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ABSTRACT

The Effects of Conservation Programs on Amphibians of the Prairie Pothole Region’s
Glaciated Plain

Caleb J. Balas

Recently, the United States Department of Agriculture’s Natural Resource
Conservation Service and Farm Service Agency have been required by the Office of
Management and Budget to quantify the effects of the conservation programs they
administer. For example, they are currently examining the influence of the Conservation
Reserve Program and the Wetlands Reserve Program on various ecological services
including biodiversity, carbon sequestration, sediment reduction, and water quality
improvement. In response to these reporting requirements and the conservation
community’s concern for amphibian declines in the Great Plains of North America, I
conducted this study to assess the effect of land-use change on amphibian species
richness and occupancy of seasonal wetlands in the Prairie Pothole Region’s Glaciated
Plain. In the summers of 2005 and 2006, I used three survey techniques (automated call
surveys, trapping with aquatic funnel traps, and visual encounter surveys) to detect eight
amphibian species at 40 seasonal wetlands. I partitioned my study by land-use (farmed,
restored, and natural) and spatially distributed my three study sites to capture natural
ecological gradients of the Glaciated Plains. I found amphibian species richness to vary
by study site location and wetland land-use. Similarly, I found that probability of
occupancy of amphibian species varied by study site location and(or) wetland land-use.

In general, I found that farmed wetlands negatively impacted amphibians in seasonal
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wetlands. More specifically, farmed wetlands that had been tile drained were of less
value to amphibians than farmed wetlands drained with open ditches. My study indicates
that restored and natural seasonal wetlands provide comparable habitat for most
amphibian species inhabiting seasonal wetlands. My results suggest that the restoration
efforts of federally funded conservation programs have largely been successful in
providing suitable habitat for most amphibian species utilizing seasonal wetlands.

Hence, the Conservation Reserve Program and the Wetlands Reserve Program are
important in the conservation of amphibians in the Prairie Pothole Region’s Glaciated

Plain.
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INTRODUCTION

Declining amphibian populations throughout the Great Plains of North America
are of considerable concern to the conservation community (Blaustein and Olson 1991,
Lannoo et al. 1994, Lannoo 1998, Semlitsch 2000, Gray et al. 2004). This concern has
stimulated much interest in understanding the underlying causes of these declines and
identifying appropriate remedial actions. Unfortunately, specific factors responsible for
amphibian declines are not well understood, though many factors are suspected
including: (1) anthropogenic land-use change, (2) climate change, (3) acid rain, (4)
disease and pathogens, (5) increased ultraviolet light penetration, (6) invasive species, (7)
chemical contaminations, and (8) commercial trade (Houlahan et al. 2000, Semlitsch
2000). While these factors and the synergistic relationships among them are likely
contributing to the decline of amphibian populations, anthropogenic land-use change is
thought to be the most pervasive. Thus, reducing or mediating the effects of land-use
change provides the most promise as a management tool to stabilize or reverse declines in
amphibian populations.

Anthropogenic land-use change that alters traditional amphibian habitats has been
linked with amphibian population declines in the southern (Gray et al. 2004) and northern
(Lannoo et al. 1994, Lannoo 1998, Larson et al. 1998, Knutson et al. 1999) Great Plains.
Land-use changes most often associated with these declines include: (1) draining and
filling of wetlands, (2) sedimentation in important habitats, (3) compaction of soil, (4)

increased application of agrichemicals, (5) conversion of native plant communities to



agricultural crops, (6) stocking of fish, (7) logging, and (8) construction of roads
(Knutson et al. 1999).

While several studies have linked land-use change with declines in amphibian
populations, some amphibian species appear to benefit from certain anthropogenic
perturbations. For example, Gray et al. (2004) found more New Mexico spadefoot (Spea
multiplicata) and plains spadefoot (S. bombifrons) toads in cropland playa wetlands than
in native grassland playas. However, the authors suggested that the differences they
observed may have been attributable to decreased vagility of these two species or to
decreased predator abundance within cropped wetlands, resulting in increased nestedness
and abundance at natal wetlands. Similarly, Euliss and Mushet (2004) found that
livestock water development projects in western North Dakota favored tiger salamanders
(Ambystoma tigrinum). These livestock water developments typically involved
impounding or excavating natural wetland basins to lengthen hydroperiods to enhance
water availability for livestock; the resulting hydroperiods were apparently of sufficient
length to allow tiger salamanders to successfully reproduce and develop a population in
an area where they were historically excluded. However, the modified water regimes
negatively impacted the original amphibian communities, including the plains spadefoot,
which is adapted to extremely short hydroperiod wetlands where predation pressure from
predators such as tiger salamanders was historically low. In these two cases, it appears
that some amphibian species benefit from land-use change while others have been

negatively affected.
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Knutson et al. (1999) recognized the need to define optimal habitat requirements

of species as an important initial step in conservation efforts to restore or stabilize
amphibian populations. Semlitsch (2000) further emphasized the need to base
management decisions on sound principles of amphibian ecology to achieve success in
restoring or stabilizing declining amphibian populations. Hence, an understanding of the
interactions between land-use change and amphibian response is a requisite step to
develop conservation strategies that benefit declining amphibian species.

In the United States, federally funded conservation programs have been
implemented to restore and mitigate the extensive loss of native habitats. These
programs are funded through the Farm Bill and administered by the U. S. Department of
Agriculture and the U. S. Department of Interior. In the Prairie Pothole Region of the
United States (Figure 1), most of these programs specifically target enhancement of fish
and wildlife habitat, water quality improvement, sediment reduction, water storage, and
other ecosystem services. However, there has been little effort to quantify the actual
outcomes or effects of these conservation programs in relation to targeted goals.
Currently, the United States Department of Agriculture’s Natural Resource Conservation
Service and Farm Service Agency, and the Department of Interior’s United States
Geological Survey and the United States Fish and Wildlife Service are collaborating to
evaluate numerous conservation and restoration programs (e.g. the Conservation Reserve
Program and Wetlands Reserve Program) and conservation practices implemented in the

Prairie Pothole Region. Their goal is to evaluate the effects conservation programs and



Figure 1. The Prairie Pothole Region (outlined in blue) of the United States.



practices on multiple ecosystem services including biodiversity, carbon sequestration,
sediment reduction, and water quality improvement.

The goal of my study was to contribute to the understanding of wetland
biodiversity in the Prairie Pothole Region. Specifically evaluating the effects federally
funded conservation programs have on amphibians using seasonal wetlands in the
Glaciated Plain. To accomplish this, my objectives were to identify which amphibian
species used seasonal wetlands and then assess species richness and occupancy among

farmed, restored (conservation program), and natural seasonal wetlands.



METHODS

Study Area

The United States Prairie Pothole Region is vast and stretches from north-eastern
Montana to north-western lowa (Figure 1). The landscape of the region was formed by
the latest Wisconsin glaciation, which ended approximately 12,000 years ago. The
periodic advance and retreat of the glacier scoured the landscape and unevenly deposited
mounds of sediment, often burying enormous blocks of ice. As those blocks of ice
melted, a landscape rich in depressional wetlands was created. These wetlands range in
size from small, temporary wetlands to large, permanent water bodies. In addition to
leaving a landscape dominated by wetlands, the glacier also left behind four dominant
physiographic regions (Bluemle 2000). These physiographic regions include: 1) the
Glaciated Plains, 2) the Missouri Coteau, 3) the Prairie Coteau, and 4) the Red River
Valley of the North (Figure 2). Due to the geographic expanse of the Prairie Pothole
Region, I focused my efforts only on one particular physiographic region, the Glaciated
Plains. I chose to study the Glaciated Plains because of its large geographic extent,
severity of wetland alteration, and prevalence of conservation programs.

The Glaciated Plains has minimal topographic relief, contains an abundance of
diverse wetland types, and has been extensively developed for agricultural production
(Bluemle 2000). The Glaciated Plains are greatly influenced by several interrelated
gradients, the most influential of which is climate, which varies with latitude. Typically

areas in the northwest experience drier and colder conditions compared to wetter and



Figure 2. The four physiographic regions of the United States Prairie Pothole Region.



warmer conditions in the southeast. In addition to spatial variation in climate, there is
considerable inter-annual variation in precipitation. The Glaciated Plains are subjected to
periods of severe drought followed by periods of abundant rainfall. In general, these
inter-annual wet/dry cycles last 10 to 20 years (Duvick and Blasing 1981, Karl and
Koscielny 1982, Diaz 1983, Karl and Riebsame 1984, Diaz 1986).

The region’s climate gradient has influence an agricultural land-use gradient.
Generally, crop types follow a geographic gradient. The drier and colder northwest is
farmed mostly for small-grains while, the warmer and wetter southeast is farmed more
for row crops such as soybean and corn. These cropping patterns have influenced
wetland drainage techniques, likely due to higher profit margins of row crops in the
southeastern Prairie Pothole Region. Generally, less profitable farms in the northwest
used less expensive and less efficient (i.e. the capability to remove water from the
wetland basin) surface open ditch drains while the more profitable farms in the southeast
were mostly drained using more efficient and expensive tile drains (Euliss et al. 1999).

The climatic gradient also has influenced the composition of biological
communities in the Prairie Pothole Region. For example, amphibian communities in the
northwest contain nine amphibian species whereas there are 15 species in the southeast
(Table 1) (Oldfield and Moriarty 1994, Conant and Collins 1998, Amphibian Research
and Monitoring Initiative 2007).

I conducted my study at three study sites (Figure 3) to represent gradients in
climate, agricultural land-use, and biota of the Prairie Pothole Region. The first study

site was located in the north near the town of Devils Lake, North Dakota. This site



Table 1. A summary of amphibian species distributions throughout the United States

Prairie Pothole Region’s Glaciated Plain.

Species North Central South
Northern Cricket Frog - Acris crepitans NO NO YES
Tiger Salamander - Ambystoma tigrinum YES YES YES
Blues-spotted Salamander - Ambystoma laterale NO YES NO
American Toad - Bufo americanus YES YES YES
Great Plains Toad - Bufo cognatus YES YES YES
Canadian Toad - Bufo hemiophrys YES YES NO
Woodhouse's Toad - Bufo woodhousii YES NO YES
Cope's Gray Treefrog - Hyla chrysoscelis NO YES YES
Eastern Gray Treefrog - Hyla versicolor NO YES YES
Spring Peeper - Pseudacris crucifer NO YES YES
Boreal Chorus Frog - Pseudacris maculata YES YES YES
Western Chorus Frog - Pseudacris triseriata NO YES YES
Plains Leopard Frog - Rana blairi NO NO YES
American Bullfrog - Rana catesbeiana NO NO YES
Green Frog - Rana clamitans NO NO YES
Pickerel Frog - Rana palustris NO NO YES
Northern Leopard Frog - Rana pipiens YES YES YES
Wood Frog - Rana sylvatica YES YES NO
Plains Spadefoot - Spea bombifrons YES NO NO
Total 9 12 15
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Figure 3. Study site locations (blue circles) in the United States Prairie Pothole Region’s
Glaciated Plain (outlined in white) sampled during summers of 2005 and 2006.
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reflects the cooler, drier climate where small grain, dry-land farming is dominant,

wetlands are generally drained with open ditches and amphibian diversity is naturally
low. A second study site was established near the town of Fergus Falls, Minnesota to
represent the transition between the northwest and southeast. Finally, I established a
study site near the town of Spirit Lake, lowa to represent the southern end of the region.
The Iowa site represents the wetter and warmer end of the gradient where row crops are
dominant, where most wetlands were drained with tiles, and where amphibian
communities are most diverse.

I selected seasonal wetlands for study because they are highly susceptible to
agricultural conversion and because they support a diverse amphibian community
(Kantrud and Newton 1996, Fischer et al. 1999). Wetlands were selected within each of
the three study sites using randomly selected coordinates. The closest wetland to those
coordinates that met my criteria and where landowners granted access were sampled.
The criteria for selection of seasonal wetlands included wetland size (approximately 0.4
to 0.8 hectares), proximity to other selected wetlands (no closer than 1,000 meters), and
their current and historical land-use condition (Euliss et al. 2004a). Wetlands were
selected according to three defined categories which included: 1) farmed, 2) restored, and
3) natural wetlands.

Specific criteria for wetlands in each of my land-use categories were established a
priori. The farmed wetlands I evaluated were drained by open ditches or tile drains and
they were in agricultural production during my study. In Iowa, all the farmed wetlands I

studied had been drained with tiles. In contrast, all farmed wetlands studied in North
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Dakota were drained with open ditches, whereas, wetlands at my Minnesota study site

were drained by tile or open ditches (Table 2). I did not evaluate drainage technique on
amphibians. Hence, | combined all farmed wetlands into a single category regardless of
drainage technique. In addition, each farmed wetland I studied was never enrolled in a
conservation program. The restored wetlands I studied were previously drained and
previously enrolled in a federally funded conservation program (Conservation Reserve
Program or Wetlands Reserve Program) for at least five years. The hydrology of restored
wetlands had been reestablished by diking, plugging of open ditches, or destruction of
buried tile drains. Further, the catchment basins of each restored wetland had been
reseeded to perennial grasses and forbs. The natural wetlands I studied had never been
drained or cultivated. Using these criteria, I evaluated 36 seasonal wetlands, evenly
distributed among the three study sites and land-use categories. However, at the request
of the Natural Resource Conservation Service, I included four additional restored
wetlands that were enrolled in the Wetlands Reserve Program, increasing my overall
sample size to 40 wetlands (Table 2). The four wetlands were located at the Spirit Lake,
Iowa site and each had been enrolled in the Wetlands Reserve Program three years prior

to my study.

Amphibian Species

Only ten amphibian species are known to regularly use seasonal wetlands of the
Prairie Pothole Region (Oldfield and Moriarty 1994, Conant and Collins 1998, Fisher et

al. 1999) (Table 3). However, none of my study sites supported all ten species because
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Table 2. A summary of the number of wetlands sampled for each wetland type and study
site in the United States Prairie Pothole Region’s Glaciated Plain during the summers
of 2005 and 2006.

Wetland Type
Study Site Farmed Restored Natural Total
Devils Lake, North Dakota 4! 4 4 12
Fergus Falls, Minnesota 4 4 4 12
Spirit Lake, Iowa 43 g* 4 16
Total 12 16 16 40

' Wetlands selected were all drained using open-ditches.

? Wetlands selected included three open-ditch drained wetlands and one tile drained
wetland.

? Wetlands selected were all drained using tile.

* Includes four Wetlands Reserve Program wetlands.
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Table 3. Amphibian species known to inhabit seasonal wetlands at the three study sites
located within the United States Prairie Pothole Region’s Glaciated Plain.

Devils Lake, Fergus Falls, Spirit Lake,

Species North Dakota Minnesota Iowa
Tiger Salamander - Ambystoma tigrinum YES YES YES
American Toad - Bufo americanus NO YES YES
Great Plains Toad - Bufo cognatus YES YES YES
Canadian Toad - Bufo hemiophrys YES YES NO
Cope's Gray Treefrog - Hyla chrysoscelis' NO YES YES*
Eastern Gray Treefrog - Hyla versicolor' NO YES YES*
Boreal Chorus Frog - Pseudacris maculata® YES YES YES
Western Chorus Frog - Pseudacris triseriata’ NO YES YES
Northern Leopard Frog - Rana pipiens YES YES YES
Wood Frog - Rana sylvatica YES YES NO

Total 7 10 8

* Range is in question.
! Species combined as gray treefrog.
* Species combined as chorus frog.
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each species has a unique geographic range distribution within the region (Conant and

Collins 1998). 1 combined four of the 10 species into two species groups because it was
difficult to identify them to species in the field. The boreal chorus frog (Pseudacris
maculate) and the western chorus frog (Pseudacris triseriata) were combined into a
chorus frog species group because they are only distinguishable through genetic analysis,
time consuming tibia length measurements, or vague range maps (Conant and Collins
1998). Similarly, I combined Cope’s gray Treefrogs (Hyla chrysoscelis) with eastern
gray treefrogs (Hyla versicolor) into a gray treefrog species group because the two
species can only be separated by genetic analysis, ambiguous call variation, and range
maps (Oldfield and Moriarty 1994, Conant and Collins 1998). Combining these species
likely obscured differences in habitat use, life history characteristics, and behavior of
each species, however, according to Oldfield and Moriarty (1994) and Conant and
Collins (1998), these differences are minimal. Hence, I considered only eight species or

morphospecies (hereafter, species) in my study (Table 3).

Amphibian Surveying Technigues

Amphibians that occurred in my study sites (Table 3) have complex life cycles
that include life stages using both aquatic and terrestrial habitats. However, the temporal
use of these habitats varies greatly among species (Wilbur 1980, Oldfield and Moriarty
1994, Conant and Collins 1998). These differences among species also contributed to
detectability problems that required that I use various survey techniques to effectively

detect each species. For example, tiger salamanders (Ambystoma tigrinum) cannot be



16
detected using call surveys, but are easily sampled with aquatic funnel traps. In contrast,

chorus frogs are easily detected using call surveys, but are typically difficult to visually
observe or sample with aquatic funnel traps.

Another, more complicated example involves wood frogs (Rana sylvatica). This
species breeds in early spring, often entering wetlands as soon as the ice thaws when
water temperatures are near freezing. They have a distinct call, which is easily detected
using automated call surveys, but their breeding efforts typically last only one to two
weeks and are often dependent on weather fluctuations (Oldfield and Moriarty 1994,
Conant and Collins 1998). Hence, timing of call surveys is critical and can be
problematic. Visual encounter surveys can be employed, but wood frogs are most visible
during their brief breeding period and their activity quickly changes in relation to
dynamic weather fluctuations. Again, timing can affect the quality of survey data. In
addition, focusing solely on adults as a means of detecting this species may not be
appropriate since wood frog larvae are easily detected using aquatic funnel traps. For
wood frogs, employing a combination of detection methods in addition to sampling
different age classes (i.e., adults and larvae) is the most appropriate approach to detect
this species.

In my study, I implemented a sampling strategy designed to increase the
detectability of each species and target different age classes. First, [ used three survey
techniques to account for differences in habitat use, life history characteristics, and
behaviors (Heyer et al. 1994). The techniques I used included automated call surveys,

aquatic funnel traps, and visual encounter surveys (Table 4). Secondly, to enhance
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Table 4. Techniques used to detect adult and larval amphibian species inhabiting
seasonal wetland in the United States Prairie Pothole Region’s Glaciated Plain during
the summers of 2005 and 2006.

Automated Aquatic Visual

Species Call Funnel Encounter
Surveys Traps Surveys
Adults:
American Toad - Bufo americanus YES YES YES
Canadian Toad - Bufo hemiophrys YES YES YES
Chorus Frog - Pseudacris maculata/triseriata YES YES YES
Gray Treefrog - Hyla chrysoscelis/versicolor YES YES YES
Great Plains Toad - Bufo cognatus YES YES YES
Northern Leopard Frog - Rana pipiens YES YES YES
Tiger Salamander - Ambystoma tigrinum NO YES YES
Wood Frog - Rana sylvatica YES YES YES
Larvae:
American Toad - Bufo americanus NO NO NO
Canadian Toad - Bufo hemiophrys NO NO NO
Chorus Frog - Pseudacris maculata/triseriata NO YES YES
Gray Treefrog - Hyla chrysoscelis/versicolor NO YES YES
Great Plains Toad - Bufo cognatus NO YES YES
Northern Leopard Frog - Rana pipiens NO YES YES
Tiger Salamander - Ambystoma tigrinum NO YES YES

Wood Frog - Rana sylvatica NO YES YES
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detectability, I accounted for temporal variation in activity of each species/species group

and their developmental stages by scheduling six sampling periods in the summer of
2005 and seven in the summer of 2006. Sampling periods were conducted biweekly
beginning the third week of May and ending the second week of August. However, an
additional sampling event was conducted during the plant survey that occurred during the
last week in July in 2006. For this sampling event, only visual encounter surveys were
conducted because I did not have time to return to the wetland the following day to check
and remove traps and collect the recorder. With the exception of the late July 2006
sampling event, all survey techniques were employed each sampling period. However,
when wetlands were dry, aquatic funnel traps were not used. All methods were
approved by the Humboldt State University Institutional Animal Care and Use

Committee (PROTOCOL #05/06.F.05.A).

