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ABSTRACT 
Only about 11% of native grasslands remain in the United States (North America 

Bird Conservation Initiative, 2011). Grasslands are a considerable source of biodiversity 
and play a crucial role in nutrient cycling (Suttie et al. 2005; Holechek et al. 2011). 
Stewards, such as the US Fish and Wildlife Service, are essential to grassland 
conservation, especially in Kansas, where less than one percent of land is under federal 
stewardship or public trust (Holechek et al. 2011). Quivira National Wildlife Refuge, an 
8,900 hectare refuge located in Stafford County, has traditionally been managed as a 
stopover for migratory birds, but is now expanding management practices to include all 
flora and fauna.   

To better understand grassland bird and herpetofaunal populations on the refuge, 
repeatable monitoring protocols for Quivira National Wildlife Refuge were developed to 
provide baseline data. In this study, single-season occupancy models were generated for 
target species to test if presence was influenced by habitat type.   

Herpetofauna and grassland birds were sampled concurrently from April 24 to 
July 4, 2015. For the sampling season, nine bird species and 1,748 individuals were 
observed. Seventeen species of herpetofauna and 212 individuals were observed. 
Occupancy models were constructed for organisms that had > 25 observations. Bird 
species with adequate sample sizes include Northern Bobwhite, Dickcissel, Grasshopper 
Sparrow, Field Sparrow, Eastern Meadowlark, and Western Meadowlark. Herpetofaunal 
species with > 25 observations include: North American Racer, Plains Gartersnake, and 
Ornate Box Turtle. The Northern Bobwhite, Dickcissel, Eastern Meadowlark, North 
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American Racer, and Ornate Box Turtle models showed that the species had high rates of 
occupancy and detectability and were not modeled with covariates.  
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PREFACE 
 

This thesis follows the format for the Transactions of the Kansas Academy of Science. 
All herpetofauna were collected and handled in accordance with Society for the Study of 
Amphibians and Reptiles guidelines. These methods were approved by the Institutional 
Animal Care and Use Committee of Fort Hays State University (IACUC 14-0012). 
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INTRODUCTION 
As human populations continue to climb 1.2% each year, the need for energy and 

agricultural production are increasing rapidly (Holechek et al. 2011). In the United States, 
industry and transportation are responsible for the highest proportion of energy consumed 
(U.S. Energy Information Administration, 2013).  As a result of these energy demands, 
wind, oil, and natural gas developments are expanding at unprecedented rates (U.S. 
Energy Information Administration, 2013).  

The ecological footprint of energy developments can be quite large. Wind energy 
developments are constructed in networks, containing many turbines with interconnecting 
roads and electrical grids (Kunz et al. 2007). Each wind tower requires a 61 meter x 61 
meter cleared space for installation, and approximately two and a half meters of earth is 
removed from the cleared space in order to bury large foundational structures (Tong, 
2010). After construction, much of the landscape surrounding these structures is devoid 
of native vegetation and susceptible to invasive species (Hansen et al. 2005). Changes in 
agricultural practices are causing fragmentation on a larger scale, transforming expanses 
of native habitat into monocultures. Habitat fragmentation, or splitting the landscape into 
many smaller units, is a major cause of biodiversity decline in the United States (Fahrig, 
2003).                

Fossil fuel, agriculture, and clean energy developments are currently expanding 
across the Midwest, resulting in native habitat loss.  Approximately 11% of native 
grasslands remain in the United States (North America Bird Conservation Initiative, 
2011). Grasslands are a considerable source of biodiversity and play a crucial role in 
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nutrient cycling (FAO, 2005; Holechek et al. 2011). As agriculture and energy 
developments continue to expand, landscape heterogeneity is decreased and native 
communities experience changes in relative abundance (Fahrig, 2003), predation 
intensity (Dunning et al. 1997), breeding behavior (Farina, 2006), and habitat use 
(Yahner and Mahan, 1999).  
 Grassland nesting birds have experienced dramatic population declines within the 
past decade due to degradation and fragmentation of prairie ecosystems (Askins et al. 
2007; Davis et al. 2013). Previous studies have indicated grassland birds are area 
sensitive; that is, small habitat patches have low bird densities, and large habitat patches 
have high bird densities (Bakker et al. 2002; Ribic et al. 2009). Grassland birds 
negatively respond to fragmentation by woody vegetation and trees (NRCS, 1999), 
because of increased nest parasitism and predation (Askins et al. 2007). Decreased patch 
size is also directly related to increased edge and its associated effects, such as decreased 
nest success and changes in community structure (Stephens et al. 2003). Altered native 
landscape and suppressed ecological processes contribute to loss of wintering and 
breeding habitat (Askins et al. 2007).  

Birds are historically the most represented taxonomic group in conservation 
studies, and the most reported in biological journals (Bonnet et al. 2002; Fazey et al. 
2005). Filling a wide range of ecological roles, birds are often selected as study 
organisms (Niemi et al. 2004) due to their responses to landscape change (Bakker et al. 
2002; Davis et al. 2013). Birds are especially easy to observe during breeding season, due 
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to distinctive vocalizations, bright plumage, or territorial displays used to attract mates or 
defend territories (Schulze et al. 2004). In addition to small scale-efforts, large-scale bird 
monitoring projects such as the Breeding Bird Survey and Christmas Bird Count collect 
bird abundance and distribution data across North America. Information gathered from 
these volunteer surveys is readily accessible and aids in analyses of population trends and 
habitat use (Sauer et al. 2013). High vagility, bright plumage, display behaviors, and ease 
of detectability, make birds ideal subjects for monitoring efforts (Eraud et al. 2007; 
Mattisson and Marshall, 2009).   

Herpetofaunal populations are also suffering declines worldwide (Araujo et al. 
2006; Durso et al. 2011). Employing a variety of natural histories and habitat preferences, 
reptiles and amphibians are inevitably impacted by anthropogenic influences.  
Herpetofauna that live in grassland environments are exposed to a variety of pressures, 
including: habitat fragmentation, overgrazing, and transformation of habitat to 
agricultural production (Gibbons et al. 2000; Cushman, 2006). 

Habitat modification and fragmentation are a leading source of population decline 
for reptiles and amphibians (Kjoss & Litvaitis, 2001; Cushman, 2006).  Reptiles 
sometimes use roads as thermoregulatory structures, increasing their susceptibility to 
predation or vehicle-induced fatality (Ashley and Robinson, 1996; Carr and Fahrig, 
2001). Roads constructed through large patches of native habitat contribute to high 
mortality rates and limit dispersal of herpetofauna (Carr and Fahrig, 2001; Mazerolle, 
2004; Andrews et al. 2005).  
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In overgrazed areas, some species of herpetofauna experience changes in 
population structure and composition. As grasslands are overgrazed, larger areas of bare 
ground encourage the establishment of invasive plant species and increases risk of 
predation (Castellano and Valone, 2006). Reptiles often use disturbed areas such as 
recently harvested agricultural fields for thermoregulation. These disturbed areas increase 
unwanted exposure to avian predators (Bechard, 1982). Changes in agricultural practices 
also contribute to population declines. Previous studies have indicated that the density of 
herpetofaunal populations decrease in agricultural areas (Piha et al. 2007, Ribeiro et al. 
2009), most likely due to homogeneous vegetation composition and exposure to 
pesticides (Relyea, 2003).   

