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models, we examined the influence of vegetation 
conditions, land use, and landscape characteristics on 
an assemblage of nine species of prairie-associated 
herpetofauna.
Results Prairie mound density, representing prairie 
that has not been subject to intense anthropogenic dis-
turbance, was the strongest positive predictor of occu-
pancy by prairie-associated species. Historic prairie 
area also exhibited a positive relationship with occu-
pancy for several species but not at the assemblage 
level. Current vegetation conditions did not strongly 
influence occupancy patterns.
Conclusions Our results suggest that long-term land 
use filters, rather than present site-level conditions, 
are the driving forces dictating current distributions 
of prairie-associate herpetofauna in Western Arkan-
sas. Our findings provide insight into the present state 
of understudied populations in an increasingly frag-
mented region and present accessible tools for direct-
ing exploratory conservation and research efforts.

Keywords Legacy land use · Community 
occupancy · Tallgrass prairie · Reptiles and 
amphibians · Prairie restoration · Fragmented 
landscape

Introduction

Tallgrass prairie, supported by fertile soils and rela-
tively moist conditions, historically dominated the 

Abstract 
Context Prairies historically covered much of inland 
North America, and many species have adapted to the 
unique conditions found in prairie ecosystems. Less 
than 1% of prairies remain in Arkansas, with much 
historic prairie having been converted for urban and 
agricultural development, resulting in steep popula-
tion declines for many prairie-associated species.
Objectives Because many reptile and amphibian 
species are difficult to detect, the current distribu-
tions and habitat requirements of prairie-associated 
herpetofauna in fragmented landscapes are poorly 
understood. Thus, we assessed the state of prairie-
associated herpetofauna communities in intact prai-
rie, as well in degraded and developed historic prairie 
throughout Western Arkansas.
Methods Using repeated field surveys, remote sens-
ing data, and hierarchical community occupancy 
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eastern Great Plains  (Risser et  al. 1981). Because 
of the fertile conditions, over 95% of tallgrass prai-
rie has been degraded or lost in the last two centu-
ries, largely due to agricultural conversion (Transeau 
1935; Sampson and Knopf 1994; Lauenroth et  al. 
1999). Pristine tallgrass prairies boast immense veg-
etative diversity and a variety of topographical fea-
tures that provide structural habitat heterogeneity, 
including prairie mounds, legacy micro-topographical 
features whose persistence indicate a lack of intense 
anthropogenic disturbance (Horwath and Johnson 
2006). Prairie, or mima, mounds are small dome-
shaped hillocks that are thought to be formed through 
the combination of wind erosion, vegetation growth, 
and upwelling of soil from wildlife over the course of 
at least 500 years (Quinn 1961; Horwath and Johnson 
2006; Cramer and Barger 2014; Gabet et  al. 2014). 
Prior to European colonization and the expansion of 
agricultural plowing practices, mima-type mounds 
were found in nearly every state west of the Missis-
sippi River (Washburn 1988) and were particularly 
common throughout the prairies and river valleys of 
the southern mid-continent of North America (Seifert 
et al. 2009). However, prairie mounds are quickly lost 
when subjected to anthropogenic disturbances, such 
as repeated plowing, and thus persist only in remnant 
or degraded prairies that have been spared intense 
anthropogenic land use for agriculture or develop-
ment. Remaining tallgrass prairie patches may retain 
vegetative diversity and original topographical fea-
tures, but they are generally small and isolated within 
agricultural or urban landscapes, reducing their abil-
ity to support the historic diversity of prairie flora and 
fauna (Risser 1988).

Degraded prairies show reduced capacity to sup-
port endemic vertebrate species as a result of frag-
mentation and changes to thermal and hydrologic 
regimes, ecological interactions, and habitat struc-
ture (Fitch 2006a, b; Ceballos et al. 2010; Tack et al. 
2017). Efforts to restore tallgrass prairie must con-
tend with the consequences of agricultural land use 
that depress biodiversity, including the loss of topo-
graphic features (i.e., prairie mounds and ephemeral 
depression wetlands), the presence of exotic grasses 
and forbes, and isolation from other prairie fragments 
(Sampson 1980; Brotherson 1982; McLaughlin and 
Mineau 1995; Alford et al. 2012; van der Kamp et al. 
2016). Land use histories influence current and future 
ecological conditions in areas that have experienced 

disturbance (Foster et al. 1998; Bürgi et al. 2017), and 
sites with agricultural land use legacies can exhibit 
the effects of past land use for decades after agri-
cultural activity ceases (Brudvig et  al. 2013). Thus, 
the efficacy of restoration effort is influenced by the 
legacy land use characteristics of a site, and a site’s 
history should be seriously considered when plan-
ning restoration and management actions. In addi-
tion to direct agricultural use, changes to grazing 
and fire regimes are the underlying drivers of struc-
tural changes in North American prairies via succes-
sion and encroachment of woody plant species that 
occurs in the absence of regular disturbance (Wright 
and Bailey 1982; Campbell et  al. 1994). Declines 
of prairie-associated species have been extensively 
documented in some cases, notably the greater prai-
rie chicken (Svedarsky et al. 2000), black-footed fer-
ret (Clark 1978), and massasauga rattlesnakes (Sovic 
et al. 2019). Yet, long-term and large-scale trends for 
many species, particularly reptiles and amphibians, 
are poorly understood (Corn and Peterson 1996; Cav-
itt 2000; Larson 2014).

