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survival. Differences in wetland habitat composition such as presence of trees, at some
wetlands may have increased predators in 2003 but not affected nest survival because of
high water levels. Our results suggest that landscapes with a diversity of habitat types are
important in supporting a diverse mesopredator community. In addition, our study
suggests that both local and landscape variables must continue to be considered in

management decisions.

INTRODUCTION

Wetland restorations are critical management actions, especially in agriculture-
dominated regions. Predator communities vary in response to land cover patterns as well
as prey availability (Dijak and Thompson 2000). Conversion of native landscapes to
agriculture has had a profound effect on mesopredator habitat quality and distribution;
raccoons (Procyon lotor), for example, have expanded their range from their more
limited historic ranges because of increased habitat diversity and availability of food
(Allen 1987). Little is known about predator selection of prairie habitats and their
subsequent influence on avian nest survival (Phillips et al. 2003).

The importance of a landscape perspective has recently become central to
management decisions made to improve avian nest survival (Stephens et al. 2003).
Characteristics of the local patch, such as wetland patch size or amount of grassland or
untilled, upland habitat available for nesting, may influence nest survival (Clark et al.
1999). Naugle et al. (2001) reported that several wetland bird species were more likely to
inhabit wetlands in eastern South Dakota landscapes where <50% of the surrounding

upland matrix was under tillage. Shutler et al. (2000) found higher numbers and higher
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diversity of upland birds when near wetland patches in an agricultural dominated
landscape. Patch size may also influence nest survival. For example, a high number of
nests, concentrated into a small habitat patch, may increase predation susceptibility
(Rohwer et al. 1997). Conversely, a large, contiguous patch may provide some
protection from mid-sized mammalian predation because of the effort and energy
expended needed to search a large area (Kuehl and Clark 2002).

The RWB covers approximately 11,000 km”* in central Nebraska and is named for
the natural playa wetlands that dominate the landscape. Historically, there were nearly
4000 wetlands in this region but today there are fewer than 400 remaining, isolated
within a highly fragmented agricultural landscape (LaGrange 1997). These remaining
wetlands vary in size and in quality of suitable habitat available for songbirds and their
medium sized predators (mesopredators) due to differences in vegetation composition,
relative amount of upland, and spatial characteristics (Gilbert 1989).

The US Fish and Wildlife Service and the Nebraska Game and Parks Commission
currently manage approximately 12,000 hectares of wetlands and associated upland
habitat. Many privately owned wetlands have little associated upland habitat, but
restoration projects on publicly owned wetlands have resulted in significant
improvements in the surrounding landscape. Nonetheless, the boundaries of a wetland's
associated habitat with the surrounding agricultural habitat are abrupt.

Our goal was to determine factors that influence the abundance of mesopredators
in wetlands throughout the landscape, as well as to assess relationships between
mesopredator abundance and avian nest survival. Our objectives were to 1) document the

composition of mesopredators in wetlands of the RWB, 2) relate mesopredator presence
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to specific landscape characteristics, and 3) relate mesopredator presence to songbird
survival.

We hypothesized that mesopredator abundance in a particular wetland could be
driven by both local patch variables (e.g., patch size) and landscape variables (e.g.,
composition of adjacent habitats). Certain spatial arrangements of the landscape may
enhance or hinder the mesopredator community’s ability to isolate and prey upon bird
nests and breeding birds. We hypothesized that avian nest survival would be negatively
correlated with mesopredator abundance in a given wetland. Therefore, higher predator

abundance in a wetland should result in lower songbird nest survival rates.

METHODS

Study area

We conducted this study from May to July during 2002 and 2003, coinciding with
the songbird breeding season. Our 13- by 18-km study area (~30,000 ha) was located in
Clay County, in south-central Nebraska, just southeast of Clay Center, Nebraska
(40°31'37"N, 98°03'13"W, Figure 1). The RWB wetlands are wind-formed, clay-
bottomed depressions that are filled by precipitation and run-off and are most often noted
for their importance to migrating waterfowl, sandhill cranes (Grus canadensis), and the
endangered whooping cranes (Grus Americana) during spring migrations (LaGrange
1997). They are also valuable as breeding habitat for many species of birds.