Automated Call Surveys

I used program controlled (Arisan™ model 4950, Parsippany, NJ) automated
analog recorders (Marantz® model PMD101, Aurora, IL) with omni-directional
microphones (Audio-Technica® model AT804, Stow, OH) to record adult anuran
vocalizations (Bowers 1998). A single recorder was positioned at the north end of each
wetland between the center of the wetland and the wet meadow zone (Stewart and
Kantrud 1971). Each recorder was programmed to record five minute periods every two
hours beginning at 2230 hours and ending at 0435 hours. Recorders were retrieved the

following day and vocalizations on tapes were recorded in the laboratory.
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To minimize listener bias, I subjected recorded tapes to a rigorous quality control

procedure (Heyer et al. 1994). Initially, recorded tapes were listened to by two
independent technicians, who recorded the detection or non-detection of all adult frog
and toad species for each recording. The process generated two independent
observations for each recording for subsequent comparisons. Discrepancies found,
though not common, between the two data sets were evaluated by another independent
technician who made the final decision regarding each species detection or non-detection.
Finally, I listened to and evaluated any suspect recordings (e.g. a species that was
detected at study site or wetland where range maps did not include them) and made the

final decision on the identity of species recorded on tapes.

Aquatic Funnel Traps

I used aquatic funnel traps to sample amphibians in wetland pools (Mushet et al.
1997). At each wetland I deployed three traps for 24 hours. Traps were placed halfway
between the wetland center and the wet meadow zone (Stewart and Kantrud 1971) along
three compass bearings (0, 120, and 240 degrees) radiating from the center of each
wetland. All amphibians captured were identified to species and developmental stage
(larvae, juvenile, or adult). After recording those data, all amphibians were immediately

released at the capture site.

Visual Encounter Surveys

I used visual encounter surveys to detect larval, juvenile, and adult amphibians

(Heyer et al. 1994). Surveys were conducted by me and accompanying field technicians.
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We began each visual encounter survey with an initial search of each wetland’s wet

meadow zone (Stewart and Kantrud 1971). I walked in the upland along the outside
perimeter of the wetmeadow zone when conducting wetland surveys. Once we searched
the wet meadow zone, we then searched all interior habitats of each wetland. Aquatic
funnel traps (if water was present) and the automated recorder were deployed at this time
as described above. Surveyors freely searched all habitats within the defined wetland
perimeter using polarized sunglasses to enhance detection of amphibians beneath the
water surface. Survey duration was dependent on the size and vegetative complexity of
each wetland. For example, a wetland that had been tilled to bare soil required less time
to survey than an undrained wetland with a complex vegetative community. However,
no wetland was searched longer than 75 minutes. During each survey, amphibian species
and their developmental stage(s) (larvae, juvenile, or adult) were recorded. In some
cases, small hand-nets were used to capture individuals for identification. These
individuals were returned immediately to their location of capture once identification was

verified.

Habitat and Sampling Measurements

I obtained state divisional monthly summer (May — August) precipitation amounts
(inches) for each study site each summer from the National Oceanic and Atmospheric
Administration’s National Climatic Data Center web page (National Climate Data Center
2007). Talso collected five habitat covariates and recorded two sampling covariates

during each biweekly amphibian sampling event. The habitat covariates included water
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specific conductance (uS cm™), pH, water temperature (° C), air temperature (° C), and

water depth (cm). Water specific conductance, pH, and water temperature measurements
were taken at the deepest portion of each wetland using a Hanna HI 991300 pH/EC/TDS
meter. Water specific conductance was corrected to 25° C. Air temperature
measurements were also taken at the deepest portion of each wetland using a standard
thermometer. Lastly, wetland depth measurements were measured at the deepest location
found in each wetland using a marked PVC pole. Sampling covariates I recorded
included time of day the survey was conducted and failure or success of each survey’s
automated call recorder.

Finally, a survey of each wetland’s plant species richness was conducted in late
July, 2006. An experienced prairie botanist accompanied me to each wetland where we
compiled a detailed list of vascular plant species for each wetland. A survey perimeter
for each wetland was defined at 10 meters outside the wetland’s wet meadow zone
(Stewart and Kantrud 1971). A plant survey consisted of exploring all areas (both
terrestrial and aquatic) within the survey perimeter of each wetland. All species

encountered were identified and recorded.

Amphibian Species Richness Analysis

I used Analysis of Variance to assess differences in amphibian species richness
among study sites and land-use categories for both years of study. All possible
interactions among variables were evaluated and a Tukey-Kramer multiple comparisons

test was used to identify significant two-way interactions.
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Species richness was the number of species I encountered at each wetland using

all available techniques for all sample periods each summer. However, each site did not
have the same number of possible species (Table 3). To account for differences in the
potential number of species at each site, I used an amphibian species richness percentage
for each unique site. For example, at the Devils Lake, North Dakota study site only six
species potentially use seasonal wetlands (Table 3). Therefore, if three species were
detected at wetland i, I would divide six possible species by three detected species, then
multiply by 100, giving wetland i a species richness of 50%. This allowed direct
comparisons to be made between the three land-use categories and three study sites.
Finally, these analyses did not account for differences in species probability of detection,
which could potentially bias my richness estimates. However, the design of my study
(i.e. the use of multiple detection techniques and multiple site visits) likely minimized
this bias. For example, given a species had a constant probability of detection equal to
0.35, there was only a 5% chance that the species went undetected after seven visits, [(1 —

0.35)"].

Amphibian Occupancy Modeling Analysis

I used site occupancy models developed by MacKenzie et al. (2002) to evaluate
the effects conservation programs on amphibian occupancy (y) of seasonal wetlands of
the Glaciated Plains and factors affecting their detection probabilities (p). This
likelihood-based approach allowed me to incorporate various covariates or sampling

period permutations (Table 5) into traditional occupancy models to account for situations
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Table 5. Covariate and model permutations used for modeling occupancy and detection
probabilities for adult and larval amphibians using seasonal wetlands in the United
States Prairie Pothole Region’s Glaciated Plain during the summers of 2005 and

2006.
Covariate Covariate Description
Occupancy:
Constant for all sites.
study area DiffereTlces between the‘three S'[l.ldy §iFes (Devils Lake, North
Dakota; Fergus Falls, Minnesota; Spirit Lake, lowa).
C Plant mean coefficients of conservatism usec.l as a proxy for land-
use (farmed, restored, natural) and hydroperiod (linear effect).
c? Plant mean coefficients of conservatism usec'l as a proxy 'for land-
use (farmed, restored, natural) and hydroperiod (quadratic effect).
Detection:
Constant for all sampling periods.
t Varies for each sampling period.
linear Linear effect for sampling periods.
time of day Time of day the sampling period was conducted (linear effect).

time of day”

technique used

Time of day the sampling period was conducted (quadratic
effect).

The use or non-use of automated call recorders for each sampling
period.
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when species present at sites had detection probabilities not equal to one (MacKenzie et

al. 2002). However, based on closed-population capture-recapture theory, three model
assumptions must be made. These include: 1) the community of the species is closed
(i.e., no immigration, emigration, colonization, or extinction), 2) all species are correctly
identified, and 3) the probability of detecting a species at one wetland is independent of
the probability of detecting the same species at all other wetlands (MacKenzie et al.
2002). Further, sites must be visited at least two times per sampling “season” with a
sampling “season” being defined by the closed population assumption and the objectives
of the study (MacKenzie et al. 2006)

I used the statistical software program PRESENCE (Version 2.0) to perform
single-season, single species, custom occupancy model estimation analyses (Hines 2006).
Similar to Schmidt and Pellet’s (2005) modeling procedure, I used a modified two-step
process to analyze the data (D. I. MacKenzie, pers. comm.). In the first step [ used an a
priori approach to develop a set of candidate models to identify the best fitting, most
parsimonious model explaining the probability of detection. Occupancy was not
evaluated in this first step. However, differing from Schmidt and Pellet (2005), I allowed
for the greatest amount of flexibility in my modeling of detection probability by using the
most global model for occupancy (defined in step 2) in each of the candidate models for
detection probability (D. I. MacKenzie, pers. comm.). I used Akaike’s Information
Criterion with a small sample size correction (AIC,) to compare competing models

(Burnham and Anderson 2002).
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For the second step of the analysis, I used an a posteriori approach to develop a

set of candidate models to identify the best fitting most parsimonious model explaining
occupancy. In this step all models evaluated for occupancy included the factor or model
permutation identified by the best fitting, most parsimonious model for detection
probability identified in step one. I always used the highest ranked detection probability
model identified in the first step regardless of other closely competing models, making
the assumption that the best fitting, most parsimonious model for detection probability
was explaining the most variation associated with detection, given the data set.

In step two, with respect to sample size, I minimized my candidate set of models
for occupancy to avoid over parameterization (Burnham and Anderson 2002). In
addition, I focused only on additive models that included linear and quadratic effects for
the three covariates I found most relevant to my study (study site, wetland land-use type,
and wetland hydroperiod; Table 5). Unfortunately, due to sample size, the other habitat
covariates I collected (water specific conductivity, pH, water temperature, and air
temperature; please refer to Appendices A — E for data collected on those covariates)
were not evaluated. In addition to the models containing covariates, I also included the
most basic (null) model [y(.),p(.), occupancy and detection probabilities do not vary
during the defined season or between sampling periods, respectively], in the candidate set
of models for occupancy. Again, models were scrutinized using AIC, values for model
selection. However, I first assessed the global model’s fit for each candidate set of
models using a parametric bootstrap (n = 1000) test described by MacKenzie and Bailey

(2004). This method provides an estimate of overdispersion (¢), which provides evidence
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of lack of fit within the dataset. When overdispersion was detected (¢ > 1), I used the

overdispersion parameter as a variance inflation factor to adjust each model’s AIC, value
to a Quasi Akaike’s Information Criterion with a small sample size correction value
(QAIC,). This value was then used for model selection (Burnham and Anderson 2002).
In addition, when lack of fit was detected, standard errors of estimated parameters in each
candidate model were adjusted using the variance inflation factor (MacKenzie and Bailey
2004).

For further model inference, I used AIC, or QAIC, differences (4;) (relative
expected difference between the top ranking model and the model in question), AIC, or
QAIC, weights (W) (relative likelihood that the model in question is the best, given the
candidate set of models), and AIC, or QAIC, model likelihood values (the likelithood of
the model being the best given the set of data) (Burnham and Anderson 2002). I also
used Relative Variable Importance weights (calculated by summing the AIC, weights
across all the models in the set where the covariate occurs) to make inferences about
covariate(s) importance when models were competitive (Burnham and Anderson 2002).

Occupancy and detection probability beta coefficient estimates were model
averaged when one or more of the candidate models had AAIC, or AQAIC, values less
than two (Burnham and Anderson 2002). However, only the top ranked models (A< 2)
and their associated beta coefficient estimates were model averaged using adjusted model

weights.



RESULTS

Precipitation

Total rainfall amounts for May, June, July and August varied between years and
study sites. My North Dakota site received approximately 43.57 cm and 15.65 cm in
2005 and 2006, respectively. Similarly, my Minnesota site received more rain in 2005
(44.73 cm) than in 2006 (25.55 cm). My lowa site received the most precipitation with

50.08 cm and 29.08 cm falling in 2005 and 2006, respectively (Figure 4).

Adult and Larval Amphibian Species Detections

I detected American toads, Candian toads, Great Plains toads, chorus frogs, gray
treefrogs, northern leopard frogs, wood frogs, and tiger salamanders in 2005 and 2006
during my bimonthly samplings. The detection of each species varied by developmental
stage (adults and larvae), years, study sites and(or) wetland land-use types (Tables 6, 7,
and 8).

In North Dakota, I did not detect Canadian toads either summer, but I detected
Great Plains toads at farmed wetlands (Table 6). Also in North Dakota, I detected chorus
frogs and wood frogs at farmed, restored, and natural wetlands, while I was able to detect
northern leopard frogs and tiger salamanders only at restored and natural seasonal
wetlands (Table 6). In Minnesota, I detected American toads, Canadian toads, gray
treefrogs, chorus frogs, northern leopard frogs, and wood frogs at farmed, restored, and

natural wetlands, but I only detected tiger salamanders at restored and natural wetlands
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Figure 4. North Dakota, Minnesota, and lowa study site average state divisional
precipitation amounts for summers (May — August) of 2005 (black bars) and 2006
(white bars).
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Table 6. Detections of adult (A) Canadian toads, adult and larval (L) Great Plains toads, adult and larval chorus frogs, adult and larval
northern leopard frogs, adult and larval wood frogs, and adult and larval tiger salamanders for each wetland land-use type sampled
in North Dakota in 2005 and 2006. X represents detection in 2005, / X represents detection in 2006, and X / X represents
detection in both 2005 and 2006.

Species Detected in North Dakota

Canadian

Northern Leopard

Toad Great Plains Toad Chorus Frog Frog Wood Frog Tiger Salamander
Wetland ~ Wetland A A L A L A L A L A L
Type Id. #
1 X X
Farmed 2 X/X X
(ditch) 3 X/X X X/X /X
4 X/X X X/X X
5 X/
X/X X/X X/X X/X X
Restored 6 X/X /X X
7 X/X /X X/X X/X X/X X/X X/X
8 X X/X /X
9 X/X X X
Natural 10 X X/X X/X /X
11 X X/X X/X X/X X X /X
12 X/X X/X X/X

6¢C



Table 7. Detections of adult (A) American toads, adult Canadian toads, adult and larval (L) gray treefrogs, adult and larval chorus
frogs, adult and larval northern leopard frogs, adult and larval wood frogs, and adult and larval tiger salamanders for each wetland
land-use type sampled in Minnesota in 2005 and 2006. X represents detection in 2005, / X represents detection in 2006, and X / X
represents detection in both 2005 and 2006.

Species Detected in Minnesota

American Canadian Northern Leopard

Toad toad Gray Treefrog Chorus Frog Frog Wood Frog Tiger Salamander
Wetland Wetland A A A L A L A L A L A L
Type Id. #
Farmed 13 /X X/X X /X X /X X /X X /X X/X
(ditch) 14 /X X /X X /X X /X
15 X/X X X X X
Farmed 16
(tile) X /X X /X
17 X X /X X X X X /X X /X X /X X /X X /X
18 X /X X X /X X /X X /X X /X
Restored
19 X X /X X /X X /X X X /X X /X /X
20 X X X /X X /X X /X X /X X /X X /X X /X
21 X X/X X/X X/X X/X X/X X/X X/X X/X X/X X/X
Natural 22 X X/X X/X X/X X/X X/X X/X X/X X/X
23 X/X /X X/X X/X X/X X X
24 /X X/X /X X/X X/X X/X X/X X/X X/X X/X

0¢



Table 8. Detections of adult (A) American toads, adult and larval (L) gray treefrogs, adult and larval chorus frogs, adult and larval
northern leopard frogs, and adult and larval tiger salamanders for each wetland land-use type sampled in lowa in 2005 and 2006.

X represents detection in 2005, / X represents detection in 2006, and X / X represents detection in both 2005 and 2006.

Species Detected in Iowa

American Northern Leopard .
Toad Gray Treefrog Chorus Frog Frog Tiger Salamander
Wetland Type Weﬂifd 1d. A A L A L A L A L
25 X/X X
. 26 X/X
F d (til
armed (tile) 27 X
28
29 X /X X X /X X
30 /X X /X X /X X /X /X
Restored
31 X /X X /X X /X X /X /X /X
32 X /X /X X /X X /X X /X X /X X X /X
R q 33 X /X X /X X/X X X/X X/X X
estore 34 X /X X /X X /X X /X /X X /X
(Wetlands Reserve 35
Program) X/X X/X X /X X/X /X X/X
36 X /X X X X/X X/X
37 X /X X X/X /X X/X X/X
38 /X /X X/X /X /X X/X
Natural
39 X /X X/X X/X /X X/X
40 /X X/X X/X X/X /X

Ie



32
(Table 7). In Iowa, I detected American toads and chorus frogs at farmed, restored, and

natural wetlands, while I detected northern leopard frogs and tiger salamanders only at
restored and natural wetlands (Table 8). Also in lowa, I detected gray treefrogs only at

restored wetlands (Table 8).

Amphibian Species Richness

To facilitate my comparisons among wetland land-use and my study sites, |
calculated the mean potential number of species at each study site (Table 3). Based on
these mean species richness percentages, I detected significant differences in species
richness between study sites (df =2, F=6.72, P=0.004 and df =2, F =7.62, P = 0.002
in 2005 and 2006; respectively) and land-use categories (df =2, F = 8.54, P =0.001 and
df=2, F=14.39, P <0.000 in 2005 and 2006; respectively) (Tables 9 and 10). I also
detected a significant interaction between study sites and land-use categories (df =4, F =
3.45,P=0.019 and df =4, F = 2.89, P = 0.038 in 2005 and 2006; respectively) (Tables 9
and 10). In 2005, species richness was significantly lower in North Dakota and Iowa
than in Minnesota (P < 0.05) (Figure 5). However, I did not detect a difference in species
richness between North Dakota and Iowa (P > 0.05) (Figure 5). In 2006, I also found that
species richness was similar between North Dakota and lowa (P > 0.05), but only my
North Dakota site had lower richness than in Minnesota (P < 0.05) (Figure 6). Moreover,
in both 2005 and 2006, my species richness estimate was significantly lower in farmed
seasonal wetlands than in restored or natural seasonal wetlands (P < 0.05), while species

richness in restored and natural was similar (P > 0.05) (Figures 7 and 8, respecitvely). |



Table 9. Analysis of Variance results evaluating differences in mean percentage
amphibian species richness among three study sites located in the United States

Prairie Pothole Region’s Glaciated Plains and three wetland land-use types in 2005.

Variable df sszlll?;rzz Sl\(/ll Ez?e F-Ratio P
Study Site 2 0.4269  0.2134 6.72 0.0038
Land-use 0.5429  0.2714 8.54 0.0011
Study Site * Land-use 4 0.4387  0.1097 3.45 0.0192
Error 31 0.9854  0.0318
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Table 10. Analysis of Variance results evaluating differences in mean percentage
amphibian species richness among three study sites located in the United States

Prairie Pothole Region’s Glaciated Plains and three wetland land-use types in 2006.