Reptiles and amphibians (hereinafter herpeto-
fauna) are particularly sensitive to changes in habitat 
structure and environmental conditions that compro-
mise their abilities to thermoregulate and avoid des-
iccation (Jellinek et  al. 2004; Voldseth et  al. 2007; 
Whisler et  al. 2016; Haggerty et  al. 2019). Much of 
the existing research on prairie-associated herpeto-
fauna shows population declines in the hearts of the 
largest remaining contiguous tallgrass prairie tracts 
(Fitch 2006a; Wilgers et  al. 2006; Cagle 2008). In 
rare long-term studies of tallgrass prairie herpeto-
faunal communities, Fitch and Hall (1978) and Fitch 
(2006a, b) documented the declines of prairie-asso-
ciated species with encroachment of woody vegeta-
tion. Similar declines are suspected of many prairie-
associated species at the outer limits of prairie habitat 
and species ranges, but a dearth of data in fringe areas 
limits our understanding of relevant conservation 
challenges (Lesbarrères et al. 2014).

Tallgrass prairie reaches its southeastern limit 
in Arkansas (Transeau 1935; Baskin et  al. 1995), 
and thus many prairie-associated herpetofaunal spe-
cies have patchy distributions within the state and 
western Arkansas populations represent part of the 
eastern range limits for some species (Trauth et  al. 
2004). The value of conservation efforts for popu-
lations at the periphery of species’ ranges is clear 
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(Steen and Barrett 2015), yet there has been no sys-
tematic assessment of most prairie-associated spe-
cies in Arkansas, and our understanding of these 
species relies primarily on haphazard and historic 
records that do not reflect the current state of this 
rapidly urbanizing region. In Northwest Arkansas, 
Kross and Willson (2022) conducted wide-ranging 
surveys and found crawfish frog (Lithobates areola-
tus) populations to be declining in areas with increas-
ing urbanization, and the distribution of remaining 
populations was predicted by the presence of prairie 
mounds. However, for most prairie-associated spe-
cies in this region much of our knowledge is based 
on scattered presence-only records that provide lim-
ited insight into historical distributions. Addition-
ally, comprehensive community level assessments 
of herpetofaunal species are complicated by their 
low detectability (Mazerolle et al. 2007; Durso et al. 
2011). Overcoming the challenges of low detect-
ability requires specialized sampling and analytical 
methods, varied diel and seasonal survey timing, and 
intense survey effort to adequately assess herpetofau-
nal assemblages. When combined with adequate sur-
vey efforts, community occupancy modeling frame-
works allow for partial pooling of multispecies data 
to inform species-specific estimates for species with 
few detections (Dorazio and Royle 2005). The com-
munity occupancy approach accounts for imperfect 
detection and produces community-level estimates of 
covariate relationships and species richness as well as 
species-specific estimates of covariate relationships 
and occupancy and detection (Dorazio et  al. 2006). 
Joining community and species-specific processes 
provides an ideal framework for examining land-
scape-scale patterns in the distributions of difficult to 
detect herpetofauna.

We aimed to determine the ecological factors 
that drive the distribution of prairie-associated her-
petofauna in Northwest Arkansas and the western 
Arkansas River Valley by conducting repeated, multi-
method surveys and applying a community occu-
pancy modeling approach. Our ultimate goal was to 
determine how land use history, current vegetation 
conditions, and landscape characteristics influence the 
occupancy patterns of nine prairie-associated herpeto-
faunal species: Small-mouthed salamander (Ambys-
toma texanum), Eastern tiger salamander (Ambystoma 
tigrinum), Western narrow-mouth toad (Gastro-
phyrne olivacea), Prairie kingsnake (Lampropeltis 

calligaster), Crawfish frog (L. areolatus), Slender 
glass lizard (Ophisaurus attenuatus), Prairie skink 
(Plestiodon septentrionalis), Graham’s crayfish snake 
(Regina grahamii), and Ornate box turtle (Terrapene 
ornata). We predicted the occupancy of these species 
to be positively associated with three primary charac-
teristics related to land use: (1) historic prairie area, 
(2) the presence of prairie mounds, indicating a lack 
of intense anthropogenic disturbance, and (3) vegeta-
tion structure characterized by open canopy and her-
baceous or shrubby groundcover. We also predicted 
that occupancy would be negatively associated with 
urban land cover in the surrounding landscape.

Methods

Site selection

Our study focused on historic prairie regions in the 
Springfield Plateau of Northwest Arkansas and the 
Arkansas Valley Plains of the western Arkansas River 
Valley (Fig. 1).

