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PREFACE

This manuscript has been formatted in the style of the journal Conservation Biology.
Keywords: biodiversity, complementarity, conservation, Kansas, prioritization,
reserve design
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ABSTRACT
Biological diversity is being threatened by the encroachment of humans, which
limits the habitat available for conservation and strains resources allocated for
conservation efforts. However conservation goals have to be achieved within these
limitations. Conservation priorities can ensure that habitat and resources are used
effectively and efficiently. I developed a conservation prioritization plan for the
terrestrial vertebrates of Kansas. I used modeled distributions of every terrestrial
vertebrate species found in Kansas to build three biodiversity indices; species richness,
vulnerability, and endemicity. Kansas was divided into a grid of planning units, 34.5
km2. For each taxonomic group the planning units were ranked using an algorithm that
incorporated complementarity. Planning units with high ranks were considered high
priority for conservation efforts. Comparing the planning unit ranks to the planning unit
ranks with existing reserves prioritized tested the effectiveness of existing Kansas
reserves. For amphibians, vulnerable birds, and vulnerable mammals including existing
reserves in a conservation plan is an effective start. I did a post hoc threat analysis to
assess the persistence of biodiversity and status of natural habitats in ranked planning
units. Places with conservation value for all four taxonomic groups had low amounts of
agricultural threat but high amounts of urbanization. For vulnerable birds and reptiles,
high ranked planning units contain high amounts of agriculture but low amounts of
urbanization. High ranked planning units, for vulnerable mammals, contain low amounts
of agriculture but high amounts of urbanization. Having a conservation plan based on
priorities can help guide management and conservation decisions as opportunities
become available and as situations change.
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INTRODUCTION
The human population reached 7 billion in late 2011 and is expected to grow to 9
billion by 2050 (Population Division of the Department of Economic and Social Affairs
of the United Nations Secretariat 2009). Given this rapid human population growth, the
consumption of Earth’s resources by humans is also increasing. To support this
increasing consumption, more land is used for resource extraction. Globally, the primary
cause of habitat loss is the conversion of habitat and natural vegetation to agriculture
(Tilman et al. 2001; Loucks et al. 2008). Due to rapid human population growth and
increased standard of living, resulting in increasing demand for natural resources
worldwide, there has been widespread loss of natural landscapes and ecosystem
functioning (Loucks et al. 2008). Rapid population growth and global consumption of
natural resources drive most threats to biodiversity (habitat degradation/fragmentation,
pollution, and over-hunting), and these threats are unlikely to lessen with increasing
human population growth. The current extinction rate has been estimated to be 100 to
1,000 times greater than the background extinction rate (Pimm et al. 1995). According to
the IUCN, more than 17,000 documented species worldwide are at risk of extinction (Vié
et al. 2009). Unfortunately, this number is probably higher as the conservation status of
most species is not known (Pimm et al. 1995). As extinctions are irreversible, efforts to
prevent these extinctions are crucial for conservation biologists and wildlife managers.
Biodiversity contains the entirety of life forms, from species to subunits of species
together with ecosystems and their ecological and evolutionary processes (Myers 1995).
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Each level requires attention for the conservation of biodiversity but protecting all
features is difficult (Margules et al. 2002). When trying to conserve biodiversity,
scientists often select just one or two features of biodiversity. The common goal is
simply to maintain the diversity of species, which can encompass multiple biodiversity
features like subspecies, genes, interactions, and evolutionary and ecological processes
(Stein et al. 2000).
Slowing and ultimately reversing these declines in biodiversity demands that
managers adopt conservation methods that are efficient and effective. Habitat available
for conservation is limited by human encroachment, and the resources (e.g., money,
labor, and equipment) allocated for conservation are limited, yet conservation goals have
to be achieved within these limits (Pressey 1994; Williams et al. 1996). Conservation
priorities need to be developed in order to use the habitat and resources effectively and
efficiently (Williams et al. 1996). Conservation priorities can guide decisions for the
management of habitat or populations, but because of competing land use demands
(Williams et al. 1996) and limited knowledge (Margules et al. 2002), many of these
decisions have to be made quickly. A conservation plan based on clearly stated priorities
allows for decisions to be made as opportunities become available and as situations
change (Peterson et al. 2008).
Establishing protected areas, or reserves, is a common method of conserving
biodiversity. (Loucks et al. 2008). Unfortunately many decisions on the establishment of
reserves have been ad hoc, formed for or conserved with one specific purpose.
Commonly, reserves were established for something other than the conservation of
biodiversity (Loucks et al. 2008; Pressey 1994; Pressey et al. 2002; Scott et al. 2001).
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The protection of the natural world, in early days of conservation movements, was
secondary to economic uses like mining, forestry, and agriculture (Runte 1979). If the
land had economic value or commercial potential, it was quickly developed. The land
remaining for reserves had little economic value. In some instances reserves have been
revoked after resource demand increased or new resources were discovered (Runte 1979).
Reserves, especially in the United States, were also placed in areas with recreational
value or beautiful scenery, therefore adequate representation of biodiversity rarely was
achieved (Steinbeck 1962). Steinbeck (1962) wrote “Yellowstone National Park is no
more representative of America than Disneyland.” These areas are often popular tourist
attractions, which provide revenue. Relying solely on this method of reserve selection to
preserve biodiversity, can cause representation bias and increase the cost of developing a
reserve system that conserves biodiversity.
Ad hoc reserve systems tend to capture limited or unrepresentative subsets of
biodiversity features, leaving other features poorly protected (Pressey 1994). The ad hoc
approach to building a system of reserves rarely is effective in protecting biodiversity
(Margules 1989; Pressey & Nicholls 1989; Pressey 1990; Pressey et al. 2002; Rebelo &
Siegfried 1992). Previous studies have shown that fewer sites are needed to represent
biodiversity if the development assumes no existing reserves than if they begin by
including the existing reserves (Margules 1989; Pressey & Nicholls 1989; Pressey 1990;
Pressey et al. 2002; Rebelo & Siegfried 1992). Therefore, constructing a representative
reserve system, while ignoring the existing reserves, would require fewer reserves to
achieve full biodiversity representation. The number of reserves needed to achieve full
biodiversity representation would be less than the number of sites totaled by existing
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reserves and the sites added to them in order to achieve representation. More reserve area
is needed to cover what existing reserves do not. This issue results from the failure of
new reserves to complement existing reserves biodiversity to achieve a target (Pressey
1994). With limited resources and limited available habitat, selecting reserves ad hoc is
not a viable option.
If managers are to effectively and efficiently conserve our vanishing biodiversity,
managers must develop a plan based on priorities. I have developed a spatial
conservation prioritization plan for terrestrial vertebrates in Kansas. I examined which
areas in Kansas should be prioritized for conservation, based on three biodiversity
indices: species richness, vulnerability and endemicity. The species richness index
represents the number of species present in a given area. The vulnerability index
represents the number of species that are threatened or endangered in a given area. The
endemicity index represents the size of the Kansas distribution of a species in proportion
to its global areal extent. The potential areas of conservation, referred to as planning
units, for each biodiversity index and taxonomic group, were then ranked using
complementarity. Complementarity is a measure of the degree to which an area
contributes unrepresented features to an existing set of reserves (Valutis & Mullen 2000).
I also tested the effectiveness of existing Kansas reserves by ranking the planning units
for the entire state without regard for existing reserves, then again using the existing
reserves as a starting point to examine the difference in the ranking of planning units. A
post hoc threat analysis was conducted to examine potential threats to biodiversity and
the status of natural habitats, and could be used to modify the conservation priorities
obtained from the complementarity analysis. The objectives of my study were to 1)
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develop a ranking of planning units for each biodiversity index, from high priority to low,
2) examine the effectiveness of existing Kansas reserves, and 3) assess threats to
biodiversity, and determine the status of natural habitats of ranked priority areas.
The urgency for conservation efforts to be more successful is evident by the
diminishing availability of habitat, limited resources, and the loss of biodiversity
occurring with ad hoc reserve systems. This study serves as a foundation, a conversation
starter, towards improved conservation prioritization methods in Kansas. I view this
study as a small part of a bigger picture. It is the beginning steps of much larger project
that directs attention to areas of potential conservation need, encourages more data
collection, identifies conservation targets, determines conservation goals, assesses
potential threats to biodiversity, establishes feasibility of conservation efforts, and guides
management decisions. It is also capable of incorporating other conservation
perspectives or effects of global climate change. This study provides a starting point to
renovate the planning process of conserving biodiversity and directing conservation
efforts.

METHODS
Species and Reserve Data
The species list for this study included all of the terrestrial vertebrates of Kansas
and was compiled from the Checklist of Kansas Amphibians (31 species) (Collins 1993),
Checklist of Kansas Birds (465 species) (Thompson & Ely 1992; Kaufman 2001),
Checklist of Kansas Mammals (88 species) (Bee et al 1981; Burt & Grossenheider 1976),
and the Checklist of Kansas Reptiles (67 species) (Collins 1993), for a total of 651
species.
Species locality data for each Kansas terrestrial vertebrate was obtained from a
variety of public databases. Bird data was downloaded from ORNIS (www.ornisnet.org),
and the Global Biodiversity Information Facility (GBIF, www.gbif.org). Two species,
Clark’s Grebe (Aechmophorus clarkia) and Least Bittern (Ixobrynchus exilis) did not
have any records available from ORNIS or GBIF so they were not included in the
analysis. Mammal data was obtained from the Kansas Mammals Atlas, Mammal
Network Information System (MaNIS, www.manisnet.org), and GBIF. Reptile and
amphibian data was downloaded from the Kansas Herp Atlas, HerpNET
(www.herpnet.org), and GBIF. All ORNIS, MaNIS, HerpNET, and GBIF locality records
of North America were collected for each species.
Data from different sources were combined for each species. Duplicate records
were deleted. I georeferenced, translated all textual locality descriptions into geographic
coordinates, using the program GeoLocate (Rios & Bart 2010). Records lacking locality
descriptions were deleted. The data was then checked for errors to verify the
georeferenced locality; error checking was done at the county level. Records were
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plotted over a county map of the United States using ArcGIS (ESRI 2008). The
georeferenced counties were compared to the counties reported in the locality description.
Records which could not be georeferenced or records lacking information for error
checking were not included in the final dataset. Due to the error checking technique, no
locality points in Canada or Mexico were used for the maximum entropy modeling.
After deleting both errors and extraneous records, 23 species had fewer than 30 records
and were excluded from the sample (Table 1).
Distribution maps for amphibians (IUCN 2004), birds (Ridgely et al. 2007),
mammals (Patterson et al. 2007), and reptiles (NatureServe 2008), were obtained from
NatureServe. Distribution maps for turtles are not available from NatureServe, so turtle
distribution maps digitized from Peterson field guide to amphibians and reptiles were
used (Conant & Collins 1991). Distribution maps from published field guides also were
used; amphibians and reptiles (Conant & Collins 1991), birds (Sibley 2000; Peterson
2002), and mammals (Reid 2006). These distribution maps were used to confirm the
species distribution models.
I obtained a map of all of the properties in Kansas that are owned or managed by
the Kansas Department of Wildlife, Parks and Tourism (KDWPT; Fig. 1). I treated these
properties as existing Kansas reserves to test their representation of biodiversity.
Climate and Land Cover Data
Climate data, at a spatial resolution of 30 seconds, were obtained from Worldclim
(Hijmans et al. 2005). I used Bioclim data (1950-2000), which were derived from
monthly temperature and precipitation values. There are 19 variables representing annual
trends, seasonality, and environmental factors that are thought to influence species
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distributions (Hijmans et al. 2005). The 19 variables were restricted to an area that
included the contiguous 48 states.
The Kansas Land Cover Patterns (KLCP) 2005 data were used to describe the
distribution of land cover threats. The KLCP map was constructed using multi-temporal
and multi-scaled remotely sensed satellite imagery. Twenty-four land cover
classifications were identified with a statistical clustering approach and specific parts of
the infrared spectrum (Table 2). The classifications were used to both analyze habitat
status and identify potential threats to the biodiversity of Kansas (Kansas Applied
Remote Sensing [KARS] Program, 2009). This threat assessment was independent of
prioritization.
Analyses
A species distribution model was built for each terrestrial vertebrate species by
using locality points, Bioclim data, and maximum entropy modeling (Maxent) (Phillips et
al. 2006). Maximum entropy modeling estimates a species potential distribution derived
from locality data and environmental variables (Phillips et al. 2006). Maxent performs
well in comparison with different species distribution modeling methods, as a generalpurpose and flexible statistical method (Elith et al. 2006; Phillips and Dudik 2008;
Phillips et al. 2006). I used 10% of the locality records of each species as a test sample.
The test sample is used as cross-validation test of the predicted distribution developed
with the training points (the other 90% of species localities). Maxent generates a map of
the probability of occurrence by using environmental data to define suitable conditions.
Maxent has the option of a logistic output format, which estimates the probability of
presence between 0 and 1. Each pixel in the study area is assigned a non-negative
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probability with the total of the probabilities of the layer equaling 1(Elith et al. 2011).
Maxent then presents the probability distribution as a cumulative representation. The
value of each pixel is the sum of the probabilities of that pixel and all other pixels with
equal or lower probability, multiplied by 100 to give a percentage (Phillips et al 2006). A
raster layer is produced with values from 0-1 representing probable occurrence (Young et
al. 2009). Areas with suitable conditions have a high probability of occurrence, while
areas with poor conditions have a lower probability of occurrence. I used the 10% fixed
cumulative threshold value to determine the cut-off for species presence vs. absence.
With this threshold, grid cells with a probability greater than the 10% of occurrence
records with the lowest probabilities of occurrence are defined as presence and grid cells
with a probability less than this are defined as absence (Young et al. 2009). I ran 10
model replications for each species, and averaged the 10% cumulative threshold values
for each replication. I used the average threshold value to classify the continuous rasters
into predicted presence/absence species distributions (Table 3).
Poor sampling was an issue with some species which can result in poorly modeled
distributions. In these cases, poor sampling produced species models with false species
“absences.” I compared my species distribution models to NatureServe maps and species
distribution maps published in field guides. If the NatureServe maps and field guide
maps illustrated state-wide distribution, or the modeled species distributions illustrated
state-wide coverage, the species was not used in the analysis (180 species, Table 4).
Species with state-wide distributions were eliminated from the analysis because a species
occurring in all planning units contributes nothing to the priority ranking. Species whose
distributions currently do not occur in Kansas were also eliminated from analysis (130
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species, Table 5). Due to unreliable locality points some NatureServe maps more
accurately illustrated species distributions than the modeled distribution, and were used
for analysis (29 species, Table 6). Bison (Bison bison) and elk (Cervus elaphus), were
eliminated from analysis because although the models showed presence in Kansas, they
were historical distributions and currently there are no natural populations in Kansas.
The Passenger Pigeon (Ectopistes migratorius) is extinct and therefore was not used in
analysis. There were not enough locality points to model the black-footed ferret (Mustela
nigripes) distribution and the NatureServe distribution was the historic range, therefore
coordinates of the two prairie dog towns in Kansas at which black-footed ferret were
introduced were used.
Kansas was divided into 7,931 planning units (PU) at 34.5 km² (Underwood et al.
2010) (Figure 2a). The PU’s are units indicating potential areas to focus conservation
efforts. Each PU’s was represented as a point (Figure 2b). After the elimination of some
species, I a total of 313 species remained: 27 amphibians, 172 birds, 55 mammals, and 59
reptiles (Table 7). I tallied the number of species that were predicted to occur within
each PU to form the species richness layer. Species classified as threatened or
endangered (Table 8) predicted to occur within each PU were tallied together to form the
vulnerability layer. To create an endemicity layer, I calculated an endemicity value for
each species by dividing the Kansas extent of the species by the area of the continental
extent of the species. Each species was assigned an endemicity value. The endemicity
values for all species occurring in the same planning units were added together giving
each planning unit a total endemicity value.
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Species richness, vulnerability, and endemicity were determined for each
planning unit. In a similar manner, presence/absence of each species was determined for
each PU. A species was present (1) in a planning unit if the estimated distribution of the
species occurred in at least half of the planning unit. Species were recorded as absent (0)
if the species distribution did not intersect the planning unit, or covered less than half of
the planning unit.
I also used the planning units to sample the map of existing Kansas reserves
(KDWPT and U.S. FWS properties). Reserves that did not intersect the middle of a
planning unit or covered less than half of a planning unit were not included in the
analysis. I used 39 out of the 153 existing Kansas reserves for my analyses (Figure 3).
I built a potential species list for each PU to determine species richness and
vulnerability for each taxonomic group,. The species richness layer contains all the
planning units and lists all species, in each taxonomic group in each planning unit. The
vulnerability layer contains all the planning units and lists all the threatened and
endangered species, predicted to occur in each planning unit. I used these potential
species lists to develop conservation priorities and achieve optimum solutions to common
conservation goals. Common conservation goals include: conserve the planning units
with the greatest species richness, conserve the planning units with the most vulnerable
species, conserve the planning units with the most endemic species, or conserve planning
units with the best remaining habitat (Dimitrakopoulos et al. 2004).
An algorithm was applied to the potential species lists to prioritize the planning
units. This algorithm included complementarity, an aspect of prioritization frequently
incorporated into conservation prioritization efforts. Complementarity is a measure of the
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degree to which an area contributes unrepresented features to an existing set of areas
(Faith 1994; Margules et al. 2002). Complementarity gives preference to planning units
containing species not included or under-represented in the planning units already
selected for prioritization. The concept of complementarity and efficiency are closely
related; efficient reserve designs are those that represent biodiversity features and achieve
conservation goals in the least amount of land and/or at the lowest cost (Valutis & Mullen
2000).
The algorithm selects the most species rich planning unit first, prioritizes it as 1,
and adds it to the portfolio (planning units that have been prioritized). The second
planning unit added has the largest number of species not already included in the
portfolio. The process continues until all species have been included. After all species
have been included, the process resumes until all species have been included twice, three
times, etc until all PU’s have been added to the portfolio. In the case of ties, where two
planning units have the same number of species not included in the portfolio, the
planning unit with the species that occurs at the fewest other planning units will be
selected. The order in which the planning units are added to the portfolio is the raw
conservation priority of the planning units. Each taxonomic group had 50 repetitions
through the program to minimize variation that can occur in the planning unit selection
process. The 50 ranks for each PU were averaged to calculate the final planning unit
rankings used for analysis.
Conservation priorities were assessed twice for biodiversity indices, species,
richness, and vulnerability. The first set of prioritizations was conducted as previously
described. The second prioritization began with the 39 existing reserves in the portfolio,
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and new planning units were added as they complemented the existing reserves. I
eliminated planning units that had the same species composition as the existing reserves,
as the existing reserves would protect that combination of species, so areas outside the
reserves with that same composition would not need to be considered for priority
selection. The remaining planning units were then run through the algorithm. If there is
significant difference in the conservation priority ranks between the prioritization with
and without existing conservation areas, this would imply that existing Kansas reserves
serve as an adequate foundation for a developing system of biodiversity reserves.
Basing species distribution models on only climate data might result in
prioritization of planning unit composed of mainly agricultural land or occur in or around
highly urbanized areas. The modeling method did not take into consideration how certain
areas are developed or altered. The persistence of biodiversity and natural habitats in
those areas is low and implementing new conservation efforts in such areas would be
unlikely. Threats to biodiversity and the status of natural habitats were assessed using the
Kansas Land Cover Patterns 2005 data (30 x 30 meters) (Kansas Applied Remote
Sensing [KARS] Program 2009). I reclassified the 24 Kansas Land Cover Patterns
classifications into two land cover threat layers: agriculture and urban. Agriculture
threats refer to all row crop land cover. The proportion of row crop agriculture and
urban land cover within the planning units was measured and then ranked. The planning
units with the lowest proportion of land cover threats received the highest ranks (1, 2,
etc.). Threats can be used to modify the conservation priorities obtained from the
complementarity algorithm. For example, if a large portion of a planning unit is a human
modified habitat, then the conservation priority for the area might be decreased to focus
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resources to other areas or if the area has a high number of vulnerable species that cannot
be conserved elsewhere the conservation priority might be raised. Because the modeling
process did not take into consideration habitat that has been altered, areas with high
disturbance could also be prioritized high for surveys to confirm species occurrences.
A Spearman rank correlation was used to assess the congruency of the
conservation priorities rankings with existing conservation areas and without existing
conservation areas for each biodiversity index and taxonomic group. The congruency of
conservation priority areas and land cover threats for each biodiversity index and
taxonomic group was also assessed using a Spearman rank correlation.

