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each 100-m X 100-m cell with a number. A random numbers table was used to select

cells that would contain a random burrow. If a cell was already occupied by a nest or
random burrow, another number was drawn. Colonies were also excluded if nests were
so uniformly distributed throughout the colony (as determined visually) that non-selected
portions could not be readily identified. Similarly, since it was difficult to discern non-
selected areas in smaller colonies, those under 18 ha were excluded from analyses.

The number of active and inactive prairie dog burrows within a 50-m radius of the
nest or random burrow were counted by running 4 transects, 50 m long by 4 m wide, in
each of the cardinal directions. A burrow was judged inactive if it displayed at least one
of the following characteristics: 1) the presence of debris and/or cobwebs in the burrow
tunnel, 2) the presence of visually obstructive vegetation near the burrow entrance, or 3)
the absence of fresh scat on or around the burrow mound. Burrows were considered
active if: 1) a prairie dog was seen using the burrow, 2) there were signs of fresh digging,
3) the mound and burrow entrance were free of obstructions and appeared to be
maintained, or 4) fresh scat was present on or around the burrow mound. From these
measurements, I calculated the total burrow density, prairie dog density (formula
described in Biggins et al. 1993), and percent of active burrows. The distances from the
burrow to the edge of the colony and to the nearest neighboring nest (determined for
nests only) were also measured. For solitary nests, or nests >500 m from another nest, a
value of 500 m was recorded as the nearest neighbor distance. Pairs separated by this
distance are unlikely to be in communication or participate with one another in mobbing
predators, and for all purposes, are solitary (M. J. Desmond, New Mexico State

University, personal communication).
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Landscape scale

Breeding census-- An additional 79 prairie dog colonies were surveyed for the
presence of breeding owls. Attempts were made to include colonies of varying sizes and
imbedded in different land use types (i.c., range vs. agricultural fields). Breeding was
confirmed either by finding a nest or by seeing adults with chicks. Surveys were initiated
during the first week of June, when nest monitoring indicated most nests had hatched.
After hatching, adult male owls are often very vigilant and conspicuous, retreating into
burrows only to escape weather or predators.

Surveys were conducted from 0530-1100 h, although this was extended on calm,
relatively cool days. Census stations were set up along transects or, when topography
permitted, on high points within or near the colonies that allowed views of the entire
colony. Transects were 100 m apart with census stations located every 100 m. At each
station, the surrounding area was thoroughly surveyed with a spotting scope to locate
owls. Colonies without owls were visited at least twice to ensure no owls were missed.

Mapping of prairie dog colonies-- Low altitude aerial photographs taken in 1993
were obtained from the various county offices of the USDA Farm Service Agency. The
outlines of all colonies within a 30-km radius of surveyed colonies were traced and the
locations of section corners noted for use as georeferencing points. Since the photos
were taken three years before the initiation of this study, every effort was made to
incorporate changes in existing colonies (such as eradication through poisoning) or to

indicate the presence of colonies not detectable in the photographs. While the current
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status of every prairie dog colony could not be determined, I believe the information

used in the analyses was reasonably accurate.

Colonies were digitized into a computer using a digitizing tablet, imported into the
Geographic Information Systems (GIS) software program TNTMips (Microlmages, Inc.,
Lincoln, Nebraska, USA) for georeferencing, and edited to ensure all polygons were
closed and to remove section corner tick marks. The individual, georeferenced colonies
were merged into one coverage to produce a map showing the correct geographic
location and distribution of colonies in the study area.

Landscapes around the surveyed colonies were imported into FRAGSTATS
(McGarigal and Marks 1994) to calculate the various landscape metrics (see Table 1 for a
list and description of variables measured). Landscape variables were measured within
circles with radii of 3, 5, and 10 km to determine at what distance(s) selection was
occurring. The 3 and 10-km buffers corresponded to estimates of the home range size for
burrowing owls and adult dispersal distance, respectively (Haug et al. 1993). The 5-km
buffer was chosen as a mid-point. Only measurements taken within the 3-km, or home
range, buffer were used in analyses of nest success and productivity.

Two methods were used to extract buffers. One method treated the buffers as
absolute boundaries. Any portions of colonies extending outside the buffers were
severed. This method was used only for calculating Class Area. All other variables were
calculated by allowing portions of prairie dog colonies outside of buffers to remain. For
these latter variables, severing the colonies would have resulted in calculations that were

not representative of the true landscape.
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Data analyses

For local scale nest selection, the dependent variable was burrow type (nest or
random) and the independent variables were total burrow density, prairie dog density,
percent active burrows, and distance to the edge of the colony. The dependent variables
for local scale nest success and productivity were nest fate (successful or failed) and the
number of young fledged, respectively. Independent variables were the same as those for
nest site selection, with the addition of distance to the nearest nest. The dependent
variable for landscape scale selection was colony status (owls present or absent).
Dependent variables for landscape scale nest success and productivity were the number
of successful nests per nest attempt per colony and average number of young fledged per
nest attempt per colony, respectively. Only colonies where nests were monitored could
be used in the landscape nest success/productivity analyses. Independent variables for all
landscape analyses are given in Table 1.

