragmentation on all
phases of the amphibian life cycle are still rudimentary.
The wood frog (Lithobates sylvaticus) was the focus of
this research because it is considered the most common
vernal pool indicator in Pennsylvania. The objectives
of this study were to investigate the effect of road
proximity on vernal pool hydrology and water chemistry,
reproductive effort of wood frogs (i.e., numbers of egg
masses deposited), and upland movement patterns of
wood frogs. These parameters were compared between
three isolated pools (> 1000 m from the nearest road)
and two pools in a fragmented habitat (< 100 m from
two roads) within a Pennsylvania state park. This study
indicates that, although road proximity did not have a
significant effect on vernal pool water chemistry and
egg mass abundance was greater in the fragmented
location, habitat fragmentation by roads did have a
significant effect on the movement patterns of wood frogs
in surrounding terrestrial habitat. At the isolated site
where there were no barriers to movement, wood frogs
were distributed randomly around the pools. However,
wood frogs in the fragmented location were trapped at
a lower frequency near roads than expected by chance,
indicating that the presence of roads may reduce the
amount of upland habitat utilized by adult wood frogs.
Although this was a small and localized study, the
results indicate the challenging nature of conserving
species with complex life cycles in human dominated
1Accepted for publication June 2015.
2Corresponding author: Lafayette College Biology Department,

705 Sullivan Road, Easton, PA 18042, rothenbm@lafayette.edu,
(610)330-5459.

landscapes and highlight the importance of considering
life-cycle and species-specific habitat requirements
when designing vernal pool conservation plans.
[ J PA Acad Sci 89(2): 48-56, 2015 ]

INTRODUCTION
Vernal pools are seasonally flooded depressional wetlands
that are primarily filled by precipitation but may also receive
input from surface runoff and groundwater exchange (Mitsch
and Gosselink 2007). In northeastern North America, these
habitats are associated with forested landscapes and are
characterized by absence of fish, lack of flowing water,
small size, shallow depth, and presence of plants and
animals that can withstand a period of drought (Calhoun
and deMaynadier 2008). Because of these characteristics,
vernal pools provide the primary breeding habitat for wood
frogs (Lithobates sylvaticus), spadefoot toads (Scaphiopus
holbrookii), ambystomatid salamanders and a variety of
invertebrate taxa (Semlitsch and Skelly 2008). In fact,
approximately 45% of the amphibian species that populate
northeastern North America rely on vernal pools as their
primary breeding habitat (Semlitsch and Skelly 2008).
Although vernal pools are recognized by scientists as
valuable ecosystems that support high species richness,
function as stepping stones for dispersing organisms, and
export substantial secondary production in the form of
amphibian and insect biomass (Comer et al. 2005, Hunter
2008, Semlitsch and Skelly 2008), vernal pools are often not
afforded protection under wetland protection guidelines and
regulations (Preisser et al. 2000, Calhoun et al. 2003). These
small, temporary, isolated habitats are often overlooked
as monitoring sites, and conservation of vernal pools has
been hampered by a lack of consistent local knowledge
concerning the function and value of vernal pools. As a
result, vernal pools and the upland forests that buffer and link
isolated wetlands used by pool-breeding species continue to
be degraded and destroyed by human land use (Semlitsch
and Bodie 2003, Mahaney and Klemens 2008). Vernal pools
are now among the most threatened of freshwater wetlands
globally (Range 2003).
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Studies of vernal pool amphibians over the past two
decades provide strong evidence that conservation of these
species depends not only on the presence of breeding
pools but also on the terrestrial landscape composition
surrounding vernal pools. Although pool-breeding species
are easiest to document and monitor during breeding season
in vernal pools, these amphibians spend the majority of their
lives foraging, resting, and hibernating in the terrestrial
habitat surrounding vernal pools (Berven and Grudzien
1990, Semlitsch 1998). In addition, juvenile amphibians
can disperse as far as 1000 m from their birth site and can
select pools other than their birthplace for breeding (Berven
and Grudzien 1990, Reh and Seitz 1990). As a result,
landscape conversion that results in fragmentation, loss of
connectivity, or degradation can result in disappearance
of some amphibians from an area even when vernal pools
remain (Semlitsch and Skelly 2008).
Roads represent one type of landscape conversion that
alters and degrades the terrestrial landscape surrounding
vernal pools. Studies have demonstrated that roads not only
act as important barriers to the movements of amphibians
(Reh and Seitz 1990, Gibbs 1998, deMaynadier and Hunter
2000) but also contribute to direct mortality (Fahrig et
al. 1995, Hels and Bushwald 2001) and to degradation of
vernal pool water quality as a result of the application of
road deicing salt in winter (Forman and Deblinger 2000,
Karraker et al. 2008). Anthropogenic activities also tend to
reduce canopy cover, threatening pool-breeding specialists
that perform well under shaded conditions. For example,
wood frogs are declining in developing areas, especially in
regions where upland forest cover has been reduced by 50%
or greater (Baldwin et al. 2006).
Although some generalizations can be made about the
impact of habitat loss and fragmentation on amphibian
populations, each species will respond to landscape
conversion in its environment uniquely (Cushman 2006,
Semlitsch and Skelly 2008). Knowledge about the populationlevel implications of habitat area, edge, isolation, and road
mortality relationships is still rudimentary (Cushman
2006), and it is therefore important that vernal pool
monitoring studies include species-specific characterization
of the habitat. In addition, many studies simply examine
correlations between organism abundance and the area
of various land cover types within a certain distance of a
breeding pond (Cushman 2006). However, the survival of
amphibian populations in fragmented landscapes depends on
the interaction of multiple factors, including the distribution
and quality of breeding pools, population sizes in those
pools, proximity of roads, and land cover types surrounding
the pools. As a result, this study attempts to address
some of these research needs by analyzing the impact of
fragmentation by roads on multiple environmental attributes
and on a single obligate vernal pool indicator species, the
wood frog, at various life cycle phases within a Pennsylvania
state park. The specific objectives of this research were to