To begin site selection, we compiled a list of all 
publicly owned or managed properties in Northwest 
Arkansas and the Arkansas River Valley that were 
historically prairie based on historic records and 
geographic information system (GIS; ArcMap 10.1; 
Environmental Systems Research Institute, Red-
lands, California, USA) data or those that have been 
the focus of recent restoration initiatives. We also 
included sites on private land, most of which were 
former prairie currently managed as hay fields. We 
selected sites based on examination of aerial and GIS 
imagery, consultation with local land managers, and 
access permissions.

We selected 24 properties for systematic herpeto-
fauna surveys across five counties in Arkansas: Ben-
ton, Boone, Franklin, Sebastian, and Washington 
(Fig.  1). The properties we selected were separated 
from neighboring sites by at least 1  km, covered a 
minimum of 3.5 ha (range 3.65–26,000 ha), and rep-
resented a mix of private and public land in North-
west Arkansas and the Arkansas River Valley. Prop-
erties in Northwest Arkansas included publicly and 
privately owned hay fields located on historic prairie 
that are managed by private landowners, municipal 
governments, the National Parks Service, or Arkan-
sas State Parks, and small prairie preserves in urban 
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or agricultural landscapes managed by the Northwest 
Arkansas Land Trust, the Arkansas Natural Heritage 
Commission, or contracted conservation managers. 
Properties in the Arkansas River Valley included Fort 
Chaffee, an Arkansas Army National Guard Train-
ing Facility and Wildlife Management Area cover-
ing over 26,000 ha, and several large prairie conser-
vation properties managed by the Arkansas Natural 
Heritage Commission or The Nature Conservancy. 
The substantial size of several protected areas greatly 

exceeded the effective sampling area of our surveys, 
and consequently we designated multiple survey sites 
within properties when they were sufficiently large to 
allow multiple sites to be separated by at least 1 km, 
resulting in a total of 34 survey sites for inclusion in 
analyses (Fig.  1). Finally, some areas in Fort Chaf-
fee are historically and currently open-canopy oak 
savanna habitat rather than tallgrass prairie, but we 
believe that their long-term stability, proximity to 
tallgrass prairie, and open-canopy conditions make 

Fig. 1  Distribution of 
study sites (n = 34) selected 
for herpetofaunal surveys 
across Benton, Boone, 
Franklin, Sebastian, and 
Washington counties 
Arkansas, USA from 2018 
to 2020. Sites 1–10 are 
within Fort Chaffee, sites 
11–19 represent Arkansas 
River Valley restored prairie 
sites, and sites 20–34 are in 
Northwest Arkansas. Map 
inset shows location within 
Arkansas
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these sites of interest for their potential to support 
prairie-associated species.

Field methods

Herpetofaunal surveys

We completed 13 standardized effort-constrained 
herpetofaunal surveys at each of the 34 occupancy 
sampling sites, including six rounds of visual encoun-
ter surveys (VES) and seven rounds of amphibian 
call surveys. We completed six rounds of VES over 
two seasons, conducting three surveys each dur-
ing April–June 2018 and March–May 2019. Each 
VES consisted of two observers opportunistically 
searching appropriate microhabitats for herpetofauna 
(e.g., under cover objects and basking locations) for 
60 min (totaling two person-hours per survey). Visual 
encounter surveys also included coverboard checks, 
for which we placed ten 122 × 81 × 1.3 cm plywood 
coverboards approximately 10 m apart at each site in 
late April 2018. During VES, we checked each cover-
board for herpetofauna sheltering underneath. While 
not all sites contained permanent wetlands sufficient 
to support fully aquatic species, all sites at least fea-
tured ephemeral wetlands suitable for many amphib-
ians and semi-aquatic snakes. Thus, at sites with wet-
lands or streams of adequate depth, we performed two 
overnight rounds of aquatic trapping concurrent with 
VES and coverboard surveys using 17 plastic min-
now traps (model 700; manufactured by New Market 
Plastics, Inc., LaDoga, Indiana) and three larger mesh 
turtle traps (15 × 10 mm mesh size; manufactured by 
American Maple, Inc., Gardena, CA) per site. We will 
subsequently refer to this combination of three survey 
methods as VES surveys, collectively, because we 
combine their captures in analyses. We identified all 
herpetofauna we encountered to species and released 
them at their capture location at the end of the survey.

We completed four early spring (March–April 
2018 and 2019) and three late spring (May–June 
2020) amphibian call surveys at each site. During call 
surveys, we listened for breeding anurans for a 5 min 
period, following national database methods (i.e., 
North American Amphibian Monitoring Program; 
Weir et al. 2014).

Finally, we have limited our analyses here to 
an assemblage of reptile and amphibian species 
identified a priori as being (1) species of greatest 

conservation concern (SGCN) associated with prai-
rie ecosystems in the state of Arkansas by the Arkan-
sas Game and Fish Commission (Fowler 2015), or 
(2) species noted as prairie-associated in state field 
guides (Trauth et  al. 2004; Roberts 2020) for which 
there are clear knowledge gaps related to their local 
distributions and conservation status. The result-
ing assemblage consists of Small-mouthed sala-
mander (Ambystoma texanum), Eastern tiger sala-
mander (Ambystoma tigrinum; SGCN), Western 
narrow-mouth toad (Gastrophyrne olivacea; SGCN), 
Prairie kingsnake (Lampropeltis calligaster), Craw-
fish frog (L. areolatus; SGCN), Slender glass liz-
ard (Ophisaurus attenuates; SGCN), Prairie skink 
(Plestiodon septentrionalis; SGCN), Graham’s cray-
fish snake (Regina grahamii; SGCN), and Ornate box 
turtle (Terrapene ornata; SGCN). While this species 
assemblage does not represent the entirety of our sur-
vey captures, they comprise the species most likely to 
experience outsized consequences resulting from the 
loss or restoration of prairie ecosystems in Western 
Arkansas.