Variable df sszlll?;rzz Sl\(/ll Ez?e F-Ratio P
Study Site 2 0.5671 0.2836 7.62 0.0020
Land-use 1.0719  0.5359 14.39 0.0000
Study Site * Land-use 4 0.4300  0.1075 2.89 0.0385
Error 31 1.1543 0.0372
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Figure 5. Mean percentage amphibian species richness with 95% confidence intervals for
the three study sites sampled within the Prairie Pothole Region’s Glaciated Plain
during the summer of 2005. Letters above each column indicate if there were
significant differences among the three study site based on a two-way Analysis of
Variance and Tukey-Kramer Multiple Comparisons test. Columns with the same
letter indicate no significant difference between study sites (P > 0.05).
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Figure 6. Mean percentage amphibian species richness with 95% confidence intervals for
the three study sites sampled within the Prairie Pothole Region’s Glaciated Plain
during the summer of 2006. Letters above each column indicate if there were
significant differences among the three study site based on a two-way Analysis of
Variance and Tukey-Kramer Multiple Comparisons test. Columns with the same
letter indicate no significant difference between study sites (P > 0.05).
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Figure 7. Mean percentage amphibian species richness with 95% confidence intervals for
the three wetland land-use types sampled within the Prairie Pothole Region’s
Glaciated Plain during the summer of 2005. Letters above each column indicate if
there were significant differences among the three study site based on a two-way
Analysis of Variance and Tukey-Kramer Multiple Comparisons test. Columns with
the same letter indicate no significant difference between wetland land-use types (P >
0.05).
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Figure 8. Mean percentage amphibian species richness with 95% confidence intervals for
the three wetland land-use types sampled within the Prairie Pothole Region’s
Glaciated Plain during the summer of 2006. Letters above each column indicate if
there were significant differences among the three study site based on a two-way
Analysis of Variance and Tukey-Kramer Multiple Comparisons test. Columns with
the same letter indicate no significant difference between wetland land-use types (P >
0.05).
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also found that farmed, restored, and natural wetlands did not differ significantly in

Minnesota or lowa either summer (P > 0.05, Figures 9 and 10). However, in 2005,
farmed wetlands in Iowa had significantly lower species richness than restored wetlands
(P <0.05), but they were statistically similar to natural wetlands (P > 0.05, Figure 9).
Further, my natural and restored wetlands in Iowa had similar species richness (P > 0.05,
Figure 9). In 2006, my farmed wetlands in lowa had lower species richness than both
restored and natural wetlands (P < 0.05), but restored and natural wetlands had similar
species richness (P > 0.05, Figure 10). Finally, I did not detect a significant land-use

effect between study sites either summer (P > 0.05, Figures 11 and 12).

Initial Amphibian Occupancy Modeling Problems

My initial occupancy modeling revealed several problems that limited my
capabilities to successfully model all amphibians and their developmental stages I
detected. These problems included violations of the three modeling assumptions and
constraints and complete or quasi-complete separation and collinearity issues with my

covariates.

Modeling Assumptions and Constraints

My initial models were confounded by several problems, including violation of
the three modeling assumptions. The closed-population modeling assumption required
me to separate amphibian detections by year for each species. This assumption also
required that I restrict the number of site visits to define a “season” that reflected life

history behaviors and developmental stages (larvae, juvenile, or adult) for each species
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Figure 9. Mean percentage amphibian species richness with 95% confidence intervals for
three wetland land-use types sampled at three study sites within the Prairie Pothole
Region’s Glaciated Plain during the summer of 2005. Letters above each column
indicate if there were significant differences among wetland land-use types at each
specific study site based on a two-way Analysis of Variance and Tukey-Kramer
Multiple Comparisons test. Columns for each study site with the same letter indicate
no significant difference between land-use types (P > 0.05).
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Figure 10. Mean percentage amphibian species richness with 95% confidence intervals
for three wetland land-use types sampled at three study sites within the Prairie
Pothole Region’s Glaciated Plain during the summer of 2006. Letters above each
column indicate if there were significant differences among wetland land-use types at
each specific study site based on a two-way Analysis of Variance and Tukey-Kramer
Multiple Comparisons test. Columns for each study site with the same letter indicate
no significant difference between land-use types (P > 0.05).
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Figure 11. Mean percentage amphibian species richness with 95% confidence intervals
for three wetland land-use types sampled at three study sites within the Prairie
Pothole Region’s Glaciated Plain during the summer of 2005. Letters above each
column indicate if there were significant differences among a specific wetland land-
use type between the three study site based on a two-way Analysis of Variance and
Tukey-Kramer Multiple Comparisons test. Columns for each land-use type with the
same letter indicate no significant difference between the three study sites (P > 0.05).
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Figure 12. Mean percentage amphibian species richness with 95% confidence intervals
for three wetland land-use types sampled at three study sites within the Prairie
Pothole Region’s Glaciated Plain during the summer of 2006. Letters above each
column indicate if there were significant differences among a specific wetland land-
use type between the three study site based on a two-way Analysis of Variance and
Tukey-Kramer Multiple Comparisons test. Columns for each land-use type with the
same letter indicate no significant difference between the three study sites (P > 0.05).
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(MacKenzie et al. 2006). For example, adult northern leopard frogs (Rana pipiens)

typically enter ponds in late May to breed and then leave those ponds around the end of
June (Oldfield and Moriarty 1994, Conant and Collins 1998). Therefore, I made the
assumption that by the end of May no more adult frogs were entering or leaving the
wetland until the end of June. Thus, I defined the modeling “season” for adult northern
leopard frogs by using the three sampling periods within this time frame (i.e., 4" week of
May, 2™ week of June, and 4™ week of June). Unfortunately, sampling every two weeks
was inadequate to define a “season” for some species developmental stages such as adult
wood frogs or any species of juvenile amphibians.

The assumption that species are correctly identified was also problematic for
certain larval amphibian species. For example, during the summer of 2005, my field
crew was unable to separate northern leopard frog and wood frog larvae in early
developmental stages. This resulted in only one site being available to define “season”
for these two species, when two is required (MacKenzie et al. 2006). Therefore, for the
summer of 2005, I excluded those two larval species from my analysis. In addition,
American toad (Bufo americanus) and Canadian toad (Bufo hemiophrys) larvae were
impossible to differentiate in the field. Hence, it was not possible to model these larval
species either year of my study.

My analysis was also confounded by problems with naive occupancy rates. These
rates are calculated by dividing the number of sites sampled by the number of sites where
each species was detected within the species specific defined “season”. Although naive

occupancy rates do not take into account detection probability, the measure does provide
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information on how rare or common the species is, which can be used as a measure of

modeling candidacy. Unfortunately, in situations where a species has a naive occupancy
rate that is either too high (> 80%) or too low (< 15%), modeling the effects of habitat
covariates is extremely difficult or impossible (Wood 2007, D. I. MacKenzie pers.
comm.). This was the case for adult chorus frogs in 2005 (Naive Occupancy Rate =
0.88), larval gray treefrogs in 2005 and 2006 (Naive Occupancy Rates = 0.00 and 0.07,
respectively), and adult tiger salamanders in 2006 (Naive Occupancy Rate = 0.13)
(Figure 13). Consequently, I excluded those developmental stages of these species from
my modeling analyses.

My modeling analyses were also constrained by too few observations and low
sample sizes for certain species. This was especially true for the Great Plains toad (Bufo
cognatus) which, I found only at my Devils Lake, North Dakota study site and only at
three wetlands. The combination of small sample size (n=12) and few observations made
it impossible to identify potential effects of habitat covariates for this species. Thus, I
excluded this toad from my modeling analyses. I also, experienced difficulty modeling
adult chorus frogs. As noted above, naive occupancy rates were too high to facilitate
modeling for this species in 2005. However, in 2006, the species had favorable naive
occupancy rates for modeling (naive occupancy = 0.55) (Figure 13), but the species was
evenly distributed among the three wetland land-use types and three study sites. Thus,
trying to estimate differences in the probability of occupancy for specific land-uses and
geographic locations was problematic. Therefore, I removed adult chorus frogs from

further modeling analyses. While these issues prevented me from developing models for
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Figure 13. Naive occupancy rates (calculated by dividing the number of sites sampled,
by the number of sites the species was detected at, given the species defined
“season”) for all species encountered at study sites located in the Prairie Pothole
Region’s Glaciated Plain during the summer of 2005 and 2006. Gray treefrog larvae
in 2005 were not adequately detected to define a modeling “season”. In addition,
adult wood frogs (2005 and 2006), larval wood frogs (2005), larval Canadian and
American toads (2005 and 2006), and adult and larval Great Plains toads (2005 and
2006) were not modeled. Thus naive occupancy rates were not calculated. Adult and
larval amphibians with occupancy rates between 80% and 15% were considered for
modeling analysis. Blue bars represent adults in 2005 and red bars represent adults in
2006. Light blue bars represent larvae in 2005 and light red bars represent larvae in
2006.
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several developmental stages and one species of amphibian, | was able to successfully

model either adults and(or) larvae for seven of the species detected (Table 11).

Complete or Quasi-complete Separation and Collinearity Issues

The categorical land-use covariate (farmed, restored, or natural) used to define the
seasonal wetlands I studied was confounded by issues involving complete or quasi-
complete separation (Allison 2004). To resolve this issue, I used the 2006 plant species
richness data to calculate mean coefficients of conservatism values (C) for each seasonal
wetland (Northern Great Plains Floristic Quality Assessment Panel 2001). In past
studies, these values have been used to identify floristic differences between restored and
naturally occurring wetlands (Mushet et al. 2002). In my study, I found C varied
significantly among study sites (df =2, F =5.42, P =0.010) and land-use types (d =2, F
= 83.84, P < 0.000). Minnesota seasonal wetlands had higher C than seasonal wetlands
in North Dakota or Iowa, but North Dakota and Iowa seasonal wetlands had similar C
(Figure 14). Natural seasonal wetlands had significantly higher C than both restored and
farmed wetlands and farmed seasonal wetlands had significantly lower C than restored
and natural wetlands (Figure 15). I also found a significant interaction among study sites
and land-use types (df =4, F =5.09, P = 0.003) (Table 12). For the study site and land-
use interaction I found C only varied significantly among land-use categories at the North
Dakota site. In Minnesota and Iowa, farmed wetlands had significantly lower C than
restored or natural wetlands, but restored and natural wetlands had similar C (Figure 16).

Regardless, I used C as a proxy for land-use, thus resolving the complete or quasi-
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Table 11. Summary of adult and larval amphibian species of the United States Prairie
Pothole Region’s Glaciated Plain that were successfully modeled using detection data

from summers of 2005 and 2006.

Adult Larvae

Species 2005 2006 2005 2006
Tiger Salamander — Ambystoma tigrinum YES NO YES  YES
American Toad - Bufo americanus YES YES NO NO
Canadian Toad - Bufo hemiophrys YES YES NO NO
Great Plans Toad — Bufo cognatus NO NO NO NO
Chorus Frog - Pseudacris maculata/triseriata NO NO YES YES
Gray Treefrog - Hyla chrysoscelis/versicolor YES YES NO NO
Northern Leopard Frog - Rana pipiens YES YES NO YES
Wood Frog - Rana sylvatica NO NO NO  YES
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Figure 14. Average C with 95% confidence intervals for each study site. Letters above
each column indicate if there were significant differences in C for each study site
based on a two-way Analysis of Variance and Tukey-Kramer Multiple Comparisons
test. Columns with the same letter indicate no significant difference among land-use
types for that specific study site (p > 0.05).
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Figure 15. Average C with 95% confidence intervals for each land-use type. Letters
above each column indicate if there were significant differences in C for each land-
use type based on a two-way Analysis of Variance and Tukey-Kramer Multiple
Comparisons test. Columns with the same letter indicate no significant difference
among land-use types for that specific study site (p > 0.05).
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Table 12. Analysis of Variance results evaluating differences in C among three study
sites located in the United States Prairie Pothole Region’s Glaciated Plains and three
wetland land-use categories.

Variable df Ssélll‘;;r‘i SI\C’IISZ?G F-Ratio P
Study Site 2 3.14100 157100 542 0.0100
Land-use 2 4858000 2429000  83.84  0.0000
Study Site * Land-use 4 589600 147400 509  0.0030

Error 31 8.98100 0.29000
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Figure 16. Average C with 95% confidence intervals for each land-use type with regard
for study site. Letters above each column indicate if there were significant
differences in C for each study site based on a two-way Analysis of Variance and
Tukey-Kramer Multiple Comparisons test. Columns with the same letter indicate no
significant difference among land-use types for that specific study site (p > 0.05).
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complete separation issue by replacing a categorical covariate for land-use with a

continuous covariate (Allison 2004).

In addition to the correlation I found among land-use categories and C, I found a
significant correlation between C and maximum pool depth in early June for 2005 and
2006 (P <0.0001 and P = 0.0002, respectively) (Figure 17). This correlation allowed me
to include information on hydroperiod in my analysis without having to include an

additional hydroperiod covariate.

Null Model Estimate Comparisons

Based on null models [y(.), p(.)], my estimates of occupancy and detection
probability had good precision for most adult and all larval species for 2005 and 2006
([SE(estimate) / estimate] never exceeding 30%; MacKenzie and Bailey 2004) (Figures
12 and 13). However, my occupancy probability estimates did exceed 30% for adult
Canadian toads and adult tiger salamanders in 2005 (33% and 35%, respectively) and for
adult Canadian toads in 2006 (52%). My detection probability estimates also exceeded
30% for adult Canadian toads in 2006 (55%). Consequently, the models I developed for
some species were more robust than others.

As expected, my estimates (based on null models) for occupancy and detection
probabilities varied among adult amphibian species for the summers of 2005 and 2006
(Figures 18 and 19, respectively). I found that adult American toads in 2005 had the
highest occupancy (y = 0.872 £ 0.216) and the lowest detection probability (p = 0.328 +

0.092) of all the species I studied. In contrast, I found the tiger salamanders in 2005 had
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Figure 17. C of seasonal wetlands in the Glaciated Plains as a function of their maximum
water depth measured in June of 2005 and 2006. Black circles represent 2005 and
white triangles 2006. Solid line represents 2005 and checked line represents 2006.
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Figure 18. Naive occupancy rates, constant probability of occupancy (v) and detection
(p) estimates with standard error bars [y(.),p(.)] for adult species modeled using
detection data collected at study sites within the Prairie Pothole Region’s Glaciated
Plain during the summer of 2005.
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Figure 19. Naive occupancy rates, constant probability of occupancy (v) and detection
(p) estimates with standard error bars [y(.),p(.)] for adult species modeled using
detection data collected at study sites within the Prairie Pothole Region’s Glaciated
Plain during the summer of 2006. Adult tiger salamanders were not modeled for the
summer of 2006.
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the lowest occupancy (y = 0.186 + 0.065) and the highest detection probability (p =

0.629 + 0.121). I found that Canadian toads, gray treefrogs, and northern leopard frogs
all had high detection probabilities (> 50%) (p =0.574 + 0.137, 0.580 £ 0.096, and 0.520
+ 0.079, respectively). However, gray treefrogs and northern leopard frogs had similar
occupancy probabilities (y = 0.540 £ 0.106 and y = 0.598 £ 0.098, respectively), while
Canadian toads had a much lower occupancy probability (v = 0.320 = 0.106). In 2006,
adult American toads again had the highest occupancy probability (y = 0.650 + 0.135)
while Canadian toads had the lowest (y = 0.404 = 0.211). I also observed that Canadian
toads had the lowest estimate for detection probability (p = 0.439 + 0.095) while northern
leopard frogs had the highest (p = 0.697 = 0.065). Gray treefrogs and northern leopard
frogs had similar occupancy probabilities (y = 0.631 + 0.169 and y = 0.514 + 0.082,
respectively). American toads and gray treefrogs also had similar detection probabilities
(p=0.439 £0.095 and p = 0.359 £ 0.104, respectively).

Larvae occupancy and detection probabilities also varied among species between
the summers of 2005 and 2006 (Figures 20 and 21, respectively). Chorus frog larvae in
2005 had the highest occupancy and the lowest detection probability (y = 0.433 £+ 0.080
and p = 0.768 + 0.064). In contrast, tiger salamander larvae in 2005 had the lowest
estimate for occupancy and the highest estimate for detection probability (v = 0.275 +
0.071 and p =0.939 £+ 0.042). Chorus frog larvae in 2006 again had the highest estimate
for occupancy and the lowest estimate for detection probability (y = 0.563 £ 0.088 and p
=0.592 £0.072). However, northern leopard frogs in 2006 had the lowest occupancy (¢

=0.364 £ 0.079) while wood frogs had the highest estimate for detection probability (p =
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Figure 20. Naive occupancy rates (black bars), constant probability of occupancy (v,
gray bars) and constant detection (p, white bars) estimates [y(.),p(.)] with standard
error bars for larval species modeled using detection data collected at study sites
within the Prairie Pothole Region’s Glaciated Plain during the summer of 2005.
Northern leopard frog and wood frog larvae were not modeled.
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Figure 21. Naive occupancy rates (black bars), constant probability of occupancy (v,
gray bars) and constant detection (p, white bars) estimates [y(.),p(.)] with standard
error bars for larval species modeled using detection data collected at study sites
within the Prairie Pothole Region’s Glaciated Plain during the summer of 2006.
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0.829 + 0.071). Tiger salamanders and wood frogs in 2006 had similar occupancy

probabilities (¢ = 0.368 = 0.080 and v = 0.419 £+ 0.101, respectively). Northern leopard
frogs and tiger salamanders had similar estimates of detection probability (p = 0.664 +

0.082 and p = 0.634 + 0.085, respectively).

Best Fitting and Most Parsimonious Models

I developed the best fitting, most parsimonious models for each modeling
compliant species and(or) developmental stage of amphibians in 2005 and 2006
(Appendices A-AF). Parameter estimates were based on the best fitting, most
parsimonious model(s) for each species for which I had adequate data. Some parameter
estimates for occupancy and detection probability are more robust than others. A
complete set of my model selection tables and beta coefficient estimates are provided in

Appendices F — AK.

American Toads

In my 2005 detection probability anaylsis I identified three very similar (AAIC, <
2.00) models for adult American toads. The best fitting, most parsimonious model I
identified (w; = 0.44) included a sampling period permutation that allowed detection
probabilities to vary between sampling periods (t). The two other models I identified
were not as competitive (W;= 0.36 and 0.18, respectively) and included either the linear
or the linear and quadratic time of day covariate (Appendix F). I used the highest ranked

detection probability model (w; = 0.44) to model occupancy of adult American toads.
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Using the above described detection probability model (w; = 0.44; Appendix F) |

identified two occupancy models (y (study area, C) p (t), w; = 0.48; y (study area) p (t),
wi = 0.24) for 2005 that included study area as a covariate, but the best ranked model (w;
= 0.48) also included the C covariate (Appendix G). These two models had a combined
corrected Akaike weight of 72% (3. wi=0.72). The study area covariate had a Relative
Variable Importance weight (3 w; for each model that contained the covariate study area)
equal to 86% (3. wi= 0.86), while the C covariate had a Relative Variable Importance
weight of 62% (Appendix G). The top ranked, model averaged, beta coefficient
estimates for adult American toad occupancy varied by study area. Occupancy
coefficients for American toads were negative for Minnesota and positive for lowa
(Appendix AJ). Thus, my Minnesota site had a lower probability of occupancy than my
Iowa site. In addition, the model averaged beta coefficient estimate for the C covariate
was positively correlated with adult American toad occupancy (Appendix Al).
Occupancy rate estimates for each study site and wetland type (quantified using C) are
detailed in Figure 22.

As expected, my top ranked, model averaged beta coefficient estimates for
varying detection probabilities (t) varied among sampling periods. My estimates for late
May and late June sampling periods were negatively correlated with detection probability
[p=-1.06 (SE £ 0.53) (real estimate = 0.257) and -0.37 (SE + 0.47) (real estimate =
0.409), respectively]. However, my early June sampling period estimate was positively

associated with detection probability [p = 0.05 (SE + 0.47) (real estimate = 0.615)]. On
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Figure 22. Estimated occupancy rates of adult American toads for three seasonal wetland
types (quantified using C) at Minnesota (dashed line) and Iowa (solid line) study sites
located in the Prairie Pothole Region’s Glaciated Plain for the summer of 2005.
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average, the probability of detecting at least one adult American toad after visiting the

site three times was equal to 1 — (1 —0.257) * (1 —0.615) * (1 — 0.409) = 0.831.

