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Abstract.—I used data from a 14 year survey of the amphibian fauna (14 species) in Jasper County, Indiana, USA, to
detect population and diversity trends, and to test hypotheses regarding the influence of landscape, climatic, and biotic
factors on amphibian abundance, occupancy, and diversity. Suitable amphibian habitats throughout the county were
sampled by a combination of anuran call indices, density estimates, and per effort catch. The number of amphibian
breeding sites, total amphibian abundance, and demographics of five species increased over time, while species
richness/site, and mean breeding index of eight species decreased. The abundance of two species, Spring Peepers
(Pseudacris crucifer) and Eastern Gray Treefrogs (Hyla versicolor), were the best indicators of overall amphibian
biodiversity. Most species were associated with one or two other species. Demographics of most species were influenced
by at least one climatic variable, and for most species, climatic variation among years was more important than time in
explaining amphibian population trends. Winter and spring precipitation, as well as fall, winter, and spring
temperatures, were the most important climatic variables influencing the abundance, occupancy, and diversity of
amphibians in Jasper County. Amphibian demography and landscape data supported the hypothesis that the degree of
wetland isolation and hydroperiod heterogeneity influence amphibian abundance, occupancy, and diversity. The number
of wetlands in a cluster and the number of hydroperiod classes explained geographic variation in amphibian abundance,
occupancy, and diversity. At the landscape level, large amphibian metacommunities were associated with large wetland

clusters, hydroperiod heterogeneity, and high conservation priority upland habitats.
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INTRODUCTION

Long-term field studies are valuable to ecologists and
conservation efforts for several reasons. They increase
the possibility of discovering rare events and the results
of slow processes (Diamond 1996; Whiteman and
Wissinger 2005). They are important for identifying
factors, such as climate and habitat variables, that affect
population dynamics and community structure (Cody
1996; Daszak et al. 2005; Whiteman and Wissinger
2005). They also provide base-line data and continued
monitoring for environmental management (Spellerberg
1991; Cody 1996). There has been much attention to
metapopulation (Hastings and Wolin 1989) and
metacommunity (Wilson 1992) models for use in
ecology and conservation (Levin 1992; Cody 1996;
MacKenzie et al. 2002). Conservation efforts need
research at the landscape level that focuses on the
ecological value of nature preserves (Storfer 2003; Milne
and Bennett 2007). However, few long-term studies of
amphibians have focused on entire communities at large
scales. Long-term monitoring of amphibians tends to
focus on one to several breeding sites. Temporal scales
integrated within spatial scales are lacking (Cody 1996).

Meta-analysis of more than 200 studies on amphibian
populations indicates that there has been a worldwide
decline during the last four decades for unknown reasons
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(Houlahan et al. 2000; Alford et al. 2001; Stuart et al.
2004). However, only a few of the studies used in these
analyses spanned more than 10 consecutive years, or
involved two or more interacting species (Hairston 1996;
Gibbons et al. 1997; Sexton et al. 1998). Some long-
term studies are on one or a few pond-breeding
amphibian species at a single site (Hairston 1996;
Semlitsch et al. 1996; Sexton et al. 1998; Petranka et al.
2004; Whiteman and Wissinger 2005). Others are a
repeat of short-term (1-3 year) inventories after an
interval without monitoring populations (Lannoo et al.
1994; Skelly et al. 1999; Brodman et al. 2002; Seigel et
al. 2002; Woinarski et al. 2006) or are just a few years in
duration (Brodman et al. 2006; Pieterson et al. 2006).
Others rely on one demographic measure such as egg
mass density (Brodman 2002), larval sampling
(Cortwright 1998), or frog calls (Mossman et al. 1998;
deSolla et al. 2005, 2006; Pieterson et al. 2006). Short-
term amphibian declines might be due to habitat
degradation or they might be part of a natural cycle of
population fluctuations due to abiotic and biotic causes
(Pechmann et al. 1991; Cortwright 1998; Daszak et al.
2005). Therefore, studies need to be at least 7-10
consecutive years to detect biologically meaningful
trends of amphibian populations and to examine the
importance of abiotic and biotic factors that affect
population dynamics and community structure (Sexton
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FIGURE 1. Map of Indiana showing the location of Jasper County in
grey. The location of Indiana is indicated in the inset map of the
USA.

et al. 1998; Pechmann pers. comm.). Wetland clusters,
rather than individual ponds, should be the monitoring
units of long-term studies on pond-breeding amphibians
(Petranka et al. 2004). Sampling of certain species and
assemblages of species in a landscape context requires
multiple methods (Brodman 2003). However, few
continuous long-term studies of metacommunities at the
landscape scale exist.

Lannoo (1998) hypothesized that pond-breeding
amphibians would do best in a landscape composed of
wetlands with varying hydrology. One reason is that
sink and source populations within a metapopulation
fluctuate among years because climate affects wetland
quality and quantity (Lannoo 1998). For example, if
amphibians could migrate wetland to wetland, then
during a year of normal weather, source populations
should be those that breed in fish-free semi-permanent
and seasonal wetlands.  Seasonal wetlands could
transform into ecological sinks during unusually dry
years if they dried before resident amphibians completed
metamorphosis. Permanent wetlands would typically
serve as ecological sinks because they harbor larger
predators such as fish, herons, and water snakes.
Although ephemeral wetlands lack most predators, they
would be ecological sinks if their hydroperiod is too
short for larval development and metamorphosis.
However, during wetter than average years, ephemeral
and seasonal wetlands become the best source habitats,
because amphibian larval development ensues in the
relative absence of predators. During severe droughts,
when semi-permanent wetlands dry, or following a

winter kill, the permanent wetlands form refuges for
amphibians and become source habitats. A second
reason is that within a metapopulation the sink habitats
can function as corridors between distant source
populations (MacArthur and Wilson 1967; Semlitsch
and Bodie 1998; Naugle et al. 2005). The Lannoo
model predicts that amphibian abundance, occupancy,
and species richness is highest in large wetland clusters
with a variety of ephemeral, seasonal, semi-permanent,
and permanent wetlands, and lower in isolated wetlands
and small clusters lacking variation in hydroperiod
(Semlitsch and Bodie 1998).

Climate change is one possible direct or indirect cause
of amphibian declines (Alexander and Eischeid 2001;
Kiesecker et al. 2001; Pounds et al. 2006). We need
long-term studies on large scales to determine how
climate perturbations contribute to long-term population
dynamics. Such data may predict amphibian trends in a
changing climate. I expect that amphibians would do
best in years with wet springs after wet falls and mild
winters and do poorest in years with harsh winters and
droughts.