Herpetofauna are sensitive to habitat modification and climate change, and are 
indicators of local ecological health (Gibbons et al. 2000). Amphibians have permeable 
skin that makes them vulnerable to changes in water availability, environmental 
contaminants, and salinity (Gibbons et al. 2000). Temperature fluctuations, loss of food 
sources, and introduced predator species all contribute to reptile declines around the 
world (Steen et al. 2012). Due to their low vagility, cryptic coloration, and elusive habits, 
herpetofauna are often underrepresented in surveys and conservation plans (Steen, 2010; 
Durso et al. 2011).  

Public land stewards, such as the U.S. Fish and Wildlife Service, are essential to 
grassland conservation, especially in regions where there is limited public land. In 
Kansas, less than one percent of land is under federal stewardship or public trust 
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(Holechek et al. 2011). Of that one percent, about 23,269 hectares of land are federally 
managed by the U.S. Fish and Wildlife Service. Quivira National Wildlife Refuge 
(QNWR) an 8,900 hectare refuge located in Stafford County, is the largest of four refuges 
in Kansas. Historically, the refuge system has operated under a set of diverse objectives, 
with waterfowl production and migratory habitat conservation as primary conservation 
priorities (U.S. Fish and Wildlife Service, 2013).  Recently, a more holistic approach to 
conservation has been initiated in the federal refuge system with a goal of conserving all 
flora and fauna.  

This new paradigm has driven the development of Comprehensive Conservation 
Plans (CCP) individualized for each refuge. CCP assess current management practices on 
each refuge and project future management actions to address conservation priorities. 
Plans are originally drafted with alternative options for conservation issues; then, after a 
series of public meetings and reviews by the planning committee, the final CCP is 
produced with priorities and objectives for the next 10 years. The holistic approach of 
these plans provides a framework for each refuge to execute biological planning and 
practical conservation designs, along with continuous monitoring efforts (U.S. Fish and 
Wildlife Service, 2013). 

The 2013 QNWR CCP prioritized: restoring native communities, reducing 
fragmentation by establishing connectivity within the landscape, and evaluating current 
management practices (U.S. Fish and Wildlife Service, 2013). Conservation priorities 
will be addressed by examining habitats at a landscape level. Landscape conservation 
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examines the interaction between spatial pattern and ecological process (Turner et al. 
2001), and allows adaptive management decisions in a dynamic system.  

Occupancy models are currently being used in wildlife management to assess the 
probability of a specific habitat being occupied by a species.  These models incorporate 
occurrence data with site characteristics to infer habitat associations and species 
distributions (Bailey et al. 2007). Occupancy (Ψ) is the probability that a site is occupied 
by a target species, and detectability (p) is the probability that the target species is 
detected at a specific site that it does occupy (MacKenzie et al. 2006). Previous research 
has successfully used this technique to analyze habitat use of large-bodied animals such 
black bears and bobcats (Long et al. 2011). Other studies have had success in using 
occupancy models for various bird species due to their high rates of detectability 
(Mattisson and Marshall, 2009). Some studies involve cryptic organisms, such as reptiles 
and amphibians that are not easily detected (Kery, 2002; Durso et al. 2011). However, a 
target species that is not being detected at a site cannot strictly be interpreted as the 
species being absent from the site (MacKenzie et al. 2006). The use of occupancy models 
will allow QNWR to measure landscape variables and assess how management practices 
are influencing local communities.  

The purpose of this project is to provide QNWR insight into habitat use on the 
refuge. One objective of this project is to provide protocols for repeatable surveys, which 
will facilitate conservation decisions. Another objective is to produce occupancy models 
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to provide information about the occupancy and detectability of grassland nesting birds 
and herpetofaunal species on the refuge.   
  



8 
 

  

METHODS 
Study Area  

Quivira National Wildlife Refuge is an 8,900 hectare wetland located in Stafford 
County, Kansas (Figure 1). Purchased by the Migratory Bird Conservation Commission 
in 1955, the refuge was identified as an important wildlife area. Today, QNWR continues 
to be recognized as an important stop over site for migratory birds, as well as an area of 
importance for fish and wildlife (U.S. Fish and Wildlife Service, 2013). 

Quivira NWR’s uniqueness can be attributed to the variety of habitats juxtaposed 
in a relatively small area (Figure 1). The refuge is an inland salt marsh, or a non-tidal 
wetland maintained by evapotranspiration rates that exceed precipitation (Eallonardo and 
Leopold, 2014), causing subterranean salt deposits to collect on the soil surface. Another 
habitat encompassed within the refuge is the sand prairie, which is a mixture of 
shortgrass and tallgrass prairie (U.S. Fish and Wildlife Service, 2013). 

The convergence of inland salt marsh and sand prairie, along with fluctuating 
water salinity allows a variety of plant species to thrive. Dominant marsh vegetation 
includes salt tolerant species such as saltgrass (Distichilis spicata) and seepweed (Suaeda 
caceoliformis), along with various rushes and sedges.  Dominant vegetation in the sand 
prairie is a mixture of shortgrass species; blue grama (Bouteloua gracilis) and sideoats 
grama (Bouteloua curtipendula) as well as tallgrass species; big bluestem (Andropogon 
gerardii) and indian grass (Sorghastrum nutans). An assortment of forb species also grow 
in this area including: prairie sunflower (Helianthus petiolaris), annual Eriogonum 
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(Eriogonum annuum), and sand milkweed (Asclepias arenaria) (U.S. Fish and Wildlife 
Service, 2013). 
Project Design 

This study was designed to collect appropriate data for constructing occupancy 
models. The survey was constructed to meet the assumptions of occupancy modeling 
techniques, which include:  closed populations, independent sites, no heterogeneity in 
occupancy, and no heterogeneity in detectability (MacKenzie et al. 2006).  

In a closed population, no immigration or emigration to occur within the study 
area during a sample season. To address this assumption, the survey was conducted from 
April to July 2015, to include the breeding season of migratory birds and the post-
emergence and breeding season of herpetofauna.  Observations were made by alternating 
four days of active observation with four days of “resting”, or non-observation. Between 
each observation period, a resting period was incorporated to prevent possible avoidance 
of observation points by organisms due to repeated anthropogenic presence.  

