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Landscape habitar associations of frogs and toads in lowa and Wisconsin were tested to determine whecher they supporc or refure
previous general habitar classifications. We examined which Midwestern species shared similar habitas co see if these associacions were
consistent aceoss large geographic areas (states). Bane syluatica (wood frog), Hyle sersicolor (castern gray treefrog), Preadacris orseifer
{spring peeper), and Acris crepitans (cricket frog) were identified a3 forest species, B sriteriate (chorus frog), H. chrysacelis (Cope's gray
coeefrog), R pipiems (leopard frog), and Bufe americanes (American toad) a5 grassland species, and R. saverbeiana (bullfrog), RB. clamitans
(green frog), R, palieris (pickerel frog), and R. sepremtrisnalis (mink frog) as lake or scream species. The bese candidares ro serve as
bicindicators of habitac quality were che forest species B syloarica, H. versicoler, and P. oracifer, the grassland species R. pipiens and B
iriteriata, and a cold warer wetland species, B palustri. Declines of P erucifer, R pipiens, and R. palusiris populations in one or bath
stares may reflece changes in habitar qualicy. Habirar and community asseciations of some species differed berween seaves, indicating
that chese relationships may change across che range of a species. Acris orepitans may have shifted its habirat dffinities from open
habitats, recorded histerically, to che more foresced habirar associations we recorded. We suggest contaminants deserve more investi-
gation regarding the abrupt and widespread declines of this species. Interspersion of different habitar types was posicively associated
with several species. A larger number of wetland parches may increase breeding opportunities and increase che probability of at least
one site being suitable. We noted consistently negative associations between anuran species and urban development. Given the current

trend of urban greweh and increasing densicy of the human population, declines of amphibian populations are likely to continue.

INDEX DESCRIPTORS: Landscape, Anuran, frog, toad, habitat, bisindicacer

Most of whar is known about anuran habitar associations in the
Upper Midwest is recorded in species accounts (Vogt 1981, Chris-
tiansen and Bailey 1991, Oldfield and Moriarcy 1994). These ac-
counts were derived primarily from the cumulative knowledge and
expetience of field biologists, rather than from quantitative daca.
Species accounts also tend to focus on habitar as defined by the cype
of breeding habitar (wetland) rather than the landscape context. Ev-
idence is growing thar surrounding landseapes may be as important
to amphibians as the quality of che breeding sice itself. The landscape
influences dispersal, metapopulation dynamics, and inputs of nucti-
ents and contaminants {Hecnar and M'Closkey 1996, 1998, Findlay
and Houlahan 1997, Dodd and Cade 1998, Leheinen er al. 1999),
In Wisconsin, several species with declining population trends spend
large portions of their lives in upland habitats, so an assessment of
these habitats is warranted (Mossman ec al. 1998), Traditional species
accounts also rend to assume that habitar associations are consistent
across the ranges of species,

Anurans have been proposed as indicators of wetland habitat qual-

ity because of their widespread occupancy of wedlands and their vul-

necability to environmental hazards at che breeding site (Vite ec al,
1990). Species useful as bicindicators are common enough to be
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routinely identified in specific habirats, but disappear from the most
degraded sites (Angermeier and Karr 1994), Amphibians have per-
meable skin (Jorgensen 1997), a complex life history, and adult, egg,
and larval stages are exposed to toxic herbicides and pesticides at
aquatic breeding sites (Berrill et al. 1997, Howe et al. 1998). Ag-
riculrural chemicals may be reducing the quality of wetland habirats
adjacent to tilled fields (Hanson et al. 1994, Freemark and Boutin
1995), In addition, sublethal effeccs of these stressors may make
individuals more susceptible to other pathogens (Kiesecker and Blau-
stein 1997a).