Binomial response data (i.c., selection and nest success analyses) were analyzed
using logistic regression (PROC LOGISTIC, SAS Institute Inc. 1990), while multiple
regression (PROC REG, SAS Institute Inc. 1990) was used for analyses of productivity.
Adjusted R? values are reported for logistic regression analyses because of problems with
classical R? use in discrete models (N agelkerke 1991). Re-nests and nests whose young
fledged after 1 August were excluded from analyses of nest success and productivity
because these nests tend to be less successful and produce fewer young (M. J. Desmond,
New Mexico State University, personal communication).

Tests for normality (PROC UNIVARIATE, SAS Institute Inc. 1989) were

conducted on the dependent variables used in the multiple regressions and transformed
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(LOG + 1) when needed. Correlation analyses (PROC CORR, SAS Institute Inc.

1989) were performed on all data sets to test for collinearity. Collinearity was
determined to exist if the Pearson’s Correlation Coefficient equaled or exceeded 0.9 and
0.7 for logistic

regression and multiple regression, respectively. If collinearity was found, separate
model sets were run using only one variable from the collinear set. The model with the
largest R* (multiple regression) or adjusted R? (logistic regression) was chosen as the
final model.

Due to the nested nature of the buffers, it was necessary to control for non-
independence of the landscape variable measurements. Only the patch and 3-km
landscape variables were included in the first model set (see Table 2 for a list of variables
included in each model set). Any variables entering the first model were included in the
second model set, along with the landscape variables from the 5-km buffer. Likewise,
variables entering the second model were included in the third and final model set, along
with the landscape variables from the 10-km buffer.

Forward selection and an entry p-value of 0.1 were employed as the model selection
technique for all analyses. Data were checked for the presence of outliers and influential
observations using diagnostic tools in PROC LOGISTIC and REG. The Hosmer-
Lemeshow Goodness-of-fit statistic was used to determine if the models exhibited
significant lack of fit (P < 0.05). Tests for year interactions and homogeneity of variance
were used to ascertain if data from the two separate years could be combined. In
addition, analyses for the two years were run separately to determine if the models were

similar.
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RESULTS

Local scale

Nest site selection-- Twenty-one and 17 colonies were searched for burrowing owl
nests in 1996 and 1997, respectively. Of the 19 colonies with owls in 1996, 9 colonies fit
the criteria for analyses and contained 52 nests. In 1997, of the 16 colonies with owls, 10
were used in analyses and contained 44 nests. Observations from the two years were
combined for a total of 96 nests and 95 random burrows in 10 different colonies (data for
1 random burrow was lost). None of the independent variables was found to be collinear.

When compared to random burrows, burrowing owl nests were in areas with higher
prairie dog density and were closer to the edge of the colony (Table 3). However, the
amount of variation explained by this 2-variable model was low (model adjusted R%=
0.19). Nests averaged 38 prairie dogs/ha (range 0-100/ha) within a 50-m radius and 66 m
from the edge (range 5-275 m), while random burrows averaged 24 prairie dogs/ha (range
0-64/ha) and 80 m from the edge (range 0-325 m).

Nest success—Ninety-two nests were used in the analyses of nest success (excluding
4 late nests). Nest success averaged 64% in 1996 and 52% in 1997. Between the two
years, the variance in the data was similar and relationships between nest success and the
independent variables did not significantly differ (although a year effect was noted for
percent of active burrows). Therefore, data from the two years were combined. No
independent variables were found to be collinear and all were inciuded in the analysis.

Contrary to results seen in the analysis of nest site selection, nest success was
negatively related to total burrow density within 50 m of the nest and positively related to

the distance from the nest to the edge of the colony (Table 4). The amount of variation
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explained by this 2-variable model was again low (model adjusted R?=0.09).

Successful nests averaged 208 burrows/ha (range 38-408/ha) and 68 m from the edge
(range 22-125 m). Failed nests averaged 242 burrows/ha (range 51-434/ha) and 60 m
from the edge (range 5-157 m).

Nest productivity-- Nest productivity averaged 2.4 and 2.8 young per nest attempt
and 3.6 and 5.3 per successful nest in 1996 and 1997, respectively. Analyses indicated
years could be combined, resulting in 91 observations used in the analysis of productivity
(productivity could not be determined on 1 nest known to have fledged young). Total
burrow density and prairie dog density were collinear (Pearson’s Correlation Coefficient
=0.79, P <0.0001). None of the variables measured was significant.