Here, I report population and community trends of 14
species of pond-breeding amphibians during a 14-year
countywide survey. The objectives of this study are to:
(1) detect trends in amphibian abundance and diversity
over time, and to test the hypothesis of recent amphibian
declines; (2) determine biotic associations among
amphibian species; (3) model climatic variables as a
potential explanation of variation in amphibian
abundance, occupancy, and diversity, and to discuss
potential impacts of climate change; (4) model the roles
of hydroperiod heterogeneity, and the degree of
clustering and isolation among potential breeding sites as
factors explaining amphibian abundance, occupancy, and
diversity, and to test the Lannoo Model that amphibians
do best in larger wetlands clusters with varying
hydrology; and (5) determine landscape factors
associated with large amphibian metacommunities.
Because of the size of the study area and duration of the
study, these data will fill an important gap in our
understanding of amphibian population and community
dynamics.

MATERIALS AND METHOD

We identified all potential amphibian breeding sites
with wetland inventory maps and field observations of
Jasper County (1450 km?), in northwest Indiana, USA
(Fig. 1). Pre-settlement habitat was a mosaic of
grassland, oak savanna, and vast wetland complexes;
however, by the early 20™ century widespread
conversion of these to row crops (corn and soy)
prevailed (Lindsey et al. 1969). Remnant natural
habitats include patches of oak savanna, woodlots,
grasslands, wetlands, and vegetated riparian zones. I
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TABLE 1. Number of amphibian populations, breeding sites, and mean number of species per site in Jasper County, Indiana, USA from 1994-2007.

Kendal’s Tau revealed trends (*0.05 > P < 0.1) and significant correlations (°P < 0.05, °P < 0.01, ‘P < 0.001).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Mean Tau
Pseudacris 164 94 105 225 383 201 223 219 303 270 205 210 170 233 2146 ns
crucifer
Pseudacris 142 91 88 147 288 213 176 150 235 213 123 177 102 154 164.2 ns
triseriata
Hyla versicolor 120 18 73 93 188 114 7 100 99 272 263 78 51 50 109.0 ns
H. chrysoscelis 24 7 19 23 17 9 50 18 8 42 27 23 2 22 20.8 ns
Acris blanchardi 0 0 0 0 0 2 4 6 11 19 28 5 6 17 7.0 0.73¢
Bufo americanus 89 40 25 64 179 131 29 101 178 231 68 81 137 189 110.1 0.36°
Bufo fowleri 45 15 42 47 83 47 84 68 46 136 183 58 38 40 66.6 0.29°
Rana pipiens 23 20 9 15 16 21 17 34 25 37 38 17 41 35 249  051°
R. clamitans 57 21 52 44 44 40 45 106 64 147 143 75 37 46 65.8 ns
R. catesbeiana 21 13 20 13 17 16 30 14 16 27 27 22 6 13 18.2 ns
Ambystoma 7 8 8 4 6 6 2 2 1 5 6 6 5 8 53 ns
laterale
A. tigrinum 9 8 5 6 4 2 3 5 3 3 13 8 8 13 6.4 ns
Notophthalmus 0 0 3 2 1 5 1 3 1 1 5 2 5 4 24 041°
viridescens
Siren intermedia 0 0 1 1 2 1 0 2 1 2 3 4 2 3 1.6 0.67°
Anura 685 319 433 671 1215 794 665 816 985 1395 1105 746 590 800 801.4 0.30*
Caudata 16 16 17 13 13 14 6 12 6 11 27 20 20 28 15.6 0.30°
Populations 701 335 450 684 1228 808 671 828 991 1406 1132 766 610 828 817.0 ns
Sites 237 124 173 312 520 371 304 371 439 509 466 378 244 304 3394 0.28°
Species/site 3 2.7 2.6 22 24 2.2 2.2 2.2 23 2.8 24 2.0 2.5 2.7 24 ns

divided the county into 65 ha blocks, and conducted
calling surveys from March-July for 14 consecutive
years (1994-2007) in each block that contained one or
more wetlands.  Wetlands within a 65-ha block
represented a single site. I surveyed a subset of wetlands
from 60 sites each year for adult and larval salamanders,
tadpoles, and eggs using visual searches, minnow traps,
dipnets and seines. I quantified estimates of population
abundance for each species at each site using a
combination of anuran call indices, density estimates,
and per effort catch. Detection is time-dependent
(Crouch and Paton 2002; Pierce and Gutzwiller 2004;
deSolla et al. 2005), so I visited each site once a month
from March-July each year. I performed frog call
surveys from 30 min to 4 h after sunset. I listened for
frogs for 5 min at each site to identify the species that
were present and to estimate population sizes using the
Karns (1986) ordinal scale of breeding chorus intensity
on scale of 0 to 5. Frog call intensity correlates well
with egg mass density (Stevens and Paszkowski 2004). 1
categorized adult and larval salamanders, tadpoles, and
egg mass abundance on an ordinal scale from 0 to 5
based on time constrained search-and-seize and catch per
trap-day using minnow traps (Brodman 2003). I
designated amphibian population abundance as the
highest score from 0 to 5 obtained for a species at a sight
during the sampling season. Species abundance in a
given year was the sum of population sizes at all sites.
Amphibian abundance at the community level was the
sum of abundance indices from each species at each
breeding site. I used species richness at sites and within
metacommunities to measure amphibian diversity.
Much of the field data collection included my students,

whom [ trained and tested in class prior to conducting
field work (see Brodman 2000a).

Occupancy measurements normally reflect the
proportion of sites occupied by a species; however,
occupancy models require estimates of detectability
(MacKenzie et al. 2002). Survey design took place
before the advent of occupancy models; thus, they do not
meet the assumptions of the mathematical models. In
my system, occupancy and detectability can change
within the sampling season. This might occur if there is
significant egg or hatchling mortality, if metamorphosis
occurs before the sampling period for larvae and
tadpoles takes place, or if certain life-history stages are
more detectible than others. For example adult Blue-
spotted Salamanders (Ambystoma laterale) are easier to
find under logs than Tiger Salamanders (A. tigrinum),
but the conspicuous Tiger Salamander egg masses are
easier to detect than Blue-spotted Salamander eggs
(Brodman, pers. obs.). Larvae of both species one-week
post-hatching are difficult to detect; whereas, one-month
old larvae are easiest to detect using dip-net, and two-
month old larvae are easiest to detect using seines
(Brodman, pers. obs.).

