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Abstract

Nearly one in five reptile species is at risk of extinction. Changes in habitat

area, its configuration, and vegetation diversity could affect habitat use, but

their relative importance is understudied. We assessed how these factors

affected reptile presence in agricultural landscapes figure in Iowa,

United States, using 695 cover boards visited 16,441 times in 2015–2020.
Species-wise encounter rates ranged 0.0001–0.012. Eight of 11 species and

54.2% of individuals were species of greatest conservation need. Habitat area,

configuration, and vegetation diversity influenced reptile presence similarly.

Mean patch occupancy was 0.18 for common garter snake (CG, Thamnophis

sirtalis) and 0.45 for all snakes (AS). Naïve presence was explained by effort

(odds ratio [OR]AS = 1.83, ORCG = 1.79), vegetation diversity (ORAS = 1.28,

ORCG = 1.28), woody cover (ORAS = 1.24, ORCG = 1.41), and patch size

(ORAS = 1.30). Large patch prairies were more likely to contain snakes than

other conservation practices (brencounter= 0.291), and more likely to contain CG

(0.098) than prairie contour strips (0.031), waterways (0.018), grass contour

strips (0.016), or terraces (0.015). While we documented low overall reptile

presence, their higher presence in large prairie patches underscores the impor-

tance of core nature reserves for reptile conservation.
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1 | INTRODUCTION

Worldwide, nearly one in five reptile species is at risk of
extinction from effects of habitat loss, agricultural opera-
tions, urban development, and other modifications of nat-
ural systems (Böhm et al., 2013). Consistent with this
trend, North American grassland snakes appear to be

undergoing declines (Brodman et al., 2002; Busby &
Parmelee, 1996; Cagle, 2008). While a systematic review of
their population dynamics is lacking, the grasslands they
depend on have largely been replaced by agricultural land
uses (Gallant et al., 2011; Samson & Knopf, 2006; White
et al., 2000; Wright & Wimberly, 2013); 71.2% of the tall-
grass prairie that existed at the time of Euro-American
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colonization in the United States has been converted to
cropland (White et al., 2000).

The process by which large areas of contiguous habi-
tat, such as North America's historical tallgrass prairie,
becomes fragmented occurs though five mechanisms
(Fahrig, 2003): habitat loss, decreased patch size,
increased patch isolation, increased number of patches,
and an increase in perimeter to area ratio (i.e., “increase
in edge”). In the Habitat Amount Hypothesis, Fahrig
(2013) argued that reduced species richness attributed to
habitat fragmentation was fundamentally due to reduced
habitat area, and all other metrics of fragmentation were
unnecessary. This hypothesis and related processes are
still active areas of research (Fahrig, 2017; Fletcher
et al., 2018).

Habitat amount on the landscape has been demon-
strated to be important for grassland snakes. Pernetta
(2009) found that landscape grassland percentage sur-
rounding heath patches was among the best predictors of
the presence of the smooth snake (Coronella austriaca) in
the United Kingdom, and Kapfer et al. (2010) found that
home range sizes of bullsnakes (Pituophis catenifer sayi)
increased as the amount of habitat on the landscape
decreased in Wisconsin, United States.

The effect of habitat configuration on snake occur-
rence or habitat preference has been investigated by sev-
eral authors. For example, small nature reserves were
inadequate by themselves for large-ranging snakes who
must venture outside of small patches to forage or look
for mates (Driscoll, 2004; Nordberg et al., 2021) and for
habitat specialists restricted from immigrating due to an
inability to cross the matrix between isolated patches
(Pernetta et al., 2011). Importantly, Pernetta (2009) found
that patch size and habitat amount on the landscape
were both predictive of snake presence, demonstrating a
habitat amount effect at multiple scales simultaneously.
We were unable to locate any studies investigating the
effect of patch number on snake occurrence or habitat
preference, but edge effects have been demonstrated to
be important to snake habitat use. Carfagno and Weath-
erhead (2006) found that forest edges were preferred by
Texas rat snakes (Pantherophis obsoletus) and racers
(Coluber constrictor) in some regions, but not others.
Studies on grassland snake use of edge habitat are less
common, but DeGregorio et al. (2011) showed that east-
ern massasaugas (Sistrurus catenatus) and eastern foxs-
nakes (Pantherophis vulpinus) were both associated with
forest-grassland edge habitats using different selection
techniques. Whatever the specific mechanism, the pro-
cess of fragmentation is typically viewed as detrimental
to habitat quality, with the resulting small, isolated
patches suspected as population sinks or ecological traps
(Robertson & Hutto, 2006).

Aside from habitat amount and configuration, vegeta-
tion diversity may also be an important aspect of habitat
quality. Two recent studies investigated the effect vegeta-
tion diversity had on snake abundance. Glass and Eich-
holz (2022) found that the relative proportion of forbs to
grasses was an important predictor of snake relative
abundance in Illinois, US grasslands. Mizsei et al. (2020)
found that directly measured vegetation Shannon diver-
sity had a negative relationship with abundance of
meadow vipers (Vipera ursinii) and had no effect on three
species of lizards in Hungary.