For adult American toads in 2006, the top ranked, most competitive model for
detection probability included the sampling technique covariate (w;= 0.98) (Appendix
H). Tused this model in the occupancy analysis. Using the parametric bootstrap test for
the most global occupancy model, I detected lack of fit due to overdispersion within the
data set (¢ = 1.986). Hence, I adjusted each candidate occupancy model’s AIC, value to a
QAIC, value. Three covariates, study area, C, and C?, were included in the top three
models for occupancy and they had a combined Akaike weight of 91%. The study area
covariate had a Relative Variable Importance weight of 91% and the Relative Variable
Importance weights for C and C* were 57% and 20%, respectively (Appendix I). Based
on top ranked, model averaged, beta coefficient estimates, site occupancy probability
varied by study site. Occupancy coefficients for adult American toads were negative at
my Minnesota site and positive for my lowa site (Appendix AJ). Thus, the Minnesota
study site had a lower probability of occupancy than the lowa study site. In addition, the
C covariate estimate was positively correlated with site occupancy, while, the C*
covariate estimate was negatively associated with occupancy. The C, C” relationship
resulted in an estimated peak in site occupancy for wetlands with C equal to 3.4
(Appendix AJ, Figure 23).

The top ranked, model averaged beta coefficient estimate for the detection
probability covariate, technique used (i.e. automated recorders) was positively correlated

with detection probability [technique used — p = 3.34 (SE + 1.84) (real estimate for use =
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Figure 23. Estimated occupancy rates of adult American toads for three seasonal wetland
types (quantified using C) at Minnesota (dashed line) and Towa (solid line) study sites
located in the Prairie Pothole Region’s Glaciated Plain for the summer of 2006.
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0.629]. The intercept (I.e. no automated recorders) was negatively associated with

detection probability [intercept — p = -2.81 (SE + 1.74) (real estimate for non-use =
0.057)]. Thus, the probability of detecting at least one adult American toad after three
visits would be equal to 1 — (1 — 0.629)° = 0.949 when automated call surveys are used

for the late May, early June, and late June sampling periods.

Canadian Toads

I identified two useful models in my detection probability analysis for adult
Canadian toads in 2005. The best ranked model (w; = 0.44) included a sampling period
permutation where detection probabilities vary between sampling periods (t). The next
best fitting model (w; = 0.19) also included a sampling period permutation, but where
detection probabilities remain constant between sampling periods (.) (Appendix J). 1
used the best ranked model for further occupancy analysis.

The best fitting, most parsimonious occupancy model I identified for adult
Canadian toads in 2005 included the covariate, study area (w;= 0.71). The next best
fitting model included the covariates study area and C (w;=0.25). However, this model
was not highly competitive (AAIC, = 2.09) (Appendix K). Based on the beta coefficient
estimates for the highest ranked model, adult Canadian toads were strongly influenced by
study site location. Canadian toads had a lower probability of occupancy at the North
Dakota study site (v = 0.000; beta coefficient = -29.52) than the Minnesota study site (y
= (0.584; beta coefficient = 0.34) (Appendix AJ)

Beta coefficient estimates for varying detection probabilities varied between

sampling periods. The estimate for the late May sampling period had a negative
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influence on detection [p =-1.386 (SE £ 0.1.12) (real estimate = 0.200], while estimates

for the early June and late June sampling periods were both positively associated with
detection [p = 30.45 (SE £ 1.00) (real estimate = 1.000) and 0.29 (SE + 0.76) (real
estimate = 0.572), respectively]. On average, the probability of detecting at least one
adult Canadian toad over the three sampling periods was equal to 1 — (1 —0.200) * (1 —
1.000) * (1 —0.572) = 1.000.

I identified two competing models (AAIC, < 2.00) in my detection probability
analysis for adult Canadian toads in 2006. The top ranked model (w; = 0.45) included a
linear effect for detection probability. The second best ranked model (w; = 0.23, AAIC, =
1.33) included the sampling period permutation that allowed detection probabilities to
vary between sampling periods (t) (Appendix L). The top ranked model was used for
further occupancy analysis.

In 2006, the best fitting, most parsimonious model for adult Canadian toad
occupancy included the covariate study area (w; = 0.79) (Appendix M). The beta
coefficient estimates for study area varied greatly between study sites for this model.
Canadian toads had a lower probability of occupancy at the North Dakota study site (¢ =
0.000; beta coefficient = -29.51) than the Minnesota study site (y = 0.594; beta
coefficient = 0.38) (Appendix AJ)

The beta coefficient estimate for the linear effect on detection probabilities were
negatively correlated [linear — p =-1.97 (SE % 0.99)] with the three sampling periods
(late May, early June, and late June). The estimated intercept for detection probability

was equal to 3.13 (SE + 2.22). In late May, the probability of detection was 0.761, while
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in early and late June, the probabilities of detection were 0.308 and 0.058, respectively.

On average, the probability of detecting one adult Canadian toad after these three visits

was equal to 1 — (1 —0.761) * (1 —0.308) * (1 — 0.058) = 0.844.

Chorus Frogs

The highest ranked, most competitive model for chorus frog larvae detection
probability in 2005 included a sampling period permutation where detection probabilities
were constant between sampling periods (.) (w; = 0.46). The next best competitive model
(AAIC, = 0.89) included the time of day covariate (w; = 0.30) (Appendix N). The highest
ranked model was used for further occupancy analysis. In the 2005 occupancy analysis
for chorus frog larvae, I used a parametric bootstrap test (1,000 iterations) of the most
global model, which detected lack of fit due to overdispersion within the data set (¢ =
1.436). Thus, I adjusted each candidate occupancy model’s AIC, value to a QAIC, value.

I identified three competitive models in my analysis of chorus frog larvae
occupancy in 2005. The highest ranked model (w; = 0.45) included the C and C
covariates. The next best fitting model (w; = 0.19) only included the C covariate, while
the least competitive model (AQAIC, = 1.91) incorporated the study area covariate with
the C and C* covariates (W; = 0.17). The top three models had a combined Akaike weight
of 81%. The C covariate had a Relative Variable Importance weight equal to 87%, while
the C” covariate’s Relative Variable Importance weight was equal to 62%. The study
area covariate had a Relative Variable Importance weight equal to 27% (Appendix O).
Based on the top ranked model averaged beta coefficients, chorus frog larvae occupancy

varied between states. Occupancy coefficients for chorus frog larvae were negative for
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the North Dakota study site and positive for the Minnesota and Iowa study sites

(Appendix AK). North Dakota had the lowest probability of occupancy and lowa had the
highest. Occupancy coefficients for chorus frog larvae were negative for the North
Dakota study site and positive for the Minnesota and Iowa study sites. In addition, the C
covariate estimate was positively correlated with site occupancy, while C had a negative
influence on occupancy. The C and C” relationship resulted in an estimated peak
probability of occupancy for sites with C equal to 3.4 (Appendix AK, Figure 24). The
model averaged beta coefficient estimate for constant detection probability was equal to
1.20 (SE + 0.43) (real estimate = 0.769). On average, the probability of detecting at least
one chorus frog larvae in three visits (late May, early June, and late June) was equal to 1
—(1-0.769)* =0.988.

I identified two models in my analysis of detection probability for chorus frog
larvae in 2006. The best fitting, most parsimonious model included a linear effect (w; =
0.69), while the next best competing model (AAIC, = 0.1.66) included a sampling period
permutation where detection probabilities varied between sampling periods
(t) (wj =0.30) (Appendix P). Iused the top ranked model for further occupancy analysis.

The study area, C, and C? covariates were included in the best fitting, most
parsimonious model identified in my 2006 occupancy modeling analysis for chorus frog
larvae (w; = 0.72). The next best fitting model (w; = 0.24), though not competitive
(AAIC, = 2.23), included the C and C* covariates (Appendix Q). The beta coefficient
estimates for study area varied between study sites. Occupancy coefficients for chorus

frog larvae were negative for the North Dakota and Minnesota study sites and positive for
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Figure 24. Estimated occupancy rates of chorus frog larvae for three seasonal wetland
types (quantified using C) at North Dakota (long dashed line), Minnesota (short
dashed line), and Iowa (solid line) study sites located in the Prairie Pothole Region’s
Glaciated Plain for the summer of 2005.
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the Iowa study site (Appendix AK). Minnesota had the lowest probability of occupancy

and Iowa had the highest. In addition, the C covariate was positively correlated with site
occupancy, while the C* covariate had a negative influence. The C, C* relationship
resulted in an estimated peak probability of occupancy for sites with C equal to 3.0
(Appendix AK, Figure 25).

The intercept and linear effects beta coefficient estimates [3.08 (SE £ 0.91) and -
1.28 (SE = 0.38), respectively] were negatively correlated with the three sampling
periods (late May, early June, and late June). In late May the probability of detection was
0.858, while in early and late June detection was 0.627 and 0.318, respectively. On
average, the probability of detecting at least one chorus frog larvae after these three visits

was equal to 1 — (1 — 0.858) * (1 —0.627) * (1 — 0.318) = 0.964.

Gray Treefrogs

I identified only one detection probability model for adult gray treefrogs for 2005.
The best fitting, most parsimonious model included a sampling period permutation where
detection probabilities vary between sampling periods (t) (wj= 0.58) (Appendix S). I
used this model for further occupancy analyses.

The highest ranked, most competitive model for adult gray treefrog occupancy in
2005 included only the study area covariate (w;= 0.80) (Appendix S) where occupancy
varied by state. The Minnesota study site had a higher probability of occupancy (y =
0.963; beta coefficient = 4.66) than lowa (y = 0.196; beta coefficient = -1.41) (Appendix

AJ).
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Figure 25. Estimated occupancy rates of chorus frog larvae for three seasonal wetland
types (quantified using C) at North Dakota (long dashed line), Minnesota (short
dashed line), and lowa (solid line) study sites located in the Prairie Pothole Region’s
Glaciated Plain for the summer of 2006.



72
My detection probability beta coefficient estimates varied between sampling

periods. The late May sampling period estimate was negatively associated with detection
probability [p =-1.47 (SE + 0.79) (real estimate = 0.186)], while the early and late June
sampling period estimates were positively associated with detection probability [p = 1.49
(SE £0.77) (real estimate = 0.816) and 0.75 (SE =+ 0.60) (real estimate = 0.679),
respectively]. I calculated, the probability of detecting at least one adult gray treefrog
after these three visits as 1 — (1 —0.186) * (1 —0.816) * (1 — 0.679) = 0.952.

As in 2005, I identified only one detection probability model for adult gray
treefrogs in 2006. In contrast to 2005, however, technique used, was included as a
detection probability covariate in the highest ranked, most competitive model (w; = 0.66)
(Appendix T). Iused this model for further occupancy analysis.

In my 2006 adult gray treefrog occupancy analysis, I detected lack-of-fit using the
parametric bootstrap goodness-of-fit test (1,000 iterations) (¢ = 1.202). Hence, I
adjusted the AICc value of each model to a QAIC, value using the variance inflation
factor ¢. The best ranked, most competitive model for adult gray treefrog occupancy
included the study area covariate (w;= 0.53). However, the next most competitive model
(AQAIC, = 1.88) included the C and C* covariates (w; = 0.21). The two models had a
combined Akaike weight of 74%. The study area covariate had a Relative Variable
Importance weight of 56%. The C and C” covariates had Relative Variable Importance
weights of 30% and 21%, respectively (Appendix U). Based on the highest ranked,
model averaged beta coefficient estimates, adult gray treefrog occupancy varied among

states. Occupancy coefficients for adult gray treefrogs were positive in Minnesota and
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negative in lowa (Appendix AJ). The probability of occupancy was higher in Minnesota

than in Iowa. In addition, the model averaged beta coefficient estimate for the C
covariate was positively correlated with site occupancy. The estimate for the C
covariate had a negative influence on occupancy. The C, C° relationship resulted in an
estimated peak probability of occupancy for sites with C equal to 2.4 (Appendix AJ,
Figure 26).

The covariate technique used (use of automated recorders) was positively
associated [technique used — p = 29.27(SE £ 0.3.05) (real estimate for use = 0.507)] with
detection probability, however the intercept (non-use of automated recorders) was
negatively associated with detection probability [intercept — p =-29.24 (SE £ 0.3.05)
(real estimate for non-use = 0.000)]. In general, if automated recorders were used for all
three visits (late May, early June, and late June) the probability of detecting at least one

adult gray treefrog was equal to 1 — (1 — 0.507)* = 0.880.

Northern Leopard Frogs

I identified only one model in my detection probability analysis for northern
leopard frogs in 2005. Detection probability was best modeled using a permutation that
allowed detection probabilities to vary between sampling periods (t) (w; = 1.00)
(Appendix V). I used this model for further occupancy analysis.

Study area, C, and C* were included in the best fitting, most parsimonious
occupancy model for adult northern leopard frogs in 2005 (w; = 0.68). The next best
model (w; = 0.16), though not competitive (AAIC, = 2.86), included the study area and C

covariates (Appendix W). Based on the highest ranked model’s beta coefficient
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Figure 26. Estimated occupancy rates of adult gray treefrogs for three seasonal wetland
types (quantified using C) at Minnesota and Iowa study sites located in the Prairie
Pothole Region’s Glaciated Plain for the summer of 2006.
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estimates, occupancy varied between states. Occupancy coefficients for adult northern

leopard frogs were negative in North Dakota and positive in Minnesota and lowa
(Appendix AJ). North Dakota had the lowest probability of occupancy and Minnesota
had the highest. In addition, the estimate for the C covariate was positively correlated
with site occupancy, while the C? covariate was negatively associated with site
occupancy. The C, C* relationship resulted in an estimated peak occupancy probability
for sites with C equal to 3.3 (Appendix AJ, Figure 27).

Beta coefficient estimates for detection probabilities (t) varied by sampling
period. The sampling period estimates for late May and early June were positively
associated with detection probability [p = 0.068 (SE + 0.51) (real estimate = 0.517) and
1.68 (SE = 0.65) (real estimate = 0.657), respectively]. The estimate for the late June
sampling period was negatively associated with detection probability [p =-1.53 (SE +
0.57) (real estimate = 0.178)]. I calculated the probability of detecting at least one adult
northern leopard frog after three visits as 1 — (1 —0.517) * (1 —0.657) * (1 —0.178) =
0.865.

Two high ranking models (AAIC, < 2.00) were identified in my 2006 adult
northern leopard frog detection probability analysis. The highest ranked model included
a sampling period permutation that allowed detection probabilities to remain constant
between sampling periods (.) (w; = 0.49), while the next best competing model (AAIC, =
1.94) included the covariate, technique used (w; = 0.18) (Appendix X). I used the highest

ranked model for further occupancy analysis.
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Figure 27. Estimated occupancy rates of adult northern leopard frogs for three seasonal
wetland types (quantified using C) at North Dakota (long dashed line), Minnesota
(short dashed line), and Iowa (solid line) study sites located in the Prairie Pothole
Region’s Glaciated Plain for the summer of 2005.
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I also identified two closely competing models in my 2006 occupancy analysis for

adult northern leopard frogs. The best fitting, most parsimonious model included the
covariates study area and C (w; = 0.44). The next best competing model (AAIC, = 0.72)
only included the C covariate (w; = 0.31). The two models had a combined Akaike
weight of 75%. The study area and C covariates had Relative Variable Importance
weights of 57% and 56%, respectively (Appendix Y). Based on the top ranked models,
model averaged beta coefficients, occupancy varied by study site. Occupancy
coefficients for adult northern leopard frogs were negative in North Dakota and positive
in Minnesota and Iowa (Appendix AJ). North Dakota had the lowest probability of
occupancy, while Minnesota had the highest. Finally, the estimate for the C covariate
was positively correlated with site occupancy (Appendix AJ, Figure 28).

The model averaged, beta coefficient estimate for constant (.) detection
probability was equal to 0.74 (SE £ 0.30) (real estimate = 0.677). I calculated the
probability of detecting at least one adult northern leopard frog after visiting sites in late
May, early June, and late June as 1 — (1 — 0.677)° = 0.966.

Detection probability for northern leopard frog larvae in 2006 was best modeled
as a linear trend (w; = 0.58). However, a second model, which included a sampling
period permutation where detection probability varied among sampling periods (t), also
ranked high in the analysis (AAIC, = 0.70). However, this model failed to converge
(Appendix Z). Hence, I used the highest ranked model for further analysis.

The study area, C, and C? covariates were included in the highest ranked, most

competitive model in the 2006 occupancy analysis for northern leopard frog larvae (w; =
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Figure 28. Estimated occupancy rates of adult northern leopard frogs for three seasonal
wetland types (quantified using C) at North Dakota (long dashed line), Minnesota
(short dashed line), and Iowa (solid line) study sites located in the Prairie Pothole
Region’s Glaciated Plain for the summer of 2006.



79
0.79). The next best fitting model (w; = 018), though not competitive (AAIC, = 2.93),

also included the study area and C covariates. Based on model averaged beta coefficients
estimates of the top ranked models, northern leopard frog larvae occupancy varied among
study sites (Appendix AA). Occupancy coefficients for northern leopard frog larvae
were negative in North Dakota and positive in Minnesota and lowa (Appendix AK).
North Dakota had the lowest probability of occupancy and lowa had the highest. In
addition, the C covariate was positively correlated with site occupancy, while the C
covariate had a negative influence. The C, C relationship resulted in an estimated peak
probability of occupancy for sites with C equal to 3.6 (Appendix AK, Figure 29).

In my detection probability analysis, the estimate for the intercept was negatively
associated with detection [-2.13 (SE + 0.99)]. However, the estimate for the linear effect
beta coefficient was positively correlated with detection [1.59 (SE £ 0.58)]. The
relationship between the intercept and linear coefficients resulted in an increasing
probability of detection through the sampling period. In late May, detection probability
was 0.368, while in early and late June, detection probabilities were 0.741 and 0.923,
respectively. I calculated the probability of detecting at least one northern leopard frog
larvae after visiting sites in late May, early June, and late June as 1 — (1 - 0.368) * (1 —

0.741) * (1 - 0.923) = 0.987.

Tiger Salamanders

I identified three closely competing models (AAIC, < 2.00) in my detection
probability analysis for adult tiger salamanders in 2005. The highest ranked model

included a sampling period permutation that allowed detection probability to remain
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Figure 29. Estimated occupancy rates of northern leopard frog larvae for three seasonal
wetland types (quantified using C) at North Dakota (long dashed line), Minnesota
(short dashed line), and Iowa (solid line) study sites located in the Prairie Pothole
Region’s Glaciated Plain for the summer of 2006.
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constant (.) (wj = 0.43). The second highest ranked model (w; = 0.28) included the time

of day covariate. Finally, the least competitive model (AAIC, = 1.83) of the highest
ranked models (AAIC, < 2.00) included a linear trend for detection probability (w; =
0.17) (Appendix B). I used the top ranked model for further occupancy analysis.

I also identified three high ranking models (AAIC, < 2.00) in my 2006 occupancy
analysis for adult tiger salamanders. The best ranked model included the C and C
covariates (W; = 0.32), while the second best model, the null model, included a modeling
permutation that allowed occupancy to remain constant (.) over time (w; = 0.27). Finally,
the third highest ranked model included the C covariate (w; = 0.16). The three models
had a combined Akaike weight of 75%. The C and C” covariates had Relative Variable
Importance weights of 63% and 42%, respectively. Finally, the constant occupancy
permutation had a Relative Variable Importance weight of 27% (Appendix AC). The top
ranked, model averaged beta coefficient estimate for the C covariate was positively
correlated with site occupancy, while the C* estimate was negatively associated with site
occupancy. The C and C” relationship resulted in an estimated peak probability of
occupancy for wetlands with C equal to 3.3 (Appendix AJ, Figure 30).