compare specific physiochemical parameters, wood frog
reproductive effort (i.e., numbers of egg masses deposited),
and wood frog movement patterns between three isolated
pools (> 1000 m from the nearest road) and two pools in a
fragmented habitat (< 100 m from two roads).

STUDY AREA
Jacobsburg Environmental Education Center is a 473-ha
state park located approximately 11 km northwest of Easton,
PA in Northampton County (Fig. 1). The 12 species of
amphibians known to inhabit this area include salamanders
in the families Ambistomatidae and Salamandridae, and
frogs in the families Hylidae and Ranidae. The study area was
entirely within the boundaries of the state park and included
five vernal pools in two locations (Fig. 1). The first location,
considered isolated, is > 1000 m from the nearest paved road
and includes one natural (pool 1) and two constructed (pools
2 and 3, both are unlined) vernal pools. The constructed
pools were created in 2008 and 2011. These three pools are
within 100 m of one another with no barriers separating the
pools. The terrestrial environment surrounding the pools is
comprised of white oak (Quercus alba), red oak (Quercus
rubra), and maple (Acer saccharum) and an understory
dominated by spicebush (Lindera benzoin) and the invasive
multiflora rose (Rosa multiflora).
The second location, considered fragmented, is adjacent
to a residential community, and the pools are ≤ 100 m
from two paved roads. The fragmented location includes
one constructed pool (pool 4, lined with a synthetic liner)
and one natural pool (pool 5). The constructed pool was
created in 2008, and these two pools are within 200 m of one
another. However, a road dissects the habitat between them,
and a second road dissects that habitat to the east of pool 5
(Fig. 1). The terrestrial environment surrounding these pools
is dominated by shagbark hickory (Carya ovata), red oak
(Quercus rubra), white pine (Pinus strobus), tulip poplar
(Liriodendron tulipifera), chestnut oak (Quercus prinus),
and spicebush (Lindera benzoin).

MATERIALS AND METHODS
Hydrology and Physiochemistry
Physical and chemical data were collected from vernal
pools on a weekly basis from late March until the pools were
dry in mid- to late July of 2014 and 2015. Physical data were
collected on pool depth (free water above pool substrate), area
(width and length measured to water level and calculated for
area of an oval), and pool type (i.e., natural or constructed).
The area and depth of each pool were used to calculate
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Fig.1. Map of the five vernal pools within Jacobsburg Environmental Education Center in Northampton County, PA. Pools 1-3 are at an isolated
location > 1000 m from the nearest paved road. Pool 4 is 114 m from Gold Mill Road and 212 m from Jacobsburg Road, and Pool 5 is 105 m
from Gold Mill Road and 90 m from Jacobsburg Road. Only pools 4 and 5 are used for educational purposes by park staff, but there are no
official trails leading to these pools. Pool 3 is located 10 m from an official trail used for walking and biking.