Reptiles are the second most imperiled taxa in Iowa,
United States, with 83% of snake species and 100% of liz-
ard species listed as state species of greatest conservation
need (Iowa Department of Natural Resources, 2015).
Iowa furthermore has some of the most extensively frag-
mented grasslands in North America (Gallant et al., 2011;
Smith, 1998; Wright & Wimberly, 2013), with very little
perennial vegetation and patch sizes ranging from thou-
sandths to thousands of hectares. Previous work
(Lawrence et al., 2018; Steen et al., 2012) has focused on
more intact landscapes (but see Kjoss & Litvaitis, 2001;
Knoot & Best, 2011) or has not investigated effects of
small patches (Cagle, 2008), but Iowa landscapes provide
access to a spectrum of patch sizes. Agricultural
grasslands in the region are furthermore dominated by
cool-season exotic plant species, with scattered patches
containing high-diversity prairie reconstructions. These
ranges of habitat amount, configuration, and vegetation
diversity offer an opportunity to compare the relative
importance of these three aspects of snake habitat
quality.

A variety of perennial vegetation conservation prac-
tices have been available to farmers for decades
(Appendix S4), but relatively few studies of their habitat
value for reptiles have been conducted (but see Kjoss &
Litvaitis, 2001; Knoot & Best, 2011). Contour or buffer
strips of prairie vegetation are a more recently available
conservation practice and have been demonstrated to
provide multiple ecological services (Schulte et al., 2017),
including bird habitat, but no assessment has been made
on their quality as reptile habitat. A better understanding
of how snakes and lizards utilize new and existing con-
servation practices may improve wildlife managers' abil-
ity to conserve these taxa.

Our goals were to compare the relative importance of
habitat amount, habitat configuration, and vegetation
diversity on reptile presence in agricultural landscapes
and to determine relative usage of agricultural conserva-
tion practices by snakes and lizards in the Midwestern
United States. We also sought to fill a gap in knowledge
of the relative importance of habitat characteristics to
snakes in the Midwestern US region broadly, and to
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assess the relative habitat value of specific agricultural
conservation practices to snakes. To accomplish these
goals, we estimated reptile occupancy and presence
across a range of landscape grassland amounts, configu-
rations, and vegetative diversities in small conservation
practices (0.05–8 ha), on commercial-scale corn and soy
farms, and on larger grassland restorations (8.1–60 ha)
designed explicitly as nature reserves. We developed mul-
tiple competing hypotheses (Chamberlin, 1890) with
mechanistic predictions on how habitat amount, configu-
ration, and vegetative diversity could affect snake habitat
use (Appendix S2), meeting the call for such predictions
presented by Fletcher et al. (2018). We posited that if bio-
diversity is affected by habitat amount on the landscape,
then the occurrence rates of individual species could be
similarly affected, since species occurrences summed
across a community forms the higher-order measures of
biodiversity.

2 | METHODS

2.1 | Study sites

Our study sites were located within 100 km of Ames,
Iowa, United States (Appendix S5) on row-crop farms
growing corn (Zea mays) and soybeans (Glycine max) in
monocultures for commercial production, using conven-
tional practices for the region. Study sites were opportu-
nistically selected for presence of prairie strips, contour
grass strips, or large patch grasslands and most contained
multiple conservation practices (Appendix S4). We
defined conservation practices as prairie if they averaged
at least 15 native plant species in more than half of vege-
tation surveys. Prairie patches contained plant species
such as big bluestem (Andropogon gerardi), little blue-
stem (Schizachyrium scoparium), wild bergamot
(Monarda fistulosa), grayhead prairie coneflower (Rati-
bida pinnata), and golden alexanders (Zizia aurea) and
non-prairie grasslands were dominated by cool-season
exotic species such as smooth brome (Bromus inermis),
reed canary grass (Phalaris arundinacea), Timothy grass
(Phleum pratense) and Kentucky bluestem (Poa
pratensis).

Landscapes surrounding farm sites were character-
ized by many small, low-diversity, isolated patches such
as road ditches, grassed waterways, contour grass strips,
grass filter strips, and grassed terraces, and most sites
contained high-diversity prairie strips ranging from 0 to
12 years in age. The land cover within 1 km of our sites
averaged 63.1% row crop (28.6–84.8%), 25.2% grassland
(11.1–51.1%), 7.7% woody (0.9–15.6%), 3.1% developed
(1.2–6.1%), and 0.9% water (0.16–2.7%) and landscapes

had average patch sizes of 1–7 ha. The two large patch
grassland sites were more internally intact with mid-
high-diversity plantings of 40–60 ha, a typical size for pri-
vate prairie restorations in Iowa, and were also situated
in more intact landscapes with higher percentages of
grassland or forest cover.