We chose eleven proximal wetlands as study sites, encompassing a range of sizes
and area of surrounding grassland, upland habitat. We included six public (5 Federal

Waterfowl Production Areas and 1 State Wildlife Management Area) and five private
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wetlands in this study (Tablel). The land use in our study area was predominantly
agriculture (59% of area): corn, soybeans, and other row crops. The area also included
grassland, hay, and pasture (9% of area), wetlands (17% of area), woodlands (2% of
area), roads and associated ditch habitats (13% of area), and farmsteads (<1% of area).
Average precipitation for this region during May — July from 1971 to 2004 was 32.5 cm.
However, precipitation during this time in 2002 and 2003 was variable and lower than
average (22.17 cm and 30.35 cm, respectively, High Plains Regional Climate Center,
University of Nebraska-Lincoln). Mesopredators known to inhabit this region include
raccoons (Procyon lotor), striped skunks (Mephitis mephitis), Virginia opossums
(Didelphis virginiana), American badgers (Taxidea taxus), mink (Mustela vison), red fox

(Vulpes vulpes), coyote (Canis latrans), and feral cats (Felis catus).

Field methods

We conducted live trapping on each wetland for a 4-5 day period, twice between
May and July each year. To maximize captures, we chose trap sites within each wetland
based on presence of animal tracks or other signs of mesopredators using the specific area
(Chamberlain and Leopold 2002, Sargeant et al. 1993). We baited the traps primarily
with sardines or anise oil, but we occasionally used chicken livers or fish oil (M. Phillips,
Northern Prairie Wildlife Research Center, F. Pogmore USDA, and R. Bischof NGPC,
personal communications). Coordinates of each trap site were recorded using a WAAS
enhanced, handheld GPS receiver. Traps were set between 1600 and 2000 and checked
between 0700 and 1000. We weighed, sexed, and ear tagged all captured animals. We

anesthetized captured animals with inhaled isoflurane (MWI Veterinary Supply Co.,
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Nampa, ID) using a portable anesthesia machine (R.B. Heath, DVM, Seven Seven
Anesthesia, Fort Collins, CO) to provide anesthesia at the capture location. After
marking with ear tags, animals were released at their capture location usually within 30
minutes. The University of Nebraska-Lincoln’s Institutional Animal Care and Use
Committee (IACUC) approved our research methods prior to our field work (IACUC
Permit # 01-12-075).

To document songbird survival and predation events, we concentrated nest
searches along a randomly placed transect, bisecting each study wetland. Transect
lengths were equal to the diameter of each wetland. Small wetlands were completely
searched and did not require a transect. Nests were monitored every 3-4 days and nest
disturbances were recorded when observed. A nest was considered successful if at least
one nestling survived to fledge.

We placed mammal traps in areas meant to facilitate captures for a concurrent
radio-telemetry study (Chapter 2) therefore traps in larger wetlands were not proximal to
monitored nests. So, during 2003, we implemented track stations to more closely reflect
predator activity near monitored songbird nests. Each 1 m? track station was constructed
out of fine-grained masonry sand mixed with mineral oil (5:1 sand to oil ratio) to keep the
sand moist, retain animal tracks, and resist wind damage (Kuehl and Clark 2002, R.
Bischof, Nebraska Game and Parks Commission, personal communication). We secured
an unscented plaster egg in the center of each station to act as an interest point or novelty
item. Our goal was to avoid rewarding the predator, which might bias our nest survival

study; scented novelty items could potentially condition the animal to search the area

(Kueh! and Clark 2002).
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We placed six track stations on each wetland. At both ends of the transect, three
track stations were placed 30 m apart, in a line perpendicular to the transect. Because
small wetlands were not large enough to support a transect or 6 stations, we randomly
placed 3 stations perpendicular to the wetland-upland interface. Track stations were
monitored every 3-5 days and repaired as necessary. We regularly removed encroaching

vegetation by hand. When a track was detected, length and width measurements were

recorded and tracks were identified to species whenever possible.