Amphibians may be vulneeable to habitat fragmentation because
of their complex life history patterns and merapopulation dynamics
{Mann et al. 1991, Vos and Stumpel 1993, Delis et al. 1996, Marsh
and Pearman 1997, Gibbs 1998b, Hager 1998, Vos and Chardon
1998, Lehtinen et al. 1999). Fragmentation of habitat could con-
tribute to amphibian population declines, especially in the Midwest
where agriculture dominates the landscape. Draining and filling of
wetlands has fragmented wetland habitats and changed che distri-
bution and quality of wetlands in agriculural landscapes (Galarow-
itsch and van der Valk 1994). The dispersal patterns of amphibians
are likely to be influenced by habitat quality and distance becween
available breeding patches (Dodd and Cade 1998, Gibbs 1998a). A
highly fragmented landscape increases the extinction probabilities of
local metapopulations (Blaustein et al. 1994). Exotic species intro-
ductions have also been blamed for local impacts on amphibian pop-



ANURAN LANDSCAPE ASSOCIATIONS

ulations (Kats et al. 1988, Werner and McPeek 1994, Kiesecker and
Blaustein 1997h, Kupferberg 1997, Lannoo 1998).

Frog and toad surveys in Wisconsin and Towa have been ongoing
for over 10 years (Hemesach 1998, Mossman er al. 1998). These
surveys provide a unique opportunity to examine anuran habicar as-
soctations using quantitative dara. We examined landscape habirar
associations of anuran species in Towa and Wisconsin and tested
whether our data support or refute previous anuran habitar classifi-
cations. We make recommendacions regarding anuran species as
bicindicators of wetland habitat quality. We also idencified which
species shared similar habirar associations and determined whether
those associations were consistent across large geographic areas
(states).

METHODS
Survey Methods

We used surveys of anuran calls conducted by volunteers in the
states of Towa (Hemesath 1998) and Wisconsin (Mossman et al.
1998) as a measure of species relative abundance at each suevey poine.
Volunteer sucveys are the only source of information on amphibian
populations over regions as large as states and are critical components
of state-level amphibian monitering programs (Shirose et al. 1997).
Roadside survey locations were selected subjectively by volunteer
observers. Volunteers were provided training tapes and specific pro-
tocols regarding data collection and recording. All surveys were con-
ducted ar night. Anurans were surveyed three times each breeding
season at each survey point, with the timing analogous between the
states, buc adjusted to accommodate differences in latitude (see Ap-
pendix A for list of species). In lowa those times were: 1-28 April,
7 May—4 June, and 13 June—10 July. In Wisconsin they were: §-28
Apal, 20 May=3 June, 1-15 July. The relative abundance of each
species was recorded as 2 call index value of 1, 2, or 3 (few, some,
and many, respectively).

We identified a peak breeding time period for each species based
on their maximum calling periods. Data were included for a species
at & particular point if the survey was conducted ducing a peak
breeding time period at least three times from 1991-95. The max-
imum call index value at a survey point was defined as che abundance
index of the species at thar point. The maximum value represents
the highest populacion level an individual survey location could pro-
duce for a given species—che wetland at its best. We included in
the analysis all survey points that met the above criteria, were within
the range for each species (Christiansen and Bailey 1991, Casper
1996, Mossman et al. 1998), and were =2000 m apart. Survey lo-
cations were distribured across both states (n = 118 in lowa, n =
260 in Wisconsin.

Landscape Variables

The anuran survey points were located on and digitized from
USGS 7.5 minute quadrangle maps. A circle of radius 1000 m
around each survey point was determined to be the smallest size
scale limitations of the spatial data would allow. This distance was
found to be optimal in a similar analysis of ctreefrog habitat associ-
ations in Europe (Vos and Stumpel 1995). The area measured was
much larger than che home cange for mose anurans, but smaller than
the maximum dispersal distance recorded for some anucans (Stebbins
and Cohen 1995). The area therefore represents a reasonable area of
landscape influence, from a metapopulation perspective.

Several geographical information syscem (GIS) data sets were used
t0 obtain the landscape habitat variables used in the analysis, Digi-
tized maps (scale = 1:24,000) of the locations and actributes of
wetlands in Iowa were obtained from the US. Fish and Wildlife
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Service (1981-92) Mational Wecland Inventory (NWI) (heep:s/
www.nwi.fws.gov; Cowardin et al. 1979, Wilen and Bates 1995).
Maps for Wisconsin were obtained from the Wisconsin Wetland In-
ventary (W) (Wisconsin Department of Natural Resources 1984—
96; scale = 1:24,000) and the Wisconsin hydrology coverages (U S.
Geological Sucvey 1987-96; scale = 1:100,000). U.S. Geological
Survey (1986) land use and land cover (LULC; scale = 1:250,000)
maps were used for both seates, We created maps that included gen-
eral information abour land-cover types and detailed information
about wetland areas by overlaying the NWIMWWI polygon coverages
on the LULC coverages. The maps were generalized into che follow-
ing classes: forest, agriculture, urban, open warter, emergent wetland,
and forested wetland (Table 1)