To ensure observation points were independent, buffers, or limits on observation 
point distance, were placed around each observation point and organism presence was 
limited to these areas during each survey. Any organism observed outside of the 150-m 
buffer was not recorded. Site covariates were quantified to assess possible explanations 
for heterogeneity in occupancy. To reduce possibility of heterogeneous detectability, 
surveys began each morning 15 minutes before sunrise, when birds were most likely to 
be singing. Surveys took approximately four hours for a two person team to complete. To 
avoid visiting the same observation points at the same time each day, survey routes were 
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alternated and each route walked in opposite directions during the four day sample 
period. For instance, observation points would be sampled sequentially, from 1-18. The 
next day, observation points would be sampled backwards, from 18-1.  
Data Resources 
 The CCP for QNWR provided fine-scale ecological data for the refuge. Soil type, 
vegetation communities, and grazing maps were available a priori for consideration of 
observation point placement. I used these data to classify habitat and place observation 
points to collect data to address refuge-specific questions. Ultimately, natural habitat 
categories derived from a NRCS 2009 vegetation survey were combined into native 
grassland patches. Each patch was assigned as short, mid, or tall grass prairie and would 
be used as a treatment. Patch treatments were obtained objectively from the QNWR 
ecological database, and represent vegetation cover as opposed to ecological regions. 
 Using ArcGIS, survey sites were selected within each of these habitat categories.  Thirty-
six observation points were assigned to short, mid, and tall grass prairie treatments, with 
12 sampling points in each habitat. Survey points were placed at locations at least 30 m 
away from roads to avoid noise obstruction, and as far within the defined habitat patch as 
possible to avoid detecting organisms from different patches. To ensure there was no 
overlap in sampling of observations, a 150-m observation buffer was applied to each 
sampling point (Figure 2). 
Grassland Nesting Bird Surveys 

Traditional sampling protocols were modified to accommodate the natural history 
characteristics of both avifaunal and herpetofaunal communities, and were modified from 
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the Landbird Monitoring Protocol (Knutson et. al. 2008). Surveys were conducted with a 
two person team to ensure safety, but only one person was responsible for bird 
observations throughout the survey. Each survey began approximately 15 minutes after 
sunrise. At each designated point, the two person team stopped for five minutes to 
document auditory and visual bird observations. Only observations or calls within the 
150-m buffer were included at each of the sampling points.  

Target species were selected from the QNWR CCP and were the focus for 
observations. These species were considered representative of the habitat treatments due 
to their specific nesting requirements, and included: Eastern Meadowlark (Sturnella 
magna), Western Meadowlark (Sturnella neglecta), Grasshopper Sparrow (Ammodramus 
savannarum), Field Sparrow (Spizella pusilla), Dickcissel (Spiza americana), and Horned 
Lark (Eremophila alpestris). In prairie regions with mid to tall grasses and moderate 
grass cover, Grasshopper Sparrows (Vickery, 1996), Dickcissels (Temple, 2002), and 
both species of Meadowlark (Davis and Lanyon, 2008) would be expected. Field 
Sparrows are indicative of grasslands interspersed with shrubs (Carey et al. 2008). 
Horned Larks are expected in areas characterized by short grass (< 3 cm) and large 
patches of exposed soil (Beason, 1995). Alternatively, in mixed grass habitats, the 
presence of Horned Lark might indicate an overgrazed system (Dinkins et al. 2000).   

Surveys for both focal groups were conducted from 24 April to 4 July. Each 
observation point was sampled 10 times (Table 1). Data recorded at each stop included: 
species, number of birds, and distance from the observation point in 25-m increments. 
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Individual behavior during the survey (singing, calling, flying over) was documented to 
eliminate the possibility of overestimating the number of birds within an area (i.e. If a 
Northern Mockingbird was recorded at an observation point as flying over, and that bird 
was flying in the direction of the next observation point, that species was not documented 
again at the next point.) 
Herpetofaunal Surveys 
 Herpetofaunal surveys were conducted at the same series of observation points 
described above. However, coverboards were used to document the presence of more 
cryptic and less vagile herpetofaunal species. Coverboards were used due to the ease of 
placement, durability, and minimal habitat disturbance (Grant et al. 1992). Six 1.2 m2 
coverboards made of 1.9 cm plywood were arranged  in two parallel lines of three boards 
due north of each observation point (Figure 4). Coverboards were deployed two weeks 
before the start date of the survey, with the intention of “aging” the boards to produce a 
favorable microhabitat beneath (Dodd, 2003). Initially, vegetation under each board was 
too dense to observe small-bodied herpetofauna. Vegetation was raked, and a small 
amount of exposed soil was left under each board to aid in detection.  

Bird and herpetofaunal surveys were conducted concurrently. After five minutes 
of bird observation, each coverboard was lifted to determine the presence or absence of 
herpetofauna. Both surveys were conducted with the intention of using presence/absence 
data for occupancy models; therefore, only positively identified species were 
documented. 
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Vegetation Sampling 
 Vegetation assessments were conducted at the end of May and in mid-July to 
document seasonal variation in structural characteristics.  Vegetation height, composition 
by cover, and litter depth were estimated at six points surrounding each observation 
point. Points were placed at 60° increments from true north, and 50-m from the 
observation point. The Robel pole method (Robel et al. 1970) was used to measure 
vegetation height at each of the four cardinal directions. Litter depth measurements were 
taken simultaneously with Robel pole measurements. A 1m x 1m Daubenmire frame 
(Daubenmire, 1959) was used to estimate percent composition of canopy cover. A 
modified Daubenmire frame was placed at the northwest corner of each Robel pole, and 
percentages of grasses, forbs, shrubs, standing dead, litter and bare ground were 
estimated within each frame. Horizontal distance to nearest tree and nearest shrub were 
estimated using a range finder (Bushnell Bowhunter, Chuck Adams Edition; Precision 1 
yd). 
Occupancy Models 

Single-species, single-season occupancy models were used to predict occupancy 
and detectability of species that were observed > 25 times. A single observation was 
quantified as one or more individuals occupying an observation point during a sample 
period. Multiple organisms detected at an observation point during one sample period 
counted as one observation during the sample period. 
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Occupancy models were constructed using Program PRESENCE 9.7 (Hines, 2006). 
Baseline models were generated for each species including; a standard model that does 
not incorporate spatial or temporal variation into probability of occupancy or 
detectability: Occupancy (Constant), Detectability (Constant) and a model that 
incorporates temporal variation in detection probabilities: Occupancy (Constant), 
Detectability (Sample Period).  

Site-specific covariates, or covariates that were assumed to be constant during the 
sample season (MacKenzie, 2006) were used to assess occupancy and detectability. Site-
specific covariates were normalized, or scaled to minimize the effect size related to 
different units of measurement. For instance, distance to nearest tree was measured in 
kilometers, and litter depth was measured in centimeters. Covariates are normalized, 
which removes the effect of different units by subtracting each covariate from the mean 
and dividing by the standard deviation. 