Statistical analysis

We estimated daily nest survival rates using procedures developed by Mayfield
(1975) within program MARK (White and Burnham 1999). Program MARK provides
Akaike’s Information Criterion (AIC) values to compare competing models. We
considered two models in these analyses 1) nest survival pooled across all study sites
(one survival estimate) and 2) nest survival estimated for each individual study site. To
assess the impact of nest mortality on nest success, we extrapolated the daily nest
survival estimates to the 23" power to calculate the probability of a nest surviving 23
days (incubation and nestling stages for red-winged blackbirds).

We calculated a yearly predator capture index for each wetland by dividing the
number of captures by the total number of trap nights for the entire study area or specific
wetland. Similarly, we calculated a track index, using data collected from track stations.

We prepared a GIS land cover layer for our study area by modifying the 2002
National Agricultural Statistics Service (NASS) cropland data layer (30 m resolution).

We used the National Wetland Inventory (US Fish and Wildlife Service) coverage to
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delineate wetland boundaries and added farmsteads and wooded areas from our
observations and aerial photographs. Last, we field verified the cropland data during
2003 to note changes in rotations. The GIS data were stored, edited, and analyzed using
ArcView 3.2 and ArcGis 8.0 (ESRI, Redlands CA, USA). We used seven dominant
habitat classifications in our analyses: 1) corn, 2) soybeans and other row crops, 3)
grassland/hay/pasture, 4) woodland, 5) farmsteads, 6) wetlands, and 7) roads and
associated ditch habitats.

We determined four a priori, multiple regression models, based on nine
parameters (the seven habitat variables listed above as well as wetland size and upland
size of each study site, determined using GIS), to explain predator presence. Two of the
four models were based on our interest in comparing local vs. landscape variables. Thus,
the local model included two variables: wetland size and upland size. The landscape
model included the seven compositional habitat variables from our GIS analysis: the
proportion of corn, soybeans and other row crops, grassland/hay/pasture, woodland,
wetland, farmsteads, and roads and associated ditches with a 1-km buffer around each
wetland. The last two a priori models were based on the results of our habitat preference
analysis of radio-marked animals (Chapter 2). The home range preference model
included four landscape composition variables that were preferred by skunks, raccoons,
and opossums within their home ranges (Chapter 2): proportion of surrounding landscape
in corn, grassland/hay/pasture, wetlands, and woodland. The available landscape
preference model was similar to the previous model, but included the four variables
preferred by skunks the three species, within a larger landscape surrounding their home

range (Chapter 2): corn, roads and associated ditches, wetlands, and woodland. We used
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R? and AIC values to select the best model. We conducted regression analyses in SAS
(SAS Institute 1990) to quantify relationships between predator abundance and nest
survival for each wetland.
We calculated Spearman’s Rank and Pearson’s correlations (SAS Institute 2000)

to rank nest survival, capture indices, and track indices for both 2002 and 2003, to

accommodate small sample sizes and resulting non-normal data.

RESULTS

Songbird survival

We found 188 and 200 nests in 2002 and 2003, respectively; the most frequently
found was red-winged blackbird nests (2002:166, 2003:182). However, we also
encountered yellow-headed blackbird (Xanthocephalus xanthocephalus), mourning dove
(Zenaida macroura), and dickcissel (Spiza americana) nests in both years. Eastern
Kingbird (Tyrannus tyrannus), willow flycatcher (Empidonax traillii), and mallard (Anas
platyrhynchos) nests were unique to 2002 and American coot (Fulica americana) and
blue-winged teal (Anas discors) nests were unique to 2003. Brown-headed cowbirds
(Molothrus ater) parasitized 48 (29%) and 47 (26%) nests in 2002 and 2003,
respectively. Pooled daily nest survival rates were 0.9448 (95% CI: 0.9327-0.9549) in
2002 and 0.9543 (95% CI: 0.9475-0.9635) in 2003 (Table 2), which correspond to 23-

day survival rates of 27% and 36%, respectively.