We used the FRAGSTATS spatial pattern analysis (McGarigal and
Marks 1994) software to calculace several landscape metrics for each
area (Table 1). The NWI/MNWI dara sers included line (Jowa only)
and point coverages of wetlands oo small co be mapped as polygons.
We included as additional variables the sum of the length of these
lines and the total counts of these wetlands for each buffer. The
landscape habitar variables used in che analysis were grouped into
composition, diversityledge, and patch variables (Table 1).

Statistics

We analyzed the daca for each state separately because of differ
ences in latitude and because management applications of the re-
search will be implemented ac che state level. Principal components
{PC) analysis (SAS Institute Inc. 1990) was used co generalize the
individual habicar variables into a smaller number of components,
which were named based on their correlations with individual vari-
ables. The principal axis method was used to exteact the components,
and this was followed by a varimax (orthogonal) rotation. PC analysis
is useful because it can simplify multivaciate data sets. Step-wise
logistic regression was used to assess the relationship berween abun-
dance classes for each species and the individual habitar variables. A
second logistic cegression analysis examined the relationship between
each species and che PCs. A significance level of P < 0.3 for the
Wald chi-square statistic was required for a variable to enter the
model and a level of P < 0.15 to remain in the model. If the null
hypothesis under the score test for the proportional odds assumption
was rejected (P < 0.05), abundance classes were merged until che
test failed to reject.

Cluster analysis was used to create tree diagrams of associations
among those species identified ac more chan 30 sives. Ward's mini-
mum variance method was applied to standardized maximum abun-
dances of each species at all survey poincs (SAS Institure Ine. 1990).
The cluster analysis shows species relationships based on co-occur-
rence, while the regressions show how species are related to habicar
variables. These two measures of association give different perspec-
tives on how species are related to each other and to che landscape.
Cluster analysis may also be useful for identifying groups of species
that would benefic from similar management,

Habitar Classifications

Our data were compared with general habirar associations pub-
lished by the Minnesora Department of Natucal Resources (1997).
In that publication, the authors classified Prewdacris crucifer, Bufo amer-
icanws, Rana sylvatica, and Hyla versicolor as forest species; R. catesbei-
ana, Acrit erepitant, R, clamitans, . paluseris, and R, septentrionalis as
lake or stream species; and B. eognatus, B, pipiens, P triveriata, and H.
chrysoscelis as grassland species. Bafo woodbowsii has a similar range in
lowa as B. cognatas, and we considered it a grassland species (Chris-
tiansen and Bailey 1991). We evaluated how our dara supported or
failed to support these peneral habicae classifications., We expected
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Table 1. Landscape variables used in the analysis. Descriptions refer to characteristics of the 1000 m radius buffer surrounding

each survey point.

Description

Variable Type Acronym General Habicar {area in m?, length in m)
Composition FOCA Forest Area of forest (deciduous, evergreen, mixed)
AGCA Grass Area of agricultural land (cropland, pasture, orchards, other agri-
URCA cultural land)
Presence or absence of urban land (residential, commercial, indus-
trial, cransporation)
WACA Lake Arca of water (lakes, rivers, reservoirs)
WEMCA Grass Area of wetland-emergent vegetation
WA Forest Area of wetland-forest/shrub
MNPERM_AR Area of non-permanent wetlands
PERM_AR Lake Area of permanent weelands
WETM Length of all wetlands mapped as lines (lowz only)
WET.CT Number of all wetlands mapped as points
Diversityledge WEMED Grass Edge density (m of edgefha) of wetland-emergent
WEFOED Forest Edge density (m of edge/ha) of wetland-forest/shrub
EDGFO Farest Total lengeh of edge berween forest and all wetland types, includ-
mg water
EDGAG Grass Total length of edge between agricultural and all wedland types,
including water
EDGUR Presence or absence of edge between urban and all weeland types,
including water
SHDI Shannon diversity of patch types/area (index of patch diversity)
Patch WEMAW Grass Area-weighted mean pacch fractal dimension of wetland-emergent
(highly convoluted patches)
WEOAW Forest Arca-weighted mean pacch fraceal dimension of wecland-forest/
shrub (highly convoluted patches)
Principal Components FORESTED WETLAND Forest Dominated by forested wetland cover types and edges (WFOCA,
NPERM_AR, and WFOED)
UPLAND FOREST Forest Dominated by upland forése cover types and edges (FOCA, EDG-
FO)
EMERGENT WETLAND  Grass Dominated by emergent wetland cover types and edges (WEMCA,
WEMED, EDGAG, and WEMAW)
LAKE Lake Dominated by water cover types and edges (WACA, PERM_AR)
URBAN Dominated by urban cover types and edges (URCA, EDGUR)