My top ranked, model averaged beta coefficient estimate for constant (.) detection
probability was 0.53 (SE £ 0.52) (real estimate = 0.629). I calculated the probability of
detecting at least one adult tiger salamander after visiting sites in late May, early June,
and late June as 1 — (1 —0.629)° = 0.949.

I identified two high ranked models in my 2005 detection probability analysis for

tiger salamander larvae. For the highest ranked model (w; = 0.54), detection was best
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Figure 30. Estimated occupancy rates of adult tiger salamanders for three seasonal
wetland types (quantified using C) located in the Prairie Pothole Region’s Glaciated
Plain for the summer of 2005.
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modeled as a linear trend. However, this model failed to converge, resulting in an

unreliable AIC, value for that model. The second highest ranked model (w; = 0.23,
AAIC, = 1.69) included a sampling period permutation that allowed detection
probabilities to remain constant (.) over time (Appendix AD). Due to the unreliability of
the top ranked models AIC, value, I used the second best ranked model for further
occupancy analysis.

In my occupancy analysis for tiger salamander larvae in 2005 I identified two
competitive models. The C covariate was included in the highest ranked model (w; =
0.50). The next best competing model (AAIC, = 1.55) included the C and C* covariates
(Wi = 0.23). These two models had a combined Akaike weight of 73%. The C and C
covariates had Relative Variable Importance weights of 91% and 28%, respectively
(Appendix AE). Based on model averaged beta coefficient estimates of the top ranked
models, the C covariate was positively correlated with site occupancy, while C* had a
negative association with site occupancy. The C and C” relationship, though quadratic
mathematically, essentially resulted in a linear trend with an estimated peak probability
of occupancy for wetlands with C equal to 6.1 (Appendix AK, Figure 31).

My model averaged, beta coefficient estimate for constant detection probability (.)
was equal to 2.73 (SE + 0.73) (real estimate = 0.938). I calculated the probability of
detecting at least one tiger salamander larvae after visiting a site in late May, early June,
and late June as 1 — (1 —0.938)° =0.999.

The best fitting, most parsimonious detection probability model I identified for

tiger salamander larvae in 2006 included a sampling period permutation that allowed
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Figure 31. Estimated occupancy rates of tiger salamander larvae for three seasonal
wetland types (quantified using C) located in the Prairie Pothole Region’s Glaciated
Plain for the summer of 2005.
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detection probability to remain constant (.) over time (W; = 0.62). The next best fitting

model (w; = 0.15), though not competitive (AAIC, = 2.80), included a linear effect for
detection probability (Appendix AF). I used the highest ranked model for further
occupancy analysis.

The top ranked model in the 2006 tiger salamander larvae occupancy analysis
included the C covariate (w; = 0.64), while, the second highest ranked model included the
C and C? covariates (W= 0.26). The two models had a combined Akaike weight of 90%.
The C covariate had a Relative Variable Importance weight of 100%. The C* covariate
had a Relative Variable Importance weight of 29% (Appendix AG). Based on the top
ranked models, model averaged beta coefficient estimates the C covariate was positively
correlated with site occupancy. The C” estimate was negatively associated with site
occupancy. The C and C” relationship, though quadratic mathematically, essentially
resulted in linear trend with an estimated peak occupancy probability for wetlands with C
equal to 6.9 (Appendix AK). Occupancy rate estimates for each wetland type (quantified
using C) are detailed in Figure 32.

The top ranked, model averaged beta coefficient estimate for constant (.)
detection probability was 0.54 (SE £ 0.37) (real estimate = 0.632). I calculated the
probability of detecting at least one tiger salamander larvae after visiting a wetland in late

May, early June, and late June as 1 — (1 — 0.632)” = 0.950.

Wood Frogs

Detection probabilities were best modeled as a linear trend for wood frog larvae

in 2006 (w; = 0.71) (Appendix AH). I used this model in the occupancy analysis. |
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Figure 32. Estimated occupancy rates of tiger salamander larvae for three seasonal
wetland types (quantified using C) located in the Prairie Pothole Region’s Glaciated
Plain for the summer of 2006.
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identified three competitive models (AAIC. < 2.00) in my 2006 occupancy analysis for

wood frog larvae. The highest ranked model included the C covariate (w; = 0.35), while
the second ranked model included both C and C” covariates (w; = 0.27). The least
competitive model (AAIC, = 1.39) included a modeling permutation that allowed
occupancy to remain constant (.) between sites (W; = 0.18). The three models had a
combined Akaike weight of 80%. The C covariate had a Relative Variable Importance
weight of 74%. The C” covariate had a Relative Variable Importance weight of 31%.
Finally, the model permutation of constant occupancy (.) had a Relative Variable
Importance weight of 20% (Appendix Al). Based on model averaged beta coefficient
estimates of the top ranked models the C covariate was positively correlated with site
occupancy. The C” covariate was negatively associated with site occupancy. The
relationship between C and C” covariates resulted in an estimated peak occupancy
probability for wetlands with C equal to 4.0 (Appendix AK, Figure 33).

Model averaged beta coefficient estimates for the intercept and linear effect
permutation for detection probability resulted in a negative correlation for the three
sampling periods. In late May, I estimated the probability of detection as 0.989, while in
early and late June I estimated the probability of detection as 0.920 and 0.589,
respectively. Overall, I calculated the probability of detecting at least one wood frog
larvae after visiting a wetland three times as 1 — (1 - 0.989) * (1 —0.920) * (1 —0.589) =

0.999.
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Figure 33. Estimated occupancy rates of wood frog larvae for three seasonal wetland
types (quantified using C) located in the Prairie Pothole Region’s Glaciated Plain for
the summer of 2006.



DISCUSSION

Species Richness

In my study, summer precipitation varied greatly between 2005 and 2006.
However, species richness was similar in both years regardless of study site or land-use
type. Hence, summer precipitation does not appear to influence species richness in
seasonal wetlands. However, the land-use of seasonal wetlands and their spatial location
within the Glaciated Plains do appear to be important factors influencing amphibian
species richness. Although, I did not find statistically significant differences in species
richness between the three wetland land-use categories at the North Dakota and
Minnesota study sites, I suspect I would have detected differences if I had sampled more
wetlands. With the exception of restored wetlands in lowa, each wetland land-use
category for each state had a sample size of four. Stauffer (2007) emphasized the
importance of being cognizant, especially in ecological studies, of the differences
between biologically significant and statistically significant differences. Biologically
significant results may not be statistically significant if sample size is too small. In
addition, Magurran (1988) recommended taking other ecological information into
account when basing inferences on species richness or diversity indices. Therefore, due
to the small sample size of this study (n = 40) and the inherent stochastic nature of
seasonal wetlands (Euliss et al. 2004b), I refrained from relying solely on statistically
significant results for inference and included observed biologically interesting patterns in

my discussion on amphibian species richness.

89
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The results of my study suggest that species richness in the Glaciated Plains was

greater in Minnesota than in North Dakota or lowa. North Dakota and Iowa had similar
species richness (Figures 5 and 6). Moreover, farmed wetlands in the Glaciated Plains
were used by fewer amphibian species than restored or natural wetlands (Figures 7 and
8). However, my study site by wetland land-use interaction term suggested that only
farmed wetlands in lowa were used by significantly fewer species than restored or natural
wetlands (Figures 9 and 10). In contrast, species richness in farmed wetlands was similar
to restored and natural seasonal wetlands in North Dakota and Minnesota (Figures 9 and
10). However, it is unlikely that agricultural wetlands in North Dakota and Minnesota
provide optimal habitat for amphibians. On average, restored and natural wetlands were
used by similar numbers of amphibian species throughout the Glaciated Plains (Figures 7
and 8). Moreover, my evaluation of the study site and wetland land-use interaction
indicated that restored and natural wetlands in North Dakota, Minnesota, and Iowa had
similar species richness, suggesting restored wetlands may provide amphibians with
habitats similar to those found in natural wetlands.

I found a significant difference in species richness between farmed and restored or
naturally occurring wetlands at my Iowa study site. However, I found no differences in
species richness at my North Dakota or Minnesota study sites. This may reflect differing
wetland drainage techniques. Each of the farmed wetlands I sampled in Iowa and one
farmed wetland in Minnesota were drained using tiles, whereas the remaining three
farmed wetlands in Minnesota and all four farmed wetlands in North Dakota were

drained with open ditches (Table 2). The two drainage techniques differ in their efficacy
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in removing water from wetland basins. Hence, each drainage technique has varying

effects on the most fundamental ecological process that determines the composition of all
prairie wetland communities by altering inter-annual flooding, drying, and re-flooding
cycles of wetland basins (Euliss et al. 2004). Hence, each drainage technique shortens
wetland hydroperiod, a critical factor affecting reproductive success of all amphibians
inhabiting seasonal wetlands in the Glaciated Plains.

Tile draining wetlands is accomplished by burying perforated pipe, known as tile,
into wetland substrates. These tiles collect water from wetland basins and transport it
into ditches, streams, or buried cisterns (Libra et al. 1996). This technique efficiently
removes water from wetlands. As a result, wetlands drained with tiles only hold water
for brief periods in spring when frozen soils prevent outflow via buried tiles. Typically,
even extreme precipitation events in the summer, do not pond water much longer than a
week. This provides farmers with considerably more access to these wetlands for
agricultural practices such as cultivation, seeding, fertilizing, pesticide application, and
harvesting.

In contrast, open ditch draining consists of digging surface ditches that divert
water to roadside ditches or other wetlands that cannot be drained. Compared to tile
drainage, open ditches are less efficient, which results in them ponding some water. In
general, when open ditches are used; wetland area and hydroperiod are reduced, which
may affect an anthropogenic shift in wetland class. Hence, a seasonal wetland may begin
functioning as a temporary wetland (Euliss et al. 1999). However, in extreme or

persistent precipitation events, these wetlands may have hydroperiods that last for several
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weeks to a year. Further, wetlands drained by open ditches may only be farmed during

dry years. Hence, they often maintain some natural floristic and hydrologic function
relative to wetlands more completely drained with tiles. In wet years, agricultural access
to these wetlands may be greatly restricted due to wet soils, allowing wetland plant
communities to recolonize formerly dry and farmed wetland basins (Kantrud and Newton
1996).

Due to the efficiency of tile drains, no surface water was present in any of my tile
drained wetlands after the second week in May either field season. Each farmed wetland
was unvegetated at the start of each field season, but agricultural vegetation developed as
the summer progressed. Although, the habitat provided by these wetlands would not be
considered desirable for amphibians I detected several amphibian species at wetlands
drained with tiles. In Iowa, American toads were detected at tile drained wetlands both
study years and chorus frogs were detected in 2005 (Table 8). In addition, breeding
chorus frogs were detected at the tile drained wetland in Minnesota in 2005, as were
breeding gray treefrogs in 2005 and 2006 (Table 7). Each of these species is known as
breeding habitat generalists. However, only American toads and chorus frogs are capable
of successfully reproducing in wetlands with hydroperiod shorter than eight weeks
(Oldfield and Moriarty 1994, Conant and Collins 1998). I also detected an adult northern
leopard frog in July of 2006 at the tile drained wetland in Minnesota (Table 7), but I
believe this individual was dispersing from a nearby wetland that provided more suitable

habitat.
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In contrast to tile drained wetlands, each of the wetlands drained with open

ditches in North Dakota and Minnesota were partially flooded. This was likely a result of
the wet summer of 2005. The previous year was dry and many wetlands were farmed.
Farming activity in 2004 removed natural vegetation from these wetlands but by mid
summer each wetland was re-vegetated with a combination of agricultural plants and(or)
opportunistic wetland annuals.

In 2005, the four farmed wetlands in North Dakota drained with open ditches had
hydroperiods that lasted six weeks. Chorus frogs and Great Plains toads successfully
reproduced (presence of newly metamorphosed froglets and toadlets) at three of my four
farmed wetlands (Table 6). My observations are consistent with the literature that chorus
frogs are breeding habitat generalists and Great Plains toads are prolific breeders in short
hydroperiod wetlands that have muddy water and lack emergent vegetation (Oldfield and
Moriarty 1994, Conant and Collins 1998). That same year, I also detected two adult
wood frogs at two of these wetlands in late July (Table 6). However, I believe they came
from a nearby seasonal wetland (approximately 500 meters) that provided adequate
habitat for this species.

In 2005, farmed wetlands in Minnesota drained with open ditches maintained
hydroperiods for a portion or all of the summer. However, only one wetland had a
hydroperiod that persisted longer than four weeks (wetland 13, Table 7). At these
wetlands, I detected several amphibians including Canadian toads, chorus frogs, gray
treefrogs, northern leopard frogs, and wood frogs. Each species was detected at the

wetland with a hydroperiod that persisted all summer (wetland 13) (Table 7). The
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hydroperiod of this wetland was of sufficient length to facilitate reproduction of all five

species (Oldfield and Moriarty 1994, Conant and Collins 1998). However, only chorus
frogs and gray treefrogs successfully reproduced in these wetlands based on the presence
of larvae (Table 7).

During the summer of 2006, less precipitation fell in the Glaciated Plains (Figure
4). Regardless, each wetland drained with open ditches at my North Dakota and
Minnesota sites filled with water. However, only one wetland in Minnesota (wetland 13,
Table 7) retained water longer than four weeks. Abundant rainfall the previous year
prevented farming in several of these wetlands. As a result, two wetlands in Minnesota
(Wetlands 13 and 14, Table 7) and one in North Dakota (wetland 1, Table 6) re-vegetated
with wetland plants. The remaining wetlands with open ditches developed some natural
vegetation by late spring but it was replaced with row crop plants or opportunistic plant
annuals due to cultivation and herbicide application (Roundup® is widely used).

At my North Dakota study site I detected, chorus frogs and Great Plains toads at
two and three, respectively, of the same wetlands sampled in 2005. However, neither
species successfully reproduced due to shortened hydroperiods (Table 6). In Minnesota, I
detected American toads, Canadian toads, chorus frogs, gray treefrogs, northern leopard
frogs, and wood frogs at one or more of the wetlands drained with open ditches. I
detected all six species at wetland 13 (Table 7), a basin flooded the entire summer.
However, I only observed larvae for chorus frogs (Table 7). This observation was
initially perplexing because wetland 13 was fully vegetated and had adequate water,

which suggests it was suitable reproductive habitat for many amphibians. However, it
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was inhabited by numerous animals that prey on amphibians including fish (Hecnar and

McClosky 1997, Zimmer et al. 2000), invertebrates, and painted turtles (Chrysemys
picta). I observed a large fish die-off in this wetland in July 2005. This die-off
immediately followed an application of Roundup® to the field surrounding my study
wetland. Roundup® is not licensed to use in vegetation over water because it is toxic to
aquatic organisms and it is well established that it negatively impacts amphibians (Relyea
2005).

My observations identify an important difference between wetlands drained with
tiles versus those drained by open ditches. Tile drained wetlands have essentially no
value to amphibians. In contrast, seasonal wetlands drained with open ditches provide
some ponded area, support some natural vegetation, and are used by some amphibians.
However, it may be that the attractiveness of these partially drained wetlands in
agricultural fields may pose liabilities to amphibians. Additional study of the suitability
of farmed wetlands drained with open ditches to amphibians is warranted.

Tile drained wetlands may represent a significant liability for the few amphibian
species using them. American toads and chorus frogs used tile drained wetlands during
breeding periods, but I did not find any evidence that either species successfully
reproduced in them. In addition, species using tile drained wetlands were likely exposed
to higher desiccation rates, tillage and seeding activities, and direct exposure to
agrichemicals. Hence, tile drained wetlands may represent an ecological trap or an

attractive sink (Anderson and Gutzwiller 2005).
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In comparison to tile drained wetlands, wetlands with open ditches may provide

some habitat for certain amphibian species. Certainly, wetlands with open ditches are
capable of maintaining short hydroperiods (typically 4 - 6 weeks). In addition, wetlands
with open ditches also develop more diverse plant communities, especially in wet years.
Hence, open ditch wetlands with short hydroperiods and wetland vegetation provide more
appealing habitats for a variety of foraging, dispersing, and reproducing amphibians.
However, those species that reproduce successfully in wetlands drained with open ditches
tend to be habitat generalists, such as the chorus frog and gray treefrog, or breeding
habitat specialist, as is the case with the Great Plains toad (Oldfield and Moriarty 1994,
Conant and Collins 1998). Other species utilizing these wetlands, such as northern
leopard frogs, tiger salamanders, and wood frogs have likely been negatively impacted
because they require longer hydroperiods for successful reproduction (Oldfield and
Moriarty 1994, Conant and Collins 1998). My observations also support published
findings that wetlands drained with surface ditches are more prone to predator invasions,
especially fish, which negatively affect many amphibians (Rowe and Dunson 1995,
Hecnar and McClosky 1997, Katz et al. 1988, Lawler 1989, Awan and Smith 2007).
Finally, ditch drained wetlands are routinely subjected to farming practices, which can
stress amphibians through contact with agrichemicals, mechanical disturbance of wetland
substrates, and exposure to desiccation when traveling over adjacent unvegetated
farmland.

Clearly, amphibian use of wetlands drained with open ditches does not suggest

they are high quality habitat, even for those species that successfully reproduce in them.
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Gray et al. (2004) studied four amphibian species (New Mexico spadefoot, Spea

multiplicata; plains spadefoot, Spea bombifrons; Great Plains toad; and barred tiger
salamander, Ambystoma tigrinum) found most commonly in playa wetlands of the
Southern High Plains of Texas. They found that cropland and grassland playas had
comparable amphibian abundances and diversities. However, postmetamorphic body
sizes of those amphibian species were drastically different between the two land-use
types (Gray and Smith 2005). Individuals found in cropland playas were physically
smaller than individuals found in grassland playas. They reasoned that the agriculturally
disturbed uplands, shorter hydroperiods and greater abundances of larvae resulted in
reduced food availability, which likely resulted in hastened metamorphosis of developing
amphibians, affecting lower postmetamorphic body size. They also speculated that
amphibians in cropland playas were likely exposed to agrichemicals, which may have
also contributed to lower postmetamorphic body sizes.

Although I did not collect information on postmetamorphic body size of
amphibians, I did observe larval and metamorphic amphibians which provide some
indication of reproductive success (Tables 6, 7, and 8). These data suggest there were
differences in amphibian use and reproductive success among the three land-use
categories. No amphibians reproduced successfully at tile drained wetlands. However,
chorus frogs and Great Plains toads did reproduce in wetlands drained with open ditches
in North Dakota as did chorus frogs and gray treefrogs in open ditch-drained wetlands in
Minnesota. In contrast, chorus frogs, tiger salamanders, and wood frogs in North Dakota

successfully reproduced in both restored and natural wetlands, while northern leopard
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frogs successfully reproduced only in natural wetlands (Table 6). In Minnesota, chorus

frogs, gray treefrogs, northern leopard frogs, tiger salamanders, and wood frogs
successfully reproduced at both restored and natural wetlands (Table 7). Further, chorus
frogs, northern leopard frogs, and tiger salamanders in lowa successfully reproduced at
restored and natural wetlands (Table 8). Overall, it appears that restored and natural
seasonal wetlands in North Dakota, Minnesota, and lowa are used by many of the same
amphibian species and both provide suitable habitat suitable.