My protocol of sampling each month, with methods
targeted to a certain life-history stage, is designed to
greatly increase detectability of each species at a site.
However, occupancy models do not assume that
occupancy does not change between sampling seasons,
or that detectability cannot change between sampling
seasons do to climatic differences (MacKenzie et al.
2002). Thus, for the purpose of this study, occupancy is
the percentage of years that I detected amphibians at a
site.
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TABLE 2. Mean population size (breeding index) of amphibians in Jasper County, Indiana, USA from 1994-2007. Kendal’s Tau indicated
trends (“0.05 > P < 0.1) and significant correlations (°P < 0.05, °P < 0.01, *P < 0.001) with year.

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Mean Tau
Psuedacris 2.8 3.6 33 34 33 3.0 32 34 3.1 29 2.8 3.0 2.6 32 3.1 -0.35°
crucifer
P. triseriata 2.6 2.6 2.6 2.5 2.6 2.7 24 32 2.7 24 23 24 2.1 24 2.5 -0.35°
Hyla versicolor 2.6 4.1 34 2.9 33 2.7 29 2.0 23 24 23 23 3.0 2.4 2.8 -0.46°
Hyla chrysoscelis 2.0 3.0 24 2.5 2.4 2.0 2.1 1.8 2.1 1.9 2.0 23 2.0 22 22 -0.27°
Acris blanchardi 0.0 0.0 0.0 0.0 0.0 2.5 1.5 23 23 24 33 2.2 2.0 1.7 1.4 0.42°
Bufo americanus 22 2.2 22 2.5 2.5 2.5 2.1 22 2.9 24 22 2.6 2.6 2.7 24 0.42°
B. fowleri 2.1 3.1 2.4 2.2 3.0 2.4 2.6 2.0 2.2 2.1 23 2.1 2.4 2.1 2.4 -0.32°
Rana pipiens 1.8 1.7 1.4 1.5 1.9 1.8 1.4 1.7 2.0 1.7 2.0 1.2 2.4 1.7 1.7 -0.53°
R. clamitans 2.2 2.7 23 2.5 23 2.2 1.6 1.9 2.0 2.1 2.1 1.7 2.1 1.6 2.1 -0.53¢
R. cateshieana 2.0 2.2 23 1.9 1.8 1.6 1.7 14 1.5 1.8 1.7 1.5 1.8 1.5 1.8 -0.53¢
Ambystoma 2.7 2.6 3.0 4.0 2.5 2.2 2.5 1.5 2.0 1.8 2.7 2.0 2.0 23 2.4 -0.41°
laterale
Ambystoma 2.1 2.8 22 2.8 3.0 4.0 2.0 34 3.0 4.0 2.9 2.6 34 2.1 29 Ns
tigrinum
Notophthalmus 0.0 0.0 1.3 1.5 1.0 1.8 2.0 33 1.0 5.0 1.8 2.5 2.8 1.3 1.8 0.48°
viridescens
Siren intermedia 0.0 0.0 3.0 1.0 4.0 2.0 0.0 1.7 1.0 1.5 2.3 23 1.0 1.0 1.5 ns
Anura 2.0 2.5 22 2.2 23 23 2.1 2.2 23 22 23 2.1 23 2.2 22 ns
Caudata 1.2 1.3 24 23 2.6 2.5 1.6 2.5 1.8 3.1 2.4 2.3 2.3 1.6 2.1 na
Total 1.8 2.2 2.3 2.2 2.4 2.4 2.0 23 2.1 2.5 23 2.2 23 2.0 2.2 ns

I used Kendal’s Tau to detect non-parametric
correlation of amphibian abundance, occupancy, and
species richness, with time. Correlations were
significant at a = 0.05, and considered non-significant at
a = 0.10 level. 1 used stepwise multivariate logistic
regression, ANOVA and MANOVA to model factors
that best explained the variance in amphibian abundance,
number of breeding sites, occupancy, and species
richness, (Brodman et al. 2003; Price et al. 2005).
Models used a = 0.05 to assign significance. The first
set of factors modeled was climate data that were

obtained from the Rensselaer weather station
(WeatherBug, Available from http://weather.

weatherbug.com/IN/Rensselaer-weather.html, last
accessed 29 April 2009). The climate variables were
monthly departures from the mean for precipitation
(mm) and mean temperature (C). Climate data
associated with a given field season (March-July)
extended from August in the year prior to the annual
survey through the end of the survey period in July. A
second set of factors was biotic associations of
amphibian species within the community. The final set
of factors was the degree of wetland clustering and
isolation, and hydroperiod heterogeneity. 1 detected
wetland clusters using GIS by creating 200-m core
upland habitat around each wetland. Wetlands within
400 m of each other joined to form wetland clusters
(Brodman et al. 2003). The rationale for this is that
wetlands within 400 m have overlapping populations in
the terrestrial environment (Semlitsch 1998; Brodman et
al. 2003). Hydroperiod heterogeneity was high when a
wetland cluster has wetlands in all three hydroperiod
categories, seasonal, semi-permanent, and permanent. |

included ephemeral or saturated wetlands within the
seasonal wetland category.

I used the GIS-based IBI Conservation Tool (Indiana
Biodiversity Initiative, Bloomington, Indiana, USA) to
map the largest amphibian metacommunities and
landscape features. Landscape features include wetland
clusters, and upland habitats with native plants of high
conservation importance and wildlife umbrella species.

RESULTS

14 vyear trends—We recorded 11,438 breeding
populations in Jasper County from 1994 to 2007 (Tables
1-3). We found an average of 339 sites with amphibian
breeding activity (Table 1), 817 populations (Table 1),
2.4 species per site (Table 1), and a breeding index score
of 2.2 (Table 2). The years with the greatest abundance
of amphibians were 2003, 1998, and 2004 and the lows
were 1995, 1996, and 2006 (Table 3).

Some numbers of species increased during the study,
whereas, others decreased. @ Time demonstrated a
positive non-parametric correlation with the number of
amphibian breeding sites, amphibian abundance, number
of breeding sites, mean breeding index score, and with
several parameters for individual species (Rana pipiens,
Siren intermedia, Bufo americanus, Acris crepitans, and
Notophthalmus viridescens; Tables 1-3). Time
demonstrated a significant negative non-parametric
correlation with species richness/site, mean breeding
index score of seven anurans (Pseudacris cruficer, P.
triseriata, Hyla versicolor, H. chrysoscelis, B. fowleri, R.
cateshieana, and R. clamitans), and the number of
breeding sites and mean breeding index score of
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TABLE 3. Amphibian abundance in Jasper County, Indiana, USA from 1994-2007.

correlations (°P < 0.05, °P < 0.01, *P < 0.001) with year.