Covariates were added individually, and then in combination to examine the 
effects on the model. Model names are reflective of the covariates that were included. For 
example: Occupancy (Litter), Detectability (Sample Occasion) reflects a model 
incorporating the influence of litter depth on occupancy, and the influence of sampling 
period on detectability. 

Covariates were not added to models with high probabilities of occurrence and 
high detection rates. Further analysis was not necessary, as these models indicate that the 
organism occupies nearly every site and is detected at every site it does occupy 
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(MacKenzie et. al 2005). Natural history and previous research were considered when 
covariates were used to interpret models.   

All models were ranked according to ΔAIC (Burnham and Anderson 1998). 
Models having ΔAIC values less than two have the greatest support, values greater than  
two and less than seven have moderate support, and models with  ΔAIC values greater 
than ten are not supported by the data (Burnham and Anderson, 2002). Model covariates 
with positive or negative standard errors (related to the beta coefficient) greater than 0.50 
were excluded from model analysis.  Covariates with large positive or negative standard 
errors related to the coefficients appear to represent the best model due to a low ΔAIC 
value, but do not actually contribute to model explanation. Large coefficients inflate 
ΔAIC of alternative models, decreasing their significance (Arnold, 2010). 
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RESULTS 
Field Results 

Grassland Nesting Bird Surveys 
 A total of 1,748 individuals, and 9 bird species were encountered (Table 2). The 
species observed most often were the Eastern Meadowlark (709 individuals), and the 
Dickcissel (506 individuals). Although the Horned Lark was a target species, there were 
none documented during this survey. It is possible that the Horned Lark is using other 
areas on the refuge that have more exposed ground. The Northern Mockingbird, Eastern 
Kingbird, and Bell’s Vireo were not target species, but were observed in sufficient 
numbers. These birds were mostly recorded at observation points that were near tall trees 
or large amounts of plum. Some notable observations for the grassland bird surveys 
include: Lesser Prairie Chicken (Tympanuchus pallidicintus) and a few Upland 
Sandpipers (Bartramia longicauda).  
 Surveys were started earlier than the expected grassland bird breeding season to 
ensure there were no early migration events. There were very few birds observed during 
the first and second sample period. Eastern Meadowlarks were the first migrants with 
large observation numbers in the second week of May. Dickcissel and Northern 
Bobwhite observation numbers increased in the first week of June.  

Six bird species had adequate (>25) occurrences to use in occupancy models. 
These species include: Eastern Meadowlark, Dickcissel, Northern Bobwhite (Colinus 
virginianus), Field Sparrow, Grasshopper Sparrow, and Western Meadowlark (Table 2).   
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Herpetofaunal Surveys 
 During the 2015 sampling season, 17 species and 212 individuals were 
encountered (Table 3).  The species encountered most often was the North American 
Racer (Coluber constrictor), with 77 individuals (Table 3).  

Notable species occurrences include the Glossy Snake (Arizona elegans), Dekay’s 
Brownsnake (Storeria dekayi), and Lined Snake (Tropidoclonion lineatum).  The Glossy 
Snake had not been documented on the refuge for over 30 years, and is a Kansas Species 
In Need of Conservation (Taggart et al. 2015). There are only three records of Dekay’s 
Brownsnake and one of the Lined Snake in Stafford County in the last 30 years, none of 
which occurred at QNWR (Taggart et al. 2015).  

Three species had sufficient occurrences (encounters >25 individuals) to generate 
occupancy models and included the North American Racer, Plains Gartersnake 
(Thamnophis radix), and Ornate Box Turtle (Terrapene ornata) (Table 8). 

Survey efforts began in early April to observe reptile and amphibian hibernacula 
dispersal. Understanding peak herpetofaunal movements will allow concentrated survey 
efforts around dispersal periods, as well as seasonal movements. Herpetofauna were not 
observed until the first week of May when the average temperature was 13.5°C. Number 
of encounters peaked the last week of May and then again the third week of June (Figure 
5). After the last week of May, encounter numbers and species diversity remained fairly 
constant for the duration of the survey. If survey efforts were to continue into late 
summer months, I would expect encounter numbers and species diversity to decrease 
dramatically. As average daily temperatures continue to reach record highs during the 
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summer, reptiles and amphibians aestivate to avoid reaching upper critical body 
temperatures (Willson et al. 2006). 
Vegetation Sampling 

Vegetation was sampled during peak growth periods for both C3 (cool-season) 
and C4 (warm-season) grasses (Whitmore, 1979). A Spearman Correlation (Program R) 
indicated vegetation variables from both sampling periods were highly correlated (p < 
0.05). Other breeding bird studies have also indicated high correlation between 
vegetation variables measured multiple times during a season (Whitmore, 1979; Winter 
and Faaborg, 1999). Grassland nesting birds migrate in early spring, and select breeding 
territories. Early site selection leads to early nesting (Greenberg and Marra, 2005). 
Accordingly, I used vegetation variables measured in May as covariates in occupancy 
models.  
Analytical Results  
 
 Occupancy Models   

Grassland Nesting Birds 
The most frequently observed bird species were: Northern Bobwhite, Dickcissel, 

and Eastern Meadowlark (Table 1). As expected, occupancy models for these bird species 
also had a high probability of occurrence and high rates of detectability (Table 4). The 
occupancy models for these bird species did not incorporate covariates, due to model 
indication that the organisms occurred at most observation sites, and are relatively easy to 
detect at the observation points where they do occur.  
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Field Sparrow 
 Four models met AIC criteria for the Field Sparrow and had ΔAIC values less 
than 2. Models with the lowest ΔAIC values were Occupancy (Constant), Detectability 
(%Shrub) and Occupancy (Constant), Detectability (Tree Distance) (Table 5). Occupancy 
(Constant), Detectability (TreeDistance, ShrubDistance) and Occupancy (Constant), 
Detectability (ShrubDistance) models also fit AIC criteria, and had similar ΔAIC values. 
Positive coefficients were associated with percentage of shrub, distance to tree, and 
distance to shrub, suggesting a positive relationship between the Field Sparrow and the 
covariates (Table 10). All covariates incorporated into the model are influencing 
detectability of the Field Sparrow. As the percentage of shrub, distance to nearest tree, 
and distance to nearest shrub increase, the ability to detect Field Sparrows also increase. 