RESULTS
Species Richness
The amphibian species richness map (Fig. 5A) illustrates that the areas with the
greatest number of amphibians, represented in red, occurred in the south-eastern portion
of the state, covering counties east and south of Sedgwick County (for map of Kansas
counties refer to Fig. 4). The northwestern corner of Kansas contained the fewest
amphibian species. Bird species richness was highest on the eastern side of the state,
especially in Cherokee county (Fig. 5B). Mammal species richness was highest on the
western side of the state (Fig. 5C). The areas with the most mammal species occurred in
Rawlins, Decatur, Graham, Trego, Ford, and Gray counties (Fig. 4). The southeastern
corner of Kansas contained the fewest mammal species. The southeastern part of the
state was where the greatest reptile species richness occurred (Fig. 5D). Areas in
Sumner, Cowley, Butler, Greenwood, Elk, and Chautauqua counties contained the most
species.
The ranking of planning units incorporating complementarity differed from the
ranking of planning units based on species richness. Planning units with high ranks that
incorporate complementarity were considered areas of high priority for conservation (Fig.
6A-6D). For amphibians, the planning units with the highest priority rankings occurred
mostly in the southern part of the state but alternate between the eastern and western
sides (Fig. 6A). The planning units with the highest priority rankings for birds were near
the eastern and western borders, but also occurred in some smaller sections in the central
and northcentral part of the state (Fig. 6B). High priority rankings for mammals occurred
along the northcentral border and in the southeastern corner (Fig. 6C). Reptile rankings
15
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of high priority occurred mostly in the southeast corner and along the southern border,
with the rankings decreasing to the north (Fig. 6D)
Beginning with existing reserves prioritized in the complementarity analysis
could affect the priority rankings of planning units. Starting with existing reserves, the
high priority planning units for amphibians occurred in the very southeast corner and in
some patches on the western side of the state (Fig. 7A). Planning units with the same
species composition as existing Kansas reserves were not ranked. For amphibians,
planning units in about half of the state did not have a rank. Bird high priority planning
units without regard to existing reserves occurred in the same areas as the high priority
planning units when starting with existing reserves (Fig. 6B), along the eastern and
western borders, and within a few smaller sections in the central and northcentral part of
the state (Fig. 7B). There are few planning units for birds that did not have ranks. For
mammals, the high priority planning units beginning with the existing reserves prioritized
occurred in patches along the northcentral border and in the southeast corner (Fig. 7C).
About 1/8 of the state had planning units with no rankings for mammals. Reptiles had
even fewer planning units without rankings and their planning unit rankings again
followed patterns similar to the planning unit rankings when existing reserves were
prioritized first (Fig. 7D). The high priority planning units beginning with existing
reserves prioritized occurred in the southeastern corner and along the southern border.
Vulnerability
There are eight vulnerable amphibian species in Kansas (IUCN 2004). The area
in Kansas that contained the most vulnerable amphibians (six species) is in Cherokee
county the very southeastern corner (Fig. 8A). The number of species decreased to the
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north and west. The majority of the state did not contain any vulnerable amphibians.
The greatest number of vulnerable bird species (six out of eight species) occurred in the
northern counties of Decatur, Norton, Phillips, and Smith; and in a small portion of the
southern counties Kingman, Sedgwick, Harper, and Sumner (Fig. 8B). There are only
three vulnerable mammal species in Kansas. The areas that contained the most
vulnerable mammals (two species) are two locations in Logan County and in the
southeastern corner, in the greater part of Coffey, Woodson, Anderson, Allen, Neosho,
Labette, Miami, Linn, Bourbon, Crawford and Cherokee counties (Fig. 8C). The largest
number of vulnerable reptile species (four out of seven species) occurred in the
southeastern corner of the state (Fig. 8D). The number decreased to the north and west,
with the northwest half of the state void of any vulnerable reptile species. The counties
that contained the four vulnerable reptile species include: Montgomery, Allen, Neosho,
Labette, Bourbon, Crawford, Cherokee, and small portions of Sumner, Cowley, Elk,
Shawnee, and Anderson.
There were few differences in rankings when comparing the planning units
containing the greatest number of vulnerable species and the ranking of planning units
incorporating complementarity. The planning units with the highest priority rankings
while incorporating complementarity for vulnerable amphibians occurred in the extreme
southeastern corner and then in a larger area on the western side of the state (Fig. 9A).
Planning units with high priority ranks based on vulnerable birds occurred in the
northcentral portion of the state and then in a few small sections in the southeast (Fig.
9B). Vulnerable mammals had only three different ranks of priority. The highest rank
was in the southeastern section of the state (Fig. 9C). For vulnerable reptiles, the
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southeastern corner contained the planning units with the highest priority ranks (Fig. 9D).
The ranks decreased to the northwest.
Beginning with existing reserves prioritized in the complementarity analysis
generated different ranks for a few planning units. For all four taxonomic groups there
were only a few planning units that have priority rankings, the majority of the planning
units have no rankings because they did not contain any vulnerable species or because
they have the same vulnerable species as the existing reserves (Fig. 10A-10D). The high
priority planning units for amphibians all occurred in the southeastern corner of the state,
across Montgomery, Labette, and Cherokee county (Fig. 10A). For vulnerable birds, the
planning units with rankings occurred in the northwest in Norton and Phillips counties,
small part of the southwest in Hamilton county, and portions of southern counties
Sedgwick, Sumner, Cowley, and Chautauqua (Fig. 10B). There were only two planning
units with priority rankings for vulnerable mammals and both occur on the west side of
the state in Logan County (Fig. 10C). For vulnerable reptiles, high ranked planning units
extended along the southern border from Seward to Chautauqua and Elk counties (Fig.
10D). There were also a few high ranked planning units in the center of the state in
Dickinson, Saline, McPherson, and Marion counties.
Endemicity
The endemicity maps followed similar patterns to the species richness maps,
which would be expected because the total endemicity values are related to species
richness. The planning unit endemicity values were calculated by adding together the
endemicity values of species occurring in the same PU’s. The areas with the highest
amphibian endemicity values occurred in the southeastern portion of the state, and the
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values decreaseed to the north and west (Fig. 11A). For birds (Fig. 11B), the high
endemicity values occurred in the east-central region, a large portion of the southcentral
region with a extension towards the north, and in lower density, along the southern border
then extending north on the western side of the state. The high endemicity values for
mammals (Fig. 11C) occurred in the westcentral portion of the state, extended from the
northern border almost to down to the southern border. Reptile endemicity values were
highest in the southcentral portion of the state (Fig. 11D). These values decreased to the
north to the east and west.
Threats
For both threat classifications (agriculture and urban) the planning units
containing the smallest proportion of each threat were assigned the highest priority ranks.
Agricultural planning units with high priority ranks were be considered relatively
unaltered habitat. The majority of units with the highest priority rankings relative to
agriculture occurred on the eastern side of the state, particularly in the Flint Hills (Fig.
12). The central and western portions of the state were dominated by agricultural
activity. Planning units with high priority relative to urbanization rankings had less
development and lower potential of human encroachment. This occurred across much of
the state, with the areas with high urbanization occurred in Reno, Sedgwick, Shawnee,
Douglas, Wyandotte, and Johnson counties (Fig. 13).
Statistical Analyses
Spearman correlations were used to compare the ranks from the complementarity
analysis when all PU’s were treated equally to the ranks when existing reserves were
prioritized. Analysis of species richness indicated all four taxonomic groups were
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significant, with amphibians demonstrating a negative correlation (r = -0.35, n = 7931,
p<0.01) and birds (r = 0.92, n = 7931, p<0.01), mammals (r = 0.80, n = 7931, p<0.01),
and reptiles (r = 0.91, n = 7931, p<0.01) demonstrating a positive correlation (Table 9). I
compared the ranks for vulnerable species when all PU’s were treated equally to the
ranks when the existing reserves were prioritized. For vulnerable species all four
taxonomic groups were significant, with birds (r = -0.17, n = 7931, <0.01) and mammals
(r = -0.53, n = 7931, p<0.01) demonstrating a negative correlation, and amphibians (r =
0.19, n = 7931, p<0.01) and reptiles (r = 0.15, n = 7931, p<0.01) demonstrating a positive
correlation (Table 10).
Spearman correlations were used to examine if there was a correlation between
areas with high priority rankings and areas of low threat values, for each taxonomic
group. When comparing agricultural threat rankings to priority rankings, all four
taxonomic groups had a significant positive correlation; amphibians (r = 0.08, n = 7931,
p<0.01), birds (r = 0.06, n = 7931, p<0.01), mammals (r = 0.21, n = 7931, p<0.01),
reptiles (r = 0.30, n = 7931, p<0.01) (Table 11). All four groups had a significant
negative correlation when comparing urban threat rankings and species richness;
amphibians (r = -0.05, n = 7931, p<0.01), birds (r = -0.07, n = 7931, p<0.01), mammals (r
= -0.01, n = 7931, p<0.01), reptiles (r = -0.12, n = 7931, p<0.01) (Table 12). Agricultural
threat rankings were negatively correlated to PU ranking based on vulnerable species of
bird (r = -0.33, n = 7931, p<0.01) and reptiles r = -0.31, n = 7931, p<0.01) and a positive
correlation with species of mammals (r = 0.15, n = 7931, p<0.01). Agricultural threats
were not correlated with PU rankings of vulnerable amphibians (r = -0.01, n = 7931,
p>0.01; Table 13). When comparing urban threat rankings to vulnerable species rankings

21
all four taxonomic were significantly correlated. Amphibians (r = 0.07, n = 7931,
p<0.01), birds (r = 0.15, n = 7931, p<0.01), and reptiles (r = 0.10, n = 7931, p<0.01)
demonstrated a positive correlation, and mammals (r = -0.04, n = 7931, p<0.01)
demonstrated a negative correlation (Table 14).