2.2 | Sampling design

All grassy areas of farms were included in stratified sam-
pling frames to determine locations for cover board artifi-
cial cover objects. In 2015, a sampling frame consisted of
all grassy areas in a crop field, within which we randomly
placed 12 cover boards a minimum of 10 m apart. This
resulted in unequal sampling effort per conservation
practice; thus, in 2016, we switched from fields to individ-
ual conservation practices as the sampling frame and
located three cover boards at least 10 m apart in each
conservation practice. Conservation practices were
defined by vegetation community, management history,
conservation purpose (Appendix S1) and edges with non-
habitat areas (crop, roads, and water bodies). Monolithic
conservation practices such as full-field restorations or
large filter strips were broken into equal-area sampling
frames no larger than 8 ha.

We rebalanced our sites in 2017 because we lost
access to one private farm (MCC) and establishment-
phase mowing of prairie strips continued longer than
anticipated on other farms (GUT, RHO, WHI, and WOR;
Appendix S4). To compensate, we added one site (INH)
that contained a large prairie strip that would not be
mowed and a large site (NIR) that contained many
grassed terraces, which were limited at our existing sites.
We also added two large patch prairie sites (SPI and
TER). The final analysis contained data from 15 sites over
6 years for a combined total of 70 site “survey-years”
(years individual sites were visited). Not all sites were
used in every year and survey effort varied among sites
and years (Table S3).

2.3 | Field methods

Cover boards were made from 1.27 cm thick 3-ply ply-
wood or ordinated-strand board. The large majority were
0.6 m by 1.2 m with a few boards 0.85 m by 0.85 m, but
all with the same area of 0.72 m2. From 2016 to 2020
cover board locations were not altered, with boards
replaced in the spring every 2–4 years. Cover boards were
checked opportunistically when researchers were on-site
between April and November 2015–2019; all coverboards
were checked weekly in 2020.
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When a board was checked, all reptiles present were
counted and, when possible, captured to record age, sex,
total length, snout-vent length, and mass. Snakes could
generally be identified to species without capture, with
the exception of some garter snakes (Thamnophis sp.).
Snakes displaying clinical symptoms of Snake Fungal
Disease (Allender et al., 2015; Clark et al., 2011) were dis-
covered at multiple sites in 2016, so starting in 2017 any
gear that contacted a study animal was sanitized with
99.8% isopropyl alcohol wipes between captures and
hands were sanitized with 70% ethanol liquid hand sani-
tizer (Purell Advanced Hand Sanitizer, GOJO Industries,
Inc., Akron, Ohio, USA). This study was conducted under
Institutional Animal Care and Use Committee log num-
ber 2-16-8204-J.

We collected vegetation data in August of the first
year a site was used and in 2019, or the last year a site
was used. We placed a 1 m2 quadrat by each cover board
directly next to the least trampled long edge and esti-
mated coverages of each plant species present and
repeated 5 m away in the 0�, 120�, and 240� azimuthal
directions. We also measured vegetation visual obstruc-
tion (as a correlate to vegetation density) using the Robel
method (Robel et al., 1970) from approximately 1 m off
the ground 5 m away from four directions.

Weather data were summarized from raw data down-
loaded from the Automated Surface Observing System
(National Weather Service, 2022). Cover board check
times were matched to the nearest weather station that
gathered data for that timeframe, with mean site-
to-station distance of 65.5 km (standard deviation
[SD] = 21.9).

2.4 | Statistical methods

All analyses were conducted in R version 4.0-4.2
(R Foundation for Statistical Computing, 2020). To com-
pare reptile diversity among conservation practices while
accounting for unequal sampling effort, we used package
“Rarefy” (Thouverai et al., 2021) to calculate a spatially
explicit richness rarefaction curve (Chao et al., 2014;
Chiarucci et al., 2009) where each sample was one cover
board visit.

All spatial data were curated in spatial software
(ArcGIS Desktop 10.1–10.5, ESRI, Redlands, CA) and
spatial measurements were conducted in R with packages
“landscapemetrics,” “rgeos,” and “raster” (Bivand
et al., 2017; Hesselbarth et al., 2019; Hijmans et al., 2022).
A categorical land cover map was hand-digitized for each
site based on high-resolution National Agricultural Imag-
ery Program aerial imagery (Farm Service Agency, 2021)
and light detection and ranging imagery (Iowa LiDAR

Consortium, 2021), and verified in-person. Differing
amounts of grass land cover at our study sites was con-
trolled for using interaction effects to isolate effects of
configuration from the effect of habitat area.

Patch-level detection and occupancy were estimated
using a maximum-likelihood framework (MacKenzie
et al., 2002) in package “unmarked” (Fiske &
Chandler, 2011). Primary periods were years (2015–
2020), and secondary periods were weeks within the year.
Each line of data (n = 1) represented all cover boards
(median = 3) in a single conservation practice or portion
of a conservation practice larger than 8 ha for a single
year (one “patch survey-year”). A detection under any
board in a conservation practice counted as a detection
for that patch and secondary period. Variable effort
among patch survey-years was captured through inclu-
sion of the “board_flips” covariate on detection (Table 1).