Kendal’s Tau indicated trends (“0.05 > P < 0.1) and significant

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007  Mean Tau
Pseudacris 458 341 338 767 1271 596 714 745 925 787 579 639 439 734 666.6 ns
crucifer
P. triseriata 363 237 228 369 741 572 414 477 634 503 287 430 214 372 4173 ns
Hyla versicolor 315 74 247 273 624 309 20 195 227 653 602 181 152 121 285.2 ns
Hyla 49 21 46 58 40 18 104 33 17 79 54 52 4 49 44.6 ns
chrysoscelis
Acris 0 0 0 0 0 5 6 14 25 46 93 11 12 29 17.2 0.7¢
blanchardi
Bufo 192 89 56 157 541 324 61 222 521 556 150 214 362 515 2764 0.36°
americanus
B. fowleri 93 47 101 102 251 115 218 135 100 287 422 121 93 82 154.8 ns
Rana pipiens 42 33 13 23 31 37 23 59 50 62 76 21 98 62 45 0.42°
R. clamitans 125 56 121 109 100 86 70 205 128 314 297 127 78 75 135.1 ns
R. catesheiana 42 29 46 25 30 25 50 20 24 48 47 34 11 20 322 ns
Ambystoma 19 21 24 16 15 13 5 3 2 9 16 12 10 18 13.1 -
laterale 0.33°
Ambystoma 19 22 11 17 12 8 6 17 9 12 38 21 27 27 17.6 0.18°
tigrinum
Notophthalmus 0 0 4 3 1 9 2 10 1 5 9 5 14 5 49  049°
viridescens
Siren 0 0 3 1 8 2 0 3 1 3 7 9 2 3 3.0 040°
intermedia
Anura 1680 927 1196 1883 3539 2087 1680 2105 2651 3335 2607 1830 1463 2059 2074 ns
Caudata 38 43 42 37 36 32 13 33 13 29 70 47 53 53 38.5 ns
Total 1718 970 1238 1920 3575 2119 1693 2138 2664 3364 2677 1877 1516 2112 2112 ns

Ambystoma laterale (Tables 1 and 2). There was no
correlation between time and any of the Tiger
Salamander demographic metrics.

Community  associations.—Regression  modeling
revealed a number of significant associations of species
within the amphibian community (Table 4). The
abundance of Spring Peepers (Pseudacris crucifer) and
Eastern Grey Treefrogs (Hyla versicolor) explained
93.4% of the variation among years in abundance of
other species, and a model that also included Blue-
spotted Salamanders explained 96.4% of the variation in
the abundance of other species. The abundance of
Blanchard’s Cricket Frogs (Acris crepitans), Eastern
Gray Treefrogs, and Cope’s Gray Treefrogs (Hyla
chrysoscelis) explained 84.6% of the variation in the
abundance of Fowler’s Toads. The abundance of
American Bullfrogs explained 75.2% of the variation in
the abundance of Cricket Frogs. The abundance of
Chorus Frogs explained 75.1% of the variation in the
abundance of Spring Peepers. The abundance of Cricket
Frogs and Eastern Gray Treefrogs explained 72.4% of
the variation in the abundance of Green Frogs. The
abundance of Northern Leopard Frogs and Blue-spotted
Salamanders explained 60.9% of the variation in the
abundance of Tiger Salamanders. The abundance of
Spring Peepers and Northern Leopard Frogs explained
58.1% of the variation in the abundance of American
Toads. The abundance of Fowler’s Toads explained
54.2% of the variation in the abundance of Eastern Gray
Treefrogs. The abundance of American Bullfrogs
explained 51.7% of the variation in the abundance of
Cope’s Gray Treefrogs. The abundance of Eastern

Newts explained 45.4% of the variation in the abundance
of Northern Leopard Frogs. The abundance of Spring
Peepers and Tiger Salamanders explained 83.9% of the
variation in the abundance of Chorus Frogs. The
association was positive with Spring Peepers and
negative with Tiger Salamanders.

Climate variables and amphibian abundance.—
Regression modeling detected a significant effect of
climate on amphibian abundance and breeding activity
(Table 5). Precipitation from February through May,
and temperature in September, February, and April
through June, had the greatest influence. A regression
model with precipitation, and temperature explained
90.4% of the variation among years in the number of
sites with amphibian breeding activity. The relationship
with number of sites was positive for temperature and
negative for precipitation. A regression model with
time, temperature and precipitation explained 80.0% of
the variation in mean species richness per site. The
relationship with species richness per site was positive
for precipitation and negative for temperature and year.

A regression model with temperature and precipitation
explained 59.5% of the variation in mean amphibian
breeding index score. The relationship with breeding
index was positive for precipitation and temperature.
However the breeding index scores of frogs and
salamanders differed. A regression model with
temperature and precipitation explained 89.5% of the
variation in mean breeding index score of frogs. The
relationship was positive between frog temperature,
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TABLE 4. Significant community associations revealed by regression models.

The abundance of amphibians (dependent variable) is

explained by the abundance of predictor species. Values are regression coefficients (r?), degrees of freedom (df), F statistics (F), and p values
p y p P gl g p

P).

Dependent variable Predictors r’ df F P
Amphibian community Spring Peepers, Eastern Gray Treefrogs 0.966 2,13 77.8 <0.001
Amphibian community Spring Peepers, Eastern Gray Treefrogs, Blue-spotted Salamanders 0.982 3,13 884 <0.001
Pseudacris crucifer Chorus Frogs 0.905 1,13 363 <0.001
Pseudacris Spring Peepers, Tiger Salamanders 0.916 2,13 287 <0.001
Acris crepitans American Bullfrogs 0.867 1,13 167 <0.001
Hyla versicolor Fowler’s Toads 0.736 1,13 14.2 0.003
Hyla chrysoscelis American Bullfrogs 0.719 1,13 12.0 0.004
Bufo fowleri Cricket Frogs, Eastern Gray Treefrogs, Cope’s Gray Treefrogs 0.920 3,13 183 <0.001
Bufo americanus Spring Peepers, Northern Leopard Frogs 0.762 2,13 7.6 <0.001
Rana clamitans Cricket Frogs, Eastern Gray Treefrogs 0.851 2.13 144 0.001
Rana pipiens Eastern Newts 0.674 2,13 10.0 0.008
Ambystoma tigrinum Northern Leopard Frogs, Blue-spotted Salamanders 0.780 2,13 8.6 0.006

precipitation, and breeding index. A regression model
with temperature, and precipitation explained 89.6% of
the variation in salamander breeding index scores. The
relationship with breeding index was positive between
salamander breeding index and precipitation, but
negative between breeding index and temperature.