DISCUSSION
The world’s increasing human population demands more resources. In order to
support this demand, more land is used for resource extraction. Converting natural
habitats to agricultural use poses a growing threat to the persistence of biodiversity.
Conserving each level of biodiversity might seem daunting with the realization that
habitat and resources are limited. Within these limits conservation goals must be
achieved. By developing conservation priorities, limited resources and habitat can be
used effectively and efficiently (Williams et al. 1996). This study is the beginning step to
developing a spatial conservation prioritization plan for Kansas.
The species richness maps I produced (Figs. 5A-D) can be used to select regions
with the most terrestrial vertebrates, and serve as an indirect tool to maintain populations.
Maps of vulnerable species richness (Figs. 8A-D) can focus conservation efforts to places
where species, already labeled as in need of conservation efforts, occurred in the greatest
number. These maps also could guide future researchers to areas where data are
insufficient and would require further surveys. The model might have predicted that a
vulnerable species occurred in a particular area where no locality points were collected,
encouraging further investigation. Knowing the location of species-rich sites for any
taxonomic group could provide the opportunity for habitat analysis (e.g., soil and
vegetation characteristics). Including habitat data with climate data could provide a more
complete understanding of species distributions. Understanding species distributions and
the processes that shape them allows conservationists and managers to make effective
decisions.
22

23
The concept of endemicity is commonly thought of as describing a species that is
unique to a particular region. For example, a species might be endemic to an island or
mountain range. I treated endemicity as a continuous variable rather than a binary
variable. Compared to the rest of the country, some species could be more endemic to
Kansas than to other areas of the country, meaning the majority or a large proportion of
their distribution occurs within Kansas. By calculating the ratio of the size of the Kansas
distribution in proportion to its continental extent, I attempted to find a way to conserve
species which might be common in Kansas, but are relatively rare in other parts of the
country. Conserving a species that is common in Kansas might be beneficial to
conserving biodiversity globally. The endemicity values were correlated with the species
richness values because the endemicity values for each species in a planning unit were
added together to calculate the planning unit total endemicity value. Regions with high
total endemicity values indicated areas where conservation efforts in Kansas would make
the greatest global contribution.
The areas with high total endemicity values might contain species with globally
small distributions, but with a large portion of the distribution occurring in Kansas.
Because the total endemicity values are correlated with species richness, the high total
endemicity values are likely inflated due to the high number of species in the those areas.
Incorporating complementarity into a conservation prioritization plan can ensure
that conservation efforts in different areas complement each other in relation to the
species they attempt to conserve. For example, the most species rich sites for birds
occurred on the eastern side of Kansas. If the conservation goal is to conserve areas with
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the greatest species richness, and complementarity is not incorporated, all sites selected
for conservation efforts would occur on the eastern side of the state. Bird species which
did not inhabit the eastern side of the state would never be included in conservation
efforts, and conservation efforts for birds inhabiting the eastern side would be duplicated
multiple times. This method is an inefficient use of resources and is not effective in
covering all species. The spatial distribution of the bird planning units ranked by using
complementarity illustrates this point. Areas ranked high priority are spread throughout
the borders of the state with a few occurring in the center. Complementarity selects the
planning unit with the greatest species richness but also ensures that species, which do
not occur within those planning units, also receive attention.
The vulnerability rank maps (Fig. 9A-D) for all four taxonomic groups did not
differ too much from the vulnerability richness maps (Fig. 8A-D). Planning units with
high priority ranks were the same planning units with high vulnerable species richness.
There were a few planning units with lower species richness which have higher rankings,
resulting from the algorithm attempting to include species not found in species-rich areas.
I think the small number of vulnerable species within each taxonomic group contributes
to the lack of major differences between the maps.
Knowing that the existing reserve system was historically developed in an ad hoc
fashion, I wanted to examine if starting with the existing reserves prioritized affected the
conservation prioritization rankings. If the correlation between the two reserve
treatments was positive and significant, it meant starting with reserves prioritized in the
complementarity analysis did not change the overall ranking of PU’s. The same planning
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units were selected for high priority when treating existing reserves as regular PU’s as
well as when starting with existing reserves prioritized. If the ranking correlation was not
statistically significant or negative, then PU’s selected for high priority changed
depending on wether reserves were prioritized before the analysis or not. The Spearman
correlation results indicated all four taxonomic groups were significantly correlated.
Birds, mammals and reptiles demonstrate a strong positive correlation with Spearman rho
values greater than 0.7 (Table 9). Including the reserves in the complementarity analysis
would not change the prioritization of high planning units. Thus for birds, mammals, and
reptiles, the existing reserve system is not efficient. The existing reserves system does
not have high conservation value and does not compliment the areas that do have high
conservation value. Amphibians, however, demonstrate a negative correlation between
PU ranks and PU ranks with reserves. This means when treating the reserves as regular
planning units, the PU’s selected as high priority differ from the PU’s selected when the
reserves started as prioritized. If the existing reserves were ignored when developing a
conservation prioritization plan for amphibians, there would be duplications in the
coverage of some species. This would not make conservation efforts more efficient. For
amphibians, existing reserves are an effective start.
That existing reserves are effective in meeting amphibian conservation goals
could be attributed to the reason behind the position of the existing reserves. As
mentioned earlier, reserves were often established in areas with high recreational value or
beautiful scenery. In Kansas, those features are often found near water. Over half of the
39 reserves used for my analysis are located around a body of water (e.g., lakes, ponds or
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wetlands). Amphibians are more dependent on water supply relative to other terrestrial
groups, so amphibians might be well represented in those areas. Thus, the existing
reserves system, with its water bias, seems an effective starting point for amphibian
conservation.
Including reserves into the vulnerability ranking eliminated most of the planning
units. There are no vulnerable amphibian and reptile species occurring in about half of
the state. After eliminating the planning units with the same species composition as
existing reserves, amphibians were left with 3% of the original planning units and reptiles
were left with 7%. Birds had 1% of the original planning units remaining while
mammals had less than 1% (Fig. 14). The results of the Spearman correlations were
significant for all four taxonomic groups when comparing ranks to ranks with reserves
(Table 10). Amphibians and reptiles demonstrated a positive correlation, while birds and
mammals demonstrated a negative correlation between PU ranks and PU ranks with
reserves. Incorporating existing reserves into a prioritization plan for vulnerable
amphibians and reptiles would not benefit the selection process. For birds and mammals
existing reserves are an effective starting point for conserving vulnerable species of these
taxonomic groups. The change in location of high priority PU’s is visibly evident when
comparing the map of vulnerable bird ranks (Fig. 9B) to the map of vulnerable bird ranks
with reserves (Figure 10B). The planning units selected for highest priority, when all
PU’s are treated equally, are located in the northcentral region of the state. When
reserves are prioritized before the complementarity analysis, the highest priority planning
units are located in the southeast area of the state. Ignoring reserves could potentially
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mean resources and habitat could wasted attempting to conserve bird and mammals
species that are already receiving conservation efforts.
The initial species distribution modeling did not take into consideration threats,
which might have affected the distribution of the species. By analyzing potential threats
conservation priority selection can be better directed. Comparing threat ranks to planning
unit priority ranks can allow for the observation of the spatial relationship between
conservation needs and threats. The Spearman correlation between ranks and agriculture
threat ranks resulted in all four taxonomic groups being significantly positively correlated
(Table 11). The positive correlations suggest that high priority PU’s also contain low
proportions of agricultural use. This is encouraging; as it suggests locations with
conservation value have not been overwhelmed by agricultural threats. Historically the
most prominent land-cover change in Kansas was the conversion of grassland to cropland
(Peterson et al. 2004). A comparison of vulnerable species ranks and agriculture threat
ranks indicates only three significant correlations for vulnerable birds, mammals, and
reptiles (Table 13). Birds and reptiles demonstrated a negative correlation, suggesting
PU’s with most potential for conservation of vulnerable birds and reptiles also had a high
proportion of agricultural usage. Perhaps the vulnerable bird and reptile species did not
occur in the same locations as areas of high agricultural threat, but that the species are
vulnerable because of that high threat. Mammals demonstrated a very weak positive
correlation suggesting PU’s ranked high for vulnerable mammals contain low proportions
of agricultural threat. Initiating conservation actions in those areas would be more
realistic.

28
Comparing the complementarity ranks to urban threat ranks, the Spearman
correlation resulted in all four taxonomic groups being significantly negatively correlated
(Table 12). These results suggested high priority planning units based on species
richness contain high amounts of urbanization. Cities and towns were established in
areas near a reliable water supply and because species richness is often high near cities
and species might be in conflict. With all Spearman rho values being less than 0.12,
these very weak correlations provide little guidance for selecting planning units. More
surveying is needed to check if species occur in those areas. Selection of priority
planning units might need to be adjusted to ignore planning units with high urban threat,
and increase the priority of PU’s that have high species richness, but are not inhabited.
Comparing vulnerable species ranks to urban threat ranks, the Spearman
correlation results showed all four taxonomic groups were significantly correlated (Table
14). Vulnerable amphibians, birds and reptiles demonstrated a positive correlation
suggesting that highly ranked PU’s have low levels of urbanization. This would be more
beneficial for initiating conservation action. A lower urban threat means less competition
between people and species for conservation. Vulnerable mammals demonstrated a
negative correlation, suggesting high priority PU’s occur in urbanized areas. This might
imply those species are vulnerable because of the high urban threat. With vulnerable
species occurring in planning units with high urban threats, more emphasis could be
placed on those PU’s to protect those species. Because of the conservation status of these
species, selecting a lower ranked PU with less threat might not be possible and might not
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be adequate in meeting conservation goals. Placing a higher priority on the PU with a
high threat status could insure those species are protected.
Prioritizing conservation efforts commonly begin by identifying conservation
targets and setting conservation goals. Conservation targets are the biodiversity features
which are the focus of conservation efforts (Valutis & Mullen 2000). Because
conserving all features of biodiversity is impossible, the common practice is to select
targets which represent multiple features. I used species as the conservation target.
Species is most commonly used because of its capacity to represent multiple features
(Stein et al. 2000) and because of the availability and ease of collecting such data.
Conserving only species can also conserve alleles, interactions, and some ecosystem
functions.
Conservation goals might vary depending on the objectives of the organization or
agency. Goals could range from conserving areas with the most species, maintaining
naturally occurring population sizes, conserving threatened and endangered species,
conserving endemic species, or protecting areas with natural habitat. Along with
ensuring the representation of all species, the conservation goals for each target should
define the number and spatial distribution of occurrences of a target needed within the
region to sustain the target (Valutis & Mullen 2000) For my study, I choose three
commonly used indices: species richness, vulnerability, and endemicity. I was not
concerned about determining the number of occurrences needed for the persistence of
each species rather, I wanted to draw attention solely to the areas in Kansas which might
need conservation efforts. These areas should be examined in greater detail and further