Our covariate list (Table 1) was composed of variables
from our a priori list of hypotheses (Appendix S2) and
additional expert opinion variables thought to be impor-
tant to occupancy to reduce un-modeled variation and
improve our ability to resolve the relationships outlined
in our hypotheses. Expert opinion variables included con-
founding variables (quadrats_mowed_percent), those
found to be important in similar studies (woody_cov-
er_ppn_##_m_r) (Glass & Eichholz, 2022), or those
related to potential overwintering habitat (develo-
ped_##_m_r_ppn, distance_to_water_meters). Detection
covariates included effort (number of board-turns), time
of year, mean temperature, cloudiness, and total precipi-
tation. Covariates on occupancy and naïve presence
included vegetation richness and density, landscape con-
figuration, and habitat area variables. Covariates on habi-
tat amount and configuration were measured at
ecologically relevant radii based on published home
ranges (Fahrig, 2017). Habitat area variables included the
proportion of the landscape in grassy, woody, and devel-
oped land cover. Habitat configuration variables included
patch area, patch nearest neighbor, edge density, number
of patches, and interactions with grass habitat amount.
For common garter snakes, we used 650 m as the radius
of interest (“##_m_r”) to center on one mean home
range of 5.2 ha (Macartney et al., 1988) plus one rank of
neighboring 5.2 ha home ranges. We also used a 650 m
radius for snakes as a group, as common garter snakes
were the most frequently encountered species. The sec-
ond and third most commonly encountered species, west-
ern foxsnake and prairie ringneck snake, respectively had
larger and smaller home ranges.

Very low detection rate estimates led us to also esti-
mate naïve presence for each board survey-year using a
generalized linear mixed model (GLMM) in package
“glmmTMB” (Brooks et al., 2017) where presence was
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modeled as a binary response variable (presence/
absence). Each line of data (n = 1) represented the aggre-
gated result of multiple visits to a single board over a cal-
endar year (a “board survey-year”). Covariates on
presence were the same as those in the occupancy model,
including the number of times each board was visited
that year (Equation S2, Appendix S3). To control for spa-
tial autocorrelation and pseudo-replication, we included
random effects for site and cover board.

For both modeling approaches, we developed a fully
parameterized global model and vetted them against
model assumptions (after Zuur et al., 2010, see
Appendix S1), removing a small number of variables that
caused the model to substantially violate model assump-
tions. Log transformations were used for all explanatory
variables unless residuals indicated a lack-of-fit.

After vetting the preferred global model (Appendix S1),
additional expert opinion variables were eliminated if they
did not improve model AICc to keep the all-subsets model
list within computational limits. Goodness of fit for the
single-season occupancy global model was assessed with a
parametric bootstrap implemented in “unmarked” (Fiske &
Chandler, 2011) and the naïve presence global model was
assessed as R2

GLMM using the delta method (ptb>t0,
Nakagawa et al., 2017). To compare the effect size of each
variable on the parameter of interest, we exponentiated the
beta parameter estimates from the global model and their
95% confidence intervals (CI) to give odds ratios (OR) to
express effect size and direction (Rita & Komonen, 2008).
Because all variables were centered and scaled, their effect
sizes were directly comparable (Schielzeth, 2010).

To predict occupancy and presence across conserva-
tion practices and other variables of interest, we then
developed a model list of all possible subsets of the global
model, fit each model, and calculated an AICc value
(Burnham & Anderson, 2002). To reduce the number of
models and improve computation time, we then trimmed
the all-subsets model list to those models comprising 95%
of the cumulative AICc model. Using this model list, we
predicted the parameter of interest (and associated stan-
dard error) for each model at the observed mean values
for each conservation practice. We then calculated
weighted averages of the predictions using AICc model
weight and made predictions across the range of observed
values for variables of interest.

We were able to make meaningful estimates of pres-
ence for all snakes as a functional group and for the most
common species (common garter snake). Although the
predictions were less informative, we also include results
for western foxsnake, ringneck snake, Dekay's brown
snake, and Northern prairie skink as baseline data
(Appendix S5). We present 90% CI on presence estimates
to improve our ability to highlight subtle relationships inT
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a complicated system, while acknowledging this
increases the Type I error rate compared to an alpha level
of 0.05, and thus interpretation of the results should be
treated appropriately. Because all our sites were privately
owned, we present summary statistics by site code or
county to protect the owners' identity. Project raw data,
formatted data, and analysis code are available at https://
doi.org/10.25380/iastate.25250839.