A regression model with temperature and year
explained 64.7% of the variation in mean breeding index
scores of Chorus Frogs. The relationship with Chorus
Frogs was positive for temperature and negative for
time. Variation in climatic variables does not explain
variation in Spring Peepers abundance or breeding
activity. A regression model with temperature and time
explained 65.4% of the variation in the number of sites
with Cricket Frogs. In a second model temperature and
precipitation and time explained 79.2% of the variation
in the mean breeding index scores of Cricket Frogs, and
in a third model precipitation explained 32.1% of the
variation in the total abundance of Cricket Frogs. The
relationship with Cricket Frogs was positive for time,
and negative for temperature and precipitation.

A regression model with precipitation, temperature,
and time explained 81.9% of the variation in mean
breeding index scores of Eastern Gray Treefrogs. The
relationship with Eastern Gray Treefrogs was positive
for temperature, and negative for precipitation and time.
Variation in climatic variables does not explain variation
in Eastern Gray Treefrog abundance or breeding activity.
Regression models with temperature explained 59.6% of
the variation in the mean breeding index scores of
Cope’s Gray Treefrogs, 48.4% of the variation in the
number of sites with Cope’s Gray Treefrogs, and 49.4%
of the variation in the total abundance of Cope’s Gray
Treefrogs. The relationship with Copes Gray Treefrogs
was negative for temperature.

A regression model with precipitation explained
39.1% of the variation in mean breeding index scores of
American Toads. The relationship with American Toads
was positive for precipitation. Regression models with
precipitation and temperature explained 91.2% of the

variation in the mean breeding index scores of Fowler’s
Toads, 66.1% of the variation in number of Fowler’s
Toad breeding sites, and 61.9% of the variation in the
total abundance of Fowler’s Toads. The relationship
with Fowler’s Toads was positive for temperature and
negative for precipitation.

A regression model with time, temperature, and
precipitation explained 89.3% of the variation in the
number of sites with Northern Leopard Frogs.
Regression models with precipitation explained 89.1%
of the variation in total abundance, and 29.9% of the
variation in the mean breeding index scores of Northern
Leopard Frogs. The relationship with Northern Leopard
Frogs was positive for time and precipitation, and
negative for temperature.

A regression model with year and precipitation
explained 72.0% of the variation in the mean breeding
index scores of Green Frogs. Models with temperature
explained 47.1% of the variation in the total abundance,
and 44.1% of the variation in the number of sites with
Green Frogs. The relationship with Green Frogs was
positive for precipitation and negative for temperature
and time. A regression model with precipitation,
temperature, and time explained 99.5% of the variation
in the mean breeding index scores of American
Bullfrogs. A second model with temperature and
precipitation explained 62.1% of the variation in the total
abundance of American Bullfrogs, and a third model
with temperature explained 33.5% of the variation in the
number of sites with American Bullfrogs.  The
relationship with American Bullfrogs was negative for
temperature, precipitation, and time.

A regression model with time and temperature
explained 62.2% of the variation in the mean breeding
index scores of Blue-spotted Salamanders. Models with
precipitation explained 55.3% of the variation in the
number of Blue-spotted Salamander breeding site, and
38.2% of the variation in the total abundance of Blue-
spotted Salamanders. The relationship with Blue-spotted
Salamanders was negative for temperature and
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TABLE 5. Influence of time and climate on amphibian abundance revealed by regression models. The number of amphibian breeding sites,
species richness, and mean breeding index score, (dependent variable) is explained by the average monthly temperatures and precipitation,
and time (predictors). Values are regression coefficients (r?), degrees of freedom (df), F statistics (F), and p-values (P).

2

Dependent variable Predictors r df F P
Amphibian breeding sites Temperature, precipitation 0.951 2,13 15.1 0.001
Species richness Time, temperature, precipitation 0.894 3,13 12.7 0.001
Amphibian breeding index Temperature, precipitation 0.771 2,13 8.1 0.007
Frog breeding index Temperature, precipitation 0.946 2,13 28.3 <0.001
Salamander breeding index Temperature, precipitation 0.947 2,13 19.3 <0.001
Chorus Frog breeding index Time, temperature 0.804 2,13 10.1 0.003
Cricket Frog breeding index Time, temperature 0.809 2,13 10.4 0.003
Cricket Frog breeding index Time, temperature, precipitation 0.890 3,13 10.8 0.001
Cricket Frog abundance Precipitation 0.567 1,13 5.7 0.035
Eastern Gray Treefrog breeding index Time, temperature, precipitation 0.905 3,13 15.1 <0.001
Cope’s Gray Treefrog breeding index Temperature 0.772 1,13 9.1 0.001
Cope’s Gray Treefrog breeding sites Temperature 0.697 1,13 11.3 0.006
Cope’s Gray Treefrog abundance Temperature 0.703 1,13 11.7 0.005
American Toad breeding index Precipitation 0.625 1,13 7.7 0.017
Fowler’s Toad breeding index Temperature, precipitation 0.955 2,13 234  <0.001
Fowler’s Toad breeding sites Temperature, precipitation 0.813 2,13 10.7 0.003
Fowler’s Toad abundance Temperature, precipitation 0.787 2,13 8.9 0.005
Northern Leopard Frog breeding sites Time, temperature, precipitation 0.945 3,13 18.8 <0.001
Northern Leopard Frog abundance Precipitation 0.944 1,13 18.3 <0.001
Northern Leopard Frog breeding index Precipitation 0.547 1,13 5.1 0.043
Green Frog breeding index Time, precipitation 0.849 2,13 14.1 0.001
Green Frog abundance Temperature 0.686 1,13 10.7 0.007
Green Frog breeding sites Temperature 0.664 1,13 9.4 0.010
American Bullfrog breeding index Time, temperature, precipitation 0.997 3,13 221.6  <0.001
American Bullfrog abundance Temperature, precipitation 0.788 2,13 9.0 0.005
American Bullfrog breeding sites Temperature 0.579 1,13 6.1 0.030
Blue-spotted Salamander breeding index ~ Time, temperature 0.789 2,13 19.7 0.001
Blue-spotted Salamander breeding sites Precipitation 0.744 1,13 7.4 0.012
Blue-spotted Salamander abundance Precipitation 0.618 1.13 6.8 0.018
Tiger Salamander breeding sites Temperature, precipitation 0.983 2,13 453 <0.001
Tiger Salamander abundance Precipitation 0.767 1,13 7.9 0.008
Tiger Salamander breeding index Temperature 0.634 1,13 8.1 0.015
Eastern Newt abudandance Time, precipitation 0.871 2,13 10.5 0.002
Eastern Newt breeding sites Time, temperature 0.846 2,13 8.4 0.004
Eastern Newt breeding index Temperature 0.840 1,13 13.2 0.001
Lesser Siren sites Precipitation 0.809 1,13 10.4 0.003

precipitation. A regression model with temperature, and

mean breeding index scores of Eastern Newts.

precipitation explained 96.6% of the variation in the
number of sites with Tiger Salamanders. A second
model with precipitation explained 58.8% of the
variation in the total abundance of Tiger Salamanders,
and a third model with temperature explained 40.2% of
the variation in the mean breeding index scores of Tiger
Salamanders. The relationship with Tiger Salamanders
was positive for precipitation and negative for
temperature.