30
surveyed. With better data and more information, an organization or agency can
determine the number of occurrences needed for species to persist.
I relied on the species distribution maps produced by Maxent to provide the
spatial distribution of each species Maxent requires an unbiased sample, therefore
collecting a complete set of presence records and dealing with biases are critical
(Newbold 2010; Elith et al. 2011). The data used for modeling species distributions were
likely biased samples. Using biased samples can cause false absences in species
distributions. For most regions, systematic biological survey data tend to be sparse
and/or limited in coverage (Elith et al. 2011). Northwestern Kansas is infrequently
surveyed. Some taxonomic groups can have more biases in their survey data collection
than others (Phillips et al. 2009). For example, reptiles often use roads for sunbathing,
which allow for easy surveying techniques but highly biased data collection. I addressed
potentially biased samples by using large planning units and spatially correlated
environmental variables.
The landscape used for the background sample can affect the Maxent solution.
The entire environmental range of the species should be included in that landscape and
areas that have not been sampled excluded (Elith et al. 2011). As mentioned earlier,
because of my error checking technique, no locality points from Canada or Mexico were
used for the maximum entropy modeling. For some species, especially birds, the lack of
points might not have provided an adequate sample of their environmental requirements,
causing another sampling bias. This bias could produce poorly modeled distributions
displaying false species “absences”. By comparing the modeled distributions to
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NatureServe maps and published species distributions, I was able to identify problematic
species distributions and substitute more “realistic” distributions.
I used historical climate data as the environmental data required by Maxent to
model species distributions. Another option for environmental data, which could produce
more accurate results, is using habitat data to define suitable conditions. I did not use this
method because of data limitations. Acquiring habitat data at a large enough extent
(continental U.S.) at a relevant resolution for this project and encompassing all the habitat
variables that might influence each species on my list was not possible. A possibility for
future research is to use habitat data to model species distributions; this would refine the
species distribution models and provide predictions more applicable for management.
The collection and availability of habitat data would be beneficial to a number of studies,
as well as for conservation and management plans.
The vulnerability richness maps for amphibians and reptiles illustrate a large part
of the state are void of vulnerable species in those taxonomic groups. The maps for birds
and mammals deviate from the typical gradient seen on the other maps. For birds, I think
this is caused by the small number of vulnerable bird species and the type of distribution
maps I used for some species. I used NatureServe distribution maps for two species,
which have a linear outlined distribution, possibly indicating migratory paths. I speculate
the reason for the deviated appearance of the mammal species richness map is because of
the low number of vulnerable species which occur in Kansas (three species). One species
occurred almost statewide. Another, the black-footed ferret, had a severely limited
distribution, so two locality points were used to identify the relevant planning units.
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These maps still provide guidance on selecting the PU’s that contain the most species
with threatened or endangered conservation status.
When comparing ranks, based on species richness, to ranks with existing reserves,
amphibians demonstrated a weak correlation (r=-0.3) (Table 9). This might be due, in
part, to the relatively small number of amphibian species present in Kansas. About half
of the state’s planning units were “eliminated” or have a ranking of zero, far more
planning units than with birds, mammals, or reptiles. The ability for reserves to match
species composition is easier when there are fewer species. Most correlations were
relatively weak (rho values < 0.3), indicating significant variation and implying further
surveys of specific planning units are needed before conservation prioritization can be
finalized. There is a general trend however there is also considerable variation. For
wildlife managers this means efforts should be taken to check for exceptions to the
general trend. Excluding mammals, the correlations were weak for comparing
vulnerability ranks to vulnerability ranks that start with existing reserves. All the
comparisons of rankings and vulnerable species rankings to agriculture and urban threat
ranks were also weak (Tables 11-14). A general trend occurs, but again there is
considerable variation.
I suggest that for amphibians, vulnerable birds and vulnerable mammals, existing
Kansas reserves are an effective start to conservation planning. By building on the
existing reserves the limited habitat and resources can be used more efficiently.
Understanding the threats existing in PU’s can help modify conservation priorities
by increasing or decreasing the priority ranking depending on the specific circumstances
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of the PU in focus. Areas with conservation value, based on species richness, have low
amounts of agricultural threat, but contain high amounts of urbanization. If the
urbanization is anticipated to increase it might be more efficient and effective to select a
different planning unit with less urbanization or little potential for urban growth. For
vulnerable amphibians, birds, and reptiles, areas with conservation value contain high
amounts of agriculture but low amounts of urbanization. Cooperating with landowners in
these planning units will be more vital. Areas with conservation value for vulnerable
mammals contain low amounts of agriculture but high amounts of urbanization. The
priority of those planning units might need to be increased to ensure vulnerable mammals
are protected.
This project is meant to be the beginning steps in changing conservation efforts
in Kansas; drawing attention to places that might require further action. That action can
include: collecting more and better quality species locality data, improving vegetation
surveys and habitat classification, and assessing extent and severity of threats. This
project can serve as a foundation to be easily built upon. Selecting different conservation
targets, incorporating other taxonomic groups, establishing more specific conservation
goals, determining feasibility of achieving conservation goals, selecting a different
planning unit size or shape, modeling species distributions with habitat data, and
incorporating climate change and its affect on conservation prioritization are just a few
ways that this foundation can be elaborated.
A key observation to note when attempting to coordinate large scale conservation
planning is the job is much larger than any one person, organization, or agency. Success
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will only be achieved when many participants have invested their effort, time and money
(Valutis & Mullen 2000). Many partners would be included in a statewide planning
process. Approximately 97% of all land in Kansas is under private ownership (United
States Department of Agriculture Farm Service Agency 2011). A plan limited to
governmental lands will not succeed. Working with private landowners will be essential
for success. Engaged partners are ones which are involved in the process, providing
input into the development of the plan and not just handed a final copy of the plan
(Valutis & Mullen 2000). A conservation prioritization plan leads to the identification of
strategies to be considered, resources required to implement strategies, the appropriate
scale for action, and who should lead each strategy (Valutis & Mullen 2000). Developing
a conservation plan based on priorities can determine areas in need of conservation, while
effectively and efficiently directing limited resources and habitat.
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Table 1. List of species with fewer than 30 records and excluded from analyses.
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Taxonomic Group
Amphibians
Birds

Mammals
Reptiles

Scientific name
Eurycea tyenrehsis
Aechmophorus clarkia
Anas querquedula
Antrostomus arizonae
Aquila chrysartos
Aythya affinis
Brachyramphus perdix
Bubo scandiacus
Buteo nitidus
Chroicocephalus ridibundus
Columbina passerine
Fringilla montifringilla
Helmitheros vermivorum
Hydrocoloeus minutes
Ixobrychus exilis
Mimus polyglottos
Numenius borealis
Phoenicopterus roseus
Tringa erythropus
Bassiriscus astutus
Erithizon dorsatum
Eumeces obtusirostris
Lacerta bilineata
Podarcis sicula
Terropene oranta

Common name
Oklahoma salamander
Clark's Grebe
Garganey
Mexican Whip-poor-will
Goldern Eagle
Lesser Scaup
Long-billed Murrelet
Snowy Owl
Grey Hawk
Black-headed Gull
Common Ground Dove
Brambling
Worm-eating Warbler
Little Gull
Least Bittern
Northen Mockingbird
Eskimo Curlew
Greater Flamingo
Spotted Redshank
ringtail
North American porcupine
southern prairie skink
Western green lacerta
Italian wall lizard
ornate box turtle
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Table 2. Kansas Land Cover Patterns land cover classifications and area.
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Land Cover Classifications
Conservation Reserves Progam (CRP)
Cool-Season Grassland
Double-Crop
Fallow
Irrigated Alfalfa
Irrigated Corn
Irrigated Sorghum
Irrigated Soybean
Irrigated Winter Wheat
Non-Irrigated Alfalfa
Non-Irrigated Corn
Non-Irrigated Sorghum
Non-Irrigated Soybean
Non-Irrigated Winter Wheat
Other
Periodic Emergent Vegetation
Urban Commercial/Industrial
Urban Openland
Urban Residential
Urban Woodland
Urban Water
Warm-Season Grassland
Water
Woodland

Area (kilometers)
11496.13
15302.77
3226.36
8405.54
997.49
6062.57
698.24
1460.71
2442.12
3613.58
9736.59
8311.87
10090.72
43202.43
182.02
61.25
720.26
1263.89
1473.99
191.70
40.19
74315.42
1688.13
8705.33
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Table 3. List of species with averaged area under curve values, averaged P values,
averaged 10% cumulative threshold values, and number of locality points used to model
species distributions.

Taxonomic
Group
Amphibians

Scientific Name

Common Name

Area
under
curve

Acris crepitans
Ambystoma mavortium
Ambystoma texanum
Anaxyrus americanus
Anaxyrus cognatus
Anaxyrus debilis
Anaxyrus punctatus
Anaxyrus woodhousii
Eurycea longicauda
Eurycea lucifuga
Eurycea spelaea
Gastrophryne carolinensis
Gastrophryne olivacea
Hyla chrysoscelis
Hyla versicolor
Lithobates areolatus
Lithobates blairi
Lithobates catesbeiana
Lithobates sphenocephala
Nectutus louisianensis
Necturus maculosus
Pseudacris clarkii
Pseudacris crucifer
Pseudacris streckeri

northern cricket frog
barred tiger salamander
smallmouth salamander
American toad
great plains toad
green toad
red-spotted toad
Woodhouse's toad
longtail salamander
cave salamander
grotto salamander
eastern narrowmouth toad
great plains narrowmouth
Cope's gray treefrog
gray treefrog
crawfish frog
plains leopard frog
american bullfrog
southern leopard frog
red river mudpuppy
common mudpuppy
spotted chorus frog
spring peeper
Strecker's chorus frog

0.859
0.964
0.949
0.869
0.925
0.965
0.942
0.842
0.937
0.969
0.995
0.938
0.950
0.920
0.879
0.958
0.936
0.796
0.904
0.938
0.911
0.976
0.891
0.982

p

10%
cumulative
threshold

Number
of locality
records

2.27E-56
4.01E-06
8.85E-40
3.37E-44
1.76E-43
1.69E-17
2.12E-58
8.11E-34
3.52E-65
5.12E-18
3.26E-06
0
5.41E-55
4.1E-22
1.64E-37
5.61E-08
5.23E-48
3.25E-32
0
1.54E-07
9.73E-06
1.39E-13
1.36E-44
7.48E-13

0.3115
0.1107
0.2020
0.2997
0.1621
0.2398
0.2243
0.2647
0.2771
0.2654
0.1704
0.2928
0.2873
0.2250
0.3312
0.1710
0.2100
0.2602
0.3518
0.1947
0.2120
0.2370
0.2896
0.2020

2335
114
498
1721
1041
338
945
2241
1006
340
86
1050
1774
581
1256
189
2473
6803
4895
203
252
248
1441
198
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(amphibians cont.)
Birds

Rana palustirs
Spea bombifrons
Aechmophorus occidentalis
Aeronautes saxatalis
Aix sponsa
Ammodramus henslowii
Ammodramus leconteii
Ammodramus nelsoni
Amphispiza bilineata
Anas cyanoptera
Anas rubripes
Anas strepera
Anser albifrons
Anthus spragueii
Antrostomus carolinensis
Aphelocoma californica
Archilochus alexandri
Archilochus colubris
Ardea alba
Athene cunicularia
Baeolophus bicolor
Baeolophus ridgwayi
Bombycilla garrulus
Buteo lineatus
Buteo platypterus
Buteo regalis
Buteo swainsoni
Butorides virescens

pickerel frog
plains spadefoot
Western Grebe
White-throated Swift
Wood Duck
Henslow's Sparrow
LeConte's Sparrow
Nelson's Sparrow
Black-throated Sparrow
Cinnamon Teal
American Black Duck
Gadwall
Greater White-fronted Goose
Sprague's Pipit
Chuck-will's-widow
California Scrub Jay
Black-chinned Hummingbird
Ruby-throated Hummingbird
Great Egret
Burrowing Owl
Tufted Titmouse
Juniper Titmouse
Bohemian Waxwing
Red-shouldered Hawk
Broad-winged Hawk
Ferruginous Hawk
Swainson's Hawk
Green Heron

0.914
0.926
0.832
0.873
0.701
0.881
0.868
0.907
0.889
0.825
0.844
0.775
0.820
0.880
0.916
0.881
0.887
0.868
0.867
0.863
0.777
0.908
0.840
0.792
0.844
0.846
0.804
0.861

4.98E-33
9.11E-36
1.54E-31
1.44E-53
1.33E-57
6.91E-26
3.18E-19
4.16E-10
2.12E-61
2.56E-37
0
2.69E-22
1.94E-23
1.35E-05
7.33E-34
0
1.33E-30
8.24E-25
3.19E-59
7.8E-27
0
3.35E-32
2.96E-13
0
2.57E-27
4.48E-32
1.14E-17
3.96E-29

0.2288
0.2189
0.1843
0.2368
0.3271
0.2843
0.2038
0.1433
0.2578
0.2546
0.3094
0.2713
0.2174
0.1743
0.2757
0.2394
0.1810
0.2661
0.2008
0.2033
0.4416
0.2002
0.2084
0.3857
0.2608
0.2416
0.2318
0.2195

699
672
4392
3072
13745
1063
970
435
2919
4112
7231
3156
2348
279
788
5415
1571
1417
4094
1852
9246
969
1221
7716
1483
2212
1696
2116
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(birds cont.)

Calamospiza melanocorys
Calcarius ornatus
Calcarius pictus
Calidris fuscicollis
Calidris melanotos
Callipepla squamata
Cardellina canadensis
Cardellina citrina
Carduelis flammea
Carduelis psaltria
Carpodacus cassinii
Carpodacus mexicanus
Carpodacus purpureus
Catharus minimus
Catherpes mexicanus
Charadrius melodus
Charadrius montanus
Charadrius nivosus
Chen caerulescens
Chen rossii
Cistothorus platensis
Coccyzus americanus
Coccyzys erythropthalmus
Contopus sordidulus
Contopus virens
Coragyps atratus
Corvus cryptoleucus
Cygnus columbianus

Lark Bunting
Chestnut-collared Longspur
Smith's Longspur
White-rumped Sandpiper
Pectoral Sandpiper
Scaled Quail
Canada Warbler
Hooded Warbler
Common Redpoll
Lesser Goldfinch
Cassin's Finch
House Finch
Purple Finch
Grey-cheeked Thrush
Canyon Wren
Piping Plover
Mountian Plover
Snowy Plover
Snow Goose
Ross's Goose
Sedge Wren
Yellow-billed Cuckoo
Black-billed Cuckoo
Western Wood-Pewee
Eastern Wood-Pewee
Black Vulture
Chihuahuan Raven
Tundra Swan

0.861
0.874
0.933
0.844
0.816
0.933
0.871
0.880
0.843
0.883
0.857
0.724
0.728
0.877
0.868
0.891
0.935
0.923
0.806
0.822
0.854
0.812
0.864
0.860
0.847
0.839
0.933
0.847

1.08E-27
1.08E-13
0.000253
5.2E-11
4.06E-10
1.64E-50
1.55E-33
9.85E-32
0
0
2.29E-53
1.51E-54
0
2.39E-26
1.02E-47
3.08E-10
4.58E-18
8.00E-18
1.31E-28
7.58E-13
8.02E-30
3.55E-22
9.1E-36
1.72E-44
8.67E-01
0
1.65E-50
3.2E-23

0.2246
0.2053
0.1151
0.1795
0.1830
0.2542
0.2215
0.2512
0.2556
0.2249
0.2965
0.3345
0.3979
0.1959
0.2879
0.1191
0.1451
0.1211
0.2387
0.2192
0.2568
0.2649
0.2067
0.2684
0.2388
0.4093
0.3114
0.1678

1463
611
153
790
852
1000
1317
1085
4469
4190
2928
10828
14581
1236
2771
658
490
927
2881
1501
1463
1959
1584
2623
1217
5701
1328
1821
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(birds cont.)