3 | RESULTS

We flipped 695 cover boards at 15 sites a total of 16,441
times from 2015 to 2020. In years sites were used (not all
sites were used each year), sites were visited 1–30 days
per year (mean = 11.4, SD = 7.1; Appendix S4) and indi-
vidual boards were checked 1–21 (mean = 6.4, SD = 4.5)
times per year. We encountered 10 species of snakes and
one species of lizard, but encounter rates were very low
(Appendix S4), with non-zero species-by-county board-
flip encounter rates ranging from 0.0002 to 0.12. Project-
wide encounter rates were highest for common garter

snakes (0.012) and western foxsnakes (0.0069) and lowest
for bullsnakes, smooth green snakes, and western ribbon
snakes with a single capture each (0.0001). Seven of the
10 species of snakes and the only lizard species we
encountered (Appendix S4) were Iowa species of greatest
conservation need (Iowa Department of Natural
Resources, 2015). Species of greatest conservation need
thus comprised 54.2% of encounters.

Uncorrected richness varied from one to seven species
per county, and species richness per 100 board-flips var-
ied from a low of 0.15 after 4713 board-flips to a high of
1.78 after 338 board-flips. We used a richness rarefaction
curve to correct for unequal sampling effort (Figure 1a)
and found that large patches of prairie and grass had the
highest species richness (5.5–6) after 381 visits; prairie
contour strips, grass contour strips, grass filter strips, and
grassed waterways had intermediate (2.1–3.2) species
richness; and grassed terraces had the lowest species rich-
ness (1.7; Figure 1b); the same relationships held at more
than double the number of board visits (Figure 1c). Spe-
cies accumulation leveled off (Figure 1a) for grassed
waterways, grass contour strips, prairie contour strips,

FIGURE 1 Rarefaction

curve of reptile species richness

by cover board and conservation

practice where each sample is

one cover board visit. All

conservation practices were

rarefied to their maximum

number of board-turns (a) and

equal-effort estimates of

richness with 95% confidence

intervals for the conservation

practice with the lowest (b) and

second lowest (c) number of

board-turns. “Grass” practices
were dominated by low

diversity, nonnative, cool-season

plant species, while “prairie”
practices were composed of

higher diversity, native plant

species.
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and prairie large patches, but did not clearly do so for
grassed terraces, grass filter strips, or large grass patches,
suggesting we may have found more species in the latter
practices with greater sampling effort.

3.1 | Single-season occupancy

We used the same single-season occupancy global model
(Equation S1, Appendix S3) for snakes as a group and
common garter snakes. The mean predicted occupancy
rates from the global model were 0.46 for snakes as a
group (prediction interval [PI] 95% = 0.33–0.59) and 0.18
for common garter snakes (PI95% = 0.08–0.34). Mean
detection rates predicted from the global model were 0.12
for snakes as a group (PI95% = 0.09–0.16) and 0.08 for
common garter snakes (PI95% = 0.05–0.14). When we
attempted to fit all subset models for both snakes as a
group and for common garter snakes, many combina-
tions of variables failed to estimate due to low detection
rates (Durso et al., 2011; Steen, 2010). Because of this, we
limited our exploration of detection-corrected occupancy
to the global model and simplified our approach for mak-
ing individual covariate predictions to naïve presence
using a GLMM to allow variable importance to factor
into effect sizes. We present implications of this decision
in the discussion.

3.1.1 | Occupancy for snakes as a group

We encountered at least one snake in 241 of 851 patch
survey-years and at every site. The detection-corrected
global model for snakes as a group fit the data well
(ptb>t0 = 0.56) and predictions made from the global
model using the input data produced mean occupancy
estimates by patch for all snake species combined of
0.45 (range = 0.23–0.90, SD = 0.12). The global model
contained two significant covariates: patch nearest
neighbor (OR = 1.61, CI90% = 1.13–2.31) and amount of
developed land cover nearby (OR = 0.75, CI90% = 0.60–
0.93; Figure 2). The only significant predictor of detec-
tion probability was number of board-flips per week
(OR = 1.21, CI90% = 1.14–1.30; Figure 2).

3.1.2 | Occupancy for common garter snake

We encountered common garter snakes in 76 of 851 patch
survey-years and at 13 of 15 sites. The detection-corrected
occupancy global model for common garter snakes fit the
data well (ptb>t0 = .47) and predictions made from
the global model using the input data produced mean
occupancy estimates by patch for common garter snakes
of 0.18 (range = 0.03–0.79, SD = 0.13). Important covari-
ates on occupancy in the global model included

FIGURE 2 Snake suborder

single-season detection and

occupancy effect sizes expressed

as odds ratios with 90%

confidence intervals (CI).

Bolded CI do not cross one and

were significant at α = 0.1.
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developed land cover within 650 m (OR = 0.68,
CI90% = 0.50–0.92), distance to nearest water body
(OR = 1.38, CI90% = 1.01–1.89), patch nearest neighbor
(OR = 1.52, CI90% = 1.03–2.24), and patch count within
650 m interacting with grass land cover amount (OR = 1.72,
CI90% = 1.13–2.60; Figure 3). The only important predictor of
detection probability was number of board-flips per week
(OR = 1.30, CI90% = 1.12–1.50; Figure 3).