My study also suggests that amphibian species have specific habitat preferences.
Some species only used farmed wetlands for breeding (Great Plains toad), while other
species only used restored or natural wetlands for breeding (northern leopard frog, tiger
salamander, and wood frog). Other species (chorus frog) utilized wetlands under all three
land-uses. Thus, my observations suggest anthropogenic land-use change is differentially
affecting natural amphibian communities. Some species appear to benefit from land-use
change, while others appear harmed or unaffected. In general, this idea parallels
Semlitsch’s (2000) recommendations for managing amphibian populations. He
advocated maintenance or restoration of an array of natural ponds that vary in
hydroperiod. Hence, the value of all wetland types should be considered and well
understood before implementing management actions that change the spatial array of
existing habitats. However, a key element in developing such an understanding is
identifying the influence of anthropogenic activities on the ability of diverse wetland

types to support healthy amphibian populations over the longest time period possible.



99
Finally, my study revealed that in general, North Dakota and lowa had lower

species richness than Minnesota (Figures 5 and 6). These statistical differences were
influenced by my lack of detection of Canadian toads in North Dakota and gray treefrogs
at farmed, natural, and several restored wetlands in lowa (Tables 6 and 8). My inability
to detect these species may be due to low abundances at each of the study sites, or in the
case of the Canadian toad, possibly due to a clustered population distribution associated
with this species unique communal overwintering behavior (Oldfield ad Moriarty 1994).
These factors would lower the probability of me detecting these species (Royle and
Nichols 2003) in North Dakota and lowa. My inability to detect gray treefrogs at natural
wetlands in lowa may be an artifact of lumping the Cope’s gray treefrog with the eastern
gray treefrog. Recently, these two species were separated based on genetic analysis
following a long history of taxonomic confusion and debate (Oldfield and Moriarty 1994,
Conant and Collins 1998). According to Oldfield and Moriarty (1994), the ranges of
these two species do not extend into north-central lowa. However, the range of the
eastern gray treefrog does come within 100 kilometers of my lowa study site. Hence, it is
possible that the eastern gray treefrog inhabits the Iowa study site while both species may
inhabit the Minnesota study site. It is also possible that the two species have different
habitat preferences, with eastern gray treefrogs possibly preferring restored wetlands over
naturally occurring wetlands, or perhaps there are simply more gray treefrogs in
Minnesota. Again these are factors possibly affecting the probability of me detecting
these two species in my study. It is also possible that these species simply were not

present.
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In summary, my study suggests that tile drainage has negatively impacted all

amphibian species using seasonal wetlands. Moreover, my study has suggested that tile
drained wetlands may act as ecological traps or attractive sinks (Anderson and Gutzwiller
2005). In contrast, I did not find differences in species richness among wetlands drained
with open ditches, restored wetlands, and naturally occurring wetlands. However, I did
find important differences in community composition and reproductive success among
farmed seasonal wetlands drained with tile, restored seasonal wetlands, and natural
seasonal wetlands. Although wetlands drained with open ditches were used by several
amphibian species, their overall reproductive value for most of those amphibian species
appears limited. However, open ditch drained wetlands may have some value as
foraging, cover, or dispersal corridors for amphibian persistence on the landscape, though
their overall value remains unclear. Finally, my study suggests that restored and natural
wetlands are used similarly by several amphibian species and likely provide comparable
amphibian habitat. However, further investigation into the habitat quality of farmed,
restored and natural seasonal wetlands is warranted. In my study, species richness did
not vary among the land-use types I evaluated for my North Dakota or Minnesota study
sites. Species richness is a poor measure of habitat quality, especially with regard to
specific species (Magurran 1988). In addition, species richness does not account for the
density of individuals of a species nor the probability of false absences of a species.
Failing to account for these factors can lead to false inferences (Magurran 1988,

MacKenzie et al. 2006). In order to better assess the habitat quality of restored wetlands,



101
further investigation into specific amphibian species use, reasons for that use, and

reproductive success at farmed, restored and natural wetlands will be required.

Precision and Allocation of Sampling Effort

MacKenzie et al. (2002) pointed out that precision of occupancy and detection
probability estimates are interrelated and governed by the number of sites visited and the
total visits per site. MacKenzie and Royle (2005) further explored the costs and benefits
of increasing or decreasing either the number of sites surveyed or the number visits to a
site and the effect each has on the precision of occupancy and detection probability
estimates. From their findings, they recommended a general strategy for allocating
sampling effort to maximize precision. When occupancy and detection probabilities are
suspected to be low, more effort should be devoted to repeat surveys and less effort
should go to surveying more sites. This is also the case when occupancy probability is
suspected to be high, but detection probability is low. However, when occupancy and
detection probability are thought to be high or when occupancy probability is thought to
be low and detection probability is high, less effort should be devoted to repeat surveys
and more effort should go to surveying additional sites. Further, they recommended that
researchers visit sites a minimum of three times when detection probabilities are
approximately 0.50 and to increase the number of sites visited if detection probability is
less. These recommendations highlight two useful concepts in planning and evaluating
occupancy study designs. First, it is important to obtain high detection probabilities

when resources limit the number of sites visited and the number of visits to individual
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sites. Second, their recommendations highlight the potential for evaluating the

effectiveness of a studies’ allocation of sampling effort through the use of an estimates’
precision, where high levels of precision suggest adequate allocation of sampling effort.

The broad scope of my study and limited resources resulted in an allocation of
sampling effort where the number of sites visited (n = 40) were sacrificed at the cost of
using multiple detection techniques (automated call surveys, aquatic trapping, and visual
encounter surveys) and multiple site visits (6 to 7 per summer) to detect a variety of
amphibian species (Table 3). Thus, I made the assumption that by limiting the
probability of false absences [= (1 — p)k] through intensive sampling and repeat surveys,
precise and robust inferences could be made about occupancy patterns for several
amphibian species using seasonal wetlands in the Glaciated Plains (MacKenzie et al.
20006).

Indeed, based on my null model estimates, occupancy and detection probabilities
had good precision for the majority of the adult and all larval amphibian species I
modeled. Thus, three visits to 24, 28, or 40 wetlands, depending on the species (Tables 1
and 2), was an adequate allocation of sampling effort for most species. However, my
sampling effort was not sufficient for adult Canadian toads or adult tiger salamanders.
Based on MacKenzie’s and Royle’s (2005) recommendations, additional sites and site
visits would be required to obtain more precise estimates for detection and occupancy
probabilities for adult Canadian toads, while for adult tiger salamanders I would need to

sample more wetlands to improve those estimates.
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In light of these inferences, null model estimates do not account for the potential

of heterogeneity in detection and occupancy probabilities, which unfortunately results in
biased parameter estimates (MacKenzie et al. 2006). Thus, while the information
gleaned from null model estimates is useful to define the number of sites and site visits
required to obtain precise estimates (MacKenzie and Royle 2005), recommendations on
the allocation of sampling effort based on null model estimates should be viewed as
rough guidelines (MacKenzie et al. 2006). Hence, MacKenzie et al. (2006) suggested
that for studies where heterogeneity in detection and(or) occupancy is expected, a greater
number of sites and site visits should be conducted with regard to their optimal study
design recommendations. Therefore, while precision did not appear to be an issue for the
majority of the adult and all larval species I modeled, it would be prudent for future

researchers to view my findings as minimum sampling requirements.

Occupancy Probability Estimates

MacKenzie and Nichols (2004) argued that the state variables, abundance and
occupancy, are often positively correlated. Thus as abundance or density of a species
increases, the probability of occupancy for that species also increases. Hence, the
probability of a species occupying a site is a reflection of its abundance. Therefore,
occupancy probabilities are potentially useful for identifying habitat preferences.
However, one must keep in mind that changes in population size may not be reflected in
occupancy approaches or that change in range and occupancy may not reflect changes in

abundance. Abundance and therefore occupancy, does not necessarily correlate with
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habitat quality (Van Horne 1983). Nevertheless, this concept has strong management

implications because occupancy may be more suitable and cost effective to assess quality
of specific amphibian habitats, in addition to identifying changes in populations and
range of various species (Garshelis 2000).

Based on this concept, my findings suggest that my Iowa study site supported
greater abundances of adult American toads, larval chorus frogs, and larval northern
leopard frogs, while my Minnesota study site supported greater abundances of adult
Canadian toads, adult gray treefrogs, and adult northern leopard frogs. Adult and larval
tiger salamanders and larval wood frogs likely had similar abundances at each occupied
study site. Why some species have different occupancy rates between study sites, while
others have similar occupancy rates is a question that requires further study. By
addressing such a question, we can better understand the dynamics of amphibian
population fluctuations to provide better context for declines of amphibians in the
Glaciated Plains. At present, this information should encourage managers to take into
account specific site locations when proposing scientific studies or implementing
management actions for amphibians in the Glaciated Plains.

My use of C as a proxy of wetland’s land-use provides a unique means to estimate
the probability of an amphibian species use of specific wetland land-use types. I found a
positive correlation between C and the probability of occupancy for adult American
toads, larval chorus frogs, adult gray treefrogs, adult and larval northern leopard frogs,
adult and larval tiger salamanders and larval wood frogs. This suggests that natural

wetlands are of greatest importance to most adult and larval amphibian species using
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seasonal wetlands. However, my occupancy modeling also demonstrated a significant

quadratic effect for C for several of the adult species and all larval species modeled
(Appendices AE and AF). This additional parameter helped identify specific wetland
land-use types that had the greatest probabilities of occupancy.

In general, the probability of occupancy for adult American toads, larval chorus
frogs, adult gray treefrogs, adult and larval northern leopard frogs, adult tiger
salamanders, and larval wood frogs was highest at seasonal wetlands with C of
approximately 3.0. However, my occupancy estimates were generally high within a C
range of 2.5 to 4.5. This suggests that both restored and natural wetlands have similar
probabilities of occupancy. Therefore, restored wetlands likely function similarly to
natural wetlands with respect to the amphibian habitat they provide. However, the
probability of occupancy for larval tiger salamanders was greatest at wetlands with C
equal to 4.5 or greater, which suggest that natural wetlands are of greater importance to
tiger salamanders.

Interestingly, these results reflect the positive correlation I found between mean
wetland C-values and maximum pool water depths in June, which is a proxy of
hydroperiod. Thus, as C increases, hydroperiod length also increases. Hence, naturally
occurring seasonal wetlands have longer mean hydroperiods than restored wetlands. This
corroborates the findings of van der Kamp et al. (1999), where wetlands surrounded by
non-native grasses (smooth brome, Bromus inermis and Alfalfa, Medicago sativa)
maintained shorter hydroperiods than wetlands surrounded by naturally occurring

vegetation communities. Smooth brome is a cool-season grass that has a higher water
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requirement earlier in the growing season than most native grasses and effectively

removes water that otherwise would enter wetlands pools (van der Kamp et al. 1999).
Hence, tiger salamander larvae, which require longer hydroperiods to successfully
metamorphose (Oldfield and Moriarty 1994, Conant and Collins 1998), would logically
have higher occupancy probabilities in natural wetlands.

Occupancy probabilities were always lowest at farmed wetlands (C < 2.5) for all
of the amphibian groups I modeled, further suggesting that drainage and farming has
negatively impacted most amphibians. However, as discussed earlier, I was not able to
model all developmental stages or species at seasonal wetlands (Table 11). Therefore,
inferences cannot be made for all species known to use seasonal wetlands in the
Glaciated Plains. For example, Great Plains toads, which were found only in North
Dakota, were detected only at farmed wetlands drained with open ditches. Given this
information, I suspect that farmed wetlands may be providing habitat that attracts this
species, but further study would be required to evaluate potential benefits or liabilities on
the Great Plains toad.

In summary, the occupancy results of my study suggest that the abundance of
most amphibian species vary throughout the Glaciated Plains. My study further suggests
that restored and natural wetlands are having positive effects on most amphibian species
in the Glaciated Plains. However, the occupancy of tiger salamander larvae was greatest
at natural wetlands with the highest C. These wetlands are likely facilitating successful

reproduction for this species. Finally, based on my occupancy analysis, farmed wetlands
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appear to exert a negative effect on the majority of amphibians inhabiting the Glaciated

Plains.

Detection Probability Estimates

MacKenzie et al. (2006) stated, “Robust inference about occupancy and related
dynamics can only be made by explicitly accounting for detection probability.”
However, traditional amphibian surveys fail to account for differences in detection
probabilities and make the assumption that the detection of every individual or occupied
point is perfect. That is, there are no false absences or the probability of detection is
equal to one. This almost certainly results in biased parameter estimates, which
underestimate occupancy (MacKenzie et al. 2006). Biased occupancy estimates likely
underestimate or misidentify causal factors or variables that affect site occupancy or
habitat selection (Tyre et al. 2003, MacKenzie et al. 2006). These issues with traditional
naive occupancy estimates are of concern to the conservation community because
accurate information is required to design sound management actions to stabilize or
reverse amphibian population declines. Thus, a required step in providing managers with
unbiased and robust inferences regarding the state of amphibian populations is to account
for detection probability.

As expected, my modeling analyses of detection probabilities identified varying
types of heterogeneity in detection probabilities for most adult and larval amphibian
species. These results support the notion that the probability of detecting the

developmental stages of specific amphibian species inhabiting seasonal wetlands of the
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Glaciated Plains is species specific and dependent on the year surveyed (wet or dry),

timing of the survey (May 15" - 31", June 1% - 15™, or Jun 16" - 31*"), or the detection
technique used (the use or non-use of automated call surveys).

Detection probabilities in 2005 were highest the first two weeks of June for adult
American toads, adult Canadian toads, adult gray treefrogs, and adult northern leopard
frogs. Larval chorus frogs and adult and larval tiger salamanders had constant detection
probabilities from the end of May to the end of June. These results suggest that it may be
best to focus on repeat survey times during the first few weeks in June, provided it has
been a wet spring and early summer.

In contrast, detection probabilities in 2006 varied greatly from 2005. The 2006
detection probabilities analyses for adult American toads and adult gray treefrogs
revealed an increase in detection probability when automated recorders were used. This
was not a factor for these species the previous year. In addition, detection probabilities in
2006 for adult Canadian toads, chorus frog larvae, and wood frog larvae were greatest in
late May, while detection probabilities were greatest for northern leopard frog larvae in
late June. For adult Canadian toads and chorus frog larvae, this varied from the previous
year when detection probabilities were greatest in the first two weeks of June. Adult
northern leopard frog detection probabilities also varied from the previous year. In 2006
they remained constant from late May to the end of June. Finally, only tiger salamander
larvae maintained consistent temporal detection probabilities over the two summers.

I attribute the 2006 results to the scarcity of water, which likely affected the

timing of reproductive efforts and survival of young. These findings suggest that in dry
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years it is important to conduct multiple site visits. In addition, it is important to use

multiple sampling techniques that operate over a longer period of time (automated
recorders) to successfully detect amphibians using seasonal wetlands in the Glaciated
Plains.

In summary, my results suggest that the probability of detecting adult and larval
amphibian species inhabiting seasonal wetlands of the Glaciated Plains is dependent on
the amount of late spring and early summer precipitation. My results also suggest that
timing of summer surveys needs to be carefully coordinated with species-specific
autoecological characteristics. Finally, the type and diversity of techniques used for

detecting amphibians is a critical factor in obtaining high detection probabilities.
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APPENDICES

Appendix A. Water specific conductivity ranges and means (+ standard errors) for each
wetland land-use type and study site derived from measurements taken during the
early June sampling period in 2005 and 2006.

Wetlands
R Conductance (uS
Study Arca Wetland Land-use # of with Water (1S)
Type Wetlands (n)
(-) Range (+) Mean +SE
Year 1 (2005):
Farmed (ditch) 4 0 Dry Dry Dry Dry
North Dakota Restored 4 4 548 1062 867 139.16
Natural 4 3 590 2047 1195  438.45
Farmed (ditch) 3 3 413 1049 769 187.56
. Farmed (tile) 1 0 Dry Dry Dry Dry
Minnesota Restored 4 4 420 1025 706 130.53
Natural 4 4 59 510 318 94.94
Farmed (tile) 4 0 Dry Dry Dry Dry
Towa Restored 4 4 334 580 457 52.93
N Restored® 4 4 170 270 221 20.61
Natural 4 4 248 465 344 48.63
Year 2 (2006):
Farmed (ditch) 4 1 3285 3285 3285 na
North Dakota Restored 4 456 2950 1331  553.32
Natural 4 3 635 2405 1327  546.07
Farmed (ditch) 3 1 310 310 310 na
. Farmed (tile) 1 0 Dry Dry Dry Dry
Minnesota Restored 4 4 613 1592 979 23274
Natural 4 4 143 663 432 109.62
Farmed (tile) 4 0 Dry Dry Dry Dry
lowa Restored 4 4 412 529 483 25.31
W Restored® 4 3 154 192 169 11.57
Natural 4 4 249 812 420 131.72

* Additional wetlands enrolled in the Wetlands Reserve Program
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Appendix B. pH ranges and means (+ standard errors) for each wetland land-use type
and study site derived from measurements taken during the early June sampling
period in 2005 and 2006.

Wetland Land-use # of Wetlands pH
Study Area with Water
Type Wetlands (n)
(-) Range (+) Mean +SE
Year 1 (2005):
Farmed (ditch) 4 0 Dry Dry Dry Dry
North Dakota Restored 4 4 7.63 7.94 7.76 0.08
Natural 4 3 7.57 7.77 7.64 0.07
Farmed (ditch) 3 3 7.91 8.31 8.08 0.12
. Farmed (tile) 1 0 Dry Dry Dry Dry
Minnesota Restored 4 4 720 7.6 746 0.06
Natural 4 4 7.05 7.68 7.38 0.14
Farmed (tile) 4 0 Dry Dry Dry Dry
Towa Restored 4 4 7.16 7.43 7.33 0.06
Restored” 4 4 7.9 9.43 8.63 0.39
Natural 4 4 6.91 7.44 7.07 0.13
Year 2 (2006):
Farmed (ditch) 4 1 8.86 8.86 8.86 na
North Dakota Restored 4 4 7.56 8.29 7.90 0.15
Natural 4 3 7.4 8.31 7.92 0.27
Farmed (ditch) 3 1 7.75 7.75 7.75 na
. Farmed (tile) 1 0 Dry Dry Dry Dry
Minnesota Restored 4 4 725 91 789 041
Natural 4 4 6.65 7.59 7.26 0.21
Farmed (tile) 4 0 Dry Dry Dry Dry
lowa Restored 4 4 7.51 7.7 7.57 0.04
Restored® 4 3 9.31 10.48 10.02 0.36
Natural 4 4 7.04 7.72 7.43 0.15

* Additional wetlands enrolled in the Wetlands Reserve Program
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Appendix C. Water depth ranges and means (+ standard errors) for each wetland land-
use type and study site derived from measurements taken during the early June
sampling period in 2005 and 2006.

Wetlands

Wetland Land- # of : Water Depth (cm)
Study Area with
use Type Wetlands Water (n)
(-) Range (+) Mean  +SE
Year 1 (2005):

Farmed (ditch) 4 0 Dry Dry Dry Dry

North Dakota Restored 4 4 14 55 38 9.75
Natural 4 3 0 61 32 16.04
Farmed (ditch) 3 3 6 76 31 22.70

. Farmed (tile) 1 0 Dry Dry Dry Dry
Minnesota Restored 4 4 70 106 93 7.97
Natural 4 4 58 105 84 10.57

Farmed (tile) 4 0 Dry Dry Dry Dry

I Restored 4 4 46 51 49 1.08
owa Restored 4 4 39 117 78 15.93
Natural 4 4 38 50 46 2.72

Year 2 (2006):

Farmed (ditch) 4 1 3 3 3 na
North Dakota Restored 4 4 21 58 39 10.40
Natural 4 3 34 60 51 8.35

Farmed (ditch) 3 1 71 71 71 na

. Farmed (tile) 1 0 Dry Dry Dry Dry
Minnesota Restored 4 4 53 98 81 9.81
Natural 4 4 40 99 73 13.53

Farmed (tile) 4 0 Dry Dry Dry Dry

Towa Restored 4 4 9 32 24 5.20
Restored® 4 3 32 72 58 13.17

Natural 4 4 4 23 15 4.38

* Additional wetlands enrolled in the Wetlands Reserve Program
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Appendix D. Water temperature ranges and means (+ standard errors) for each wetland
land-use type and study site derived from measurements taken during the early June
sampling period in 2005 and 2006.