Dolichonyx oryzivorus
Dryocopus pileatus
Egretta caerulea
Empidonax alnorum
Empidonax flaviventris
Empidonax oberholseri
Empidonax occidentalis
Empidonax virescens
Empidonax wrightii
Euphagus carolinus
Falco mexicanus
Gallinula chloropus
Geococcyx californianus
Geothlypis formosa
Geothlypis philadelphia
Geothlypis tolmiei
Grus americana
Grus canadensis
Gymnorhinus cyanocephalus
Himantopus mexicanus
Hydroprogne caspia
Hylocichla mustelina
Icterus bullockii
Ictinia mississippiensis
Lanius excubitor
Larus californicus
Laterallus jamaicensis
Leucophaeus pipixcan

Bobolink
Pileated Woodpecker
Little Blue Heron
Alder Flycatcher
Yellow-bellied Flycatcher
Dusky Flycatcher
Cordilleran Flycatcher
Acadian Flycatcher
American Grey Flycatcher
Rusty Blackbird
Prairie Falcon
Common Moorhen
Greater Roadrunner
Kentucky Warbler
Mourning Warbler
MacGillivray's Warbler
Whooping Crane
Sandhill Crane
Pinyon Jay
Black-necked Stilt
Caspian Tern
Wood Thrush
Bullock's Oriole
Mississippi Kite
Great Grey Shrike
California Gull
Black Rail
Franklin's Gull

0.847
0.745
0.909
0.873
0.875
0.864
0.913
0.880
0.890
0.827
0.824
0.893
0.883
0.877
0.858
0.833
0.838
0.814
0.891
0.900
0.915
0.888
0.881
0.900
0.815
0.908
0.908
0.877

8.14E-11
0
4.79E-46
3.2E-30
3.13E-25
9.02E-42
5.17E-31
9.78E-34
9.62E-41
3.47E-47
1.27E-33
1.58E-32
2.86E-61
2.16E-39
1.32E-30
4.1E-48
0.002006
1.99E-19
6.19E-36
2.32E-23
4.38E-12
1.05E-47
1.1E-39
5.48E-08
1.7E-30
7.26E-53
0.000897
0.003017

0.1833
0.3852
0.2027
0.1995
0.2339
0.2927
0.2150
0.2945
0.2362
0.3059
0.2672
0.1506
0.3166
0.2766
0.2350
0.3089
0.1433
0.2441
0.2348
0.1138
0.0671
0.2400
0.2130
0.1445
0.2489
0.1532
0.0725
0.1723

694
9997
1557
1171
980
2175
816
1085
1289
10171
2711
1635
2275
1417
1296
3347
243
2393
1272
1190
486
1997
1904
252
2497
2234
282
193
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(birds cont.)

Limnodromus scolopaceus
Limnothlypis swainsonii
Limosa haemastica
Lophodytes cucullatus
Megascops flammeolus
Megascops kennicottii
Melanerpes carolinus
Melanerpes lewis
Melozone fusca
Myadestes townsendi
Myiarchus cinerascens
Myiarchus crinitus
Numenius americanus
Nyctanassa violacea
Oreoscoptes montanus
Parkesia motacilla
Passerina amoena
Passerina caerulea
Passerina ciris
Passerina cyanea
Peucaea cassinii
Phalaenoptilus nuttallii
Phasianus colchicus
Pheucticus ludovicianus
Pica hudsonia
Picoides scalaris
Picoides villosus
Pipilo chlorurus

Long-billed Dowitcher
Swainson's Warbler
Hudsonian Godwit
Hooded Merganser
Flammulated Owl
Western Screech-Owl
Red-bellied Woodpecker
Lewis's Woodpecker
Canyon Towhee
Townsend's Solitaire
Ash-throated Flycatcher
Great Crested Flycatcher
Long-billed Curlew
Yellow-crowned Night Heron
Sage Thrasher
Louisiana Waterthrush
Lazuli Bunting
Blue Grosbeak
Painted Bunting
Indigo Bunting
Cassin's Sparrow
Common Poorwill
Common Pheasant
Rose-breasted Grosbeak
Black-billed Magpie
Ladder-backed Woodpecker
Hairy Woodpecker
Green-tailed Towhee

0.854
0.909
0.871
0.797
0.906
0.910
0.761
0.898
0.856
0.827
0.891
0.850
0.872
0.909
0.860
0.867
0.845
0.839
0.901
0.821
0.775
0.855
0.922
0.846
0.866
0.886
0.661
0.849

2.62E-12
2.04E-07
2.16E-06
5.59E-37
2.94E-08
7.26E-60
0
5.17E-41
6.27E-12
1.36E-41
8.33E-54
1.81E-28
1.62E-15
1.05E-26
3.77E-34
5.55E-29
5.26E-37
1.54E-17
7.69E-35
5.56E-28
0
1.16E-26
1.54E-61
2.31E-27
2.99E-47
0
6.44E-51
9.7E-48

0.1637
0.2924
0.1466
0.2402
0.2053
0.1938
0.4418
0.2174
0.3135
0.2677
0.2370
0.2776
0.1665
0.1543
0.2815
0.2832
0.2461
0.2676
0.1852
0.2601
0.3026
0.2460
0.3206
0.1758
0.2634
0.3347
0.3481
0.2983

1206
370
363
4738
357
1921
10190
1610
2369
3050
2442
1434
1252
1180
1528
1101
2465
1169
1124
1936
7308
1494
4629
1596
2958
3833
20486
3001
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(birds cont.)

Pipilo erythrophthalmus
Pipilo maculatus
Piranga ludoviciana
Piranga olivacea
Piranga rubra
Plectrophenax nivalis
Plegadis chihi
Pluvialis dominica
Poecile atricapillus
Poecile carolinensis
Polioptila caerulea
Protonoataria citrea
Pyrocephalus rubinus
Quiscalus mexicanus
Rallus elegans
Recurvirostra americana
Regulus calendula
Rhynchophanes mccownii
Salpinctes obsoletus
Sayornis saya
Scolopax minor
Setophaga castanea
Setophaga cerulea
Setophaga discolor
Setophaga dominica
Setophaga fusca
Setophaga magnolia
Setophaga palmarum

Eastern Towhee
Spotted Towhee
Western Tanager
Scarlet Tanager
Summer Tanager
Snow Bunting
White-faced Ibis
American Golden Plover
Black-capped Chickadee
Carolina Chickadee
Blue-grey Gnatcatcher
Prothonotary Warbler
Vermilion Flycatcher
Great-tailed Grackle
King Rail
American Avocet
Ruby-crowned Kinglet
McCown's Longspur
Rock Wren
Say's Phoebe
American Woodcock
Bay-breasted Warbler
Cerulean Warbler
Prairie Warbler
Yellow-throated Warbler
Blackburnian Warbler
Magnolia Warbler
Palm Warbler

0.718
0.780
0.799
0.807
0.807
0.855
0.827
0.845
0.748
0.817
0.822
0.862
0.917
0.887
0.923
0.842
0.750
0.872
0.838
0.860
0.854
0.861
0.890
0.913
0.879
0.875
0.856
0.879

0
0
0
0
9.05E-53
1.24E-57
1.85E-26
4.69E-17
0
0
3.91E-23
3.51E-26
2.26E-34
8.22E-45
1.47E-24
1.82E-13
1.27E-27
1.14E-06
3.21E-43
1.18E-52
1.29E-45
7.33E-26
1.58E-35
5.77E-39
1.24E-35
2.75E-33
1.47E-28
9.86E-41

0.3855
0.309
0.3112
0.3301
0.2967
0.2178
0.2058
0.1752
0.2999
0.4373
0.2289
0.2727
0.1818
0.2022
0.1825
0.1700
0.2764
0.2065
0.2941
0.2494
0.3035
0.2040
0.2458
0.2559
0.2747
0.2174
0.2066
0.2229

16744
12540
7022
7029
4469
2874
3287
1207
12297
7656
2300
891
1159
3096
693
1309
5447
327
2447
4093
2171
1288
1209
1133
1488
1326
1463
2048
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(birds cont.)

Setophaga americana
Setophaga pensylvanica
Setophaga pinus
Setophaga striata
Setophaga virens
Sialia currucoides
Sialia sialis
Sitta pygmaea
Sphyrapicus nuchalis
Sphyrapicus varius
Spizella breweri
Spizella pusilla
Sterna hirundo
Sternula antillarum
Strix varia
Sturnella magna
Thryomanes bewickii
Thryothorus ludovicianus
Troglodytes hiemalis
Tryngites subruficollis
Tympanuchus cupido
Tympanuchus pallidicinctus
Tympanuchus phasianellus
Tyrannus forficatus
Tyrannus verticalis
Tyrannus vociferans
Tyto alba
Vermivora chrysoptera

Northern Parula
Chestnut-sided Warbler
Pine Warbler
Blackpoll Warbler
Black-throated Green Warbler
Mountian Bluebird
Eastern Bluebird
Pygmy Nuthatch
Red-naped Sapsucker
Yellow-bellied Sapsucker
Brewer's Sparrow
Field Sparrow
Common Tern
Least Tern
Northern Barred Owl
Eastern Meadowlark
Bewick's Wren
Carolina Wren
Winter Wren
Buff-Breasted Sandpiper
Greater Prairie-Chicken
Lesser Prairie-Chicken
Sharp-tailed Grouse
Scissor-tailed Flycatcher
Western Kingbird
Cassin's Kingbird
Western Barn Owl
Golden-winged Warbler

0.848
0.870
0.851
0.862
0.874
0.825
0.745
0.909
0.863
0.768
0.840
0.792
0.856
0.936
0.792
0.789
0.851
0.792
0.777
0.868
0.906
0.971
0.899
0.913
0.820
0.929
0.814
0.875

1.92E-43
2.97E-30
0
4.56E-21
4.01E-28
1.26E-38
0
1.64E-57
1.93E-41
0
1E-47
0
4.63E-09
0.00067
6.51E-54
1.89E-56
9.98E-58
0
6.83E-51
3.08E-10
3.51E-19
2.51E-05
5.3E-21
4.9E-37
6.95E-26
0
9.9E-29
1.43E-24

0.2872
0.2001
0.3098
0.1550
0.2128
0.2986
0.4360
0.1959
0.2856
0.3284
0.3150
0.3915
0.1160
0.0704
0.3715
0.3540
0.2285
0.4167
0.3087
0.1514
0.2264
0.1660
0.2628
0.1769
0.2116
0.2048
0.2610
0.2268

2048
1383
4528
1250
1385
2446
11496
1559
2064
7467
2656
7171
801
179
3911
4125
4429
9066
5371
434
1469
142
578
898
2299
1632
3222
1138
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(birds cont.)

Mammals

Vermivora cyanoptera
Vireo atricapilla
Vireo bellii
Vireo flavifrons
Vireo griseus
Vireo philadelphicus
Zenaida asiatica
Antilocapra americana
Antrozous pallidus
Blarina brevicauda
Blarina hylophaga
Chaetodipus hispidus
Corynorhinus townsendii
Cratogeomys castanops
Cryptotis parva
Cynomys ludovicianus
Dasypus novemcinctus
Didelphis virginiana
Dipodomys ordii
Eptesicus fuscus
Geomys bursarius
Glaucomys volans
Ictidomys tridecemlineatus
Lepus californicus
Lepus townsendii
Marmota monax
Microtus pennsylvanicus
Microtus pinetorum

Blue-winged Warbler
Black-capped Vireo
Bell's Vireo
Yellow-throated Vireo
White-eyed Vireo
Philadelphia Vireo
White-winged Dove
pronghorn
pallid bat
Northern short-tailed shrew
Elliot's short-tailed shrew
hispid pocket mouse
Townsend's big-eared bat
yellow-faced pocket gopher
least Shrew
black-tailed prairie dog
nine-banded armadillo
Virginia opossum
Ord's kangaroo rat
big brown bat
plains pocket gopher
southern flying squirrel
thirteen-lined ground squirrel
black-tailed jackrabbit
white-tailed jackrabbit
woodchuck
meadow vole
woodland vole

0.897
0.984
0.871
0.864
0.898
0.860
0.893
0.894
0.911
0.871
0.967
0.923
0.885
0.974
0.889
0.935
0.942
0.870
0.860
0.823
0.893
0.891
0.892
0.860
0.896
0.908
0.819
0.914

3.96E-31
8.26E-10
4.32E-29
8.06E-29
1.22E-48
1.32E-20
4.93E-46
1.03E-05
1.95E-30
1.79E-64
0
0
1.03E-20
0
9.7E-29
4.17E-48
5.54E-13
3.95E-29
0
9.5E-05
0
1.42E-18
5.11E-26
3.57E-32
2.5E-12
1.41E-22
6.25E-35
4.43E-23

0.2224
0.1515
0.2204
0.2732
0.2890
0.2133
0.2247
0.1984
0.2171
0.2876
0.3037
0.2775
0.2114
0.3243
0.2482
0.2374
0.1958
0.2377
0.3200
0.2140
0.2615
0.2787
0.2337
0.3095
0.2285
0.2402
0.2791
0.2615

2911
137
1526
1181
1600
1015
2832
188
704
6468
804
1091
764
527
967
697
252
1238
3392
569
2070
575
848
1316
374
521
2387
612
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(mammals cont.)

Mustela nivalis
Myotis ciliolabrum
Myotis grisescens
Myotis lucifugus
Myotis septentrionalis
Myotis velifer
Neotoma floridana
Neotoma micropus
Nycticeius humeralis
Odocoileus hemionus
Onychomys leucogaster
Perognathus flavescens
Perognathus flavus
Peromyscus attwateri
Pipistrellus subflavus
Poliocitellus franklinii
Reithrodontomys fulvescens
Reithrodontomys megalotis
Reithrodontomys montanus
Scalopus aquaticus
Sciurus carolinensis
Sciurus niger
Sigmodon hispidus
Sorex haydeni
Spilogale putorius
Sylvilagus aquaticus
Sylvilagus audubonii
Synaptomys cooperi

least weasel
western small-footed myotis
grey myotis
little brown myotis
northern long-eared myotis
cave myotis
eastern woodrat
southern plains woodrat
evening bat
mule deer
northern grasshopper mouse
plains pocket mouse
silky pocket mouse
Texas mouse
eastern pipistrelle
Franklin's ground squirrel
fulvous harvest mouse
western harvest mouse
plains harvest mouse
eastern mole
eastern grey squirrel
eastern fox squirrel
hispid cotton rat
prairie shrew
eastern spotted skunk
swamp rabbit
desert cottontail
southern bog lemming

0.936
0.877
0.972
0.785
0.871
0.959
0.924
0.945
0.916
0.881
0.862
0.940
0.960
0.974
0.900
0.943
0.946
0.828
0.930
0.868
0.935
0.858
0.864
0.967
0.814
0.957
0.877
0.913

2.07E-13
6.72E-18
1.26E-05
3.79E-10
2.41E-05
6.21E-40
3.95E-41
0
1.25E-18
8.46E-22
1E-62
4.99E-36
1.76E-63
1.96E-20
1.26E-19
4.65E-05
3.09E-64
8.66E-58
1.99E-41
1.66E-21
2.44E-23
1.92E-32
0
8.05E-14
1.77E-07
4.11E-09
6.72E-47
0.034762

0.1805
0.2239
0.1382
0.2974
0.2164
0.2416
0.1928
0.3258
0.2480
0.2229
0.2749
0.2703
0.1993
0.3576
0.2667
0.2118
0.2036
0.2941
0.2545
0.3063
0.1307
0.2554
0.3166
0.1700
0.1816
0.1167
0.2942
0.1918

292
618
124
1145
191
473
898
942
414
736
2454
551
593
382
517
122
858
3509
647
1063
543
1668
2895
245
569
220
1397
59
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(mammals cont.)