3.2 | Presence

3.2.1 | Snakes as a group

We encountered at least one species of snake in 336 of
2845 board-years and at every site. The naïve presence
global model explained 10.6% (marginal) and 18.6% (con-
ditional) of the variance in the data. Random effect SDs
were 0.79 (site_abbreviation) and 0.23 (coverboardID)
with individual intercepts for the site ranging from �1.3
(SMI) to 1.2 (WOR) (Appendix S5). After fitting all possi-
ble subset models of the global model, we trimmed the
model list to the 454 models containing the top 95% of
the AICc model weight.

There were several significant covariates in the naïve
presence global model (Figure 4). Interactions between

grassland habitat amount and edge density (OR = 0.68,
CI90% = 0.50–0.92; Figure 5a,b) and patch area
(OR = 1.30, CI90% = 1.08–1.56; Figure 5c); developed
land cover within 650 m (OR = 0.70, CI90% = 0.58–0.86;
Figure 5d); vegetation visual obstruction (OR = 0.88,
CI90% = 0.78–1.00; Figure 5e); vegetation diversity
(OR = 1.28, CI90% = 1.12–1.46; Figure 5f); and survey
effort (OR = 1.83, CI90% = 1.62–2.06; Figure 5g) were all
significant at α = .1, although the predicted change in
probability of presence for snakes as a group was mini-
mal for several covariates (Figure 5).

Large patch prairies were more likely to have snakes
present (0.29, CI90% = 0.19–0.42; Figure 5h) than other
conservation practices. Other conservation practices were
all approximately equally as likely (0.07–0.13, CI90%
_total = 0.04–0.19) to have snakes present under an aver-
age board in a given year (Figure 5h).

3.2.2 | Common garter snake

We encountered at least one common garter snake in
116 of 2845 board-years and in every study site county
except Linn and Audubon (Table S4, Appendix S4). The
naïve presence global model explained 6.8% (marginal)
and 10.4% (conditional) of the variance in the data.

FIGURE 3 Common garter

snake (Thamnophis sirtalis)

single-season detection and

occupancy effect sizes expressed

as odds ratios with 90%

confidence intervals (CI).

Bolded CI do not cross one and

were significant at α = .1.

STEPHENSON ET AL. 9 of 16

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.13100 by Iow

a State U
niversity L

ibrary, W
iley O

nline L
ibrary on [25/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Random effect SDs were 0.77 (site_abbreviation) and
0.0001 (coverboardID) with individual intercepts for the
site ranging from �1.0 (SMI) to 1.1 (TER) (Appendix S5).
After fitting all possible subset models of the global
model, we trimmed the model list to the 1240 models
comprising the top 95% of the AICc model weight.

There were several significant terms in the naïve pres-
ence global model (Figure 6). Edge density interacting
with grassland amount (OR = 0.60, CI90% = 0.38–0.94;
Figure 7a,b), as well as main effects for edge density
(OR = 0.60, CI90% = 0.37–0.97), vegetation visual obstruc-
tion (OR = 0.83, CI90% = 0.68–1.00; Figure 7e) vegetation
diversity (OR = 1.28, CI90% = 1.03–1.60; Figure 7f), and
survey effort (OR = 1.79, CI90% = 1.48–2.15; Figure 7g)
were all significant at α = .1, although the predicted
change in probability of common garter snake presence
was minimal for several covariates (Figure 7).

Large patch prairies were more likely to have com-
mon garter snakes present (0.10, CI90% = 0.05–0.21) than
prairie contour strips (0.03, CI90% = 0.02–0.06), grassed
waterways (0.02, CI90% = 0.01–0.03), contour strips (0.02,
CI90% = 0.01–0.03), or terraces (0.01, CI90% = 0.006–
0.029), but had similar probabilities of presence as large
patch grasslands (0.06, CI90% = 0.03–0.10) and grass filter
strips (0.04, CI90% = 0.02–0.08; Figure 7h).

4 | DISCUSSION

We found low occurrence and diversity of snakes and liz-
ards in perennial conservation practices in extensively
cropped landscapes in Iowa, United States. Many of the
species we encountered were historically locally abun-
dant over a large geographic range in several habitats
(Iowa Department of Natural Resources, 2015;
Rabinowitz, 1981). Their relative absence from our study
sites is indicative of the degree of habitat alteration, and
their inability to adapt to the novel, highly fragmented
landscapes with a low amount of habitat. Larger prairie
reconstructions seemed to be the core snake habitat at
sites we surveyed, with significantly higher presence
(Figures 5h and 7h) and richness (Figure 1c) than smal-
ler, more fragmented conservation practices. Our conser-
vation practice sampling was imbalanced, however, with
only two large prairie sites and inference to other study
systems is limited due to non-random site selection. Due
to a dearth of research on reptiles in agricultural land-
scapes, there are few studies to compare to our results.
We found fewer snakes in grassed waterways (Figures 5h
and 7h) than Knoot and Best (2011), who estimated a
77% occupancy rate for snakes as a group and 58% occu-
pancy for common garter snakes in one southeastern

FIGURE 4 Snake suborder

presence effect sizes expressed

as odds ratios with 90%

confidence intervals (CI).