Grasshopper Sparrow 
 One model met AIC criteria for the Grasshopper Sparrow. The model with the 
lowest ΔAIC value was Occupancy (Constant), Detectability (ShrubDistance, %Grass) 
(Table 6). Coefficient values related to distance to shrub were negative, and values 
related to percent grass cover were positive (Table 11). Site covariates are influencing the 
detectability of the Grasshopper Sparrow. As distance to shrub decreases, Grasshopper 
Sparrow detectability also decreases. As percent grass cover increases, the detectability 
of the Grasshopper Sparrow also increases. Six models had considerable support from the 
data and had ΔAIC values less than 7.  
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Western Meadowlark 
 Five of eight occupancy models for the Western Meadowlark met AIC criteria. 
Models with ΔAIC values less than two include: Occupancy (ShrubDistance), 
Detectability (Constant); Occupancy (Constant), Detectability (Constant); Occupancy 
(ShrubDistance, Litter), Detectability (Constant); and Occupancy (Litter), Detectability 
(Constant) (Table 7). Covariates in these models are related to occupancy, and therefore 
reflect the probability that a Western Meadowlark will occupy a site. Coefficients 
associated with distance to shrub were positive, and coefficient values associated with 
distance to tree and litter depth were negative (Table 12).  As distance to shrub increases, 
the probability that a Western Meadowlark will occupy a site increases. As distance to 
nearest tree and litter depth decreases, the probability that a Western Meadowlark will 
occupy a site decreases. 
Herpetofauna 
 Models for the North American Racer and the Ornate Box Turtle showed a high 
probability of occurrence and high detection rates; therefore, covariates were not included 
for the species models (Table 8).  

Plains Gartersnake 
 Three of eight models for the Plains Gartersnake met AIC criteria (Table 8). Litter 
depth was associated with occupancy, and had a positive coefficient, indicating that as 
litter depth increases, the probability of detecting a Plains Gartersnake at a site also 
increases. The second model, Occupancy (%Grass), Detectability (Constant) had a 
positive coefficient related to percent grass cover. This model indicates that as percent 
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grass cover is increased at a site, the probability that a Plains Gartersnake will occupy 
that site increases. The positive coefficient for the third model, Occupancy (Constant), 
Detectability (%Grass) is indicating that as percent grass cover increases, the ability to 
detect the Plains Gartersnake also increases (Table 14).  
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DISCUSSION 
Occupancy Models 

Grassland Nesting Birds  
 Observation points were arranged in short, mid, and tall grass habitat to better 
understand species use of grassland categories throughout the refuge. The number of bird 
observations in mid grass habitat were higher than those in short and tall grass habitat; 
however, occupancy models do not support higher use. Patch treatment types were not 
incorporated into the models because there were multiple observation points included in 
each patch, which made the sampling points not independent of one another. However, 
grassland treatment type can still be monitored by vegetation characteristics measured 
directly at the observation points. If grassland categories were influencing bird presence 
or detectability, models best supported by the data should incorporate percent grass cover 
and vegetation density. Occupancy models did not reflect specific grassland category use. 
Most models incorporated covariates related to distance to shrub, distance to tree, and 
litter depth. Habitat relationships suggested by covariates varied by species.  

Previous studies observing grassland birds and herpetofauna have reported both 
groups respond to habitat structure rather than individual plant species (Blair, 1999; Steen 
et al. 2012). Quivira is an oasis of habitat in the middle of a landscape of cattle grazing 
and row crop agriculture. Grassland birds could be responding to the amount of structure 
provided by the habitat at QNWR, rather than specific habitat categories. A larger extent 
approach incorporating areas outside of the refuge might offer a better interpretation of 
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refuge use. It is also possible that there are covariates explaining bird presence and 
detectability that were not included in this survey. 

Field Sparrow 
 The model best explaining Field Sparrow detectability indicates that as percent 
shrub cover increases, the ability to detect a Field Sparrow also increases. Remaining 
models that fit ΔAIC criteria had similar ΔAIC values and are too close to discern 
whether distance to shrub, or the combined effects of distance to shrub and distance to 
tree had a greater effect on Field Sparrow detectability. However, all covariates had 
positive coefficients, and suggest a positive relationship between the ability to detect 
Field Sparrows and the covariates. 

Models fitting ΔAIC criteria have conflicting covariates. The model best 
represented by the data suggests that Field Sparrow detectability increases as percent 
shrub cover increases. The second model has a positive coefficient associated with 
distance to nearest shrub, suggesting that as the distance to nearest shrub increases, Field 
Sparrow detectability increases.   

 Field Sparrows often occupy areas with early successional woody vegetation, but 
respond negatively to successional forest growth (Best, 1978; Carey et al. 2008). It is 
possible that shrubs growing near observation points are not dense enough for the birds to 
identify as successional forest. The five remaining models have ΔAIC values between 
two and seven, and are moderately supported by the data; however, these models have 
similar ΔAIC values.  No conclusive statements can be made as to which covariates are 
more important (MacKenzie et al. 2002). 
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 Grasshopper Sparrow 
  The model best supported by the data for the Grasshopper Sparrow was 
Occupancy (Constant), Detectability (ShrubDistance, %Grass) (Table 6). The coefficient 
associated with distance to shrub is negative, indicating that as distance to shrub 
decreases, the ability to detect a Grasshopper Sparrow decreases. The coefficient related 
to percent grass cover is positive, and indicates that as percent grass cover increases, the 
ability to detect a Grasshopper Sparrow increases. Covariate coefficients indicate that 
detectability is increased at observation points that are near shrubs and have more grass 
cover.  

Previous research has indicated that Grasshopper Sparrows occupy open 
grasslands with little woody edge (Whitmore, 1981; Vickery, 1996). Bright plumage, 
territorial displays, and distinct songs used to attract mates increase the probability of 
detecting a bird at a site during breeding season when most surveys are conducted. 
Grasshopper Sparrows occupy a variety of habitats, but select breeding habitat at QNWR 
in areas with large percentages of grass cover that are near shrubs.  

Western Meadowlark 
  The best supported model, Occupancy (Distance to Shrub), Detectability 
(Constant) has a positive coefficient related to shrub distance (Table 7). Previous research 
has reported Western Meadowlark occurrence declines in areas with tall shrub cover 
(Bakker et al. 2002; Grant et al. 2004), and increases in areas with intermediate 
vegetation height (Wiens and Rotenberry, 1981).  A positive coefficient related to shrub 
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distance influencing occupancy suggests Western Meadowlarks occupy habitats with 
fewer shrubs. In this survey, Western Meadowlarks were detected more frequently in tall 
grass areas with fewer shrubs. Higher detectability in tall grass treatments is likely due to 
intermediate vegetation height, or mid grass prairie treatments at QNWR being associated 
with sandy soil, which supports the growth of sandhill plum (Prunus angustifolia) (Row 
and Weyer, 2010).  
Herpetofauna 
  The CCP for QNWR focuses on a large number of bird species and few species 
from other taxonomic groups (U.S. Fish and Wildlife Service, 2013).  Although birds can 
be indicators of grassland health, they are also migratory and have the ability to quickly 
relocate (Canterbury et al. 2006). Like birds, herpetofauna occupy a range of ecological 
roles and serve as local indicators of habitat health. Reptiles and amphibians are also 
sensitive to landscape level modification, but are less vagile than birds. Herpetofauna 
were selected as a second model group because they could be easily monitored alongside 
grassland birds, and possess contrasting natural history characteristics.  
Despite the number of herpetofaunal captures, only three generalist species were 
observed in sufficient numbers to generate occupancy models.  Previous studies also have 
reported difficulties in using models to estimate occupancy and detectability for reptiles 
and amphibians (Kery, 2002; Steen et al. 2012). Low detectability associated with 
evasive behavior and secretive habits is an often reported challenge in attempting to 
develop occupancy models for herpetofauna, especially snakes (Durso et al. 2011).  Low 
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detectability does not equal true absence from a site (MacKenzie et al. 2002). 
Observation points were visited twice per rotational period to reduce detection errors, but 
a larger search effort might be required for less abundant, specialist species.  