Wetland Land- # of Wet!ands Water Temperature (C°)
Study Area with
use Type Wetlands Water (n)
(-) Range (+) Mean +SE
Year 1 (2005):

Farmed (ditch) 4 0 Dry Dry Dry Dry

North Dakota Restored 4 4 15.9 16.4 16.2 0.13
Natural 4 3 17.2 18.1 17.5 0.28

Farmed (ditch) 3 3 26.1 29.8 27.3 1.23

. Farmed (tile) 1 0 Dry Dry Dry Dry
Minnesota Restored 4 4 211 235 218 0.6
Natural 4 4 17.1 21.8 19.8 1.03

Farmed (tile) 4 0 Dry Dry Dry Dry

Towa Restored 4 4 20.4 26.5 23.5 1.66
0 Restored® 4 4 21.3 25.9 23.3 0.97
Natural 4 4 19.2 26.4 22.4 1.77

Year 2 (2006):

Farmed (ditch) 4 1 28.2 28.2 28.2 na

North Dakota Restored 4 4 21.6 26.6 24.0 1.04
Natural 4 3 20.6 25.0 23.1  13.32

Farmed (ditch) 3 1 17.6 17.6 17.6 na

. Farmed (tile) 1 0 Dry Dry Dry Dry
Minnesota Restored 4 4 155 208 187  1.12
Natural 4 4 16.2 19.9 180 0.83

Farmed (tile) 4 0 Dry Dry Dry Dry

Towa Restored 4 4 17.5 20.6 19.0 0.63
Restored® 4 3 153 17.5 16.3 0.64

Natural 4 4 19.0 28.2 217 2.19

* Additional wetlands enrolled in the Wetlands Reserve Program
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Appendix E. Air temperature ranges and means (+ standard errors) for each wetland
land-use type and study site derived from measurements taken during the early June
sampling period in 2005 and 2006.

# Of . o
_ Air Temperature (C
Study Area Wetlan{iy]lgznd use Wetlands P ©)
(n) (-) Range (+) Mean +SE
Year 1 (2005):

Farmed (ditch) 4 14.0 26.0 23.0 3.00
North Dakota Restored 4 14.0 26.0 17.0 3.00
Natural 4 21.0 24.0 23.0 0.71
Farmed (ditch) 3 24.0 26.0 25.3 0.67

Mi ¢ Farmed (tile) 1 24.0 24.0 24.0 na
fnesota Restored 4 26.0 28.0 273 048
Natural 4 18.0 27.0 22.3 2.46
Farmed (tile) 4 26.0 27.0 26.5 0.29

Towa Restored 4 18.0 28.0 23.5 2.63
W Restored® 4 23.0 26.0 24.0 0.71
Natural 4 19.0 29.0 23.8 2.75

Year 2 (2006):

Farmed (ditch) 4 26.5 26.5 26.5 1.44
North Dakota Restored 4 24.0 24.0 24.0 0.00
Natural 4 21.0 26.0 23.8 1.03
Farmed (ditch) 3 12.0 17.0 14.0 1.53

Mi ¢ Farmed (tile) 1 13.0 13.0 13.0 na
fnnesota Restored 4 17.0 21.0 195  0.87
Natural 4 17.0 20.0 18.0 0.71
Farmed (tile) 4 22.0 31.0 26.0 2.35

Towa Restored 4 18.0 20.0 19.0 0.41
W Restored® 4 17.0 22.0 18.8 1.11
Natural 4 19.0 28.0 23.3 2.46

* Additional wetlands enrolled in the Wetlands Reserve Program



Appendix F. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for adult American toads inhabiting surveyed seasonal wetlands (n = 28) in the United States Prairie Pothole Region’s
Glaciated Plain during the summer of 2005. AIC,, the relative differences in AIC, (AAIC,), AIC, model weights (w;), model
likelihood, and the number of parameters (K) are given for each model.

Model AIC.  AAIC, Wi LikMe?i?lZlo q K
y(study area, C, C°),p(t) ° 99.63 0.00 0.44 1.00 7
y(study area, C, C*),p(time of day) 100.04 0.41 0.36 0.81 6
y(study area, C, C),p(time of day, time of day?) 101.40 1.77 0.18 0.41 7
y(study area, C, C?),p(technique used) ° 108.52 8.89 0.01 0.01 6
y(study area, C, C?),p(.) 108.71 9.08 0.00 0.01 5
y(study area, C, C?),p(linear) ° 111.66 12.03 0.00 0.00 6

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, two site specific covariates were used to model differences in detection heterogeneity and include: 1) the time of day the
survey was conducted (time of day) and 2) the use or non-use of automated call surveys (technique used). The most global model for
Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection probability

(P)-

® The variance/covariance matrix was not computed successfully, however, AIC, values were effectively calculated.
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Appendix G. Rankings of a posteriori models  using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,)
in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 28) of the Prairie Pothole Region’s Glaciated
Plains that were occupied () by adult American toads during the summer of 2005. AIC,, the relative differences in AIC,
(AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model

Model AIC.  AAIC, Wi ikelihood K
y(study area, C),p(t) 97.22 0.00 0.48 1.00 6
y(study area),p(t) 98.59 1.37 0.24 0.51 5
y(study area, C, C?),p(t) ° 99.63 2.41 0.14 0.30 7
v(.),p(.) — Null Model 100.18 2.96 0.11 0.23 2
w(.),p(t) 103.75 6.53 0.02 0.04 4
w(C),p(t) 106.66 9.44 0.00 0.01 5
w(C, CH.p(t) ° 108.69 11.47 0.00 0.00 6

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix F) and/or as constant
()

® The variance/covariance matrix was not computed successfully, however, AIC, values were effectively calculated.
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Appendix H. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for adult American toads inhabiting surveyed seasonal wetlands (n = 28) in the United States Prairie Pothole Region’s
Glaciated Plain during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,), AIC, model weights (w;), model
likelihood, and the number of parameters (K) are given for each model.

Model AIC. A AIC, Wi LikMei’iiilo q K
y(study area, C, C°),p(technique used) 82.53 0.00 0.98 1.00 6
y(study area, C, C2),p(.) 91.57 9.04 0.01 0.01 5
y(study area, C, C°),p(linear) 92.88 10.35 0.01 0.00 6
y(study area, C, C2),p(t) 9554  13.01 0.00 0.00 7
y(study area, C, C°),p(time of day) 94.51 11.98 0.00 0.00 6
y(study area, C, C?),p(time of day, time of day?) 98.10 15.57 0.00 0.00 7

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, two site specific covariates were used to model differences in detection heterogeneity and include: 1) the time of day the
survey was conducted (time of day) and 2) the use or non-use of automated call surveys (technique used). The most global model for
Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection probability

(P)-

149!



Appendix 1. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size and
overdispersion correction (QAIC, b) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 28) of
the Prairie Pothole Region’s Glaciated Plains that were occupied (y) by adult American toads during the summer of 2006. AIC,
QAIC, ", the relative differences in QAIC, (AQAIC,), QAIC, model weights (W;), model likelihood, and number of parameters (K)
are given for each model.

Model

Model QAIC. AQAIC, Wi Likelihood K
y(study area),p(technique used) 46.66 0.00 0.37 1.00 4
y(study area, C),p(technique used) 46.81 0.15 0.35 0.93 5
y(study area, C, C°),p(technique used) 48.04 1.38 0.19 0.50 6
v(.),p(technique used) 50.78 4.12 0.05 0.13 3
y(C),p(technique used) 52.42 5.76 0.02 0.06 4
v(.),p(.) — Null Model 52.98 6.32 0.02 0.04 2
y(C, C),p(technique used) 55.03 8.37 0.01 0.02 5

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix H) and/or as constant
().

b Overdispersion in the data was detected using a variance inflation factor estimate (¢ = 1.9862), which was derived using a
parametric bootstrap of 1,000 iterations. QAIC, was calculated using the following equation: QAIC, = (-2LogLikelihood/c-hat) + 2K
+ (2K)*(K+1) / (n- K - 1)).
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Appendix J. Rankings of @ priori models “ using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for adult Canadian toads inhabiting surveyed seasonal wetlands (n = 24) in the United States Prairie Pothole Region’s
Glaciated Plain during the summer of 2005. AIC,, the relative differences in AIC, (AAIC,), AIC, model weights (w;), model
likelihood, and the number of parameters (K) are given for each model.

Model AIC. A AIC, Wi LikMei’iiilo q K
y(study area, C, C2).,p(t) 50.26 0.00 0.44 1.00 7
w(study area, C, C2),p(.) 51.94 1.68 0.19 0.43 5
y(study area, C, C?),p(time of day, time of day?) ° 52.45 2.19 0.15 0.33 7
y(study area, C, C?),p(time of day linear) ° 53.15 2.89 0.10 0.24 6
y(study area, C, C°),p(technique used) 54.01 3.75 0.07 0.15 6
y(study area, C, C?),p(linear) 54.56 4.30 0.05 0.12 6

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, two site specific covariates were used to model differences in detection heterogeneity and include: 1) the time of day the
survey was conducted (time of day) and 2) the use or non-use of automated call surveys (technique used). The most global model for
Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection probability

(P)-

® The variance/covariance matrix was not computed successfully, however, AIC, values were effectively calculated.
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Appendix K. Rankings of a posteriori models  using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,)
in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 24) of the Prairie Pothole Region’s Glaciated
Plains that were occupied (y) by adult Canadian toads during the summer of 2005. AIC,, the relative differences in AIC, (AAIC,),
AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC.  AAIC, Wi LikMe;)i(}il?)lo q K
y(study area),p(t) 44.20 0.00 0.71 1.00 5
y(study area, C),p(t) 46.29 2.09 0.25 0.35 6
y(study area, C, C),p(t) 50.26 6.06 0.03 0.05 7
w().p(®) 53.65 9.44 0.01 0.01 4
w(@©),p(®) 5446 1026 0.00 0.01 5
w(C, T),p(t) 57.05  12.85 0.00 0.00 6
Wy(.),p(.) — Null Model 57.50 13.30 0.00 0.00 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix J) and/or as constant

Q).
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Appendix L. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for adult Canadian toads inhabiting surveyed seasonal wetlands (n = 24) in the United States Prairie Pothole Region’s
Glaciated Plain during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,), AIC, model weights (w;), model
likelihood, and the number of parameters (K) are given for each model.

Model AIC.  AAIC, " LikMe?i?lZlo q K
y(study area, C, C°),p(linear) 47.09 0.00 0.45 1.00 6
y(study area, C, C2),p(t) 48.42 1.33 0.23 0.51 7
y(study area, C, C?),p(time of day, time of day?) ° 49.79 2.70 0.12 0.26 7
y(study area, C, C?),p(.) ° 49.88 2.79 0.11 0.25 5
y(study area, C, C?),p(technique used) ™ 50.44 3.35 0.08 0.19 6
y(study area, C, C2),p(time of day) 55.24 8.15 0.01 0.02 6

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, two site specific covariates were used to model differences in detection heterogeneity and include: 1) the time of day the
survey was conducted (time of day) and 2) the use or non-use of automated call surveys (technique used). The most global model for
Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection probability
(P).

® The variance/covariance matrix was not computed successfully, however, AIC, values were effectively calculated.

¢ Model failed to converge completely (< 3 significant digits), thus, the AIC, ranking is not dependable.
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Appendix M. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size correction
(AIC,) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 24) of the Prairie Pothole Region’s
Glaciated Plains that were occupied (y) by adult Canadian toads during the summer of 2006. AIC,, the relative differences in
AIC, (AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC. A AIC, Wi LikMe;)i(}il?)lo q K
y(study area),p(linear) 40.31 0.00 0.79 1.00 4
y(study area, C),p(linear) 43.50 3.20 0.16 0.20 5
y(study area, C, C),p(linear) 47.09 6.79 0.03 0.03 6
y(.),p(linear) 47.75 7.44 0.02 0.02 3
y(C),p(linear) 49.99 9.68 0.01 0.01 4
y(C, T%),p(linear) 52.72 12.42 0.00 0.00 5
v(.),p(.) — Null Model 52.89 12.59 0.00 0.00 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix L) and/or as constant

Q).
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Appendix N. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for chorus frog larvae inhabiting surveyed seasonal wetlands (n = 40) in the United States Prairie Pothole Region’s
Glaciated Plain during the summer of 2005. AIC,, the relative differences in AIC, (AAIC,), AIC, model weights (w;), model
likelihood, and the number of parameters (K) are given for each model.

Model AIC. A AIC, Wi LikMe?i?lZlo q K
y(study area, C, C2).,p(.) 10487  0.00 0.46 1.00 6
w(study area, C, C2),p(time of day) 10576 0.89 0.30 0.64 7
y(study area, C, C°),p(linear) 107.58 2.71 0.12 0.26 7
y(study area, C, C?),p(time of day, time of day?) 108.76 3.89 0.07 0.14 8
y(study area, C, C2).,p(t) 109.17 430 0.05 0.12 8

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, a site specific covariate, time of day the survey was conducted (time of day) was also modeled. The most global model
for Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection
probability (p).
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Appendix O. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size and
overdispersion correction (QAIC, b) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of
the Prairie Pothole Region’s Glaciated Plains that were occupied (y) by chorus frog larvae during the summer of 2005. QAIC, ",
the relative differences in QAIC, (AQAIC,), QAIC, model weights (w;), model likelihood, and number of parameters (K) are

given for each model.

Model

Model QAIC, A QAIC, Wi Likelihood K
y(C, T,p() 75.54 0.00 0.45 1.00 4
v(©),p(.) 77.22 1.68 0.19 0.43 3
y(study area, C, C2),p(.) 77.46 1.91 0.17 0.38 6
v(.),p(.) — Null Model 78.62 3.08 0.10 0.21 2
y(study area, C),p(.) 79.69 4.15 0.06 0.13 5
y(study area),p(.) 80.46 4.92 0.04 0.09 4

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix N) and/or as constant
().

b Overdispersion in the data was detected using a variance inflation factor estimate (¢ = 1.436), which was derived using a
parametric bootstrap of 1,000 iterations. QAIC, was calculated using the following equation: QAIC, = (-2LogLikelihood/c-hat) + 2K
+ (2K)*(K+1) / (n- K - 1)).
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Appendix P. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for chorus frog larvae inhabiting surveyed seasonal wetlands (n = 40) in the United States Prairie Pothole Region’s
Glaciated Plain during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,), AIC, model weights (w;), model
likelihood, and the number of parameters (K) are given for each model.

Model AIC.  AAIC, " LikMe?i?lZlo q K
y(study area, C, C°),p(linear) 117.74 0.00 0.69 1.00 7
y(study area, C, C),p(t) 119.40 1.66 0.30 0.44 8
y(study area, C, C%),p(.) 128.93 11.19 0.00 0.00 6
y(study area, C, C?),p(time of day) 131.86 14.12 0.00 0.00 7
y(study area, C, C),p(time of day, time of day?) 134.64 16.90 0.00 0.00 8

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, a site specific covariate, time of day the survey was conducted (time of day) was also modeled. The most global model
for Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection
probability (p).
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Appendix Q. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,)
in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of the Prairie Pothole Region’s Glaciated
Plains that were occupied () by chorus frog larvae during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,),
AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC.  AAIC, Wi LikMe;)i(}il?)lo q K
y(study area, C, C?),p(linear) 117.74 0.00 0.72 1.00 7
w(C, T),p(linear) 119.97  2.23 0.24 0.33 5
w(C).p(linear) 125.03 729 0.02 0.03 4
y(study area, C),p(linear) 125.63 7.89 0.01 0.02 6
w(.),p(linear) 127.65 991 0.01 0.01 3
y(study area),p(linear) 129.75 12.01 0.00 0.00 5
Wy(.),p(.) — Null Model 139.90 22.16 0.00 0.00 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix P) and/or as constant

Q).
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Appendix R. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for adult Cope’s gray/gray treefrogs inhabiting surveyed seasonal wetlands (n = 28) in the United States Prairie Pothole
Region’s Glaciated Plain during the summer of 2005. AIC,, the relative differences in AIC, (AAIC,), AIC. model weights (w;),
model likelihood, and the number of parameters (K) are given for each model.

Model AIC. A AIC, Wi LikMe?i?lZlo q K
y(study area, C),p(t) 75.22 0.00 0.58 1.00 6
y(study area, C),p(technique used) 77.57 2.35 0.18 0.31 5
y(study area, C),p(linear) 77.75 2.53 0.17 0.28 5
y(study area, C),p(.) 80.01 4.79 0.05 0.09 4
y(study area, C),p(time of day) 82.78 7.56 0.01 0.02 5
y(study area, C),p(time of day, time of day?) ° 85.62 10.40 0.00 0.01 6

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, two site specific covariates were used to model differences in detection heterogeneity and include: 1) the time of day the
survey was conducted (time of day) and 2) the use or non-use of automated call surveys (technique used). A less parameterized model
was used for Occupancy (y) due to problems with modeling the more parameterized global model used in step 2 (Appendix S).
However, this model for Occupancy () allowed for the greatest amount of flexibility in the modeling for detection probability (p)
given the data set.

® The variance/covariance matrix was not computed successfully, however, AIC, values were effectively calculated.
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Appendix S. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,)
in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 28) of the Prairie Pothole Region’s Glaciated
Plains that were occupied () by adult Cope’s gray/gray treefrogs during the summer of 2005. AIC,, the relative differences in
AIC, (AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC, A AIC, W, LikMe;)i(}il?)lo q K
y(study area),p(t) 72.18 0.00 0.80 1.00 5
y(study area, C),p(t) 75.22 3.04 0.17 0.22 6
y(study area, C, C%),p(t) 78.82 6.64 0.03 0.04 7
w(),p(t) 85.68 13.50 0.00 0.00 4
w(C, T).p(t) 85.77 13.59 0.00 0.00 6
w(C).p(t) 87.66 15.48 0.00 0.00 5
w(.),p(.) — Null Model 91.580  19.403  0.000 0.000 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix R) and/or as constant

Q).
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Appendix T. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey

periods for adult Cope’s gray/gray treefrogs inhabiting surveyed seasonal wetlands (n = 28) in the United States Prairie Pothole
Region’s Glaciated Plain during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,), AIC. model weights (w;),
model likelihood, and the number of parameters (K) are given for each model.

Model

Model AIC, A AIC, Wi Likelihood K
y(study area, C),p(technique used) 85.29 0.00 0.66 1.00 5
y(study area, C),p(t) 88.02 2.73 0.17 0.26 6
y(study area, C),p(.) 89.76 4.47 0.07 0.11 4
y(study area, C),p(time of day) 90.12 4.83 0.06 0.09 5
y(study area, C),p(time of day, time of day?) 91.96 6.67 0.02 0.04 6
y(study area, C),p(linear) 92.62 7.33 0.02 0.03 5

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.