Bolded CI do not cross one and

were significant at α = .1. A one

standard deviation (SD) change

(right axis) in the predictor

variable multiplied the odds of

apparent occupancy by the

effect size. SDs not listed for

interaction terms.

10 of 16 STEPHENSON ET AL.

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.13100 by Iow

a State U
niversity L

ibrary, W
iley O

nline L
ibrary on [25/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Iowa county. Glass and Eichholz (2022) estimated
detection-corrected occupancy rates of 0.12–0.86 for eight
snake species in nearby southern Illinois, United States.
Their study landscape was substantially different from
ours, however, being conducted on a single 1824 ha state
wildlife management area with up to 75% trees
within 400 m.

One explanation for why snake presence was low in
conservation practices could be that patches without
hibernacula underwent annual extinctions and had low
recolonization rates. Harvey and Weatherhead (2006)
found that for eastern Massasaugas in Ontario, Canada,
microhabitats such as refugia and hibernacula were bet-
ter at describing habitat selection than landscape-scale
habitat variables. Within-patch woody cover was the best

predictor of snake presence in a study in southern Illinois
(Glass & Eichholz, 2022).

The effect of missing microhabitats could be com-
pounded by a hypothesized reluctance among snakes and
lizards to cross barren crop ground in the spring, result-
ing in low recolonization rates (Appendix S2). Our results
provided only mixed support for this hypothesis. Our iso-
lation metric—patch nearest neighbor—was a significant
positive predictor of detection-corrected occupancy for
both snakes as a group and common garter snakes
(Figures 2 and 3), but with a non-significant negative
effect on naïve presence for snakes as a group and only a
weak negative effect with broadly overlapping CI for
common garter snake naïve presence (Figures 4 and 6).
On balance, the evidence was stronger for a positive

FIGURE 5 Snake suborder

board survey-year presence

predicted by (a) edge density

within 650 m, (b) grassland

habitat amount within 650 m,

(c) patch area, (d) developed

land cover within 650 m,

(e) visual obstruction as a

correlate of vegetation density,

(f) plant species richness,

(g) number of visits, and (h) by

conservation practice. Ninety

percent prediction intervals are

indicated by the shaded area (a–
g) and whiskers (h). Groups that

do not share letters were

significantly different at α = .1

(h). “Grass” practices were
dominated by low diversity,

nonnative, cool-season plant

species, while “prairie” practices
were composed of higher

diversity, native plant

species (h).
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effect of patch isolation on occupancy. Our single-season
detection-corrected occupancy analysis for this variable
may not have captured some important nuance, however:
for snakes as a group, only 2 of the 19 patch survey-years
(six patches at four sites) with a patch nearest neighbor
distance more than one SD above the mean had captures
in consecutive years. This suggests that snakes that colo-
nized the most isolated patches were recaptured repeat-
edly over the season but did not overwinter or return the
next year. We were unable to test this hypothesis using a
multi-year robust design occupancy framework due to
low detection rates.

Unwillingness to cross a hostile matrix has been
proposed as a driver of snake occupancy. For example,
Pernetta et al. (2011) found evidence of genetic isolation
of the smooth snake (C. austriaca) in southern England,
indicating a persistent inability to cross modest (<6 km)
distances of non-habitat. A prior patch occupancy study,
however, Pernetta (2009) indicated that patch size and
habitat amount were more important than isolation.
Prugh et al. (2008), in an exhaustive meta-analysis, fur-
thermore found that patch size and isolation were both
generally poor predictors of species' presence, although
they did find that when isolation was predictive, the type
of land cover in the intervening matrix had a strong effect
on the sensitivity of species to patch isolation.

Regarding the Habitat Amount Hypothesis
(Fahrig, 2013), our data suggest that configuration mat-
ters. We did not find a strong effect of grassland habitat
amount on snake occupancy (Figures 2 and 3) or pres-
ence (Figures 4 and 6), but we did consistently see a
strong interaction effect between grassland habitat
amount and edge density (Figures 5a,b and 7a,b). We
expect that having large amounts of habitat or low-
edge-density landscapes were not enough separately;
snakes in our study landscapes needed both high habitat
amounts and low-edge densities to be present at higher
rates. This could be another indication that snakes
avoided barren crop ground. We also found weak positive
effects of woody land cover amount (Figures 4 and 6) and
similarly weak negative effects of developed land cover
proportion on overall snake presence (Figures 5d and
7d), although not significantly so for common garter
snakes. These trends were also present in our detection-
corrected occupancy analysis (Figures 2 and 3) and gen-
erally agreed with Glass and Eichholz (2022), who found
snake relative abundance increased with the amount of
woody and grass cover within 400 m.

We encountered snakes more frequently in high grass
land cover landscapes that had larger patches of prairie
or grass cover, but patch size did not have an ecologically
meaningful effect in low grass land cover landscapes

FIGURE 6 Common garter

snake (Thamnophis sirtalis)

presence effect sizes expressed

as odds ratios with 90%

confidence intervals (CI).