Landscape scale

Nest site selection-- 1 observed nesting burrowing owls in 59% of the prairie dog
colonies surveyed during 1996 and 1997. Analyses indicated data from the two years
could be combined, resulting in 97 colonies (3 colonies were removed as outliers).

The presence of burrowing owls in a prairie dog colony was positively related to the
area of the colony and the area of the largest colony within 10 km, and negatively related
to the total area of prairie dog colonies within 10 km and the mean shape index within 10
km (model adjusted R*=0.28, Table 5). Although the presence of burrowing owls was
positively related with colony size, owls were found in colonies as small as 2.24 ha. In
general, a large amount of variability was seen in the significant variables (Table 6).

Nest success-- Analysis of landscape influence on nest success was done for only
those colonies in which nests were monitored. This included 19 colonies containing 80

nests in 1996, and 16 colonies containing 65 nests in 1997. Years were not combined for
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the analysis of nest success because of interactions between year and several

independent variables. Models for the two years were also slightly different and the
relationship between nest success and the area of the surveyed colony was reversed
between years.

In 1996, nest success was positively related to the area of the colony and the area of
the largest colony in the landscape. Success was negatively related to the distance to the
nearest neighboring colony (Table 7). Nest success was positively related to colony
shape (i.e., higher in colonies with more complex shapes) and negatively related to
colony area in 1997 (Table 7). The amount of variation explained was low in both years
(mode] adjusted R?>=0.18 and 0.16 in 1996 and 1997, respectively).

Nest productivity-- Although tests indicated that years could be combined for the
analysis on productivity, this required averaging productivity for all nests in a colony
over the two years. Analyses were therefore done both separately and combined to see if
different results were seen. The combined analysis used 20 separate colonies containing
141 nests. No variables were found to significantly influence nest productivity when
years were combined. Similarly, no significant relationships were found in the 1996
analysis, incorporating 19 colonies and 78 nests. However, colony shape was found to
positively influence productivity (i.e., higher in colonies with more complex shapes) in
1997, which utilized 15 colonies (productivity could not be determined for one colony

with a solitary nest) and 63 nests (R*=0.23, Table 8).
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DISCUSSION

Local scale

Prairie dog density within the vicinity of a nest burrow was important for nest site
selection. Owls may be drawn to areas of greater prairie dog density because of more
potential nesting sites. Higher prairie dog densities also may reduce predation rates by
facilitating detection of predators through prairie dog alarm calls and their grazing
activities that keep vegetation short. Additionally, when young emerge from the nest
burrow at 10-14 days of age, they begin spreading out among multiple burrows (Butts
and Lewis 1982, Desmond and Savidge 1999). Multiple burrows may relieve crowded
conditions at the nest burrow and facilitate an even distribution of food, thereby
increasing the survival of younger members (Butts 1973), or reduce individual predation
risk (Desmond and Savidge 1999).

Other studies have found increased nest success in areas of higher prairie dog
densities (M. J. Desmond, New Mexico State University, unpublished data), however, in
my study nest success was lower in areas of greater burrow density. While not collinear,
total burrow density and prairie dog density were highly correlated (Pearson’s
Correlation Coefficient = 0.79, P <0.0001). The lower nest success may be a result of
changes in prairie dog colony dynamics that concentrate predators near nesting sites.
Poisoning, disease, and reductions in the size of colonies lead to smaller and smaller
pockets of remaining prairie dogs. Predators may be cueing in on these areas, where
owls will also be choosing to nest. Reductions in prairie dog numbers, which serve as

alternative prey, could result in higher predation rates on owls.
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No prior studies have quantitatively tested the hypothesis that burrowing owls

prefer to nest near prairie dog colony edges. In this study, burrowing owls selected nest
sites closer to the edge of colonies. When compared to colony interiors, greater prairie
dog densities have been reported on the edges (Koford 1958). Thus, owls could simply
be selecting for greater prairie dog densities. However, using measurements from both
nests and random burrows, I found no significant correlation between prairie dog density
and distance to the edge (Pearson’s Corr. Coef. = 0.009, P = 0.91). Others have
suggested that owls prefer edge because prey species, grasshoppers in particular, may be
more dense at colony edges (Butts 1973). Biases in colonies used in the nest site
selection analysis may have influenced the results concerning distance to colony edge. I
attempted to use colonies whose nest placements left relatively large unused portions in
the colonies. Occasionally, this was achieved when nests were placed around the
periphery of the colony and the center was unused. In these cases, random burrows may
have been located farther from colony edges in order to avoid overlapping with a nest or
another random burrow.