Vegetation surveys

At each survey site we completed a single vegeta-
tion survey during the first half of July 2018. Each 
survey consisted of a single transect with six plots 
spaced 50 m apart. Each transect began at the center 
of the survey area (usually the coverboard array) and 
the direction of the transect was selected based on a 
randomly generated compass bearing. At each plot, 
we collected data on five vegetation variables to use 
in our analysis. Using the plot as the mid-point, we 
counted the number of trees with a diameter at breast 
height (dbh) ≥ 2.5 cm within a circular 100  m2 area. 
We also counted the number of woody stems with 
dbh < 2.5 cm and the number of blackberry (Rubus 
argutus) and sumac stems (Rhus sp.) within a 10  m2 
circular area. Within a 1  m2 circular area at the center 
of the plot, we estimated percent ground cover (i.e., 
herbaceous vegetation, grass, open groundcover, etc.) 
and counted the number of flowering stems. We used 
the Robel pole method to estimate visual obstruction 
(VO) at the center of each plot (Robel et  al. 1970). 
From the center of the plot we took a measure of can-
opy cover using a GRS Densitometer™ (Geographic 
Resource Solutions Densitometer; Geographic 
Resource Solutions, Arcata, California, USA; Paletto 
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and Tosi 2009). Vegetation sampling was repeated at 
each of the six plots along the transect. Vegetation 
variables were used as potential predictors of species 
occurrence (occupancy), richness, and community 
composition.

Statistical analyses

Habitat covariates

Because many of the vegetation and habitat structural 
variables were interrelated, we performed a principal 
component analysis (PCA) to reduce potentially cor-
related variables to a lower number of uncorrelated 
components using the vegan package (Dixon 2003; 
4.1.2) in R (R Development Core Team 2019). We 
included visual obstruction, average canopy cover, 
average number of woody stems, average number of 
blackberry and sumac stems, understory plot meas-
urements of average number of flower stems, average 
percent cover of herbaceous vegetation, open ground, 
leaf litter, and woody debris cover in the habitat PCA 
and used the first principal component in occupancy 
analyses. We counted blackberry and sumac stems 
separately with the thought that the abundance of 
these two common early successional species would 
allow us to capture differences among disturbance 
regimes and frequencies. Similarly, we included 
counts of flowering stems in an attempt to capture dif-
ferences between degraded prairies and restored prai-
ries, hypothesizing that degraded prairies would have 
fewer flowering stems.

Landscape covariates

We used geographic information system (GIS; Arc-
Map 10.1; Esri, Redlands, CA, USA) data to meas-
ure several landscape-level site covariates that we 
hypothesized would influence herpetofaunal occu-
pancy, including historic prairie area, prairie mound 
density, developed area, topographic roughness, and 
latitude. Historic prairie area, prairie mound density, 
developed area, and latitude were calculated within 
1  km diameter buffers created around the center of 
each sampling site. We calculated historic prairie area 
within each buffer using a historic prairie extent layer 
acquired from the Arkansas Natural Heritage Com-
mission in ArcGIS. We calculated prairie mound 
density by manually counting visible mounds within 

each site buffer using a 1 m Digital Elevation Model 
(1 m DEM; Arkansas GIS, 2018 https:// gis. arkan sas. 
gov [accessed 8 August 2019]) in ArcGIS that high-
lighted minor changes in elevation. Our intention in 
including Prairie Mound Density was for it to act as 
a proxy measure indicating historical land use, with 
sites that have undergone relatively minimal anthro-
pogenic disturbance retaining prairie mounds and 
those that have experienced intense agricultural use 
(e.g., plowing and row-crop agriculture) or previous 
development having lost most prairie mound topog-
raphy. We determined developed area using ArcGIS 
by calculating the area of each land cover type as 
designated by the 2016 USGS National Land Cover 
Database (NLCD, 2016. CONUS Landcover. https:// 
www. mrlc. gov/ [accessed 8 August 2019]) within 
each 1 km diameter buffer. Developed Area was the 
sum of the Developed—Open Space, Developed—
Low Intensity, Developed—Medium Intensity, and 
Developed—High Intensity NLCD category areas. 
We included topographic roughness to represent a 
landscape scale factor influencing habitat heterogene-
ity and calculated it using the 1 m DEM in ArcGIS 
by taking the standard deviation of elevation among 
DEM grid cells within a 1  km diameter buffer for 
each site. We included latitude to account for differ-
ences in species distributions between Northwest 
Arkansas and the Arkansas River Valley, which are 
different ecoregions separated by the Boston Moun-
tains. While we considered site area as a covariate, 
the extremely large site size and loose delineation of 
site boundaries in the largest publicly owned prop-
erties prevented us from calculating meaningful site 
area values.