Bolded CI do not cross one and

were significant at α = .1. A one

standard deviation (SD) change

(right axis) in the predictor

variable multiplied the odds of

apparent occupancy by the

effect size. SDs not listed for

interaction terms.
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(Figure 5c). There was no ecologically meaningful effect
of patch size on common garter snake presence
(Figure 7c). Patch size also had a weakly positive, but not
statistically significant, effect for snakes as a group and
common garter snakes in our detection-corrected occu-
pancy models (Figures 2 and 3). Our finding of patch size
as a modest predictor of snake occupancy agreed with
similar studies on snakes (Kjoss & Litvaitis, 2001;
Pernetta, 2009), but not a larger meta-analysis that
included many vertebrate (including 50 species of lizard,
but not snake) and invertebrate taxa (Prugh et al., 2008).

Vegetation richness was a significant positive predic-
tor of snake presence, with a modest effect size for snakes
as a group (Figure 5f) and a weak effect for common
garter snakes (Figure 7f). Vegetation richness was not a

significant variable in our global model for
detection-corrected occupancy (Figures 2 and 3). We
could only locate one other test of directly measured
plant species richness on the presence or abundance of
snakes or lizards, although other studies have hinted at
such an effect. Mizsei et al. (2020) found that vegetation
Shannon diversity negatively predicted the presence of
meadow vipers (V. ursinii) in Europe, but was not predic-
tive for three species of lizards. Glass and Eichholz (2022)
found that snake relative abundance decreased with forb
percent cover, which could be positively correlated with
vegetation diversity in our study landscapes.

Despite considerable survey effort, our ability to fit
subset models of our occupancy global model was ham-
pered by low detection rates (Durso et al., 2011;

FIGURE 7 Common garter

snake (Thamnophis sirtalis)

board survey-year presence

predicted by (a) edge density

within 650 m, (b) grassland

habitat amount within 650 m,

(c) patch size, (d) developed

land cover within 650 m,

(e) visual obstruction as a

correlate of vegetation density,

(f) plant species richness,

(g) number of visits, and by

(h) conservation practice. Ninety

percent prediction intervals are

indicated by the shaded area (a–
g) and whiskers (h). Groups that

do not share letters were

significantly different at α = .1

(h). “Grass” practices were
dominated by low diversity,

nonnative, cool-season plant

species, while “prairie” practices
were composed of higher

diversity, native plant

species (h).
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Steen, 2010), limiting our ability to examine collinear
habitat variables in isolation from one another. To avoid
further simplifying the global model and lose our ability
to tease apart collinear effects, we chose to examine indi-
vidual variables in a simple presence framework. While
this limited our ability to partition variation due to detec-
tion probability, the occupancy global model fit the data
well with only survey effort and weather as detection-
related covariates. Weather was unbiased toward any of
our predictor variables, and we included survey effort as
a variable in our presence model to account for unequal
sampling effort.

In addition to low detection rates, the rarity of indi-
vidual species also caused us to analyze all snakes as a
single taxonomic group rather than as individual species,
with the exception of common garter snakes, the most
common species we encountered. This decision was vali-
dated by an improved model fit for snakes as a group
compared with our largest single-species group, indicat-
ing that lumping species together gained more in sample
size than it sacrificed in noise due to differences among
species (Smith et al., 2019). We expect the results of our
analysis on presence of snakes as a taxonomic group to
be useful to conservation planners specifically because it
is broad (Norton, 1998). The results provided by such a
combined study highlight the commonalities among spe-
cies that are more similar to one another in physiology,
dispersal, and life-history requirements than to other tax-
onomic groups that are more common conservation foci
(Smith et al., 2019).

Future studies may benefit from higher detection
rates, perhaps from locating study sites in landscapes
expected to have larger snake and lizard populations, or
by integrating multiple survey protocols such as drift
fences, pitfall traps, metal artificial cover objects, or
visual encounter surveys. Using multiple survey tech-
niques could also increase the likelihood of finding spe-
cies that rarely use cover boards or other artificial cover
objects.

In this study, we provide evidence that snakes and liz-
ards occur in agricultural conservation practices at low
rates compared with larger patches of restored prairie.
Habitat area, configuration, and vegetation diversity all
influenced reptile presence with approximately equal
effect sizes. We encountered snakes at higher rates in
landscapes with more grass land cover, lower edge densi-
ties, larger patch sizes, and higher-diversity vegetation.
Conservation planners could consider incorporating
important microhabitats such as refugia and hibernacula
in agricultural conservation practices to improve habitat
value for reptiles. Even if reptiles are not the highest con-
servation priority in these landscapes, improving the
connectivity among nature reserves could be beneficial.

Over half the species we encountered were species of
greatest conservation need, demonstrating that at-risk
species still use these landscapes and indicating these
may be areas for conservation consideration. To preserve
the presence of rare and declining terrestrial reptiles,
larger core nature reserves may be necessary in low habi-
tat amount, highly fragmented agricultural landscapes.
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