A regression model with time and precipitation
explained 75.8% of the variation in the total abundance
of Eastern Newts. A second model with time and
temperature explained 71.5% of the variation in the
number of sites with Eastern Newts, and a third model
with temperature explained 70.6% of the variation in the

relationship with Eastern Newts was positive for
temperature and time, and was negative for precipitation.
A regression model with precipitation explained 65.5%
of the variation in the number of sites with Lesser Sirens.
The relationship between sirens and precipitation was
positive.

From 1994 to 2007 the mean annual temperature was
3.55°C above average (t;; = 3.63; P = 0.004) and
precipitation was 24.33 mm greater than average (t;; =
0.52; P = 0.613). However precipitation from
September through December was significantly below
average (t; = -3.06; P = 0.038). From 1994 to 2007 there
were significant trends of increasing precipitation in
August (r? = 0.341) and decreasing precipitation in June
(r> = 0.407). Based on the climate trends of the last
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TABLE 6. Post-hoc results for effects of wetland cluster size on
amphibian metacommunities. Variables are the number of wetlands
in a wetland cluster (WC), mean amphibian species richness (SR),
mean community abundance (CA), and mean number of years with
breeding activity (YA). The different superscripts indicate the
subsets that are significantly different (Tukey HSD, post-hoc test, o
= 0.05). I show the F with df as (F,,3) and p-values (P) from the
MANOVA.

TABLE 7. Post-hoc results for hydroperiod effects on amphibian
metracommunities. Variables are the number of hydroperiod classes
(HP), mean amphibian species richness (SR), mean community
abundance (CA), and mean number of years with breeding activity
(YA). Subsets that are significantly different (Tukey HSD, post-hoc
test, a = 0.05) are indicated with different superscripts. I show the F
with df as (F,,;5) and p-values (P) from the MANOVA.

WC SR CA YA HP SR CA YA
14 or more 7.2% 139.4* 10.1% 3 8.1% 164.4° 10.6°
2-13 4.9° 38.6° 5.9° 2 42° 26.3° 48°
1 (isolated) 3.3° 14.6° 3.1° 1 3.2° 13.4° 2.8
Fais 3.6 275 3.1 Fais 17.6 274 8.4
P 0.028 <0.001 0.046 P 0.016 <0.001 <0.001

14 years, the regression models predict that Chorus
Frogs, Eastern Gray Treefrogs, Fowler’s Toads and
Eastern Newts benefit from increased temperature.
However the models predict that Cricket Frogs, Cope’s
Gray Treefrogs, Northern Leopard Frogs, Green Frogs,
American Bullfrogs, Blue-spotted Salamanders, Tiger
Salamanders, and overall species richness per breeding
site will decrease from increased warming. The models
also predict that reduced precipitation in June and during
the fall will benefit Lesser Sirens and American
Bullfrogs, but reduce Northern Leopard Frogs, Tiger
Salamanders, Eastern Newts, and the mean species
richness of breeding sites.

Metacommunities.—I identified 630 wetland clusters
and isolated wetlands. Of these, 595 (94.4%) had at
least one year with amphibian breeding activity and 512
(81.3%) had metacommunities with at least two
coexisting species. Only 103 (16.3%) had amphibian
breeding activity during 50% or more of the years. The
number of wetlands within a wetland cluster
significantly affected amphibian species richness,
abundance, and the number of years with breeding
activity. Wetland clusters of 14 or more wetlands had
significantly —greater, and isolated wetlands had
significantly less species richness, total abundance of
amphibians, and years with amphibian breeding activity

The abundance of all species, except Cricket Frogs,
was significantly greater in wetland clusters of 14 or
more, and within wetland clusters with all three
hydroperiod classes than in isolated wetlands, smaller
wetland clusters, or wetland clusters that lack one or two
of the hydroperiod classes (Table 8). The abundance of
Spring Peepers, Chorus Frogs, Eastern Gray Treefrogs,
Cope’s Gray Treefrogs, American Toads, and Fowler’s
Toads was also significantly less in isolated wetlands
and in wetland clusters that had just one hydroperiod
class than in wetland clusters with two hydroperiod
classes.

I defined amphibian megametacommunities as the 23
wetland clusters with the greatest amphibian abundance.
Collectively these metacommunities made up 42% of

than wetland clusters with 2—13 wetlands (Table 6). The
number of hydroperiod classes within a wetland cluster
significantly affected amphibian species richness,
abundance, and the number of years with breeding
activity.  Wetland clusters with permanent, semi-
permanent and seasonal or temporary wetlands had
significantly greater, and isolated wetlands had
significantly less amphibian abundance, occupancy, and
species richness than wetland clusters with only one or
two of the hydroperiod classes (Table 7). There were
also significant interactive affects of wetland clusters
and hydroperiod on abundance (F; ;5 = 6.2, P < 0.001),
and number of years with amphibian breeding activity
(F5.13=3.3,P=0.021).

FIGURE 2. Map of Jasper County, Indiana, USA showing the
location of 23 amphibian megametacommunities. Wetlands clusters
and isolated wetlands are indicated by blue, amphibian
megametacommunities are indicated by red circles, and IBI priority
habitats for important plants and umbrella animals are indicated by
open squares. Yellow circles indicate areas with wetlands, and
priority habitat, but no amphibian megametacommunities.
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TABLE 8. Wetland cluster size and hydroperiod effects on the abundance of amphibian species in Jasper County, Indiana, USA. Variables are
mean abundance, the number of wetlands in a wetland cluster (WC), the number of hydroperiod classes (HP), and wetland cluster size and
hydroperiod interactions (WC*HP). WC 1 =1 isolated, 2 = 2—13 wetlands, 3 = 14 or more wetlands. HP1 = temporary/seasonal, HP2 =
semipermanent, HP3 = permanent. Trends and significant differences detected by MANOVA are indicated by numerical superscripts (‘P <
0.1, ’P < 0.05, °P < 0.01, *P < 0.001) with year. Subsets that are significantly different (Tukey HSD, post-hoc test, a = 0.05) are indicated

with different alphabetical superscripts.