o find positive associations between the forest species identified
above and our forest variables (FOCA, WFOCA, WFOED, EDGFO,
WEFOAW, FORESTED WETLAMD, and UPLAND FOREST, sec
Table 1 for definitions). Similarly, we expected to find positive as-
sociations between the lake, stream, and river species identified above
and our warter variables (WACA, PERM_AR, and LAKE). Finally,
we expected positive associations between the grassland species iden-
tified above and our agriculture and emergent wetland variables
(AGCA, WEMCA, WEMED, EDGAG, WEMAW, and EMER-
GENT WETLAND). We used the sign test (Zar 1984) to examine
whecher single habitac associations were significant among species.

RESULTS

Data were obtained for 118 survey locations in lowa and 260 in
Wisconsin. If a species’ range did not cover the entire stace, the
sumber of survey locations for that species was less than the roral
tumber of survey locations in the state. The firse five components
(Table 1) in che PC analysis explained 75% of the variance in the

itat data. Logistic regressions were significant for 12 species in

each state (Appendix A); landscape habirar associations were sum-
marized for 14 species of anurans, including both states (Table 2).
Bufa copnatus and B. woedbonsii were found only in lowa, while R.
seprentrionalis and R, sylvatica were found enly in Wisconsin.

Cluster analysis tree diagrams of species associations between
states showed some similarities, but also some differences (Fig. 1).
Psesedacris erucifer and H. sersicolor have a close association in both
states, as do P friseriata and B. americanns, and R, pipiens and H.
chrysoscelis. However, R, dlamitans and E. catesbeiana were associated
with differenc species in each seace.

Every species had ar least one positive or negative association with
one of the habitac variables. Our data supported the general habirac
associations identified by the Minnesota Deparement of Natural Re-
sources (1997) for the forest species H. sersicolon, P erncifer, R, sylvatica
and the grassland species H. chrysoscelis, . pipiens, and B triteriata
(Table 2).

Qur data provided some support for the predicted general land-
scape habitat associations of lake and stream species R. caverbeiana,
R. clamitans, R. palustris, and R. septentrionalis, but the relationships
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Table 2. Significant habitat variables in logistic regression models of species abundance classes for Iowa (1) and Wisconsin (W),
Species names are abbreviated as follows: Ba (Bufo americanus), Be (B. cognatus), Bw (B. wosdhousif), Ac (Acris crepitans), He
(Hyla r.n_Er}unsceIu}, Hv (H. versicolor), Pc (Pseudacris crucifer), Pt (P. triseriata), Rea (Rana catesbeiana), Rel (R, elamitans), Rpa (R.
palustris), Rpi (R, pipiens), Rse (R. septentrionalis), Rsy (R. sylvatica).

Species Ba Be

Bw Ac He Hv

Forest

Habitar* Crrass Grass

Grass

Lake

Forest Grass Forest

State I W I W I

W I A I W | W

a) Individual**
FOCA
AGCA P
URCA
WACA
WEMCA B
WEOCA
NPERM_AR N
FERM_AR
WETM P
WET.CT N
WEMED
WFEFOED
EDGFD
EDGAG P P
EDGUR P
SHDI
WEMAW
WFOAN N P

b) Principal Components**
FORESTED
WETLAND P
UPLAND
FOREST _ N —_—
EMERGENT
WETLAND F P —
LAKE _
URBAN —_— P

Lrrrrerrrrrrrrrrrd

A - =
- T A
o z
=

Frrrrrrrrrrrr e

— N P P

— N N
— P
— N N N M

=

*Prc:_i:c::ad general habitac associations (Minnesota Department..of Narural Resources 1997). When our data contradicted the expected
association, our _habitats are shown in italics. Bold print indicates support for the predicted associations, underlining indicares weaker
support, and plain text indicates our data failed to support predicted habitat associations.