Reptiles

Tadarida brasiliensis
Tamias striatus
Urocyon cinereoargenteus
Vulpes velox
Zapus hudsonius
Agkistrodon contortrix
Agkistrodon piscivorus
Apalone mutica
Apalone spinifera
Arizona elegans
Carphophis vermis
Coluber constrictor
Crotalus viridis
Crotaphytus collaris
Elaphe emoryi
Elaphe obsoletus
Graptemys geographica
Graptemys ouachitensis
Graptemys pseudogeographica
Heterodon nasicus
Heterodon platirhinos
Holbrookia maculata
Hypsiglena torquata
Kinosternon flavescens
Lampropeltis calligaster
Lampropeltis getula
Lampropeltis triangulum
Leptotyphlops dissectis

Brazilian free-tailed bat
eastern chipmunk
common gray fox
swift fox
meadow jumping mouse
copperhead
cottonmouth
smooth softshell
spiny softshell
eastern glossy snake
western worm snake
eastern racer
prairie rattlesnake
eastern collared lizard
great plains rat snake
western rat snake
common map turtle
ouachita map turtle
false map turtle
western hognose snake
eastern hognose snake
lesser earless lizard
night snake
yellow mud turtle
prairie kingsnake
common kingsnake
milk snake
New Mexico blind snake

0.892
0.892
0.792
0.937
0.871
0.903
0.940
0.935
0.843
0.936
0.978
0.812
0.789
0.900
0.978
0.989
0.930
0.939
0.937
0.923
0.882
0.940
0.926
0.946
0.939
0.869
0.852
0.997

4.07E-25
3.15E-38
7.03E-08
1.69E-10
1.49E-23
2.88E-52
2.47E-54
6.05E-07
2.52E-13
0
1.97E-06
1.15E-42
7.6E-36
2.13E-55
1.28E-08
1.89E-15
0.000156
0.004718
1.95E-08
1.02E-22
1.43E-29
0
1.01E-50
7.05E-29
5.12E-48
6.87E-43
1.21E-27
4.86E-05

0.2095
0.2484
0.2368
0.1334
0.2684
0.3062
0.2763
0.1991
0.2743
0.2321
0.0941
0.2711
0.2635
0.3106
0.0846
0.3217
0.2033
0.2083
0.1528
0.2037
0.2985
0.2555
0.1885
0.2147
0.2616
0.2551
0.2326
0.2703

1020
1257
852
232
885
1404
701
182
606
1469
130
2915
4723
1621
113
180
136
65
236
488
942
1234
1035
441
597
2058
1380
41
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Leptotyphlops dulcis
Macrochelys temminckii
Masticophis flagellum
Nerodia erythrogaster
Nerodia rhombifer
Nerodia sipedon
Opheodrys aestivus
Ophisaurus attenuatus
Phrynosoma cornutum
Pituophis catenifer
Plestiodon anthracinus
Plestiodon fasciatus
Plestiodon laticeps
Plestiodon obsoletus
Plestiodon septentrionalis
Pseudemys concinna
Regina grahamii
Rhinocheilus lecontei
Sceloporus consobrinus
Scincella lateralis
Sistrurus catenatus
Sonora semiannulata
Sternotherus odoratus
Storeria dekayi
Storeria occipitomaculata
Tantilla gracilis
Tantilla nigriceps
Terrapene carolina

Texas blind snake
alligator snapping turtle
coachwhip
plainbelly water snake
diamondback water snake
northern water snake
rough green snake
western slender glass lizard
texas horned lizard
gopher snake
Coal skink
five-lined skink
broadhead skink
great plains skink
northern prairie skink
river cooter
graham's crayfish snake
longnose snake
prairie lizard
ground skink
massasauga
ground snake
common musk turtle
brown snake
redbelly snake
flathead snake
plains blackhead snake
eastern box turtle

0.960
0.940
0.878
0.922
0.938
0.871
0.769
0.923
0.806
0.863
0.944
0.901
0.933
0.946
0.962
0.933
0.964
0.925
0.975
0.910
0.944
0.921
0.902
0.888
0.893
0.958
0.954
0.893

9.48E-16
0.000195
9.83E-63
8.41E-60
1.71E-53
2.16E-56
1.89E-18
9.72E-26
1.07E-53
1.01E-54
2.79E-10
4.17E-64
7.66E-28
2.05E-54
2.98E-16
8.93E-23
7.6E-17
0
4.47E-10
0
6.77E-23
5.54E-35
4.47E-29
3.29E-41
1.52E-23
3.13E-65
1.55E-10
2.09E-59

0.1923
0.2326
0.2783
0.3003
0.2482
0.2939
0.3060
0.2480
0.2745
0.2263
0.1684
0.3005
0.2763
0.2785
0.1660
0.2532
0.1614
0.2736
0.1075
0.3233
0.1649
0.2563
0.3004
0.2891
0.2301
0.2718
0.2297
0.3480

315
73
2041
1069
672
1971
3502
512
1061
2306
212
1550
434
690
280
382
315
1795
151
1667
371
822
874
1531
756
769
304
1525
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(reptiles cont.)

Thamnophis marcianus
Thamnophis proximus
Thamnophis radix
Thamnophis sirtalis
Trachemys scripta
Tropidoclonion lineatum
Virginia striatula
Virginia valeriae

checkered garter snake
western ribbon snake
plains garter snake
common garter snake
red eared slider
lined snake
rough earth snake
smooth earth snake

0.947
0.894
0.924
0.806
0.900
0.963
0.949
0.929

2.22E-63
2.75E-45
4.1E-26
3.7E-43
4.81E-39
5.98E-19
2.25E-44
2.02E-19

0.2779
0.2334
0.2339
0.2556
0.2919
0.1540
0.2609
0.2387

771
1460
563
3448
1071
360
605
408
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Table 4. List of species with statewide distributions excluded from the analyses.
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Taxonomic Group
Amphibians
Birds

Species name
Ambystoma tigrinum
Pseudacris maculate
Accipiter cooperii
Accipiter striatus
Actitis macularius
Aegolius acadicus
Agelaius phoeniceus
Ammodramus savannarum
Anas acuta
Anas americana
Anas carolinensis
Anas clypeata
Anas discors
Anas platyrhynchos
Anthus rubescens
Ardea herodias
Asio flammeus
Asio otus
Aythya americana
Aythya collaris
Aythya valisineria
Bartramia longicauda
Bombycilla cedrorum
Botaurus lentiginosus
Branta canadensis
Bubo virginianus
Bubulcus ibis
Bucephala albeola
Bucephala clangula
Buteo jamaicensis
Buteo lagopus
Calcarius lapponicus
Calidris alpina
Calidris bairdii
Calidris himantopus
Calidris minutilla
Calidris pusilla
Cardellina pusilla
Cardinalis cardinalis
Carduelis pinus
Carduelis tristis
Cathartes aura
Catharus fuscescens
Catharus guttatus
Catharus ustulatus
Centrocercus urophasianus

Common name
eastern tiger salamander
boreal chorus frog
Cooper's Hawk
Sharp-shinned Hawk
Spotted Sandpiper
Northern Saw-whet Owl
Red-winged Blackbird
Grasshopper Sparrow
Northern Pintail
American Wigeon
Green-winged Teal
Northern Shoveler
Blue-winged Teal
Mallard
Buff-bellied Pipit
Great Blue Heron
Short-eared Owl
Long-eared Owl
Redhead
Ring-necked Duck
Canvasback
Upland Sandpiper
Cedar Waxwing
American Bittern
Canada Goose
Great Horned Owl
Western Cattle Egret
Bufflehead
Common Goldeneye
Red-tailed Hawk
Rough-legged Buzzard
Lapland Longspur
Dunlin
Baird's Sandpiper
Stilt Sandpiper
Least Sandpiper
Semipalmated Sandpiper
Wilson's Warbler
Northern Cardinal
Pine Siskin
American Goldfinch
Turkey Vulture
Veery
Hermit Thrush
Swainson's Thrush
Sage Grouse
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(birds continued)

Certhia americana
Chaetura pelagica
Charadrius semipalmatus
Charadrius vociferus
Chlidonias niger
Chondestes grammacus
Chordeiles minor
Chroicocephalus philadelphia
Circus hudsonius
Cistothorus palustris
Colaptes auratus
Colinus virginianus
Columba livia
Contopus cooperi
Corvus brachyrhynchos
Cyanocitta cristata
Dumetella carolinensis
Egretta thula
Empidonax minimus
Empidonax traillii
Eremophila alpestris
Euphagus cyanocephalus
Falco columbarius
Falco peregrinus
Falco sparverius
Fulica americana
Gallinago delicata
Gavia immer
Geothlypis trichas
Haliaeetus leucocephalus
Hesperiphona vespertina
Hirundo rustica
Icteria virens
Icterus galbula
Icterus spurius
Junco hyemalis
Lanius ludovicianus
Larus argentatus
Larus delawarensis
Loxia curvirostra
Megaceryle alcyon
Megascops asio
Melanerpes erythrocephalus
Meleagris gallopavo
Melospiza georgiana
Melospiza lincolnii
Melospiza melodia
Mergus merganser

Brown Creeper
Chimney Swift
Semipalmated Plover
Killdeer
Black Tern
Lark Sparrow
Common Nighthawk
Bonaparte's Gull
Northern Harrier
Marsh Wren
Northern Flicker
Northern Bobwhite
Rock Pigeon
Olive-sided Flycatcher
American Crow
Blue Jay
Grey Catbird
Snowy Egret
Least Flycatcher
Willow Flycatcher
Horned Lark
Brewer's Blackbird
Merlin
Peregrine Falcon
American Kestrel
American Coot
Wilson's Snipe
Great Northern Loon
Common Yellowthroat
Bald Eagle
Evening Grosbeak
Barn Swallow
Yellow-breasted Chat
Baltimore Oriole
Orchard Oriole
Dark-eyed Junco
Loggerhead Shrike
European Herring Gull
Ring-billed Gull
Red Crossbill
Belted Kingfisher
Eastern Screech Owl
Red-headed Woodpecker
Wild Turkey
Swamp Sparrow
Lincoln's Sparrow
Song Sparrow
Common Merganser
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(birds continued)

Mergus serrator
Mniotilta varia
Molothrus ater
Nycticorax nycticorax
Oreothlypis celata
Oreothlypis peregrina
Oreothlypis ruficapilla
Oxyura jamaicensis
Pandion haliaetus
Parkesia noveboracensis
Passer domesticus
Passerculus sandwichensis
Passerella iliaca
Pelecanus erythrorhynchos
Petrochelidon pyrrhonota
Phalaropus tricolor
Phalocrocorax auritus
Pheucticus ludovicianus
Picoides pubescens
Podiceps auritus
Podiceps nigricollis
Podilymbus podiceps
Pooecetes gramineus
Porzana carolina
Progne subis
Quiscalus quiscula
Rallus limicola
Regulus satrapa
Riparia riparia
Sayornis phoebe
Seiurus aurocapilla
Setophaga coronata
Setophaga petechia
Setophaga ruticilla
Sitta canadensis
Sitta carolinensis
Spiza americana
Spizella arborea
Spizella pallida
Spizella passerina
Stelgidopteryx serripennis
Stercorarius longicaudus
Sterna forsteri
Sturnella neglecta
Sturnus vulgaris
Tachycineta bicolor
Toxostoma rufum
Tringa flavipes

Red-breasted Merganser
Black-and-white Warbler
Brown-headed Cowbird
Black-crowned Night Heron
Orange-crowned Kinglet
Tennessee Warbler
Nashville Warbler
Ruddy Duck
Western Osprey
Northern Waterthrush
House Sparrow
Savannah Sparrow
Fox Sparrow
American White Pelican
American Cliff Swallow
Wilson's Phalarope
Double-crested Cormorant
Rose-breasted Grosbeak
Downy Woodpecker
Horned Grebe
Black-necked Grebe
Pied-billed Grebe
Vesper Sparrow
Sora
Purple Martin
Common Grackle
Virginia Rail
Golden-crowned Kinglet
Sand Martin
Eastern Phoebe
Ovenbird
Myrtle
Mangrove
American Redstart
Red-breasted Nuthatch
White-breasted Nuthatch
Dickcissel
American Tree Sparrow
Clay-colored Sparrow
Chipping Sparrow
Northern Rough-winged Swallow
Long-tailed Jaeger
Forster's Tern
Western Meadowlark
Common Starling
Tree Swallow
Brown Thrasher
Lesser Yellowlegs
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(birds continued)

Mammals

Reptiles

Tringa melanoleuca
Tringa solitaria
Troglodytes aedon
Turdus migratorius
Tyrannus tyrannus
Vireo gilvus
Vireo olivaceus
Vireo solitarius
Xanthocephalus xanthocephalus
Zenaida macroura
Zonotrichia albicollis
Zonotrichia leucophrys
Zonotrichia querula
Canis latrans
Castor canadensis
Ictidomys tridecemlineatus
Lasionycteris noctivagans
Lasiurus borealis
Lasiurus cinereus
Lynx rufus
Mephitis mephitis
Microtus ochrogaster
Neovison frenata
Mus musculus
Mustela vison
Odocoileus virginianus
Ondatra zibethicus
Peromyscus leucopus
Peromyscus maniculatus
Procyon lotor
Rattus norvegicus
Sylvilagus floridanus
Taxidea taxus
Vulpes vulpes
Aspidoscelis sexlineatus
Chelydra serpentina
Chrysemys picta
Crotalus horridus
Diadophis punctatus

Greater Yellowlegs
Solitary Sandpiper
House Wren
American Robin
Eastern Kingbird
Warbling Vireo
Red-eyed Vireo
Blue-headed Vireo
Yellow-headed Blackbird
Mourning Dove
White-throated Sparrow
White-crowned Sparrow
Harris' Sparrow
coyote
American beaver
thirteen-lined ground squirrel
silver-haired bat
eastern red bat
hoary bat
bobcat
striped skunk
prairie vole
long-tailed weasel
house mouse
mink
white-tailed deer
common muskrat
white-footed mouse
deer mouse
northern raccoon
Norway rat
eastern cottontail
badger
red fox
six-lined racerunner
common snapping turtle
northern painted turtle
timber rattlesnake
ringneck snake
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Table 5. List of species with no predicted distribution in Kansas excluded from the
analyses.
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Taxonomic Group
Amphibians
Birds