Wetland Cluster Hydroperiod WC*HP
Fz)(,z(} WC] WC2 WC3 Fz)(,z(} HPl HP2 HP3 F31629
Pseudacris crucifer 21.7 4.8 92°  62.7° 26.0* 5.2° 13.4° 53.8° 45°
P. triseriata 24.8* 3.1° 6.0  40.8° 20.1* 3.4 8.9° 33.4° 6.7*
Acrisblanchardi 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.2
Hyla versicolor 23.94 1.6° 3.6 23.3° 40.2* 1.8° 5.1° 21.6° 12.9*
H. chrysoscelis 6.4° 0.2° 0.8 4.5° 5.4° 0.3 1.2° 3.4° 24!
Bufo americanus 20.0* 1.8 3.0° 18.8° 17.6* 1.9° 4.4° 16.2° 45
B. fowleri 8.5* 1.0° 1.6° 9.7° 20.8* 0.9° 2.0° 9.1° 40°
Rana pipiens 17.4* 0.2° 0.5 5.4° 7.43 0.2° 0.8 3.6° 4.6°
R. clamitans 8.2* 0.7* 14* 102° 17.1* 0.8* 2.0° 9.1° 4.4°
R. catesbeiana 14.3} 0.1* 0.3 3.7° 23.0* 0.1° 0.5° 3.3° 17.3*
Ambystoma laterale 7.3 0.1° 0.1°  104° 3.3? 0.1° 0.1° 11.0° 5.5°
A. tigrinum 16.6* 0.1° 0.3*  10.4° 5.2° 0.1° 0.2° 10.6° 8.2°
Notophthalmus viridescens 6.8° 0.0° 0.0° 3.9° 3.0 0.0° 0.0° 4.1° 4.9°
Siren intermedia 7.6° 0.0° 0.0 2.4° 3.3 0.0° 0.0° 2.6° 5.5°
total amphibian abundance and had mean values of 9.3 DiscussiON

species, 11.3 years with breeding activity, and
amphibian abundance of 183. They had wetland clusters
with a mean of 25.2 wetlands and 2.5 hydroperiod
classes. These compare to mean values of 3.5 species,
3.5 years with breeding activity, amphibian abundance
of 16.6, wetland clusters of 2.1 wetlands, and 1.2
hydroperiod classes for the other 607 sites. The
megametacommunities are associated with several
landscape variables (Fig. 2). Eighty percent of the 15
wetland clusters that have 14 or more wetlands and at
least two of the three hydroperiod classes have
amphibian megametacommunities. ~ Three of eight
(37.5%) of the wetland clusters with 2—13 wetlands and
all three hydroperiod classes, and eight of 125 (6.4% )
wetland clusters with 2-14 wetlands and two
hydroperiod classes, are megametacommunites. None of
megametacommunities were isolated wetlands, or
clusters with just one hydroperiod class. Eighteen of the
23 (78%) megametacommunites include upland habitat
identified by the IBI conservation tool as km® sections
with greater than 50% cover by important native plants
or core habitat for any of the six species designated for
the region as umbrella wildlife species. The amphibian
megametacommunites are associated with all but two of
the large areas in Jasper County that have large numbers
of wetlands and important native plant or umbrella
animal habitats. The two exceptions are a 37 km” area
near Parr, Indiana and a 12 km® area near Moody,
Indiana, USA. While both areas have a large number of
wetlands, they are mostly isolated or in small clusters
that lack one or two of the hydroperiod classes.

14-year trends.—A combination of frog call surveys
and breeding site surveys for salamanders, egg masses,
larvae, and tadpoles, throughout Jasper County from
1994 to 2007 showed population fluctuations and
relatively stable communities.  Although 1 have
published subsets of data from this long-term survey
(Brodman and Kilmurry 1998; Brodman 2000a, 2000b;
Brodman et al. 2002; Brodman 2003), this is the first
long-term (> 10 years) county-wide survey of an entire
amphibian community. Previous surveys in Jasper
County focused only on the Jasper-Pulaski Fish and
Wildlife Area and did not include call surveys or aquatic
surveys of breeding sites (Grant 1936; Swanson 1939;
Minton 1998). Several species (i.e., Chorus Frog,
American Toad, Eastern Newt) were new county records
found during this long-term survey (Brodman 2003).
There are Jasper County records from the 1930’s for

Plains Leopard Frogs (Rana blairi), Smallmouth
Salamanders  (Ambystoma texanum) and  Slimy
Salamanders (Plethodon glutinosus; Grant 1936;

Swanson 1939). Records of Crawfish Frogs (R.
areolata), Wood Frogs (R. sylvatica), Pickerel Frogs (R.
palustris), Redback Salamanders (P. cinereus), Four-
toed Salamanders (Hemidactylium scutatum), Spotted

Salamanders (A. maculatum), and Mudpuppies
(Necturus maculosus) occur in adjacent counties
(AmphibiaWeb, available from

http://www.amphibiaweb.org, last accessed 27 April
2009). However, none of these species occurred in
Jasper County during this 14-year survey. Based on
anecdotes from fishermen, including some of my
herpetology students, Mudpuppies are the only one of
these species that is likely to be present in the county
today.
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The number of amphibian breeding sites (in total and
for several species) increased, whereas mean species
richness per site, and the mean population size (in total
and for most species) decreased over a period of 14
years. Blanchard’s Cricket Frog declined throughout the
northern portion of its range, including northern Indiana,
and was absent from Jasper County in the mid-1990’s
(Brodman and Kilmurry 1998; Minton 2001; Gray and
Brown 2005; Gray et al. 2005). Moreover, the Northern
Leopard Frog has continued to decline in northern and
central Indiana and other parts of its range since the
1960°s (Gibbs et al. 1971; Lannoo et al. 1994; Minton
2001; Rorabaugh 2005). Another species of special
concern, the Blue-spotted Salamander, decreased in total
abundance. Blue-spotted Salamanders have also
declined in Illinois (Grant 1936; Smith 1961), Ohio,
elsewhere in Indiana (Minton 2001; Brodman 2005), and
throughout its range where native forests and wetlands
have been replaced by agriculture and development
(Petranka 1998). Fire management to open oak savanna
canopy, and competition with Tiger Salamanders and
unisexual populations could be factors in this decline
(Jaskula and Brodman 2000; Brodman and Krouse
2007).