**Habirat variables that contributed to the logistic regression model are shown as P (positive) or N (negarive) in their association with
anuran species. A (—) indicates no data available because that species was not present within that state. Bold priat indicates relationships
in the expected direction, based on predicted habitat associations. See Appendix A for details of the regression models.

were less consistent. These species were associated with lake habicars,
but they were also s.sso-ciamfe with other habitar types. In some cases,
the associations were not the same in both states. Rana catesbeians
and R. seprentrionalis were associated with boch lake and forest hab-
itats. Rame palustris was associated with lakes in lowa and forescs,
wetlands, and agriculture in Wisconsin, Rama clamitans was associ-
ated with lake variables only in Wisconsin.

The data failed to suppore predicted landscape habirar associarions
of B. americanus, B. cognatxs, B. woodhousii, and A. crepitans. Bufo
americanus had positive associations with grassland variables, not for-
est variables, as predicted. Similarly, A. erepitans had closer associa-
tions with forests than wich lakes, again contradicting the predicted
association. Our analysis has limited value for predicting landscape
habitac associations for B. cognains and B. sii. These species
had few positive associations, none of which were our grassland var-

iables. The species were observed at only 7 of 32 and 12 of 58 sites,
respectively, within the range of these species.

Of all che habirar variables, only che PC URBAN mects the sign
test criteciz (P << 0.05) for significant association among all species.
Significant negative associations with URBAN occurred for 10 of 11
species. The other PC's had more positive than negative associations
across all species, but the ratios did not meet the test for significance.
Pacch diversicy (SHDI) was posicive for six species and negative for
Qne.

DISCUSSION

The common species in each state [Wisconsin: B erwcifer (forest),
H. wersicolor (forest), B. americanus (grass), and B, clamitans (lake);
lowa: P. triteriata (grass) and B. americanus (grass)] reflect che domi-

R
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Table 2, Extended.

Pc Pt Rea Rel Bpa Rpi Rse Esy
Forest {rrass Lake Lake Lake CGirass Lake Forest
I W I W I W I W I W I W | W I W
P P N M F — P _ P

N F p — —_
[N I M — —_
N P — ) —_
M P P —_— —
N P P — —
N P N P 4 —_ —_
P P — —_—
N —_ _—
M N N — P —
P P —_ — M
P N P — — P
P P M — —
P P M e —
N J— —
M P P . — P —_—
p —_ —_—
N N N — —_ g
ST P — — p
P N M P M N — P —
P P P — _— M
P N P P P P —_ P —_—
) N N N N - —_

nant habitats in the ewo states. Wisconsin has considerably more
forest and lake habitats than Iowa which is dominated by open ag-
ricultural land. Orther studies (Bonin e al. 1997, Heenar and
M'Closkey 1997) indicate that B. americanss is a generalist anuran
species. The affinity of B. americanus for agricultural and urban edges
in our study supports this claim. It was one of only two species that
showed any positive associations with urban variables. As a habitac
generalist, B. amerivanay is difficult to assign to a particular habita
class. Bufo americanus can be expected to be relatively insensitive to
* habieat degradation and would be a poor choice as a bioindicator of
habitat qualicy, '

The close association we observed between R. syluatica, H. versicolor,
and P. erucifer and forest habitacs supports the findings of Hecnar
and M'Closkey (1997) in Ontario and Bonin et al. (1997) in Quebec,
These sE:ccics have potential as biotic indicators of forest health be-
cause of their consistent association with forests.