volume throughout the season (i.e., volume (m3) = area (m 2) x
maximum depth (m)) and hydroperiod (i.e., duration of time
that a pool holds water). A YSI 6820 V2 multiparameter meter
was used to determine water temperature, conductivity, and
dissolved oxygen (DO). Data were gathered approximately
1 m from the shoreline and at mid-depth (i.e., between the
substrate and water surface) at each pool. Local precipitation
data were acquired from the National Weather Service for
the Lehigh Valley International Airport station, which is the
nearest municipal area (i.e., 25 km southwest of the study
area). Monthly temperature and precipitation averages were
compared to historical averages (Fig. 2).
Amphibians
Wood frog egg masses were counted at the same time that
physical and chemical data were collected in spring 2014 and
2015. Wood frogs are known to be explosive breeders that
typically oviposit in large communal aggregates over a 5- to
8-day period (Crouch and Paton 2000). In order to capture

the period immediately after the eggs were deposited and
ensure that sampling encompassed the entire potential egglaying period (i.e., microclimate conditions and cold weather
can extend the period of egg deposition to 17 days or more,
Crouch and Paton 2000), egg mass counting was initiated
approximately one week following the first report of wood
frog choruses in Jacobsburg state park (i.e., 28 March 2014
and 27 March 2015) and continued on a weekly basis until
all the eggs hatched and decomposed. Egg mass counts were
conducted using the methods described in Crouch and Paton
(2000).
Wood frog abundance and movement patterns were
monitored from September to November 2014 using drift
fences and pitfall traps. Trapping arrays were oriented in each
of the four cardinal directions, at 60 m and 120 m, from pools
1 (isolated and natural), 4 (fragmented and constructed), and
5 (fragmented and natural, Fig. 1). The more distant trapping
arrays to the east of pool 4 and west of pool 5 were placed
adjacent to Gold Mill Road at approximately 100 m from the
vernal pools (Fig. 1). Drift fences consisted of 1-m lengths
of polyethylene plastic suspended between two stakes and
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the bottom for drainage sunk flush to the ground. All of
the drift fences and pitfall traps were located in a shaded
environment, and a synthetic sponge and ground material
from the site were placed in each trap and dampened at
each visit to reduce probability of amphibian desiccation.
Perforated bowls were placed over top of each trap to prevent
amphibian escape (Gibbs 1998), and a stick was placed in
each trap to allow small mammals to climb out. The trapping
arrays were opened monthly for a three-day period and
checked each morning between 0800 and 1200. Wood frogs
were counted and immediately released. Coyote urine was
used around each trapping array to repel potential amphibian
predators from the traps, and traps were closed in between
sampling periods. The methods for amphibian trapping and
releasing were approved by the Institutional Animal Care
and Use Committee (IACUC) of Lafayette College.
Statistical Analyses

Fig.2. Monthly precipitation (a) and temperature (b) averages for
the study period (March to November 2014 and March to June
2015) and historical averages for the same months (1922-2015).
Data were acquired from the National Weather Service Forecast
Office for the Lehigh Valley International Airport station (i.e., the
nearest municipal area).

buried 5 cm deep for support. Pitfall traps (n = 4 per fence,
one each direction) were 4.6-L cans with holes drilled in

To compare water quality and egg mass counts between
isolated pools (i.e., n = 6, three pools x two years) and pools
near roads (i.e., n=4, two pools x two years), a mixed-model
approach to repeated-measures ANOVA was used with road
proximity and year as independent variables and maximum
depth, maximum volume, hydroperiod, mean conductivity,
and maximum egg mass count as dependent variables. A
separate model was run for each of the dependent variables,
and pool was included as a random effect to account for
samples within the same pools in two different years. A
combination of chi-square analysis and three-way repeated
measures ANOVA was used to compare wood frog
movement between isolated and fragmented locations and
to determine the significance of those movement patterns.
First, the null hypothesis that wood frogs were uniformly
abundant around the vernal pools was tested using chisquare tests of homogeneity of proportions (i.e., n = 72 per

Table 1. Comparison of hydrologic parameters and egg mass counts between three isolated pools (i.e., > 1000 m from the nearest road) and
two pools in habitat fragmented by roads (i.e., < 100 m from two roads). Parameters were measured on a weekly basis from late March until
the pools were dry in mid- to late July in both 2014 and 2015. Values are means (SEs; N = 6 for isolated and N = 4 for fragmented locations). A
separate repeated-measures ANOVA (i.e., with pool included as a random effect to account for samples within the same pools in two different
years) was used to determine the significance of differences between pools in the two locations. ANOVA F-statistics and P-values are shown
for each comparison.