68

Predator index

We captured 43 and 35 individual mesopredators in 1345 and 1051 trap nights
during 2002 and 2003 respectively. Our sample included raccoons (2002:10, 2003:8),
skunks (2002:12, 2003:11), opossums (2002:17, 2003:14), and others (American badger,
mink, and feral cats). Capture indices (captures per trap night) for the three dominant
species did not fluctuate extensively between the two sampling years or between different
species (raccoon: 0.009 [95% CI: £0.006], 0.008 [95% CL: £0.0051; skunk: 0.011 [95%
CI: £0.006], 0.011 [95% CT: £0.006]; opossum: 0.016 [95% CI +0.007], 0.012 [95% CI:
+0.007], in 2002 and 2003, respectively). During 2003, we monitored track stations over
1534 exposure nights. The track indices for skunks (tracks per exposure night), in 2003,
was 0.007 (95% CI: +£0.004), which was similar to capture indices. Raccoons were
trapped slightly less often than they were documented at track stations (0.019, 95% CI:
+0.007). Opossums were trapped more often than their presence was documented at
track stations (0.003, 95% CI: +0.003). Predator presence varied across all wetlands

sampled, as measured by both capture and track indices (Table 2).

Local and landscape models

In 2002, the best a priori model was the local model: Capture index 2002 =
0.0331 — 0.0006°wetland size + 0.001+upland size (F; ;o= 1.80; R = 0.311; P=0.23,
Table 3). Variability in the capture index among wetlands in 2003 was best explained by
our seven-variable a priori landscape model: Capture index 2003 = -0.086 + 0.001scorn —
0.0002+soybeans and other row crops + 0.001+grassland/hay/pasture + 0.032swoodland -

0.121<farmsteads -0.003*wetland + 0.106°road (F7 ;0= 1.08; R>=0.72; P= 0.52, Table
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3). Finally, variability in the track index in 2003 was also best explained by our a priori
landscape model: Track index 2003 = 1.533 - 0.015¢corn — 0.014*soybeans and other row
crops — 0.013+grassland/hay/pasture — 0.069*woodland + 0.361+farmsteads —

0.011ewetland — 0.094¢road (F ;o = 14.20; R = 0.97; P =0.03, Table 3).

Predator index versus nest survival

Results of our regression analyses based on ranked data for predator presence and
nest survival exhibited similar trends in both years for capture indices as well as track
indices (Figure 2). Generally, higher predator presence corresponded to lower nest
survival. We removed one outlier from each plot, which improved R and P values
(Table 4). The same trends existed in the data before removing the outlier (Table 4);
removed wetlands exhibited both higher predator presence and high nest survival. We
removed one of our largest wetlands (Smith WPA) from the 2002 capture index analysis;
trap sites on this wetland were not located near monitored nests and water was present
near trap sites, potentially accounting for high predator presence. We removed a smaller
wetland (PrivateK) from the 2003 capture index analysis; high water levels in this
wetland provided protection for the songbird nests, while the wetland’s roadside location
provided easily accessed, prey items along its roadway edge (where we trapped). Finally,
Greenhead WMA was removed from our analysis of track indices and nest survival; three
track stations were placed along a wooded edge, where significant mesopredator activity
was noted but again high water levels in the wetland may have prevented access to the

nesting songbirds.
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DISCUSSION

Predator abundance and nest survival varied considerably among wetlands in the
Rainwater Basin (Table 2), reflecting local and landscape variability of habitat
composition and quality. Fewer individuals were captured in 2003 than in 2002 because
we reduced the number of traps set per wetland in 2003. We eliminated the smallest
traps, as they did not catch any predators in 2002; we also used species-specific baits
(sardines for skunks and opossums and anise oil for raccoons), reducing non-target
species captures such as muskrats, feral cats, and other small mammals. Higher water
levels in June and July of 2003 also reduced the number of nights we were able to set
traps.