I could find no other study that examined the effects of the distance from the nest
burrow to the edge of the colony on nest success. My study found a negative affect,
although the cause is unclear. Studies on neotropical migrants have reported reduced nest
success along habitat edges due to increased predation and brood parasitism (Johnson and
Temple 1990, Paton 1994, Donovan et al. 1997, Schmitz and Clark 1999). These studies
generally dealt with very pronounced shifts in habitat type. I did not record edge type
bordering a colony. Adjacent habitat was generally either grassland or roads, however,

occasionally wooded habitat and/or agriculture fields abutted colonies. Johnson and
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Temple (1990) reported that nest predation of grassland birds was greater near wooded

edges. The habitat type adjacent to these grassland patches may be important if they
sustain high concentrations of predators.

Butts (1973) and Haug (1985) cited road mortality as a significant cause of both
burrowing owl adult and fledgling mortality on their study sites. Road densities within
the farmed portion of the North Platte Valley are high and colonies in this area often were
near to or bordered roads. Adult owls were seen crossing roads to hunt in adjacent areas
and fledged juveniles were spotted on roads. Road mortality of juveniles would not have
contributed to a decrease in nest success or productivity in this study because young had
fledged by that point. Mortality of adults, however, can lead to lower success and
productivity if both adults are killed, the surviving adult abandons the nest, or if broods
raised by one parent are smaller than those with two parents.

Landscape scale

My study found that colony size influences use of a prairie dog colony by breeding
owls. Others have also found colony size influences burrowing owl selection (Desmond
1991, Pezzolesi 1994). Larger colonies can offer more nesting habitat and may be
attractive to burrowing owls, which have been described as loosely colonial (Zarn 1974).
In 1996, the area of the colony positively influenced nest success. Larger colonies may
increase nest success by forcing predators to search a larger area, by offering more prairie
dogs as alternative prey, or by supporting larger numbers of owls to aid in predator
detection and mobbing events. However, the relationship between success and colony
size was reversed in 1997. The low sample size in the landscape success analyses, and

particularly the low number of large colonies, could be causing spurious results. Only 3
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colonies were larger than 120 ha in 1996, while 1997 had only two. All other colonies

were less than 75 ha. The negative relationship of colony size with nest success in 1997
may also be due to chance events (such as predation or weather) occurring in large
colonies and having undue influences on the analyses. One of the 2 largest colonies
(containing 9 and 10 nests in 1996 and 1997, respectively) was located on what appeared
to be a ditched wetland. Drainage on this site was poor and saturated soil was observed
numerous times, particularly in 1997. The wet conditions may have caused the 70%
decrease in nest success observed at this colony between 1996 and 1997.

Burrowing owls also nested in areas with relatively large colonies within a 10-km
radius. This may represent dispersal events, whereby large colonies containing greater
numbers of nests are serving as a source of owl colonists for neighboring prairie dog
colonies. In 1996, the area of the largest colony within 3 km positively influenced nest
success. It is not clear why this feature would have an effect on nest success. Possibly,
larger colonies are found more often in range areas where land is not divided into
numerous agricultural fields. These areas have fewer shelterbelts and other wooded
habitats that may harbor predators. It is also unclear why success was negatively
influenced by the distance to the nearest neighboring colony in 1996. In 1997, both nest
success and productivity were positively influenced by the complexity of the colony
shape, suggesting that owls are more successful in colonies containing more edge.

The negative influence of total area of prairie dog colonies and the mean shape
index on burrowing owl nest site selection would seem, at first glance, to be counter-
intuitive. One would expect owls to choose areas containing greater acreage of colonies

and in landscapes less impacted by humans. However, other studies investigating
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burrowing owl nest site selection have also found owls selected more fragmented

landscapes (Biddle 1996, Warnock and James 1997). Biddle (1996) suggests this may be
due to prey abundances, whereby arthropod abundance is higher on the borders of fields.
Soils most conducive to agriculture may also be preferred by the burrowing mammals
that provide owls with nest sites (Wellicome and Haug 1995, as stated in Warnock and

James 1997).

CONCLUSION

The results of this study suggested that in some instances, on both the local and
landscape scale, owls were selecting for characteristics that resulted in relatively lower
nest success. This may be the result of changes in the landscape and the reduction and
fragmentation of prairie dog populations. Burrowing owls may be slow or unable to
adjust to changes in prairie dog and/or predator numbers.

It was also evident from this study that the variables measured could not, in most
cases, elucidate the features that are important to burrowing owl productivity. This is of
fundamental importance, since productivity determines whether a population is capable
of maintaining or increasing its numbers. Landscape composition, as it relates to the
quality of foraging areas, may be an important factor influencing both burrowing owl nest
site selection, and particularly, reproduction. Understanding how land use affects prairie

dog colony distribution and configuration would also help interpret results seen in this

study.
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