Community associations.—Biotic associations among
amphibian species indicate that Spring Peepers and
Eastern Gray Treefrogs were the best indicators of
amphibian biodiversity. A smaller data set indicated that
Green Frogs were also an indicator species (Brodman et
al. 2002); whereas, the large data set suggests Blue-
spotted Salamanders as a third bioindicator. Blue-
spotted Salamanders were also identified as a
bioindicator of the amphibian and reptile community in
oak savanna habitat (Brodman et al. 2005). Spring
Peepers and Eastern Gray Treefrogs are among the best
indicators of forest habitat quality in lowa and
Wisconsin (Knutson et al. 2000). The strongest
associations among amphibian species were among
Fowler’s Toads, Cricket Frogs, Eastern Gray Treefrogs,
and Cope’s Gray Treefrogs; between Cricket Frogs and
American Bullfrogs; between Spring Peepers and
Chorus Frogs; among Tiger Salamanders, Northern
Leopard Frogs and Blue-spotted Salamander; and a
negative relationship between Chorus Frogs and Tiger
Salamanders. Most of these associations are between
species with different spatial patterns of density within
the county (Brodman 2000b), and a smaller data set
indicated that co-variation with habitat characteristics
were more important than most biotic interactions in
explaining the associations (Brodman et al. 2003).
However, it is likely that predation by salamanders is
causing Chorus Frogs to avoid the breeding sites of
Tiger Salamanders (Skelly 1996).

Climate variables and amphibian abundance.—
Amphibian declines and population fluctuation can be
related to climate (Brodman 2002; Daszak et al. 2005;
Reaser and Blaustein 2005). In this study, climatic
variation among years was more important than annual
trends in explaining most amphibian population and
community trends. After factoring for co-variation with
climatic variables, time was not a factor in explaining
overall amphibian population and community trends;
however, time was an important factor for several
species (Blanchard’s Cricket Frogs, Northern Leopard
Frogs, Eastern Newts) that increased, and for several
species (Chorus Frogs, Easter Gray Treefrogs, Green
Frogs, American Bullfrogs) that decreased in at least one
population demographic from 1994 to 2007.

Small changes in temperature and precipitation during
parts of the year can have important biological
consequences. Temperature and precipitation from
February through June impact the quality and quantity of
breeding sites and recruitment of juveniles (Lannoo
1998; Brodman 2002). Precipitation from August to
November and temperature from October to February
impact survival during hibernation and body condition
during the breeding season (Bradford 1983; Irwin et al.
1999; Tonn et al. 2005).

Regional models indicate that temperature variation
influences frogs more than other amphibians; whereas,
precipitation is more influential with salamanders
(Battaglin et al. 2005). However, in Jasper County,
temperature and precipitation both influenced frogs and
salamanders, although frogs did better in warmer years
and salamanders did better in cooler years. Amphibians
that are most at risk from global climate change are
those at upper tolerance limits of temperature or dryness,
depending on ephemeral or seasonal wetlands, and have
barriers to dispersal (Reaser and Balustein 2005). Many
amphibians found in northwest Indiana are near their
northern, southern (temperature), or western (dryness)
limit of their range. The period during this study was
warmer and wetter than normal, although it was also
drier than normal from September to December. If these
climatic trends continue, then this can become a factor
for amphibian declines.  Blue-spotted Salamanders,
Tiger Salamanders, Cricket Frogs, Cope’s Gray
Treefrogs, Green Frogs, and Northern Leopard Frogs did
worse in warmer years or in years with drier autumns. It
is uncertain to the extent that agriculture and isolation of
breeding sites act as barriers to dispersal.

Metacommunities.—This study provides data in
support of the Lannoo Model (Lannoo 1998) that
predicts that the number of wetlands and hydroperiod
heterogeneity of wetlands influence amphibian
abundance, occupancy, and diversity. Smaller data sets
indicated that hydroperiod of wetlands within 1 km,
number of wetlands within 1 km and 400 m, and non-
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agricultural upland habitat were among the most
important factors influencing amphibian abundance and
occupancy of breeding sites in Jasper County (Brodman
and Killmurry 1998; Brodman et al. 2003). At other
study sites, vegetative cover within 1000 m (Mazerolle
et al. 2005), number of wetlands within 500 m and 3000
m (Price et al. 2005), and hydrology of wetlands within a
complex (Naugle et al. 2005) have also been shown to
influence amphibian demographics. This study also
supports the hypothesis that ephemeral and seasonal
wetlands are ecologically important for the conservation
of amphibian metapopulations because of their roles in
habitat connectivity and successful recruitment of
offspring during wet years (Lannoo 1998; Semlitsch and
Bodie 1998; Naugle et al. 2005).

Landscape factors associated with large amphibian
metacommunities include wetland clusters of 15 or more
wetlands that have ephemeral/seasonal, semi-permanent
and permanent hyproderiods, and upland habitat with
important native vegetation. Expanding agriculture and
development is expected to cause further habitat loss,
fragmentation, wetland isolation, reduced hydroperiod
heterogeneity, and degraded upland habitat.  The
primary land management recommendation is to restore
or protect wetland complexes with 15 or more wetlands
with connecting upland habitat. Wetlands need to vary
in hydrology to create heterogeneity within the
landscape. 1 have identified two locations in Jasper
County that have wetlands and upland habitat, but lack
connectivity. Large metacommunities of amphibians in
these areas could be restored by creating clusters of
nearby wetlands connected by upland corridors.
Amphibian abundance and diversity increased
exponentially to form an amphibian
megametacommunity within the five years after the start
of a large-scale habitat restoration at Kankakee Sands
(30 km from Jasper County; Brodman et al. 2006).
Habitat restoration there included creating wetland

clusters with permanent, semi-permanent, and
ephemeral/seasonal wetlands, and native upland
vegetation connecting remnant populations.

Long-term  studies of metacommunities and

metapopulations at landscape spatial scales are valuable
to ecological modeling and conservation designs (Cody
1996; Storfer 2003; Daszak et al. 2005; Whiteman and
Wissinger 2005; Milne and Bennett 2007). Research
and conservation efforts for pond-breeding amphibians
need to focus on wetland clusters as land management
units (Petranka et al. 2004). This 14-year study is
intended to be an interim report of a long-term on-going
study of the entire amphibian community in Jasper
County, Indiana. The trends of amphibian populations
and community dynamics detected over 14 years
indicate that habitat characteristics at the landscape
scale, and climate variables are important determinants
of pond-breeding amphibian abundance and breeding.

Future aspects of this research program will focus on
questions  related to  wetland clusters and
metacommunity ecology.
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