In addition, two site specific covariates were used to model differences in detection heterogeneity and include: 1) the time of day the

survey was conducted (time of day) and 2) the use or non-use of automated call surveys (technique used). A less parameterized model
was used for Occupancy (y) due to problems with modeling the more parameterized global model used in step 2 (Appendix U).
However, this model for Occupancy (y) allowed for the greatest amount of flexibility in the modeling for detection probability (p)

given the data set.
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Appendix U. Rankings of a posteriori models “ using Akaike’s Information Criterion (AIC) with a small sample size and
overdispersion correction (QAIC, b) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 28) of
the Prairie Pothole Region’s Glaciated Plains that were occupied () by adult Cope’s gray/gray treefrogs during the summer of
2006. QAIC, °, the relative differences in QAIC, (AQAIC,), QAIC, model weights (W;), model likelihood, and number of
parameters (K) are given for each model.

Model QAIC.  AQAIC, Wi LikMe?i?lZlo 4 K
y(study area),p(technique used) 67.05 0.00 0.53 1.00 4
w(C, C%),p(technique used) 68.93 1.88 0.21 0.39 5
w(.),p(technique used) © 69.27 2.22 0.17 0.33 3
y(C),p(technique used) d 71.38 4.33 0.06 0.11 4
y(study area, C),p(technique used) 73.10 6.05 0.03 0.05 5
y(study area, C, C?),p(technique used) 76.37 9.32 0.00 0.01 6
w(.),p(.) 77.23 10.18 0.00 0.01 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix T) and/or as constant
().

b Overdispersion in the data was detected using a variance inflation factor estimate (¢ = 1.2020), which was derived using a
parametric bootstrap of 1,000 iterations. QAIC, was calculated using the following equation: QAIC, = (-2LogLikelihood/c-hat) + 2K
+ (2K)*(K+1) / (n- K - 1)).

¢ The variance/covariance matrix was not computed successfully, however, AIC. values were effectively calculated.

4 Model failed to converge completely (< 3 significant digits), thus, the QAIC, ranking is not dependable.
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Appendix V. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey

periods for adult northern leopard frogs inhabiting surveyed seasonal wetlands (n = 40) in the United States Prairie Pothole
Region’s Glaciated Plain during the summer of 2005. AIC,, the relative differences in AIC, (AAIC,), AIC. model weights (w;),
model likelihood, and the number of parameters (K) are given for each model.

Model AIC.  AAIC, " LikMei’iiilo q K
y(study area, C, C2),p(t) 105.66 0.00 1.00 1.00 8
y(study area, C, C),p(.) 122.23 16.57 0.00 0.00 6
y(study area, C, C°),p(time of day) 124.94 19.28 0.00 0.00 7
y(study area, C, C?),p(technique used) 125.15 19.49 0.00 0.00 7
y(study area, C, C),p(time of day, time of day?) 12728  21.62 0.00 0.00 8
y(study area, C, C?),p(linear) ° 127.74 22.08 0.00 0.00 7

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.

In addition, two site specific covariates were used to model differences in detection heterogeneity and include: 1) the time of day the
survey was conducted (time of day) and 2) the use or non-use of automated call surveys (technique used). The most global model for
Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection probability

(P)

® The variance/covariance matrix was not computed successfully, however, AIC, values were effectively calculated.
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Appendix W. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size and
overdispersion correction (QAIC, b) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of
the Prairie Pothole Region’s Glaciated Plains that were occupied () by adult northern leopard frogs during the summer of 2005.
QAIC.", the relative differences in QAIC, (AQAIC.), QAIC, model weights (W;), model likelihood, and number of parameters (K)
are given for each model.

Model QAIC. AQAIC. W LikMe?i?lZlo q K
y(study area, C, C2),p(t) 99.81 0.00 0.68 1.00 8
w(study area, C),p(t) 102.67 2.86 0.16 0.24 7
w(C, T).p(t) 104.55 475 0.06 0.09 6
w(C).p(t) 104.93 5.12 0.05 0.08 5
(study area),p(t) 105.62 5.81 0.04 0.05 6
w(),p(t) 112.64 12.84 0.00 0.00 4
w(),p(.) — Null Model 128.78 28.97 0.00 0.00 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix V) and/or as constant
().

b Overdispersion in the data was detected using a variance inflation factor estimate (¢ = 1.074), which was derived using a
parametric bootstrap of 1,000 iterations. QAIC, was calculated using the following equation: QAIC, = (-2LogLikelihood/c-hat) + 2K
+ (2K)*(K+1) / (n- K - 1)).
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Appendix X. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey

periods for adult northern leopard frogs inhabiting surveyed seasonal wetlands (n = 40) in the United States Prairie Pothole
Region’s Glaciated Plain during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,), AIC. model weights (w;),
model likelihood, and the number of parameters (K) are given for each model.

Model AIC.  AAIC, Wi LikMei’iiilo q K
y(study area, C, C2),p(.) 11446  0.00 0.49 1.00 6
y(study area, C, C?),p(technique used) 116.40 1.94 0.18 0.38 7
y(study area, C, C°),p(linear) 117.31 2.85 0.12 0.24 7
y(study area, C, C%),p(time of day) 117.37 2.91 0.11 0.23 7
y(study area, C, C2),p(t) 118.77 431 0.06 0.12 8
y(study area, C, C?),p(time of day, time of day?) 119.40 4.94 0.04 0.08 8

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.

In addition, two site specific covariates were used to model differences in detection heterogeneity and include: 1) the time of day the
survey was conducted (time of day) and 2) the use or non-use of automated call surveys (technique used). The most global model for
Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection probability

(P)-
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Appendix Y. Rankings of a posteriori models  using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,)
in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of the Prairie Pothole Region’s Glaciated
Plains that were occupied () by adult northern leopard frogs during the summer of 2006. AIC,, the relative differences in AIC,
(AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC, A AIC, W, LikMe?i?lZlo q K
y(study area, C),p(.) 111.92 0.0 0.44 1.00 5
w(©).p() 112.65  0.72 0.31 0.70 3
w(study area, C, C%),p(.) 11446 253 0.13 0.28 6
w(C, T.p() 11450  2.58 0.12 0.28 4
w(study area),p(.) 128.06  16.14 0.00 0.00 4
w(.),p(.) — Null Model 13028 1836 0.00 0.00 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix X) and/or as constant

().
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Appendix Z. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for northern leopard frog larvae inhabiting surveyed seasonal wetlands (n = 40) in the United States Prairie Pothole
Region’s Glaciated Plain during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,), AIC. model weights (w;),
model likelihood, and the number of parameters (K) are given for each model.

Model AIC.  AAIC, " LikMe?i?lZlo q K
y(study area, C, C°),p(linear) 82.00 0.00 0.58 1.00 7
y(study area, C, C2),p(t) ° 82.70 0.70 0.41 0.71 8
y(study area, C, C%),p(.) 90.14 8.14 0.01 0.02 6
y(study area, C, C?),p(time of day) " 91.57 9.57 0.00 0.01 7
y(study area, C, C),p(time of day, time of day?) 94.35 12.35 0.00 0.00 8

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, a site specific covariate, time of day the survey was conducted (time of day) was also modeled. The most global model
for Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection
probability (p).

® Model failed to converge completely (< 3 significant digits), thus, the AIC, ranking is not dependable.
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Appendix AA. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size correction
(AIC,) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of the Prairie Pothole Region’s
Glaciated Plains that were occupied (y) by northern leopard frog larvae during the summer of 2006. AIC,, the relative differences
in AIC, (AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC.  AAIC, Wi LikMei’i‘}il‘le q K
y(study area, C, C?),p(linear) 82.00 0.00 0.79 1.00 7
y(study area, C),p(linear) 84.93 2.93 0.18 0.23 6
y(C, C%),p(linear) 90.04 8.04 0.01 0.02 5
y(study area),p(linear) 90.87 8.87 0.01 0.01 5
v(C),p(linear) 91.99 9.99 0.01 0.01 4
y(.),p(linear) 98.33 16.33 0.00 0.00 3
Ww(.),p(.) — Null Model 107.14 25.14 0.00 0.00 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix Z) and/or as constant

Q).
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Appendix AB. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,)
in program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between
survey periods for adult tiger salamanders inhabiting surveyed seasonal wetlands (n = 40) in the United States Prairie Pothole
Region’s Glaciated Plain during the summer of 2005. AIC,, the relative differences in AIC, (AAIC,), AIC. model weights (w;),
model likelihood, and the number of parameters (K) are given for each model.

Model AlCc A AICc Wi LikMe?i?lZlo q K
y(study area, C, C2),p(.) 69.27 0.00 0.43 1.00 6
y(study area, C, C?),p(time of day) 70.11 0.84 0.28 0.66 7
y(study area, C, C°),p(linear) 71.10 1.83 0.17 0.40 7
y(study area, C, C?),p(time of day, time of day?) 72.71 3.44 0.08 0.18 8
y(study area, C, C2),p(t) 73.75 4.48 0.05 0.1 8

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, a site specific covariate, time of day the survey was conducted (time of day) was also modeled. The most global model
for Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection
probability (p).
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Appendix AC. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size correction
(AIC,) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of the Prairie Pothole Region’s
Glaciated Plains that were occupied (y) by adult tiger salamanders during the summer of 2005. AIC,, the relative differences in
AIC, (AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC, A AIC, W, LikMe?i?lZlo q K
w(C, T.p() 67.02 0.00 0.32 1.00 4
w(),p(.) — Null Model 67.39 0.37 0.27 0.83 2
w(©),p() 68.46 1.43 0.16 0.49 3
y(study area, C, C2),p(.) 69.27 2.24 0.10 0.33 6
w(study area),p(.) 69.47 2.45 0.09 0.29 4
y(study area, C),p(.) 70.60 3.58 0.05 0.17 5

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability

was modeled using the best fitting model identified during the detection probability modeling phase (Appendix AB) and/or as constant

().
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Appendix AD. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,)
in program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between
survey periods for tiger salamander larvae inhabiting surveyed seasonal wetlands (n = 40) in the United States Prairie Pothole
Region’s Glaciated Plain during the summer of 2005. AIC,, the relative differences in AIC, (AAIC,), AIC. model weights (w;),
model likelihood, and the number of parameters (K) are given for each model.

Model AIC.  AAIC, " LikMe?i?lZlo q K
y(study area, C, C),p(linear) ™ 64.98 0.00 0.54 1.00 7
y(study area, C, C?),p(.) 66.67 1.69 0.23 0.43 6
y(study area, C, C2),p(t) 68.13 3.15 0.11 0.21 8
y(study area, C, C?),p(time of day) 69.20 4.22 0.07 0.12 7
y(study area, C, C?),p(time of day, time of day?) ° 69.58 4.60 0.05 0.10 8

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, a site specific covariate, time of day the survey was conducted (time of day) was also modeled. The most global model
for Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection
probability (p).

The variance/covariance matrix was not computed successfully, however, AIC, values were effectively calculated.

¢ Model failed to converge completely (< 3 significant digits), thus, the AIC, ranking is not dependable.

4 The second, best fitting, more parsimonious model was selected for further Occupancy (y) analysis (Appendix AE) because the
best fitting model failed to converge completely.
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Appendix AE. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size correction
(AIC,) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of the Prairie Pothole Region’s
Glaciated Plains that were occupied (y) by tiger salamander larvae during the summer of 2005. AIC,, the relative differences in
AIC, (AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC, A AIC, W, LikMe?i?lZlo q K
w(©),p() 62.21 0.00 0.50 1.00 3
w(C, T.p() 63.75 1.55 0.23 0.46 4
y(study area, C),p(.) 64.89 2.69 0.13 0.26 5
w(),p(.) — Null Model 66.45 425 0.06 0.12 2
w(study area, C, C%),p(.) 66.67 4.46 0.05 0.11 6
w(study area),p(.) 68.13 5.93 0.03 0.05 4

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability

was modeled using the second best fitting model identified during the detection probability modeling phase (Appendix AD) and/or as

constant (.).
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Appendix AF. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,) in
program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between survey
periods for tiger salamander larvae inhabiting surveyed seasonal wetlands (n = 40) in the United States Prairie Pothole Region’s
Glaciated Plain during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,), AIC, model weights (w;), model
likelihood, and the number of parameters (K) are given for each model.

Model AIC.  AAIC, Wi LikMe?i?lZlo q K
y(study area, C, C2),p(.) 10492 0.00 0.62 1.00 6
y(study area, C, C?),p(linear) 107.72 2.80 0.15 0.25 7
y(study area, C, C°),p(time of day) 107.74 2.82 0.15 0.24 7
y(study area, C, C?),p(time of day, time of day?) 110.53 5.61 0.04 0.06 8
y(study area, C, C2),p(t) 110.82  5.90 0.03 0.05 8

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, a site specific covariate, time of day the survey was conducted (time of day) was also modeled. The most global model
for Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection
probability (p).
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Appendix AG. Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size correction
(AIC,) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of the Prairie Pothole Region’s
Glaciated Plains that were occupied (y) by tiger salamander larvae during the summer of 2006. AIC,, the relative differences in

AIC, (AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC, A AIC, " LikMe?i?lZlo q K
w(©),p() 98.45 0.00 0.64 1.00 3
w(C, T.p() 10020  1.76 0.26 0.42 4
y(study area, C),p(.) 102.85 441 0.07 0.11 5
w(study area, C, C%),p(.) 104.92 647 0.03 0.04 6
w(.),p(.) — Null Model 10837  9.93 0.00 0.01 2
w(study area),p(.) 110.94  12.50 0.00 0.00 4

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability

was modeled using the best fitting model identified during the detection probability modeling phase (Appendix AF) and/or as constant

().
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Appendix AH. Rankings of a priori models * using Akaike’s Information Criterion (AIC) with a small sample size correction (AIC,)
in program PRESENCE to identify the best fitting model explaining potential differences in detection heterogeneity between
survey periods for wood frog larvae inhabiting surveyed seasonal wetlands (n = 24) in the United States Prairie Pothole Region’s
Glaciated Plain during the summer of 2006. AIC,, the relative differences in AIC, (AAIC,), AIC, model weights (w;), model
likelihood, and the number of parameters (K) are given for each model.

Model

Model AIC, A AIC, Wi Likelihood K
y(study area, C, C°),p(linear) 62.76 0.00 0.71 1.00 6
y(study area, C, C2),p(.) 65.86 3.10 0.15 0.21 5
y(study area, C, C2),p(t)2 66.56 3.80 0.11 0.15 7
y(study area, C, C2),p(time of day) 69.45 6.69 0.03 0.04 6
y(study area, C, C),p(time of day, time of day?) 73.51 10.75 0.00 0.00 7

* Detection probability (p) was modeled as constant (.), as a function of time (t), or as a linear trend (linear) over survey periods.
In addition, a site specific covariate, time of day the survey was conducted (time of day) was also modeled. The most global model
for Occupancy (y) was used for each model. This allowed for the greatest amount of flexibility in the modeling for detection
probability (p).
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Appendix Al Rankings of a posteriori models * using Akaike’s Information Criterion (AIC) with a small sample size correction
(AIC,) in program PRESENCE to explain the proportion of surveyed seasonal wetlands (n = 40) of the Prairie Pothole Region’s
Glaciated Plains that were occupied (y) by wood frog larvae during the summer of 2006. AIC,, the relative differences in AIC,
(AAIC,), AIC, model weights (w;), model likelihood, and number of parameters (K) are given for each model.

Model AIC. A AIC, Wi LikMe;)i(}il?)lo q K
v(C),p(linear) 58.64 0.00 0.35 1.00 4
y(C, T%),p(linear) 59.17 0.54 0.27 0.76 5
y(.),p(linear) 60.03 1.39 0.18 0.50 3
y(study area, C),p(linear) 61.67 3.04 0.08 0.22 5
y(study area),p(linear) 62.25 3.61 0.06 0.16 4
y(study area, C, C°),p(linear) 62.76 4.13 0.04 0.13 6
v(.),p(.) — Null Model 64.11 5.48 0.02 0.06 2

*Occupancy (y) was modeled as constant (.) or as a function of site-specific habitat covariates (Table 5). Detection probability
was modeled using the best fitting model identified during the detection probability modeling phase (Appendix AH) and/or as constant

Q).
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Appendix AJ. Intercept and covariate beta coefficient estimates (in logit form) with standard errors (in parenthesis) for adult
amphibian site occupancy () of seasonal wetlands located at study sites within the Prairie Pothole Region’s Glaciated Plain
during the summers of 2005 and 2006. Intercept estimates should not be used for models including the study area covariate.

Study Area
Species Intercept North Dakota Minnesota Iowa C (linear) C° (quadratic)

Adults 2005:

American Toad * 27.74(728)7  15.65(2.60) 7 3.17(1.75) "

Canadian Toad © -29.52 (NC) 0.34 (NC) ¢

Gray Treefrog 4.66 (2.65)" -1.41 (-0.65)

Northern Leopard Frog ° -21.54 (2.24) 6.26 (2.53) " 2.04(122)" 12.77 (0.93) " -1.91(0.51) ™

Tiger Salamander * -7.10(1.56) 3.93(0.79) -0.59 (0.12) ™
Adults 2006:

American Toad ® -10.49 (4.15) ™ 0.87 (2.36) ¢ 4.84(091) " -0.70 (0.15)

Canadian Toad ° -29.51 (NC) 0.38 (NC) ¢

Gray Treefrog -0.52 (0.52) 193 (1.27)" -0.52 (0.52) ¢ 317 (1.21) " -0.65(0.24) ™

Northern Leopard Frog * -2.54(1.07) " -8.99 (3.91) ¢ 2.08(1.15)" 1.64 (0.96) * 2.55(1.10)

* Beta coefficient estimates were model averaged using only the top ranked models (A;j < 2.00) and their associated adjusted
weights (W;).
Due to overdispersion within the data set, standard errors were adjusted using the variance inflation factor (¢).
¢ Standard errors were not successfully calculated (NC).
4 This beta coefficient estimate should be used as the intercept for models including the covariate study area.
" Indicates the beta coefficient estimate does not overlap 0 at the 90% Confidence Interval.
" Indicates the beta coefficient estimate does not overlap 0 at the 95% Confidence Interval.
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Appendix AK. Intercept and covariate beta coefficient estimates (in logit form) with standard errors (in parenthesis) for larval
amphibian site occupancy () of seasonal wetlands located at study sites within the Prairie Pothole Region’s Glaciated Plain
during the summers of 2005 and 2006. Intercept estimates should not be used for models including the covariate study area.

Study Area
Species Intercept North Dakota Minnesota Iowa C (linear) T (quadratic)

Larvae 2005:

Chorus Frog ®° -6.68 (1.42) ™ -9.41 (1.60) °* 0.26 (0.27) 0.49 (0.28) " 5.68 (0.72) -0.84(0.11) ™

Tiger Salamander * -5.76 (1.86) ™ 2.07(0.67) " -0.17 (0.05)
Larvae 2006:

Chorus Frog -16.25 (1.75) <" -0.87 (1.07) 3.42(1.61)" 11.90 (0.83) "  -1.97(0.16)

Northern Leopard Frog -53.02(3.24) " 20.96 (3.65) 2270 (3.68) 7 17.95(0.66) "  -2.46(0.13) "

Tiger Salamander *
Wood Frog *

2723 (2.07) "
-6.05(1.47) "

2.71(0.70) ™
3.15(0.55) "

-0.19 (0.05) ™
-0.39 (0.05) ™

* Beta coefficient estimates were model averaged using only the top ranked models (A; < 2.00) and their associated adjusted

weights (wj).

Due to overdispersion within the data set standard errors were adjusted using the variance inflation factor ().

¢ This beta coefficient estimate should be used as the intercept for models including the study area.

" Indicates the beta coefficient estimate does not overlap 0 at the 90% Confidence Interval.
Indicates the beta coefficient estimate does not overlap 0 at the 95% Confidence Interval.
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