Plains Gartersnake  
 An abundant species throughout the Midwest, the Plains Gartersnake is often 
found near water, feeding on amphibians, fish, and earthworms (Collins et al. 2010). 
Occupancy models best supported by data for the Plains Gartersnake were Occupancy 
(Constant), Detectability (Litter) and Occupancy (%Grass), Detectability (Constant) 
(Table 8). Coefficients related to litter and percent grass cover were both positive. With 
few exceptions, most Plains Gartersnake observations were made in short grass prairie 
treatments. Nineteen of thirty-nine Plains Gartersnakes were detected underneath 
coverboards. Fifteen of twenty remaining observations were in short grass habitat while 
walking between observation points. Positive coefficients related to litter depth are likely 
related to litter providing a source of cover from predators (Cavitt, 2000).  
 Increased observations at short grass sites are likely due to human artifact, as visibility 
increases with decreased plant cover.  
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CONCLUSIONS 
Occupancy Models  
 Occupancy models are sometimes used as a surrogate measure for abundance 
surveys, which may not be logical to use in high priority conservation areas. Abundance 
surveys require extensive time and effort that may not be available in high priority 
conservation areas. Oftentimes, conservation areas are too large to sample confidently, or 
detection rates for organisms are too low to estimate expected numbers accurately (Royle 
and Nichols, 2002). Although occupancy models have been successful predictors of 
occupancy and detectability in other surveys, results collected from this survey were only 
moderately conclusive. Most occupancy models incorporated few covariates due to low 
numbers of observations. To develop complex models with multiple covariates, 
observations must be increased. 

Occupancy models are the preferred technique for estimating species occupancy 
and detectability.  However, this approach might not be realistic for a small refuge 
because the time and effort required to meet model requirements might not be feasible for 
a small refuge staff. Efforts for this survey were intensive, but only simple models could 
be evaluated for few species. Additional observation points are required to develop more 
complex models with multiple covariates. On an average day, sampling eighteen 
observation points took four hours for two people to complete. Landbird monitoring 
protocols require all surveys start before dawn when birds begin singing, and be 
completed around noon, when the majority of birds stop singing (Knutson et al. 2008). At 
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least two more people would be required for the survey to sample additional observation 
points.  

If QNWR were to continue to use occupancy models to help understand habitat 
use on the refuge, it is recommended that surveys be conducted over several years. It is 
also recommended that more observation points be added over the extent of the refuge, to 
fully understand how refuge habitats are being used. As opposed to single-season models, 
multiple-season models can be used to gain insight into colonization and extinction rates 
on the refuge, but even more observations will be required to estimate occupancy and 
detectability. 
Management Implications 

Landscape conservation objectives in the QNWR CCP addressed in this study 
include: reducing fragmentation by establishing connectivity within the landscape, 
restoring native ecological communities, and evaluating current management practices 
(U.S. Fish and Wildlife Service, 2013).   

To restore native grassland connectivity, trees and shrubs are being removed from 
the refuge. Tree-nesting species such as the Eastern Kingbird and Bell’s Vireo were 
recorded at observation points near wooded areas, as opposed to obligate grassland 
nesting species. Because more tree-nesting species were recorded, it is inferred that there 
are too many trees and grassland birds are not selecting these areas for nesting. Continual 
tree removal and persistent maintenance of early successional forest growth will 
encourage reestablishment of native grasslands, and in turn, grassland bird populations. 
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Shrub populations should not be entirely eliminated, because they are an important 
habitat feature for Field Sparrow nesting (Carey et al. 2008). Bird populations should be 
monitored regularly to document changes in composition and abundance.  

In order to reestablish native communities on the refuge, current inventories of 
ecological communities must be collected through repeated surveys with standardized 
protocols. After community inventories are established, habitat use can be analyzed and 
management plans can then be developed to encompass multiple groups. Bird species 
were selected as representatives of native habitats in the CCP because birds with varying 
life histories use QNWR as a migratory stopover or as a destination for breeding (US 
Fish and Wildlife Service, 2013). Birds are excellent indicators of landscape-level 
changes and can be monitored easily; however, mobile birds might not reflect local 
ecosystem health (Canterbury et al. 2000; Schulze et al. 2004).  

A holistic approach to refuge conservation would incorporate multiple taxonomic 
groups to serve as indicators of local conditions (Carignan and Villard, 2002; Schulze et 
al. 2004). Herpetofauna were incorporated into this study because they are not migratory 
and exhibit sensitivity to environmental changes (Araujo et al. 2006). Sensitivity to 
habitat modification, climate change, drought, and changes in salinity make herpetofauna 
ideal study organisms (Guzy et al. 2012). Generating occupancy models for multiple 
species of herpetofauna was not possible due to low observation numbers and low 
detectability. Although some species of herpetofauna might be difficult to detect, they 
serve as valuable ecological indicators and should continue to be monitored. If QNWR 
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wants to continue using these organisms as local ecological indicators, sampling effort 
should be increased to account for these natural history characteristics.  

Public land stewards like the U.S. Fish and Wildlife Service are essential to the 
conservation of native habitats in areas with little public land. Refuges serve as ideal 
systems for continued monitoring efforts, as they can provide adaptive management in a 
dynamic system. Established protocols can assist in collecting current inventories of 
organisms, and long-term monitoring efforts will allow QNWR to assess management 
practices and their effects on local communities.  
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TABLES 

Table 1. Sample period by date.  
 
 

  
Sample Period Dates 

1 24 April - 27 April 
2 1 May – 4 May 
3 11 May – 14 May 
4 17 May – 20 May 
5 25 May – 28 May 
6 1 June – 4 June 
7 9 June – 12 June 
8 17 June – 20 June 
9 25 June – 28 June 

10 3 July -- 4 July 
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 Table 2. Summary table for observed bird species, along with number of observations per species per sample period that could 
be incorporated into occurrence tables for occupancy models. If a species was detected at each observation point for every 
sample period, total occupancy model observations would be equal to 360 (36 observation points x 10 sample periods). 