Occupancy modeling

We used hierarchical Bayesian community occu-
pancy models (Dorazio and Royle 2005; Zipkin et al. 
2009) examining reptile and amphibian occupancy 
and detection (Ψij and Θijk, respectively) responses 
to site (historic prairie area, prairie mound density, 
developed area, vegetation PC1, topographic rough-
ness, and latitude), and sampling (survey type [VES 
vs. Call]) covariates, using data from 34 sites. Sur-
vey type was included as a binary sampling covariate 
to capture the effects of survey method on detection 
probability (VES = 0, call survey = 1). The com-
munity occupancy modeling approach accounts for 

https://gis.arkansas.gov
https://gis.arkansas.gov
https://www.mrlc.gov/
https://www.mrlc.gov/
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imperfect detection and improves precision of indi-
vidual parameter estimates, particularly for rare spe-
cies, by considering them within the context of a 
larger assemblage of species (Dorazio et  al. 2006). 
We built a binary encounter matrix representing 
detection/non-detection data for each species at each 
site during each survey occasion, including the six 
rounds of VES, and seven rounds of anuran call sur-
veys. Because 7 of our 9 species are non-anurans that 
are not detectable by call survey, we filled the anuran 
call survey portion of those species’ detection matri-
ces with NAs to minimize the influence of an unsuita-
ble survey method on their occupancy, detection, and 
covariate relationship estimates. We recognize that 
the inclusion of anuran call surveys, a method only 
suited for Western narrow-mouth toads and crawfish 
frogs in this assemblage, precludes in-depth inference 
related to the detection process. However, the inclu-
sion of call surveys greatly improved our understand-
ing of the distributions of the two prairie-associated 
anuran species targeted in this study. We used a vari-
ation of the model written and modified by Zipkin 
et  al. (2009), Hunt et  al. (2012), and Ribeiro et  al. 
(2018). Our model assumed static occupancy during 
the 3-year sampling period, due to the short duration 
of the study compared to the lifespans of our focal 
taxa and lack of significant land use change during the 
study. The true occupancy state for species i at site j, 
zi,j, was treated as a binary latent state variable where 
zi,j = 1 if occupied and 0 if not. We modelled occu-
pancy state and detection probabilities as Bernoulli 
random variables. The occupancy probability of spe-
cies i at site j (Ψi,j) was modeled as zi,j ~ Bernoulli 
(Ψi,j). The probability of species i being detected at 
site j in the kth survey (pi,j,k) was conditional upon 
occurrence, such that zi,j|yi,j,k ̴ Bernoulli(pi,j,k × zi,j), 
where yi,j,k = 1 if species i is detected at site  j during 
survey k. We used the following equations to incorpo-
rate the effects of site and sampling covariates on spe-
cies-specific occupancy and detection probabilities:

logit
(

Ψi,j

)

= α0i + α1i* Historic Prairie Areaj

+ α2i* Prairie Mound Densityj

+ α3i* Developed Land Areaj + α4i* VegPC1j

+ α5i* Topographic Roughnessj + α6i* Latitudej

logit
(

pi,j,k
)

= β0i + β1i ∗ Survey Typej,k

We standardized all non-binary covariates using 
z-scores to set the mean site values equal to zero to 
allow us to compare the model coefficients as effect 
sizes (Kéry and Royle 2015). Additionally, in order 
to most accurately inform occupancy estimates, we 
noted verified haphazard encounters of our target 
species made by surveyors or local naturalists that 
occurred at sites during the study period but outside 
of standardized surveys. We incorporated haphazard 
observations into the model through the latent z-state 
by declaring sites with haphazard records as known 
to be occupied (zi,j = 1), regardless of detection within 
a survey. We report model results using the mean of 
the posterior distribution with 95% Bayesian credible 
intervals. We considered covariate effects to be statis-
tically significant if the 95% credible interval did not 
overlap zero. Finally, we examined the relationships 
between estimated species richness and site covari-
ates using post-hoc ordinary least squares regression 
(White et al. 2020). The posterior mean species rich-
ness estimated at each site was the response variable, 
with historic prairie area, prairie mound density, 
VegPC1, and latitude as predictor variables.

Results

Herpetofaunal surveys

We documented the presence of at least one of our 
nine target species during our study period at 26 of 
34 sites (Table  1). We documented small-mouthed 
salamanders at 6 sites, an Eastern tiger salamander at 
1 site, Western narrow-mouth toads at 9 sites, prairie 
kingsnakes at 16 sites, crawfish frogs at 18 sites, slen-
der glass lizards at 11 sites, prairie skinks at 1 site, 
Graham’s crayfish snakes at 2 sites, and ornate box 
turtles at 9 sites.