Parameter
Maximum Depth (m)
Maximum Volume (m3)
Hydroperiod (weeks)
Temperature (ºC)
Dissolved Oxygen (mg L-1)
Conductivity (µS/cm)
Maximum Egg Mass Count

Isolated
0.44 (0.05)
75.1 (42.2)
11.2 (1.8)
17.0 (4.0)
3.8 (1.4)
55.7 (9.1)
10.5 (4.0)

Fragmented
0.86 (0.05)
245.1 (48.9)
14.5 (0.9)
16.2 (5.1)
2.7 (1.3)
69 (7.9)
103.8 (30.9)
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25.9
6.0
2.3
2.0
1.8
1.2
12.6

P
< 0.001
0.04
0.17
0.10
0.08
0.31
< 0.01
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repeated measures ANOVA was used (i.e., n = 72 per pool)
to examine the three-way interaction effect of trap distance
from pool, trap orientation in relation to a road (i.e., away or
toward a road), and month on frog abundance within traps.
All analyses, figures, and tests of normality and homogeneity
of variances were completed using R version 3.2.1.

Table 2. Results of the chi-square tests of homogeneity of
proportions (i.e., n = 72 per pool), which were used to test the null
hypothesis that wood frogs were uniformly abundant around all the
vernal pools. Pool 1 is isolated from roads (i.e., > 1000 m from the
nearest road), and pools 4 and 5 are located in habitat fragmented
by roads (i.e., < 100 m from two roads). Rejection of the null
hypothesis was interpreted as evidence of significant non-uniform
orientation in movement in one or more directions.

September
Pool 1
Pool 4
Pool 5
October
Pool 1
Pool 4
Pool 5
November
Pool 1
Pool 4
Pool 5

X2

df

P

4.6
11.4
19.1

3
3
3

0.20
< 0.01
< 0.001

0.4
20.7
22.4

3
3
3

0.95
< 0.001
< 0.001

0.8
21.1
15.1

3
3
3

0.85
< 0.001
< 0.01

RESULTS
Hydrology and Physiochemisty
Compared to historical means, the 2014 sampling year
had comparable temperatures but considerably different
precipitation totals (Fig. 2). Mean precipitation was higher
in early spring 2014 and lower in autumn compared with
historical data. In contrast, average temperature was much
higher and precipitation was lower in spring 2015 compared
with historical averages (Fig. 2). The vernal pools included
in this study ranged in size from 23 to 377 m 2 with the
natural pool being approximately ten times larger than the
constructed pools in the isolated habitat and two times larger
than the constructed pool in the fragmented habitat. Vernal
pools were generally shallow, with a mean maximum depth
of 0.60 ± 0.11 m in 2014 (range = 0.34 to 0.88 m) and 0.62 ±
0.11 m in 2015 (range = 0.35 to 0.97 m). In 2014, maximum
volume of vernal pools occurred between the first and
second week of April and ranged from 7.82 to 329 m3 (Fig.
3a). Pool volume decreased gradually in all of the pools, but
pool 2, which is the newest unlined constructed pool (i.e.,
constructed in 2011), was dry by the second week of May.
The other pools retained water until the end of July (Fig. 3a).
In 2015, maximum volume of vernal pools occurred slightly
earlier between the last week of March and first week
of April and ranged from 8.4 to 330 m3 in 2015 (Fig. 3b).
Pool volume decreased more rapidly in 2015, and all of the

pool, eight traps x three sample dates x three months). The
proportions of observed captures were compared to equal
expected values across directions. For this analysis, data
for all wood frogs were combined at a given vernal pool
(i.e., 1, 4 or 5) and one test was conducted for each pond
in September, October, and November. Rejection of the null
hypothesis was interpreted as evidence of significant nonuniform orientation in movement in one or more directions.
Vector plots were used to depict the proportion of wood
frog captures in September, October, and November in each
of the four directions around pools. Finally, a three-way

Table 3. Results of the three-way repeated measures ANOVA (i.e., n = 72 per pool) to examine the three-way interaction effect of trap distance
from pool, trap orientation in relation to a road (i.e., away or toward a road), and month on frog abundance within traps.