The increasing intensity of row crop ageiculture and decreasing
quality of grasslands in the Midwest have been identified as serious
threats to grassland birds (Johnson and Schwartz 1993, Boren et al.
1997, Heckert 1997a, 1997h). Similar landscape changes may cheeat-
n grassland amphibians as well. Because of their consiscent associ-
itions with emergent wetlands and grasslands, R, pipiens and P. tris-

¢riata are good candidates for biotic indicators of grassland health.
Bowers et al. (1998) also suggests use of B friseriata as a bioindicaror,
based on studies in North Dakota. Dramacic declines in R. pipiens
populations during the 19705 in several Midwestern scates (Heme-
sath 1998) correspond with increasing invensity of agriculeure during
the same period and probable habitar loss and fragmentation. Loss
of grassland habicat accelerated from the 1970s through che 1980s
because of conversion of forage and pasture land to row crops (Iversen
1988). Recent observations that P. friseriata is experiencing popula-
tion declines across lowa (Chrisciansen and Van Gorp, unpubl.) raises
concerns about grassland habitats in that state. In addition, evidence
that R. pipiens is declining in Wisconsin {(Mossman et al. 1998) sug-
geses chae grassland habicaes chere may be under scress. The USDA
Conservation Reserve Program has porential imporrance for grassland
anutan populations, as has been documented for grassland bird pop-
ulations (Best et al. 1997).

MNane of the lake and stream species demonserated clear habitae
affinities, complicating their potential role as biotic indicators of the
healch of permanent waters. Generalist habitar associations make ic
difficult to classify R. dlamitans into 2 single habitar category. We
found R. clamitans associated with non-permanent wetlands in Iowa,
and diverse landscapes and emergent wetlands in Wisconsin, It is
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one of the most widely distributed anurans in Wisconsin (Mossman
ct al, 1998). Rana elamitans was also the most common species found
in southern Ontario (Hecnar and M'Closkey 1997). Rana clamitans
was associated with permanent water bodies and forests in Quebec
{Bonin et al. 1997). Others have shown that R, damitans is widely
distributed among many types of wetlands, from permanent to tem-
porary {(Werner and McPeek 1994). Of the other lake and srream
species, R. catesbeiana has been widely incroduced into wacer bodies
(Lannoo 1996}, changing its narucal distribution pattern. Rana sep-
fentrionalis has a restricted, boreal distribution (Casper 1996) and R.
palustris had inconsistent landscape habirar associations, being asso-
ciated wich lake variables in Jowa and forest, agriculture, lake, and
patch diversity variables in Wisconsin. However, given the associa-
tion of B. palustris with cold water streams and high qualicy wetlands
{Voge 1981), primarily in the Driftless Area ecoregion of western
Wisconsin, norcheasceen lowa, and southeastern Minnesota, it could
be considered a biotic indicator for cold water wecland habitats such
as forested streams and spring-fed wetlands. Concerns over R. pal-
asiris populacions in three states (Oldheld and Moriarcy 1994, He-
mesath 1998, Mossman et al. 1998) indicate that it is likely sensitive
to environmental stressors. Voge (1981) wamned chac R, palusiris is
sensitive to changes in water quality (requiring cold water for breed-
ing) and has been historically rare in Wisconsin.

Landscape habitat associations and communicy relationships for
some species varied berween the seares. Ochers have also found chat

amphibian community associations differ among regions. Hecnar and -

M'Closkey (1997) used methods different from ours to examine com-
munity associations among amphibians in Ontario, Canada. Excepr
for the forest triad of R. sylvatica, H. versicolor, and P. crucifer, the
species associations they found are not the same as the ones we iden-
tified. Furthermore, Hecnar and M'Claskey's (1997} associations do

not match those of amphibians in Michigan (Collins and Wilbur.

1979). Why do anuran species associations wichin a community show
different patcerns from one region to another? Limiting resources
may vary from one landscape to another; competitive or predatory
factors (fish or R. catesbeiana depredation) may be more severe in
cercain locations (Kats et al. 1988, Werner and McPeek 1994). The
implication is that one habitat management prescription for a species
may -not-
ecological community companions change across space or time.

It is necessary to understand how community relationships are
structured and whac limits populations before effective management
can be applied. We found that R. pipéens, R. clamitans and H. chry-
soscelis in Towa frequently co-occur with R. catesbeiana, based on the
cluster analysis. Does chis affect their populations? Rama pipiens and
H. cbrysoscelis populations have experienced declines in Iowa (He-
mesath 1998), whereas R. dlamitans populations have remained stable,
perhaps because the larvae of this species are unpalatable to predatory
fish (Kats ec al. 1988). When predators, such as . catesbeiana are
introduced widely into new habitacs, it could affect species assem-
blages (Lannoo 1996). At present, K. caterbedana has been discributed
more widely for aquaculture in Iowa than in Wisconsin (M. Lannoo,
pers. comm,; B. Hay, pers. comm.) and this may explain some of the
differences we observed becween the staces, Werner and McPeck
(1994) experimentally demonstrated char predator effects differ be-
tween populations of R. catesbeiana and R. clamitans.