Differing water levels in the RWB in 2002 and 2003 may have affected nesting
bird survival. Individual wetlands exhibited varying nest survival rates across wetlands
during both years (Table 2). Pooled nest survival estimates for 2002 were lower than
estimates for 2003. Most of the wetlands were completely dry by the end of the sampling
season in 2002, which likely facilitated predator search efforts, especially in the smaller
wetlands. In 2003, considerably higher water levels may have served to exclude foraging
mammals from wetlands they had been able to access in 2002; songbirds may have had
some protection from predators in the flooded centers of our study wetlands, resulting in
higher nest survival (Table 1 and Table 2). In addition, the high water levels in 2003
often filled the roadway ditches, providing an easily accessible, potential alternative-prey

(invertebrates, amphibians) foraging site for mesopredators, reducing predation pressure

on songbirds.
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Local and landscape variables accounted for variation in predator presence in our
study. In turn, predator abundance accounted for some variation in nest survival. Red-
winged blackbird productivity has responded to habitat quality and nest predator levels in
other studies (Vierling 1999, Vierling 2000). Our habitat analysis suggested that in 2002
local variables better explained variation in predator presence, while landscape variables
better explained variation in predator presence in 2003. Because of the high water levels
in 2003, wetland and upland sizes became less important; high water levels encroached
on the upland habitats while increasing available wetland areas. Water and associated
food items also were available in roadside ditches and agricultural fields.

Our analysis also suggested that no single habitat type can accurately predict
abundance, likely a reflection of their opportunistic nature (Allen 1987, MacClintock
2002). Skunks and raccoons prefered wetland habitats (Chapter 2), potential patches that
serve as additional sources of prey. Dijak and Thompson (2000) reported that
agricultural landscapes with available sources of water can support high densities of
raccoons. Kuehl and Clark (2002) determined that the most important variable
influencing skunk activity was the number of wetlands in the surrounding habitat in their
study in northern Iowa.

Predator presence and nest survival (Figure 2) exhibited similar negative
relationships in both years for capture indices as well as track indices. Each analysis had
one major outlier; although removing it resulted in improved fit of the model, the outliers
had biological explanations. We placed track stations closer to monitored songbird nests,
and track stations were probably more accurate than our trapping data in providing a

measure of the predators impacting the sample of nests.
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It was difficult to show a close relationship between predator abundance and nest
survival. We did not expect to be able to explain all of the variability in nest survival
rates simply with mesopredator abundance because other nest predators are important
(Nack 2002, Renfrew and Ribic 2003, Pietz and Granfors 2002). Our results suggest that
mammalian predators do have a negative impact on songbird nest survival in the RWB
region of Nebraska. Differences in wetland habitat composition such as presence of trees
at some wetlands may have increased mesopredators in 2003 but not affected nest
survival because of high water levels. Further investigation is necessary to determine the
relative effects of mesopredators because other nest predators such as small mammals,
raptors, and snakes (Pietz and Granfors 2000, Renfrew and Ribic 2003) certainly impact
nest survival in this region. Multi-species, multi-guild predator studies suggest that
predator management that is focused on only one predator guild may not significantly
increase nest survival rates (Nack 2002, Renfrew and Ribic 2003) for the long term. The
effects of habitat are also difficult to distinguish because of environmental stochasticity
(Stephens et al. 2003). For example, variability in precipitation may have affected our
ability to show relationships between habitat and predator abundance.