Source

df

Distance (D)
Orientation (O)
Month (M)
D*O
D*M
O*M
D*O*M
Residual

1
1
2
1
1
1
1
60

MS
91.5
469.3
291.7
0.0
0.1
23.5
13.8
6.5

Number of frogs
F
13.6
69.9
43.5
0.001
0.01
3.6
2.1
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Fig.3. Volume and hydroperiod (i.e., duration of time that a pool
holds water) of the five vernal pools included in this study in 2014
(a) and 2015 (b).

Fig.4. Chronology of wood frog egg-mass deposition at five vernal
pools in 2014 (a) and 2015 (b).

pools were dry by the first week of July (Fig. 3b). The mean
hydroperiod for vernal pools was 13.6 weeks in 2014 (range =
6 to16 weeks) and 11.4 weeks in 2015 (range = 6 to 13 weeks,
Fig.3). Maximum depth and volume of the fragmented pools
were significantly larger than that of the isolated pools, but
hydroperiod, temperature (range = 9 ˚C to 25 ˚C), dissolved
oxygen (range = 0.8 mg L -1 to 5.5 mg L -1), and conductivity
(range = 35 to175 µS cm-1) were not significantly different
between pools in the two locations (Table 1).

However, maximum number of egg masses per pool ranged
from 2 to 180, and significantly more egg masses were
detected in the vernal pools located in habitat fragmented by
roads (Table 1).
A total of 474 adult wood frogs were captured in trapping
arrays. On average, a greater number of frogs were captured
at the isolated site (mean = 66 frogs) than at the fragmented
site (mean = 46 frogs, Fig. 5). Results of the chi-square
analysis (Table 2 and Fig. 5) indicate that the presence of
roads at the fragmented location may be influencing the
movements of adult frogs in the habitat surrounding the
pools. Wood frogs at the isolated location were uniformly
abundant in traps around the vernal pools in all three months
(i.e., null hypothesis accepted, Table 2 and Fig. 5). However,
there was evidence of significant non-uniform orientation
in wood frog movement at the pools in the fragmented
site (i.e., null hypothesis rejected, Table 2). Comparison of
observed and expected values for frog abundance across
directions shows that significantly more frogs than expected
were found in traps located away from the roads (Fig. 5).
Three-way repeated measures ANOVA also indicated that
significantly more frogs were caught in traps within 60 m
from pools than in traps 120 m from pools and that there
was a significant decline in overall frog abundance from
September to November (Table 3 and Fig. 6).

Amphibians
A total of 478 wood frog egg masses were counted over the
two-year monitoring period, and egg masses were detected
in all five vernal pools in both years. Initial egg masses were
deposited at most vernal pools during the last week of March,
although deposition was not initiated at pool 1 until the first
week of April in 2014 (Fig.4). The deposition period ranged
from 7 to 22 days, and the majority of wood frog clutches
were deposited in the vernal pools between the first and third
weeks of April (Fig. 4). Egg mass chronologies appear to be
comparable between pools in the two locations, and all the
eggs were hatched by the first week of May in both years.
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Fig.5. Vector plots depicting expected (i.e., gray arrows calculated
as total sample size/4 cardinal directions) and observed (i.e., black
arrows are actual frog abundance in traps) wood frog captures
in September, October, and November around pools at isolated
(pool 1) and fragmented (pools 4 and 5) sites. Chi-square tests of
homogeneity of proportions were used to test the null hypothesis
that wood frogs were uniformly abundant around the vernal pools.
Table 2 provides a complete summary of the chi-square tests.

DISCUSSION
Vernal pool volume and hydroperiod was influenced by
climatic conditions in all of the pools regardless of road
proximity. Hydroperiod, which is determined primarily
by the balance of precipitation, evapotranspiration and
groundwater input during late spring (Brooks 2004, Bauder
2005), was longer for both natural and constructed pools in
both habitats in 2014 when temperatures were near average
and precipitation was greater than historical averages.
Examination of physical attributes also shows that the
pools in the fragmented habitat are significantly larger and
generally retained water longer than pools in the isolated
habitat. The larger size and longer hydroperiod of the two
pools in fragmented habitat most likely contributed to the
significantly larger number of egg masses deposited in those
pools. Other studies that have evaluated factors affecting
vernal pool species distributions and reproduction also
indicate that pool depth and volume tend to be positively
correlated with amphibian species richness and egg mass
abundance (Egan and Paton 2004, Werner 2007, Semlitsch
and Skelly 2008, Korfel et al. 2009). Larger pools often have