 
 
  

 
Total 

Observed Occupancy Encounters Per Sample Period 
Total Occupancy 

Model 
Observations 

Species  1 2 3 4 5 6 7 8 9 10 (360) 
Eastern Meadowlark 709 6 29 17 17 34 17 30 28 29 25 232 
Dickcissel 506 3 1 0 2 15 11 24 25 24 27 132 
Northern Bobwhite 341 0 2 0 3 20 7 23 29 22 31 137 
Western Meadowlark 56 0 6 0 8 5 1 2 2 8 4 36 
Grasshopper Sparrow 35 0 3 0 4 1 0 5 4 0 7 24 
Field Sparrow 31 0 0 0 2 5 0 4 9 5 2 27 
Northern Mockingbird 31 0 5 0 0 3 4 3 2 2 1 20 
Eastern Kingbird 24 0 1 0 0 7 0 2 0 2 1 13 
Bell’s Vireo 14 0 0 0 0 0 0 0 1 5 4 9 
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Table 3. Herpetofaunal species and number of observed individuals, along with number of observations per sample period that 
could be incorporated into occurrence tables for occupancy models. If a species was detected at each observation point for 
every sample period, total occupancy model observations would be equal to 360 (36 observation points x 10 sample periods). 

 
  Total 

Observed Occupancy Encounters Per Sample Period 
Total Occupancy 

Model Observations 
Species  1 2 3 4 5 6 7 8 9 10  Amphibians             
Boreal Chorus Frog 4 0 0 0 1 3 0 0 0 0 0 4 
Woodhouse's Toad 2 0 0 0 0 1 0 0 1 0 0 2 
Great Plains Toad 1 0 0 0 0 0 0 0 0 0 1 1 
Plains Spadefoot Toad 1 0 0 0 0 0 1 0 0 0 0 1 
Barred Tiger Salamander 1 0 0 0 0 0 0 0 0 0 1 1 

Lizards Prairie Lizard 10 0 1 0 2 3 1 1 0 1 1 10 
Six-lined Racerunner 4 0 0 0 0 1 0 0 2 1 0 3 

Snakes North American Racer 77 0 0 0 5 8 4 8 8 7 6 46 
Plains Gartersnake 39 0 4 1 1 4 7 2 6 3 3 31 
Lined Snake 8 0 0 0 0 0 2 1 3 1 1 8 
Common Gartersnake 6 0 0 1 1 0 0 2 1 0 0 5 
Prairie Kingsnake 3 0 0 0 1 0 0 1 0 0 1 3 
Eastern Massasauga 2 0 0 1 0 0 0 0 0 1 0 2 
Dekay's Brownsnake 1 0 0 0 0 0 0 1 0 0 0 1 
Gopher Snake 1 0 0 0 0 1 0 0 0 0 0 1 
Glossy Snake 1 0 0 0 0 0 0 1 0 0 0 1 

Turtles Ornate Box Turtle 55 0 4 1 6 10 2 3 6 2 4 38 
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Table 4. Occupancy (Constant), Detectability (Constant) models for the most encountered grassland bird species. 

 

 

Species n 
Occupancy  (ψ) St. Error ± Detectablity (p) St. Error ± 

Eastern Meadowlark (Sturnella magna) 709 1.0000 0.0000 0.3939 0.0258 
Dickcissel (Spiza americana) 506 0.9511 0.0386 0.3914 0.0270 
Northern Bobwhite (Colinus virginanus) 341 0.9813 0.0279 0.3736 0.0265 
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Table 5. Occupancy models explaining variation in occupancy and detection probability for the Field Sparrow.  
 

Model AIC ΔAIC 
AIC  
Weight 

Model 
Likelihood 

No. 
Par -2*LogLike 

Occupancy (Constant), Detectability (%Shrub) 191.57 0.00 0.2631 1.0000 3 185.57 
Occupancy (Constant), Detectability (TreeDist) 191.84 0.27 0.2298 0.8737 3 185.84 
Occupancy (Constant), Detectability (TreeDist, ShrubDist) 193.30 1.73 0.1108 0.4211 4 185.30 
Occupancy (Constant), Detectability (ShrubDist) 193.56 1.99 0.0973 0.3697 3 187.56 
Occupancy (Constant), Detectability (Constant) 193.61 2.04 0.0949 0.3606 2 189.61 
Occupancy (Constant), Detectability (Robel) 194.42 2.85 0.0633 0.2405 3 188.42 
Occupancy (Constant), Detectability (%Grass) 194.80 3.23 0.0523 0.1989 3 188.80 
Occupancy (Constant), Detectability (Litter) 194.88 3.31 0.0503 0.1911 3 188.88 
Occupancy (Constant), Detectability (%Forb) 195.42 3.85 0.0384 0.1459 3 189.42 
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Table 6. Occupancy models explaining variation in occupancy and detection probability for the Grasshopper Sparrow. 

  

 
Model     AIC ΔAIC 

AIC 
Weight 

Model 
Likelihood 

No. 
Par -2*LogLike 

Occupancy (Constant), Detectability (%Grass, ShrubDistance) 168.70 0.00 0.5821 1.0000 4 160.70 
Occupancy (Constant), Detectability (ShrubDistance) 171.16 2.46 0.1701 0.2923 3 165.16 
Occupancy (Constant), Detectability (%Grass) 173.45 4.75 0.0541 0.0930 3 167.45 
Occupancy (Constant), Detectability (%Forb) 174.16 5.46 0.0380 0.0652 3 168.16 
Occupancy (Constant), Detectability (Constant) 174.35 5.65 0.0345 0.0593 2 170.35 
Occupancy (Constant), Detectability (Robel) 174.73 6.03 0.0286 0.0490 3 168.73 
Occupancy (Robel), Detectability (Constant) 175.25 6.55 0.0220 0.0378 3 169.25 
Occupancy (Constant), Detectability (TreeDistance) 175.83 7.12 0.0166 0.0284 3 169.82 
Occupancy (ShrubDistance), Detectability (Constant) 176.14 7.44 0.0141 0.0242 3 170.14 
Occupancy (%Shrub), Detectability (Constant) 176.21 7.51 0.0136 0.0234 3 170.21 
Occupancy (TreeDistance), Detectability (Constant) 176.23 7.53 0.0135 0.0232 3 170.23 
Occupancy (Constant), Detectability (%Shrub) 176.34 7.64 0.0128 0.0219 3 170.34 
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Table 7. Occupancy models explaining variation in occupancy and detection probability for the Western Meadowlark. 