Scientific name
Notophthalmus viridescens
Rana clamitans
Accipiter gentilis
Aimophila ruficeps
Ammodramus bairdii
Anas fulvigula
Anas penelope
Anser albifrons
Aphelocoma wollweberi
Arenaria interpres
Artemisiospiza belli
Authua marila
Aythya fuligula
Bonasa umbellus
Branta bernicla
Bucephala islandica
Calidris alba
Calidris canutus
Calidris ferruginea
Calidris mauri
Calypte anna
Calypte costae
Cardinalis sinuatus
Charadrius wilsonia
Chordeiles acutipennis
Clangula hyemalis
Columbina inca
Conuropsis carolinensis
Corvus corax
Corvus ossifragus
Coturnicops noveboracensis
Crotophaga sulcirostris
Cyanocitta stelleri
Cygnus buccinator
Dendrocygna autumnalis
Dendrocygna bicolor
Egretta rufescens
Egretta tricolor
Elanoides forficatus
Elanus leucurus
Empidonax hammondii
Eudocimus albus
Eugenes fulgens
Falco rusticolus
Fregata magnificens
Gavia adamsii

Common name
eastern newt
green frog
Northern Goshawk
Rufous-crowned Sparrow
Baird's Sparrow
Mottled Duck
Eurasian Wigeon
Greater White-fronted Goose
Mexican Jay
Ruddy Turnstone
Sage Sparrow
Greater Scaup
Tufted Duck
Ruffed Grouse
Brant Goose
Barrow's Goldeneye
Sanderling
Red Knot
Curlew Sandpiper
Western Sandpiper
Anna's Hummingbird
Costa's Hummingbird
Pyrrhuloxia
Wilson's Plover
Lesser Nighthawk
Long-tailed Duck
Inca Dove
Carolina Parakeet
Northern Raven
Fish Crow
Yellow Rail
Groove-billed Ani
Steller's Jay
Trumpeter Swan
Black-bellied Whistling Duck
Fulvous Whistling Duck
Reddish Egret
Tricolored Heron
Swallow-tailed Kite
White-tailed Kite
Hammond's Flycatcher
American White Ibis
Magnificent Hummingbird
Gyrfalcon
Magnificent Frigatebird
Yellow-billed Loon
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Gavia pacifica
Gavia stellata
Gelochelidon nilotica
Histrionicus histrionicus
Icterus parisorum
Ixoreus naevius
Larus canus
Larus fuscus
Larus glaucoides
Larus hyperboreus
Larus marinus
Larus thayeri
Leucophaeus atricilla
Limnodromus griseus
Limosa fedoa
Loxia leucoptera
Melanitta deglandi
Melanitta americana
Melanitta perspicillata
Mycteria americana
Myioborus pictus
Nucifraga columbiana
Numenius phaeopus
Oenanthe oenanthe
Oporonis agilis
Oreothlypis virginiae
Parabuteo unicinctus
Patagioenas fasciata
Pelecanus occidentalis
Petrochelidon fulva
Peucaea aestivalis
Phainopepla nitens
Phalacrocorax brasilianus
Phalaropus fulicarius
Phalaropus lobatus
Philomachus pugnax
Pinicola enucleator
Pitangus sulphuratus
Platalea ajaja
Plegadis falcinellus
Pluvialis squatarola
Podiceps grisegena
Poecile gambeli
Porphyrio martinicus
Psaltriparus minimus
Rissa tridactyla
Rynchops niger
Sayornis nigricans

Pacific Loon
Red-throated Loon
Gull-billed Tern
Harlequin Duck
Scott's Oriole
Varied Thrush
Mew Gull
Lesser Black-backed Gull
Iceland Gull
Glaucous Gull
Great Black-backed Gull
Thayer's Gull
Laughing Gull
Short-billed Dowitcher
Marbled Godwit
Two-barred Crossbill
White-winged Scoter
Black Scoter
Surf Scoter
Wood Stork
Painted Whitestart
Clark's Nutcracker
Whimbrel
Northern Wheatear
Connecticut Warble
Virginia's Warbler
Harris's Hawk
Band-tailed Pigeon
Brown Pelican
Cave Swallow
Bachman's Sparrow
Phainopepla
Neotropic Cormorant
Red Phalarope
Red-necked Phalarope
Ruff
Pine Grosbeak
Great Kiskadee
Roseate Spoonbill
Glossy Ibis
Grey Plover
Red-necked Grebe
Mountain Chickadee
Purple Gallinule
American Bushtit
Black-legged Kittiwake
Black Skimmer
Black Phoebe
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Mammals

Selasphorus platycercus
Selasphorus rufus
Selasphorus sasin
Setophaga caerulescens
Setophaga nigrescens
Setophaga occidentalis
Setophaga tigrina
Setophaga townsendi
Sialia mexicana
Sitta pusilla
Somateria mollissima
Somateria spectabilis
Sphyrapicus thyroideus
Stellula calliope
Stercorarius parasiticus
Stercorarius pomarinus
Sterna paradisaea
Streptopelia decaocto
Tachycineta thalassina
Toxostoma curvirostre
Tringa semipalmata
Tyrannus savana
Vireo cassinii
Vireo plumbeus
Vireo vicinior
Xema sabini
Zonotrichia atricapilla
Alces americanus
Canis lupus
Lontra canadensis
Nyctinomops macrotis
Puma concolor
Rattus rattus
Ursus americanus
Ursus arctos

Broad-tailed Hummingbird
Rufous Hummingbird
Allen's Hummingbird
Black-throated Blue Warbler
Black-throated Gray Warbler
Hermit Warbler
Cape May Warbler
Townsend's Warbler
Western Bluebird
Brown-headed Nuthatch
Common Eider
King Eider
Williamson's Sapsucker
Calliope Hummingbird
Parasitic Jaeger
Pomarine Skua
Arctic Tern
Eurasian Collared Dove
Violet-green Swallow
Curve-billed Thrasher
Willet
Fork-tailed Flycatcher
Cassin's Vireo
Plumbeous Vireo
Gray Vireo
Sabine's Gull
Golden-crowned Sparrow
moose
gray wolf
river otter
big free-tailed bat
mountain lion
black rat
American black bear
grizzly bear
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Table 6. List of species which used Nature Serve maps in place of species distribution
models.

69
Taxonomic Group
Birds

Mammals
Reptiles

Species name
Anas rubripes
Ardea alba
Catharus minimus
Charadrius melodus
Chen caerulescens
Euphagus carolinus
Laterallus jamaicensis
Limnodromus scolopaceus
Limosa haemastica
Numenius americanus
Nyctanassa violacea
Geothlypis philadelphia
Passerina cyanea
Phasianus colchicus
Piranga ludoviciana
Plectrophenax nivalis
Setophaga fusca
Setophaga magnolia
Setophaga palmarum
Setophaga pensylvanica
Setophaga virens
Spizella pusilla
Sterna hirundo
Tympanuchus cupido
Sciurus carolinensis
Elaphe obsoletus
Opheodrys aestivus
Phrynosoma cornutum

Common name
American Black Duck
Great Egret
Grey-cheeked Thrush
Piping Plover
Snow Goose
Rusty Blackbird
Black Rail
Long-billed Dowitcher
Hudsonian Godwit
Long-billed Curlew
Yellow-crowned Night Heron
Mourning Warbler
Indigo Bunting
Common Pheasant
Western Tanager
Snow Bunting
Blackburnian Warbler
Magnolia Warbler
Palm Warbler
Chestnut-sided Warbler
Black-throated Green Warbler
Field Sparrow
Common Tern
Greater Prairie-Chicken
eastern gray squirrel
western rat snake
rough green snake
Texas horned lizard
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Table 7. List of species used in analyses.

71
Taxonomic Group
Amphibians

Birds

Scientific Name
Acris crepitans
Ambystoma mavortium
Ambystoma texanum
Anaxyrus americanus
Anaxyrus cognatus
Anaxyrus debilis
Anaxyrus punctatus
Anaxyrus woodhousii
Eurycea longicauda
Eurycea lucifuga
Eurycea spelaea
Eurycea tyrnrehsis
Gastrophryne carolinensis
Gastrophryne olivacea
Hyla chrysoscelis
Hyla versicolor
Lithobates areolatus
Lithobates blairi
Lithobates catesbeiana
Lithobates sphenocephala
Necturus maculosus
Nectutus louisianensis
Pseudacris clarkii
Pseudacris crucifer
Pseudacris streckeri
Rana palustirs
Spea bombifrons
Aechmophorus occidentalis
Aeronautes saxatalis
Aix sponsa
Ammodramus henslowii
Ammodramus leconteii
Ammodramus nelsoni
Amphispiza bilineata
Anas cyanoptera
Anas rubripes
Anas strepera
Anser albifrons
Anthus spragueii
Antrostomus carolinensis
Aphelocoma californica
Archilochus alexandri
Archilochus colubris
Ardea alba
Athene cunicularia
Baeolophus bicolor

Common Name
northern cricket frog
barred tiger salamander
smallmouth salamander
American toad
great plains toad
green toad
red-spotted toad
Woodhouse's toad
longtail salamander
cave salamander
grotto salamander
Oklahoma salamander
eastern narrowmouth toad
great plains narrowmouth
Cope's gray treefrog
gray treefrog
crawfish frog
plains leopard frog
American bullfrog
southern leopard frog
common mudpuppy
red river mudpuppy
spotted chorus frog
spring peeper
Strecker's chorus frog
pickerel frog
plains spadefoot
Western Grebe
White-throated Swift
Wood Duck
Henslow's Sparrow
LeConte's Sparrow
Nelson's Sparrow
Black-throated Sparrow
Cinnamon Teal
American Black Duck
Gadwall
Greater White-fronted Goose
Sprague's Pipit
Chuck-will's-widow
California Scrub Jay
Black-chinned Hummingbird
Ruby-throated Hummingbird
Great Egret
Burrowing Owl
Tufted Titmouse
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(birds continued)

Baeolophus ridgwayi
Bombycilla garrulus
Buteo lineatus
Buteo platypterus
Buteo regalis
Buteo swainsoni
Butorides virescens
Calamospiza melanocorys
Calcarius ornatus
Calcarius pictus
Calidris fuscicollis
Calidris melanotos
Callipepla squamata
Cardellina canadensis
Cardellina citrina
Carduelis flammea
Carduelis psaltria
Carpodacus cassinii
Carpodacus mexicanus
Carpodacus purpureus
Catharus minimus
Catherpes mexicanus
Charadrius melodus
Charadrius montanus
Charadrius nivosus
Chen caerulescens
Chen rossii
Cistothorus platensis
Coccyzus americanus
Coccyzys erythropthalmus
Contopus sordidulus
Contopus virens
Coragyps atratus
Corvus cryptoleucus
Cygnus columbianus
Dolichonyx oryzivorus
Dryocopus pileatus
Egretta caerulea
Empidonax alnorum
Empidonax flaviventris
Empidonax oberholseri
Empidonax occidentalis
Empidonax virescens
Empidonax wrightii
Euphagus carolinus
Falco mexicanus
Gallinula chloropus
Geococcyx californianus

Juniper Titmouse
Bohemian Waxwing
Red-shouldered Hawk
Broad-winged Hawk
Ferruginous Hawk
Swainson's Hawk
Green Heron
Lark Bunting
Chestnut-collared Longspur
Smith's Longspur
White-rumped Sandpiper
Pectoral Sandpiper
Scaled Quail
Canada Warbler
Hooded Warbler
Common Redpoll
Lesser Goldfinch
Cassin's Finch
House Finch
Purple Finch
Gray-cheeked Thrush
Canyon Wren
Piping Plover
Mountian Plover
Snowy Plover
Snow Goose
Ross's Goose
Sedge Wren
Yellow-billed Cuckoo
Black-billed Cuckoo
Western Wood-Pewee
Eastern Wood-Pewee
Black Vulture
Chihuahuan Raven
Tundra Swan
Bobolink
Pileated Woodpecker
Little Blue Heron
Alder Flycatcher
Yellow-bellied Flycatcher
Dusky Flycatcher
Cordilleran Flycatcher
Acadian Flycatcher
American Grey Flycatcher
Rusty Blackbird
Prairie Falcon
Common Moorhen
Greater Roadrunner
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(birds continued)

Geothlypis formosa
Geothlypis philadelphia
Geothlypis tolmiei
Grus americana
Grus canadensis
Gymnorhinus cyanocephalus
Himantopus mexicanus
Hydroprogne caspia
Hylocichla mustelina
Icterus bullockii
Ictinia mississippiensis
Lanius excubitor
Larus californicus
Laterallus jamaicensis
Leucophaeus pipixcan
Limnodromus scolopaceus
Limnothlypis swainsonii
Limosa haemastica
Lophodytes cucullatus
Megascops flammeolus
Megascops kennicottii
Melanerpes carolinus
Melanerpes lewis
Melozone fusca
Myadestes townsendi
Myiarchus cinerascens
Myiarchus crinitus
Numenius americanus
Nyctanassa violacea
Oreoscoptes montanus
Parkesia motacilla
Passerina amoena
Passerina caerulea
Passerina ciris
Passerina cyanea
Peucaea cassinii
Phalaenoptilus nuttallii
Phasianus colchicus
Pheucticus ludovicianus
Pica hudsonia
Picoides scalaris
Picoides villosus
Pipilo chlorurus
Pipilo erythrophthalmus
Pipilo maculatus
Piranga ludoviciana
Piranga olivacea
Piranga rubra

Kentucky Warbler
Mourning Warbler
MacGillivray's Warbler
Whooping Crane
Sandhill Crane
Pinyon Jay
Black-necked Stilt
Caspian Tern
Wood Thrush
Bullock's Oriole
Mississippi Kite
Great Grey Shrike
California Gull
Black Rail
Franklin's Gull
Long-billed Dowitcher
Swainson's Warbler
Hudsonian Godwit
Hooded Merganser
Flammulated Owl
Western Screech-Owl
Red-bellied Woodpecker
Lewis's Woodpecker
Canyon Towhee
Townsend's Solitaire
Ash-throated Flycatcher
Great Crested Flycatcher
Long-billed Curlew
Yellow-crowned Night Heron
Sage Thrasher
Louisiana Waterthrush
Lazuli Bunting
Blue Grosbeak
Painted Bunting
Indigo Bunting
Cassin's Sparrow
Common Poorwill
Common Pheasant
Rose-breasted Grosbeak
Black-billed Magpie
Ladder-backed Woodpecker
Hairy Woodpecker
Green-tailed Towhee
Eastern Towhee
Spotted Towhee
Western Tanager
Scarlet Tanager
Summer Tanager
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(birds continued)