Fig.6. Boxplots depicting the direction and magnitude of
relationships between wood frog abundance and distance from
pool (a), road orientation (b), and month (c; September (S), October
(O), and November (N)). A three-way repeated measures ANOVA
was used to test significance of patterns, and Table 3 provides a
complete summary of the statistical results. Different letters above
boxplots indicate significant differences (P < 0.05).

more open canopies, which is in turn associated with higher
water temperatures, increased productivity, and higher rates
of growth and development for many amphibian species
(Semlitsch and Skelly 2008). However, one other interesting
finding is that pool 1 had substantially lower maximum egg
mass counts in both 2014 and 2015 (i.e., 2 and 20 respectively)
than pool 4 (i.e., 180 and 39 respectively) even though pool
4 is comparable in size and volume to pool 1. This finding
suggests that other factors such as canopy cover, withinpond woody vegetation, and the lining covering the bottom
of pool 4 may be influencing the reproductive effort of
wood frogs in this area. Therefore, future directions for this
research will include a more thorough investigation of the
relationship between within-pond parameters and wood frog
oviposition.
Although physical attributes and egg mass counts differed
between pools in isolated and fragmented habitats, water
quality conditions were similar between the two locations
and comparable to those reported for other pools in the
northeast (Calhoun and deMaynadier 2008; Korfel et al.
2009). Although previous research indicates that roads
can contribute to degradation of vernal pool water quality
(Forman and Deblinger 2000, Karraker et al. 2008), road
proximity did not seem to have a significant effect on
temperature, dissolved oxygen, or conductivity in this study.
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In particular, all of the pools included in this study had an
initial conductivity below 100 µS, which is five times lower
than the conductivities reported to reduce embryonic and
larval survival rates in wood frogs (Karraker et al. 2008).
Although road proximity does not appear to have a
significant effect on vernal pool physiochemistry, the
proximity of roads in this study did have a significant effect
on the movement patterns of wood frogs in surrounding
terrestrial habitat. At the isolated site where there were no
barriers to wood frog movement in any direction, there
was no significant difference in the abundance of wood
frogs among the cardinal directions. The wood frogs were
distributed randomly around the pools. However, wood
frogs in the fragmented location were significantly more
abundant in traps further away from roads, indicating that
the presence of roads may be reducing the amount of upland
habitat utilized by adult wood frogs. The edge effects, or
microclimate changes in light, temperature, wind, and
humidity, may be having a repelling effect on this shade
dependent species (Rothermel and Semlitsch 2002, Primack
2014). In order to gain a better understanding of amphibian
movements in relation to forest edges and roads, it would
be valuable to expand from site-specific inquiries like the
study described here to larger-scale correlative studies of
amphibian distribution in relation to habitat composition.
Habitat fragmentation by roads also isolates amphibian
populations, decreasing dispersal and genetic diversity
(Cushman 2006). Because wood frogs travel between
adjacent vernal pools before overwintering, a lack of
pool connectivity can lead to wood frog extirpation in an
area (Semlitsch and Skelly 2008). Even within connected
landscapes, amphibian populations are often at risk of
local extinction. As a result, the maintenance of regional
populations is dependent on migration of amphibian species
from populated pools to pools with populations at risk of
local extinction (Cushman 2006). Future studies on interpond
dispersal rates and distances using marked populations
would provide a measure of the genetic population structure
of the wood frog in Jacobsburg State Park.
Over the past decade, terrestrial habitats surrounding vernal
pools have been coming under increased developmental
pressure (Regosin et al. 2003). Upland forests surrounding
and linking isolated wetlands like vernal pools are rapidly
degraded and destroyed for human land use (Baldwin et
al. 2006). Very few states provide specific protection for
vernal pools and their surrounding habitat, and the habitat
surrounding vernal pools can be destroyed even when the
pool itself remains (Lichko and Calhoun 2003). Although
this was a small and localized study, these data indicate
that habitat fragmentation caused by roads may not reduce
wood frog larval productivity but can negatively impact
the movements of adults in the habitat surrounding vernal
pools. As a result, it is important that plans for vernal pool
conservation and restoration consider life-cycle and speciesspecific effects of local and landscape-level disturbances

such as road proximity on amphibians.
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