Habitat associations may be helpful in identifying differences in
habitat preferences among closely-relaced species, or in identifying
species that could be at risk from changes in land use or management
practices. For example, H. verricolor and H. chrysoscelis have differences
in habitat prefecence consistent across the two states, Hyla versicolor
is more closely associated with forest cover than H. chrysoscelis. This
matches the differences in habitat preferences identified by Vogt
(1981) and Oldfield and Moriarty (1994} who describe H. chrysascelis

appropriate in all locations if habitat preferences and.
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as a prairie of oak savanna species and H. vervicolor as a woodland
species. Because the calls of che species are similar and can vary with
temperature, the accuracy of observer records has been questioned
(Hemesach 1998). It appears thar many of our observers disein-
vished these species accurately; if they had not, we would detect
ew differences in landscape habitat associations.

A species of immediate concern in the Upper Midwese is A, ore-
pizans, It has viroually disappeared from Minnesota (Oldficld and
Moriarty 1994), nocthern lowa (Hemesach 1998), and most of Wis-
consin (Casper 1996, Mossman et al. 1998). Our data indicate pos-
itive landscape-scale associations wich forest cover and forest edges
and a negative association with urban variables in both seates. Sample
sizes in Wisconsin were too low (8 sites) co make strong incerpre-
tations of the dara. Based on the lowa cluster analysis, A. crepitans is
mest frequently found with H. versicoler Jung (1993) observed that
A. erepitans most frequently shares habitars wich B, clemitans in-
southweseern Wisconsin. Hay (1998) sugpgests thae factors such as
climate change, a shore life span, and microhabitat changes in pond
bank vegetation may have contribured to A. orgpitans declines. Lan- -
noo (1998) proposes that the cumulative effects of stressors, such as
drought and a higher incidence of predacors in breeding ponds are
likely facrors leading to A. ergpitans declines. )

Habitar changes alone seem unsatisfactory as an explanacion for
the precipitous population declines of A. erepitans, once a common
species. The species appears to have cxperienced nor only a range
contraction, but 2 shift in habitat associations away from more open
habitats (as reporced in hiscorical accounts) toward more forested
habirars four dara), at least in lowa. Could conctaminane effects be
influencing both of these patterns? Declines began after 1950 (Hay
1998), a cime when agricultucal chemicals came into wide use. Open
grassland habitats have largely been converted to intensive row-crop
agricultire or are adjacent to intensive agriculture, where herbicides
and pesticides are widely used. Forested habitats are presumably less
directly affected by chese chemicals and could serve as refugia or
corridors for movement. Contaminants can produce direct mortalicy, |
delay metamorphaosis, or affect neurological functioning and predator
avoidance behavior (Diana and Beasley 1998). Small delays in meta-
morphosis would stress populations, since A, erghitans breeds late in
the summer and juveniles must accurnulate nutrient resecves before
winter. These effects would be most pronounced in noctheen popu-
lations, where winters arrive earlier and are more severe, Conversely,
a contaminant could be distributed in a pattern that correlates with
A. crepitans declines because of the biogeochemical properties of the
soil, distribution of point sources, or patterns of agricultural appli-
cation, etc. Other amphibian species exhibit adverse responses to
agriculcural chemicals. Rene pipiens and B. americanss larvae were
found to be more sensicive chan fish species to atrazine and alachlor, .
two commenly used agricultural chemicals (Howe e al. 1996). Itis

notable that contaminant effects on amphibians at the population - -

level have rarely been demonstrated, despite proven laboratory effects
{Hecnar 1995, Russell ec al. 1995) and predicted amphibian vul-
nerability due to permesble skin, complex life cycles, and close as-
sociations wich pollured wetlands [bur see Fashingbauer {1957) con-
cerning DDT effeces on R sylvatica]. The possibilicy that A, orepitans
has some unrecognized vulnerability to a contaminant deserves more
attention.