Plectrophenax nivalis
Plegadis chihi
Pluvialis dominica
Poecile atricapillus
Poecile carolinensis
Polioptila caerulea
Protonoataria citrea
Pyrocephalus rubinus
Quiscalus mexicanus
Rallus elegans
Recurvirostra americana
Regulus calendula
Rhynchophanes mccownii
Salpinctes obsoletus
Sayornis saya
Scolopax minor
Setophaga americana
Setophaga castanea
Setophaga cerulea
Setophaga discolor
Setophaga dominica
Setophaga fusca
Setophaga magnolia
Setophaga palmarum
Setophaga pensylvanica
Setophaga pinus
Setophaga striata
Setophaga virens
Sialia currucoides
Sialia sialis
Sitta pygmaea
Sphyrapicus nuchalis
Sphyrapicus varius
Spizella breweri
Spizella pusilla
Sterna hirundo
Sternula antillarum
Strix varia
Sturnella magna
Thryomanes bewickii
Thryothorus ludovicianus
Troglodytes hiemalis
Tryngites subruficollis
Tympanuchus cupido
Tympanuchus pallidicinctus
Tympanuchus phasianellus
Tyrannus forficatus
Tyrannus verticalis

Snow Bunting
White-faced Ibis
American Golden Plover
Black-capped Chickadee
Carolina Chickadee
Blue-grey Gnatcatcher
Prothonotary Warbler
Vermilion Flycatcher
Great-tailed Grackle
King Rail
American Avocet
Ruby-crowned Kinglet
McCown's Longspur
Rock Wren
Say's Phoebe
American Woodcock
Northern Parula
Bay-breasted Warbler
Cerulean Warbler
Prairie Warbler
Yellow-throated Warbler
Blackburnian Warbler
Magnolia Warbler
Palm Warbler
Chestnut-sided Warbler
Pine Warbler
Blackpoll Warbler
Black-throated Green Warbler
Mountian Bluebird
Eastern Bluebird
Pygmy Nuthatch
Red-naped Sapsucker
Yellow-bellied Sapsucker
Brewer's Sparrow
Field Sparrow
Common Tern
Least Tern
Northern Barred Owl
Eastern Meadowlark
Bewick's Wren
Carolina Wren
Winter Wren
Buff-Breasted Sandpiper
Greater Prairie-Chicken
Lesser Prairie-Chicken
Sharp-tailed Grouse
Scissor-tailed Flycatcher
Western Kingbird
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(birds continued)

Mammals

Tyrannus vociferans
Tyto alba
Vermivora chrysoptera
Vermivora cyanoptera
Vireo atricapilla
Vireo bellii
Vireo flavifrons
Vireo griseus
Vireo philadelphicus
Zenaida asiatica
Antilocapra americana
Antrozous pallidus
Blarina brevicauda
Blarina hylophaga
Chaetodipus hispidus
Corynorhinus townsendii
Cratogeomys castanops
Cryptotis parva
Cynomys ludovicianus
Dasypus novemcinctus
Didelphis virginiana
Dipodomys ordii
Eptesicus fuscus
Geomys bursarius
Glaucomys volans
Icticdimes tridecemlineatus
Lepus californicus
Lepus townsendii
Marmota monax
Microtus pennsylvanicus
Microtus pinetorum
Mustela nigripes
Mustela nivalis
Myotis ciliolabrum
Myotis grisescens
Myotis lucifugus
Myotis septentrionalis
Myotis velifer
Neotoma floridana
Neotoma micropus
Nycticeius humeralis
Odocoileus hemionus
Onychomys leucogaster
Perognathus flavescens
Perognathus flavus
Peromyscus attwateri
Pipistrellus subflavus
Poliocitellus franklinii

Cassin's Kingbird
Western Barn Owl
Golden-winged Warbler
Blue-winged Warbler
Black-capped Vireo
Bell's Vireo
Yellow-throated Vireo
White-eyed Vireo
Philadelphia Vireo
White-winged Dove
pronghorn
pallid bat
northern short-tailed shrew
Elliot's short-tailed shrew
hispid pocket mouse
Townsend's big-eared bat
yellow-faced pocket gopher
least Shrew
black-tailed prairie dog
nine-banded armadillo
Virginia opossum
Ord's kangaroo rat
big brown bat
plains pocket gopher
southern flying squirrel
thirteen-lined ground squirrel
black-tailed jackrabbit
white-tailed jackrabbit
woodchuck
meadow vole
woodland vole
black-footed ferret
least weasel
western small-footed myotis
grey myotis
little brown myotis
northern long-eared myotis
cave myotis
eastern woodrat
southern plains woodrat
evening bat
mule deer
northern grasshopper mouse
plains pocket mouse
silky pocket mouse
Texas mouse
eastern pipistrelle
Franklin's ground squirrel
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(mammals continued)

Reptiles

Reithrodontomys fulvescens
Reithrodontomys megalotis
Reithrodontomys montanus
Scalopus aquaticus
Sciurus carolinensis
Sciurus niger
Sigmodon hispidus
Sorex haydeni
Spilogale putorius
Sylvilagus aquaticus
Sylvilagus audubonii
Synaptomys cooperi
Tadarida brasiliensis
Tamias striatus
Urocyon cinereoargenteus
Vulpes velox
Zapus hudsonius
Agkistrodon contortrix
Agkistrodon piscivorus
Apalone mutica
Apalone spinifera
Arizona elegans
Carphophis vermis
Coluber constrictor
Crotalus viridis
Crotaphytus collaris
Elaphe emoryi
Elaphe obsoletus
Graptemys geographica
Graptemys ouachitensis
Graptemys pseudogeographica
Heterodon nasicus
Heterodon platirhinos
Holbrookia maculata
Hypsiglena torquata
Kinosternon flavescens
Lampropeltis calligaster
Lampropeltis getula
Lampropeltis triangulum
Leptotyphlops dissectis
Leptotyphlops dulcis
Macrochelys temminckii
Masticophis flagellum
Nerodia erythrogaster
Nerodia rhombifer
Nerodia sipedon
Opheodrys aestivus
Ophisaurus attenuatus

fulvous harvest mouse
western harvest mouse
plains harvest mouse
eastern mole
eastern grey squirrel
eastern fox squirrel
hispid cotton rat
prairie shrew
eastern spotted skunk
swamp rabbit
desert cottontail
Southern bog lemming
Brazilian free-tailed bat
eastern chipmunk
common gray fox
swift fox
meadow jumping mouse
copperhead
cottonmouth
smooth softshell
spiny softshell
eastern glossy snake
western worm snake
eastern racer
prairie rattlesnake
eastern collared lizard
great plains rat snake
western rat snake
common map turtle
ouachita map turtle
false map turtle
western hognose snake
eastern hognose snake
lesser earless lizard
night snake
yellow mud turtle
prairie kingsnake
common kingsnake
milk snake
New Mexico blind snake
Texas blind snake
alligator snapping turtle
coachwhip
plainbelly water snake
diamondback water snake
northern water snake
rough green snake
western slender glass lizard
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(reptiles continued)

Phrynosoma cornutum
Pituophis catenifer
Plestiodon anthracinus
Plestiodon fasciatus
Plestiodon laticeps
Plestiodon obsoletus
Plestiodon septentrionalis
Pseudemys concinna
Regina grahamii
Rhinocheilus lecontei
Sceloporus consobrinus
Scincella lateralis
Sistrurus catenatus
Sonora semiannulata
Sternotherus odoratus
Storeria dekayi
Storeria occipitomaculata
Tantilla gracilis
Tantilla nigriceps
Terrapene carolina
Thamnophis marcianus
Thamnophis proximus
Thamnophis radix
Thamnophis sirtalis
Trachemys scripta
Tropidoclonion lineatum
Virginia striatula
Virginia valeriae

Texas horned lizard
gopher snake
Coal skink
five-lined skink
broadhead skink
great plains skink
northern prairie skink
river cooter
Graham's crayfish snake
longnose snake
prairie lizard
ground skink
massasauga
ground snake
common musk turtle
brown snake
redbelly snake
flathead snake
plains blackhead snake
eastern box turtle
checkered garter snake
western ribbon snake
plains garter snake
common garter snake
red eared slider
lined snake
rough earth snake
smooth earth snake
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Table 8. List of species with conservation status of threatened or endangered in Kansas.
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Taxonomic
Group
Amphibians

Birds

Mammals
Reptiles

Scientific
Name
Anaxyrus debilis
Eurycea longicauda
Eurycea lucifuga
Eurycea spelaea
Eurycea tyrnrehsis
Gastrophryne carolinensis
Pseudacris crucifer
Pseudacris streckeri
Charadrius melodus
Charadrius nivosus
Falco peregrinus
Grus americana
Haliaeetus leucocephalus
Sternula antillarum
Vireo atricapilla
Mustela nigripes
Myotis grisescens
Spilogale putorius
Graptemys geographica
Leptotyphlops dulcis
Plestiodon laticeps
Rhinocheilus lecontei
Storeria occipitomaculata
Thamnophis marcianus
Virginia valeriae

Common
Name
green toad
longtail salamander
cave salamander
grotto salamander
Oklahoma salamander
eastern narrowmouth toad
spring peeper
Strecker's chorus frog
Piping Plover
Snowy Plover
Peregrine Falcon
Whooping Crane
Bald Eagle
Least Tern
Black-capped Vireo
black-footed ferret
grey myotis
eastern spotted skunk
common map turtle
Texas blind snake
broadhead skink
longnose snake
redbelly snake
checkered garter snake
smooth earth snake

Conservation
Status
Threatened
Threatened
Endangered
Endangered
Endangered
Threatened
Threatened
Threatened
Threatened
Threatened
Endangered
Endangered
Threatened
Endangered
Endangered
Endangered
Endangered
Threatened
Threatened
Threatened
Threatened
Threatened
Threatened
Threatened
Threatened
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Table 9. Spearman correlation results comparing planning unit priority ranks to the
planning unit priority ranks when starting with existing Kansas reserves.
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Taxonomic Group
Amphibians
Birds
Mammals
Reptiles
For above: aP<0.01

Spearman’s rho
-0.345a
0.919a
0.798a
0.910a

n
7931
7931
7931
7931
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Table 10. Spearman correlation results comparing vulnerable species planning unit
priority ranks to vulnerable species planning unit priority ranks when starting with
existing Kansas reserves.
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Taxonomic Group
Amphibians
Birds
Mammals
Reptiles
For above: aP<0.01

Spearman’s rho
0.187a
-0.174a
-0.53a
0.149a

n
7931
7931
7931
7931
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Table 11. Spearman correlation results comparing the planning unit’s agricultural threat
ranks to the planning unit’s priority ranks.
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Taxonomic Group
Amphibians
Birds
Mammals
Reptiles
For above: aP<0.01

Spearman’s rho
0.077a
0.057a
0.207a
0.298a

n
7931
7931
7931
7931
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Table 12. Spearman correlation results comparing the planning unit’s urban threat ranks
to the planning unit’s priority ranks.

87
Taxonomic Group
Amphibians
Birds
Mammals
Reptiles
For above: aP<0.01

Spearman’s rho
-0.050a
-0.074a
-0.013a
-0.118a

n
7931
7931
7931
7931
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Table 13. Spearman correlation results comparing the planning unit’s agricultural threat
ranks to the vulnerable species planning unit’s priority ranks.

89
Taxonomic Group
Amphibians
Birds
Mammals
Reptiles
For above: aP<0.01

Spearman’s rho
-0.014
-0.326a
0.149a
-0.310a

n
7931
7931
7931
7931

90
Table 14. Spearman correlation results comparing the planning unit’s urban threat ranks
to the vulnerable species planning unit’s priority ranks.

91
Taxonomic Group
Amphibians
Birds
Mammals
Reptiles
For above: aP<0.01

Spearman’s rho
0.065a
0.153a
-0.040a
0.104a

n
7931
7931
7931
7931
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Figure 1. Map of properties owned or managed by Kansas Department of Wildlife, Parks
and Tourism.

93

,.

--

..,

.A

\

,, j,

.

,.,,

•
t

.

l!r

\
""

~:

~:

.

).

'

"'
1

...,(

.
.-

•

·~

,

l

.

...

,

•

t-

,,
&

-w
.

.i

Jo

:

/ : i·
93

94
Figure 2. A) Kansas with grid of 34.5 km2 planning units. B) Kansas planning units
represented as points.
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Figure 3. Map of the 39 properties owned or managed by Kansas Department of
Wildlife, Parks and Tourism used in analyses.
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Figure 4. Kansas counties.
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Figure 5. Map of species richness in Kansas. Warm colors indicate areas of high species
richness; cool colors indicate areas of low species richness. A) amphibian richness
ranged from 6-20 species, B) bird richness ranged from 190-255 species, C) mammal
richness ranged from 41-58, and D) reptiles richness ranged from 11-54 species.
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Figure 6. Conservation priority ranks based on biodiversity index, species richness.
Darker shades indicate areas of high priority; lighter shades indicate areas of low priority:
A) amphibians, B) birds, C) mammals, and D) reptiles.
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Figure 7. Conservation priority ranks with existing Kansas reserves starting as
prioritized. Darker shades indicate areas of high priority; lighter shades indicate areas of
low priority. Black areas indicate no priority rankings, because the planning units
contain an existing reserves or have the same species composition as an existing reserve:
A) amphibians, B) birds, C) mammals, and D) reptiles.
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Figure 8. Map of vulnerable species richness in Kansas. Warm colors indicate areas of
high species richness; cool colors indicate areas of low species richness: A) amphibians,
B) birds, C) mammals, and D) reptiles.
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Figure 9. Conservation priority ranks for vulnerable species. Darker shades indicate
areas of high priority; lighter shades indicate areas of low priority. Black areas indicate
no species present therefore no priority rank: A) amphibians, B) birds, C) mammals, and
D) reptiles.
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Figure 10. Conservation priority ranks for vulnerable species when starting with existing
Kansas reserves. Darker shades indicate areas of high priority; lighter shades indicate
areas of low priority. Black areas indicate no priority rankings: A) amphibians, B) birds,
C) mammals, and D) reptiles.
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Figure 11. Endemicity values. Warm colors indicate areas of high total endemicity
values; cool colors indicate areas of low total endemicity values: A) amphibians, B)
birds, C) mammals, and D) reptiles.
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Figure 12. Agricultural threats. Darker shades indicate planning units with higher
proportions of land cover classified as agriculture.
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Figure 13. Urban threats. Darker shades indicate planning units with higher proportions
of land cover classified as urban.
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Figure 14. Number of planning units with ranks for vulnerable species for each
taxonomic group; gray bars illustrate the number of planning units with ranks when
existing Kansas reserves are treated as regular planning units; black bars illustrate
number of planning units with ranks when existing Kansas reserves start as prioritized in
complementarity analysis.
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