 
  
 

Model AIC ΔAIC 
AIC  
Weight 

Model 
Likelihood 

No.  
Par -2*LogLike 

Occupancy (ShrubDist), Detectability (Constant) 206.63 0.00 0.2367 1.0000 3 200.63 
Occupancy (Constant), Detectability (Constant) 207.29 0.66 0.1702 0.7189 2 203.29 
Occupancy (TreeDist), Detectability (Constant) 207.51 0.88 0.1524 0.6440 3 201.51 
Occupancy (ShrubDist, Litter), Detectability (Constant) 207.94 1.31 0.1229 0.5194 4 199.94 
Occupancy (Litter), Detectability (Constant) 208.06 1.43 0.1158 0.4892 3 202.06 
Occupancy (Robel), Detectability (Constant) 209.05 2.42 0.0706 0.2982 3 203.05 
Occupancy (%Shrub), Detectability (Constant) 209.10 2.47 0.0688 0.2908 3 203.10 
Occupancy (%Grass), Detectability (Constant) 209.29 2.66 0.0626 0.2645 3 203.29 
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Table 8. Occupancy (Constant), Detectability (Constant) models for the most encountered herpetofaunal species. 
 

  
 
 

Species n 
Occupancy 

 (ψ) 
St. Error 

± 
Detectablity 

(p) 
St. Error 

± 
North American Racer (Coluber constrictor) 46 0.7544 0.1060 0.1882 0.0317 
Ornate Box Turtle (Terrapene ornata) 31 0.9135 0.1631 0.1250 0.0288 
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Table 9. Occupancy models explaining variation in occupancy and detection probability for the Plains Gartersnake. 

Model AIC ΔAIC 
AIC 

Weight 
Model 

Likelihood 
No. 
Par. -2*LogLike 

Occupancy (Constant), Detectability (Litter) 187.02 0.00 0.3557 1.0000 3 181.02 
Occupancy (%Grass), Detectability (Constant) 187.57 0.55 0.2702 0.7596 3 181.57 
Occupancy (Constant), Detectability (%Grass) 188.50 1.48 0.1697 0.4771 3 182.50 
Occupancy (Constant), Detectability (Constant) 190.30 3.28 0.0690 0.1940 2 186.30 
Occupancy (Constant), Detectability (%Forb) 191.05 4.03 0.0474     0.1333 3 185.05 
Occupancy (Constant), Detectability (%Shrub) 191.80 4.78 0.0326 0.0916 3 185.80 
Occupancy (%Forb),  Detectability (Constant) 192.06 5.04 0.0286 0.0805 3 186.06 
Occupancy(Constant), Detectability (Robel) 192.20 5.18 0.0267 0.0267 3 186.20 



52  

  

Table 10. Coefficients and standard errors of the variables associated with the best supported 
occupancy models for the Field Sparrow.   
 

Model: Occupancy (Constant), Detectability (%Shrub) 
 

 
 
 

 
 
 
Model: Occupancy (Constant), Detectability (TreeDistance) 
 

 Coefficient Std. Error 
Occupancy (Constant) 1.6182 1.6378 
Detectability (TreeDistance) 0.3659 0.1778 

 
 
 

Model: Occupancy (Constant), Detectability (TreeDistance, ShrubDistance) 
 

 Coefficient Std. Error 
Occupancy (Constant) 1.2393 1.3183 
Detectability (TreeDistance) 0.3399 0.1961 
Detectability (ShrubDistance) 0.1672 0.2330 

 
 
 

Model: Occupancy (Constant), Detectability (ShrubDistance) 
 

 Coefficient Std. Error 
Occupancy (Constant) 0.4792 0.5280 
Detectability (ShrubDistance) 0.3809 0.2352 

 Coefficient Std. Error 
Occupancy (Constant) 2.2360 3.5418 
Detectability (%Shrub) 0.3393 0.1659 
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Table 11. Coefficients and standard errors of covariates associated with the best 
supported occupancy models for the Grasshopper Sparrow. 
 

Model: Occupancy (Constant), Detectability (ShrubDistance, %Grass) 
 Coefficient Std. Error 
Occupancy (Constant) 0.6119 0.6458 
Detectability (ShrubDistance) -0.6931 0.3122 
Detectability (%Grass) 0.6258 0.2264 
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Table 12. Coefficients and standard errors of covariates associated with the best 
supported occupancy models for the Western Meadowlark. 
 
Model: Occupancy (ShrubDistance), Detectability (Constant) 
 

 Coefficient Std. Error 
Occupancy (ShrubDistance)  0.6154 0.4235 
Detectability (Constant) -0.9390 0.2083 

  
 
Model: Occupancy (Constant), Detectability (Constant) 
 

 Coefficient Std. Error 
Occupancy (Constant) -0.5113 0.3563 
Detectability (Constant) -0.9390 0.2083 

 
 
Model: Occupancy (TreeDistance), Detectability (Constant) 
 

 Coefficient Std. Error 
Occupancy (TreeDistance) -0.5501 0.3563 
Detectability (Constant) -0.9362 0.2074 

  
 
Model: Occupancy (Litter, ShrubDistance), Detectability (Constant) 
 

 Coefficient Std. Error 
Occupancy (Litter) -0.3427 0.4311 
Occupancy (ShrubDistance)  0.5551 0.4190 
Detectability (Constant) -0.9387 0.2082 

 
 
Model: Occupancy (Litter), Detectability (Constant) 
 

 Coefficient Std. Error 
Occupancy (Litter) -0.4364 0.4183 
Detectability (Constant) -0.9378 0.2079 
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Table 13. Coefficients and standard errors of the variables associated with the best 
supported occupancy models for the Plains Gartersnake.  
 
 
Model: Occupancy (Constant), Detectability (Litter) 
  
 
 
 
 
 
 
Model: Occupancy (%Grass), Detectability (Constant) 
 
 
 
 
 
 
 
Model: Occupancy (Constant), Detectability (%Grass) 
 

 Coefficient Std. Error 
Occupancy (Constant) 1.1497 0.9056 
Detectability (Litter) 0.8659 0.3494 

 Coefficient Std. Error 
Occupancy (%Grass) 0.3644 0.2894 
Detectability (Constant) -2.2104 0.2173 

 Coefficient Std. Error 
Occupancy (Constant) 0.8373 0.7060 
Detectability (%Grass) 0.0340 0.0182 
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Figure 2: Map of Quivira National Wildlife Refuge with short, mid, and tall grass habitat 
categories. 
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Figure 3: Map of northeast portion of the refuge, showing observation points with 150-m buffer.
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Figure 4. Arrangement of coverboards in relation to each bird observation point.  
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Figure 5. Number of herpetofaunal observations per sample occasion at QNWR. The greatest number of herpetofauna were 
observed May 25-28 and June 17-20, 2015. 
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