Utban environments peesent a number of hazards for amphibians,
Conversion of wetland habitars to other uses, proliferation of roads,
urban predators, and contaminant run-off from lawns and industrial
areas are all pocencial problems for amphibian populations. The haz-
ards of an urban environment for anurans have been discussed in
depth elsewhere (Fahrig er al. 1999, Ashley and Robinson 1996,
Spellerberg 1998, Knutson et al. 1999). Some species may be more
affecred by uchan development than others, due to life history or
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behavioral characteristics chat increase their vulnerability. For ex-
ample, species that migrace between different habitacs are at higher
cisk from road morcality than species that remain in a single habirat.
The negative association of P. cracifer with urban habicats supports
the hypothesis that urbanization may be contributing to its popu-
lation decline in Wisconsin (Mossman ct al. 1998). Urbanizacion
should be considered a potential scressor in any investigation of am-
phibian population declines and may be 2 serious problem in srares
with a high proportion of developed land.

Landscape patch diversicy (SHDI) is 2 measure of interspersion or
fragmentation of habitac pacches within the buffer surrounding the
survey point. Qur finding that many anuran species are posicively
associated with pacch diversity is in accord with the findings of Mann
et al. (1991) who found that the probability of species occupancy
increased as the number of breeding pools increased and Vos and
Stumpel (1993) who found chat pond densicy was higher sucround-
ing occupied vs. unoccupied ponds. Interspersion of different habitac
types may increase breeding opportunities and increase the proba-
bility of ac least one site being suitable. Incerspersion of habitar
parches could also affecc anuran dispersal abilicy. Hecnar and
M'Closkey (1997) found a positive relationship beeween good dis-
persal abilicies and high incidence. Our dara fail to suppore this
celationship. Hyla versicolor, with one of the lowest reported maxi-

mum dispersal distances (Hecnar and M'Closkey 1997}, was one of -

the most common species in Wisconsin, The same was crue for P
friseriata in lowa, . .

Hager (1998) applied island biogeography theoty to amphibian
communities and found that H. wersicolor was not present on small
islands in che Grear Lakes, indicating thar the species was area-
sensitive. We cannot compare our data direcdy, but if H. wersicolor is
area-sensitive, we would expect to find 2 negacive association berween
H. versicolor and parch diversity or one of the edge measures. We
found instead a positive association wirth parch diversicy and a neg-
ative association wich urban edges in Wisconsin,

Limitations of our scudy included non-random selection of survey
points (Mossman e al. 1998), landscape data of varying ages, and
lack of experimental manipulations of land cover. Therefore, our re-
gression analyses should be viewed as exploratory. Despite these lim-
itations, we have refined our knowledge of habitar associations for
anurans in the upper Midwest and identified some potential risk

factors. Improvements in both anuran survey techniques and the

availability of current GIS maps across large geographic regions will
increase our ability o define and test specific landscape habirac as-
sociations for anuran species.

Management ImpIicatEcﬁ.s

We suggese that K. sylvatica, H. versicolor, and P. erucifer be further

investigated as bioindicators of forest healch, R. pipiens and P gris--

eriata as bioindicators of grassland health, and R. pafustris as a bioin-
dicator of cold water wetlands, For example, these species are likely
candidates to be included in monitoring effores designed to detect
declines in ecosystem hezlth in the Midwest, Managers should seek
to improve the quality of forest, grassland, and cold water wetland
ccasystems in the Upper Midwest for amphibians, given concerns
about P. erucifer, R. pipiens, and R. palustris populations in one or both
states. This means conserving and enhancing existing werland com-
plexes with an incerspersion of different habitat types, ideal breeding
habitacs for many anurans, Efforts should be made to restore wetlands
where they have been lost. Care should be taken to avoid unnecessary
tntroduction of predators on amphibian larvae (fish and R. catesbeiana)
into wetland systems. More information is needed on specific risk
factors for amphibians living in urban environments. Land use plan-
ners should consider the potential negative effects on amphibian pop-

ulations of urban sprawl and seck to minimize theeats to chese pop-
ulacions. We suggest contaminancs deserve more investigation re-
garding che abrupt and widespread declines of A. crepirany,
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