Most nest survival studies, including ours, rely on visual cues left at the nest to
identify nestling fate. However, Pietz and Granfors (2000) used miniature video cameras
to determine that empty nests exhibiting no evidence of disturbance may actually have
been predated. Similarly, nests that have tipped or fallen apart may not have disturbed by
a predator. We recommend that further studies on nest survival in the RWB employ

video cameras to determine the entire suite of nest predators.
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Herkert et al. (2003), Kuehl and Clark (2002), and Phillips et al. (2003) suggested
that nest survival can be more efficiently improved through emphasis on habitat
management. Our results suggest that landscapes with a diversity of habitat types are
important in predicting mesopredator abundance and both local and landscape variables
must be considered when making management decisions. Biologists can improve the
RWB landscape to benefit songbird survival by continuing efforts to remove trees
adjacent to wetland edges, by promoting upland areas with grassland habitat, and by
managing for water levels that will enhance nest protection. These management goals can
promote restoration of the RWB landscape so that it more closely resembles the pre-

agricultural landscape.
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Table 1. Size comparisons for all study sites sampled in the Rainwater Basin region of

south-central Nebraska, including wetland size and wetland size including grassland,

upland habitat.

Wetland Size (ha)  Size w/upland (ha)
Massie (WPA) 224.44 342.92
Smith (WPA) 117.08 192.54
Meadowlark (WPA)  3.59 31.96
Greenhead (WMA) 26.13 27.51
Green Acres (WPA)  17.45 25.77
Harms (WPA) 16.04 24.28
PrivateC2 10.4 10.4
PrivateK 6.72 6.72
PrivateA 6.2 6.20
PrivateC1 0.94 0.94

PrivateS 0.47 0.47
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Table 3. A priori models of predator presence based on capture indices for 2002 and

2003 and track indices for 2003. Model parameters were chosen based on data from a

concurrent study of mesopredator habitat preferences (defined by home range area) and

available habitats in the landscape (defined by a species-specific buffer surrounding the

home range, raccoon = 2 km and skunk = 1.4 km) in the RWB region of south-central

Nebraska. Best fitting models were chosen based on a combination of R? values and

lowest AIC ranks and are marked with “**”,

Year Model name # parameters AIC R>  P-value
Capture index 2002 Local effects** 28 14.83 031 0.23
2002 Landscape effects 7° 23.38 040 0.92
2002 Habitat preference: HR 4° 18.11 035 0.56
2002 Habitat preference: landscape 4 2153 0.12 0.93
Capture index 2003 Local effects 2° 12.66 0.15 0.52
2003 Landscape effects** 7 10.66 0.72 0.52
2003 Habitat preference: HR 48 14.82 0.28 0.68
2003  Habitat preference: landscape 4" 12.52 042 0.44
Track index 2003 Local effects 2! 20.01 0.29 0.25
2003 Landscape effects** 7 -5.01 097 0.03
2003  Habitat preference: HR 4 23.94 030 0.66
2003  Habitat preference: landscape 4' 2336 0.33 0.59

“wetland size (-) and upland size (+); ‘(-)’ indicates negative response, ‘(+) indicates

positive response
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bcorn (+), soybeans and other row crops (+), grassland/hay/pasture (+), woodland (+),
farmsteads (+), wetlands (+), and roads (+)

‘corn (-), grassland/hay/pasture (+), wetlands (-), and woodlands (+)

deormn (-), roads (-), wetlands (-), and woodlands (+)

‘wetland size (+), upland size (-)

fecorn (), soybeans and other row crops (-), grassland/hay/pasture (+), woodland (+),
farmsteads (-), wetlands (-), and roads (+)

corn (+), grassland/hay/pasture (+), wetland (+), and woodland (+)

"corn (+), road (+), wetland (-), and woodland (+)

‘wetland size (+), and upland size (-)

Jcomn (-), soybeans and other row crops (-), grassland/hay/pasture (-), woodland (-),
farmsteads (+), wetlands (-), and roads (-)

kcorn (), grassland/hay/pasture (+), wetlands (-), and woodlands (-)

'corn (), roads (+), wetlands (-), and woodlands +)
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Figure 1. Our study area was a portion of the Rainwater Basin region, located in south-

central Nebraska.
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Figure 2. Relationship of ranks (lowest = 1, highest = 11) for nest survival and predator
presence after removal of one outlier from each, for 11 wetlands in the Rainwater Basin

region of south-central Nebraska.
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