Vegetation surveys

The first PCA axis explained 31.5% of the variance 
in vegetation data. The strongest factor loading for 
Vegetation PC1 was a positive association with vis-
ual obstruction (VO), followed by strong loadings for 
average leaf litter ground cover (−), average herba-
ceous ground cover (+), canopy cover (−), average 
number of blackberry and sumac stems (+), and aver-
age number of flower stems (+). Thus, PC1 captures 
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the differences in vegetation structure among three 
rough site categories; restored prairies with high PC1 
values reflecting brushy herbaceous growth and little 
canopy cover, partially forested sites and oak savanna 
with low PC1 values featuring higher canopy cover 
and open or leaf litter dominated ground cover, and 
degraded sites with moderate PC1 values character-
ized by moderate canopy cover and low, grass-domi-
nated undergrowth (Fig. 2).

Our sites spanned a wide range of habitat condi-
tions (Fig. 2). The more southerly prairie sites located 
in the Arkansas River Valley were characterized by 
high PC1 scores, indicating high visual obstruction 
of forbs and blackberry/sumac and low canopy cover. 
Sites in Fort Chaffee, a mixed matrix of oak savanna, 
barrens, and prairie, were extremely variable in PC 
scores (Figs. 1, 2), with some sites characterized by 
high visual obstruction and high herbaceous ground 
cover, while others were characterized by high can-
opy cover, high open ground cover, and high litter 
cover. With the exception of some sites managed for 
conservation, most of the Northwest Arkansas sites 
were characterized by high grass ground cover and 
low canopy cover. Although our habitat covariates 
roughly distinguish among degraded sites, intensively 
managed restored prairies, and forested areas, the dif-
ferences are highlighted in very broad strokes and 
the overlap in conditions among sites under different 
management regimes limits our ability to make spe-
cific claims about strictly defined site categories.

Occupancy results

The assemblage level response was strongly positive 
to prairie mound density and strongly negative to lati-
tude (i.e., 95% credible intervals (CIs) did not overlap 
zero; Fig. 3).

Although the positive community response to his-
toric prairie had 95% CIs that overlapped zero, most 
values (90%) from the posterior distribution were 
positive, suggesting that the presence of historic prai-
rie is an influential predictor of the current distribu-
tions of our focal species. Developed area, VegPC1, 
and topographic roughness all elicited responses with 
95% CIs that widely overlapped zero (Fig. 3). There 
was a notable negative relationship of the assem-
blage and most species to latitude (Fig. 3), suggesting 
higher occupancy rates in southern sites situated in 
the Arkansas River Valley.

Species detection probabilities were consistently 
low (range 0.04–0.11; Table 1). Conversely, species-
specific estimates of occupancy probability varied 
widely among species, ranging from 0.13 to 0.90, and 
most had wide CIs (Table  1; an expected outcome, 
given that we are focused on uncommon species of 
high conservation concern). All nine species exhib-
ited positive species-specific occupancy relationships 
with prairie mound density and historic prairie area, 
although the low number of detections for some spe-
cies limit inference due to wide CIs (Fig. 4).

Five of the nine species, the Western narrow-
mouth toad, prairie kingsnake, crawfish frog, slender 

Table 1  Summary of prairie-associated herpetofauna detected during surveys of 34 sites in Arkansas from 2018–2020

The values outside parentheses in the # Sites column are the total number of sites at which each species was documented, including 
both survey encounters and verified haphazard encounters, while the values in parentheses are the number of sites where species 
were documented only outside by verified haphazard encounters

Genus Species # Captures # Sites Occupancy Detection
Mean (95% poste-
rior interval)

Mean (95% pos-
terior interval)

Ambystoma texanum Small-mouthed salamander 8 6 (3) 0.51 (0.13–0.89) 0.05 (0.04–0.07)
Ambystoma tigrinum Eastern Tiger salamander 1 1 0.27 (0.03–0.86) 0.04 (0.03–0.07)
Gastrophryne olivacea Western Narrow-mouthed Toad 14 9 (3) 0.13 (0.05–0.56) 0.05 (0.04–0.12)
Lampropeltis calligaster Prairie kingsnake 23 16 (2) 0.90 (0.72–0.95) 0.11 (0.05–0.18)
Lithobates areolatus Crawfish Frog 40 18 (2) 0.68 (0.40–0.90) 0.05 (0.04–0.07)
Ophisaurus attenuatus Slender glass lizard 11 11 (4) 0.69 (0.29–0.93) 0.05 (0.03–0.07)
Plestiodon septentrionalis Prairie skink 2 1 0.26 (0.04–0.82) 0.05 (0.04–0.08)
Regina grahamii Graham’s crayfish snake 3 2 0.28 (0.05–0.82) 0.06 (0.04–0.09)
Terrapene ornata Ornate box turtle 9 9 (3) 0.48 (0.09–0.89) 0.04 (0.03–0.08)
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glass lizard, and ornate box turtle, exhibited strong 
positive relationships with Prairie Mound Density 
(95% CIs not overlapping zero; Fig.  4), indicating 
higher occupancy at sites that have retained prairie 
mounds due to a lack of intense anthropogenic land 
use. In particular, predicted occupancy probability 
of the small-mouthed salamander, prairie kingsnake, 
crawfish frog, slender glass lizard, and ornate box 
turtle increased precipitously to nearly 100% at sites 
with the highest prairie mound densities (Fig. 5).

As in the assemblage-level responses, developed 
area, VegPC1, and topographic roughness generally 
elicited neutral species-specific responses with wide 
CIs.

Naïve species richness, representing site-specific 
raw species counts, for each site ranged from 0 to 6 of 
the 9 prairie-associated species targeted in this study, 
and estimated species richness produced by the com-
munity occupancy model ranged from 0.45 (95% CI 
0.0, 2.0) to 8.3 (6.0, 9.0). Regression relationships 

between species richness and site covariates followed 
patterns seen in the occupancy results, with richness 
being positively related to increasing prairie mound 
density (22.68 (16.36, 29.00)) and historic prairie 
area (12.55 (7.28, 17.82)), and negatively related 
to increasing site latitude (− 0.14 (− 0.28, 0.01)); 
Fig. 6).

Regression relationships between species richness 
and developed land area, vegetation PC1, and topo-
graphic roughness were not significant.

Discussion

Our occupancy analyses suggest that land-use his-
tory, as indicated by the density of prairie mounds, 
is the strongest predictor of prairie-associated spe-
cies presence at the periphery of their distributions. 
Prairie mound density (positive) and latitude (nega-
tive) elicited strong responses both at the assemblage 

Fig. 2  Biplot illustrating relative weights of each vegetation 
metric on Principal Components (PC) 1 and 2 and site-specific 
PC1 and PC2 scores designated with numbers corresponding 
to Fig. 1 site markers. Sites are roughly categorized as North-

west Arkansas Restored Prairie (NW AR Restored Prairie), 
Arkansas River Valley Restored Prairie (AR RV Restored Prai-
rie), Degraded Prairie, and Fort Chaffee sites



 Landsc Ecol

1 3
Vol:. (1234567890)

and species-specific levels, and historic prairie extent 
also appears to have a positive relationship to species 
occupancy in this assemblage. Counter to our pre-
dictions, occupancy was not strongly influenced by 
current vegetation structure (VegPC1) or the nearby 
presence of developed areas. Topographic roughness 
also demonstrated little relationship to species occu-
pancy at both levels. Our results provide insight into 
how conservation efforts might incorporate land-use 
histories to best inform the allocation of restoration 
resources.

We attempted to account for aspects of historical 
habitat conditions and anthropogenic land-use history 
using historic prairie boundaries and prairie mound 
density. We found positive relationships between 
prairie mound density and occupancy probabilities 
at the assemblage level (Fig.  3) and at the species 
level for five of the nine target species (Fig. 4). Our 

prairie mound density results support the findings of 
a targeted study of crawfish frog occupancy, which 
found prairie mound density to be the strongest pre-
dictor of occurrence within a smaller study area in 
extreme northwestern Arkansas (Kross and Willson 
2022). For the four species where we did not observe 
a clear relationship, there were few captures, resulting 
in wide credible intervals and limiting our ability to 
identify meaningful patterns with any covariates.

Historic prairie extent had a positive relationship 
with occupancy at the assemblage level. Yet, historic 
prairie was not a clear predictor for species-specific 
occupancy patterns. We believe this suggests that the 
available projections of historic prairie extent, based 
largely on historical reports, are broadly accurate 
and represent historically viable habitat for our focal 
species. However, current prairie-associated species 
distributions are depressed by the degraded state of 
most historic prairie. Urbanization and conversion 
of historic prairie for agriculture has undoubtedly 
diminished the distributions of prairie-associated spe-
cies over much of their historic ranges in Arkansas, 
but the conservation of relict populations could be 
significantly aided by accounting for historical con-
ditions. We have uncovered populations of prairie-
associated species persisting in previously degraded 
sites, and historic prairie extent, along with prairie 
mound density, can serve as an indicator of where 
other relict populations persist. Additionally, the pres-
ence of many of our target species in large, conser-
vation-managed oak–savanna sites located outside of 
historic prairie boundaries likely dampened species-
specific effects of historic prairie in the model. While 
the stability and management of large sites located 
on an expansive military installation is not replica-
ble for other sites in this study, they provide immense 
value to regional biodiversity as strongholds for spe-
cies facing habitat loss throughout much of the region 
(Hayden 2014).

The consistent negative occupancy relationship 
with latitude reflects the regional range limits of 
some species within the state (e.g., Western narrow-
mouth toad, prairie skink; Trauth et al. 2004) and the 
importance of the large conservation properties in the 
southern portion of our study area to herpetofaunal 
conservation. The larger sites in our study, namely 
the managed prairies and Fort Chaffee sites in the 
Arkansas River Valley, boasted the highest richness 
of our target species. The Arkansas River Valley sites 

Fig. 3  Summary of hyperparameters (mean assemblage 
response) for all species for site (historic prairie area, prairie 
mound density, developed area, vegetation principal compo-
nent 1 [VegPC1], topographic roughness, and latitude) covari-
ates of herpetofauna occupancy and detection from all sites 
in Northwest Arkansas and the Arkansas River Valley, USA 
from 2018–2019. Positive responses to VegPC1 indicate higher 
occupancy at sites with higher visual obstruction and herba-
ceous groundcover, and lower canopy cover and leaf litter 
groundcover. Bars represent 95% credible intervals
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in our study are generally large and contiguous com-
pared to many of the small, isolated prairie remnants 
and conservation areas in the urbanizing regions of 
the Springfield Plateau. Therefore, large, connected 
areas, such as those found in the Arkansas River Val-
ley prairies and oak–savanna sites, are clearly vital for 
the persistence of many species and maintenance of 
overall regional diversity, regardless of historic prai-
rie boundaries. Increasing conservation land area and 
connectivity between existing conservation properties 
in rapidly urbanizing areas of Northwest Arkansas 
should be a high priority in the future, particularly 
when considering species that make seasonal breed-
ing migrations (Todd et al. 2009; Heemeyer and Lan-
noo 2012). However, non-significant assemblage and 
species-specific responses to developed area suggests 
that small, urban preserves can harbor viable popu-
lations of some prairie-associated species. Indeed, 
some species, including the Eastern tiger salamander, 
prairie kingsnake, and Graham’s crayfish snake, were 

found in small conservation properties in rapidly 
developing areas of Benton and Washington Coun-
ties. While not suitable for all species, the modest 
preserves used in our study can support some spe-
cies with small home range requirements, providing 
pockets of diversity amongst increasing urban sprawl 
(Hodgkison et al. 2007; Delaney et al. 2021).

Intense site disturbance for agriculture or develop-
ment alters soil structure, in turn destroying refugia 
such as crayfish burrows, changing local microtopog-
raphy (i.e. removing prairie mounds), and depressing 
species that rely on underground refugia (Battigelli 
et al. 2004; Martinez-Estévez et al. 2013; Swab et al. 
2020). Changes in soil structure, particularly soil 
compaction and the loss of burrows, severely reduce 
habitat quality and can drive population declines in 
species that rely on underground refugia (Shipley and 
Reading 2006; Garden et  al. 2007). Many prairie-
associated herpetofauna are obligate burrow users 
and rely on the availability of underground structure 

Fig. 4  Species-specific 
occupancy responses of 
prairie-associated species to 
historic prairie area, prairie 
mound density, and latitude 
from sampling in North-
west, Arkansas, USA from 
2018–2019. Bars represent 
95% credible intervals
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for foraging, thermoregulation, and hibernacula 
(Heemeyer et al. 2012; Galan and Light 2017; John-
son et al. 2022). Thus, the loss of micro-topographical 
and underground structures resulting from anthropo-
genic land use could drive local extirpation of prairie-
associated species. Furthermore, most herpetofauna 
have limited long-range dispersal ability (Greenberg 
et  al. 1994), and thus may be unable to recolonize 
patches degraded by anthropogenic disturbance, even 
after restoration efforts have reestablished native veg-
etation. The inability of species to recolonize isolated 
restored areas is supported in our study by the non-
significant assemblage and species-specific responses 
to VegPC1. The neutral response to current veg-
etation conditions, along with the strong responses 
to land use covariates, suggest that species in this 
highly fragmented landscape rely on long-term per-
sistence in stable land use rather than recolonization 

of previously degraded, isolated sites. Thus, presence 
of intact prairie mounds, features destroyed by intense 
disturbance, might be useful as a proxy for long-term 
habitat stability and quality that can be used to iden-
tify areas where prairie-associated species are most 
likely to persist (Horwath and Johnson 2006; Kross 
and Willson 2022).

Our findings suggest that landscape-level filters, 
determined by current and historical land use, drive 
distribution patterns of prairie-associated herpeto-
fauna across Northwest Arkansas and the Arkan-
sas River Valley. Our results show that the density 
of remnant prairie mounds, and to a lesser extent, 
historic prairie area are strong predictors of prairie-
associated herpetofauna occupancy. As a topographic 
feature that is easily detected using widely available 
remote sensing data, prairie mound density could be 
a useful metric for rapid, large-scale assessment of 

Fig. 5  Species‐specific responses to prairie mound density, 
with positive relationships indicating higher occupancy at sites 
with higher counts of prairie mounds. **indicates species for 

which greater than 95% of the credible interval did not over-
lap zero; *indicates species for which greater than 75% of the 
credible intervals did not overlap zero
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conservation value for prairie-associated species by 
uncovering remnant populations. Conservation efforts 
targeting the areas that are most likely to harbor rel-
ict populations will most efficiently promote the per-
sistence of prairie-associated species in the region 
without relying on extensive reintroduction efforts 
or natural recolonization in an increasingly frag-
mented landscape. Future research to determine what 
functional significance prairie mounds might have 
for wildlife, rather than simply serving as indicators 
of site suitability, and if that functionality could be 
restored to sites that have lost prairie mounds would 
greatly aid prairie conservation efforts moving for-
ward. Additionally, as prairie restoration in western 
Arkansas continues and suitable sites are identified, 
research should explore the viability of reintroduc-
ing locally extirpated species to historic locales to 
increase local biodiversity and increase connectivity 

between what are currently patchily distributed 
populations.
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