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South Texas

Disturbance from vehicle noise and human activity extends into nearby habitat, creating a road effect zone
characterized by changes in wildlife community structure and species behavior. This can affect conservation
efforts along roads, such as wildlife crossing construction. To ensure that conservation efforts are effective, it is
important to understand how mammals use road areas. We aimed to assess how traffic volume and distance to
highway influenced mammal beta diversity within the road effect zone. We placed camera traps along a low-
traffic and high-traffic highway in Texas, USA, between May 2022 to April 2023. We placed camera traps
using a randomized block design with transects set perpendicular to the roadway. Starting 50 m from the road,
seven camera traps were set at 200 m intervals in each of seven transects. We assessed how traffic volume and
distance from road affected mammal beta diversity. We detected nearly all known mammal species larger than
rodents (24 species) in the study area, including all known carnivores (10 species). We detected fewer species
around the high-volume road, which contributed to a significant difference in beta diversity between the low and
high-volume roads. Additionally, community composition tended to be more variable around the high-volume
road than the low-volume road. Our study provides insights into the impacts of vehicle traffic on mammal use
of road effect zones. Traffic volume is an important indicator of mammal community composition around roads,
and road mitigation structures for wildlife will need to account for and mitigate potential effects of traffic
volume.

1. Introduction also experience strong effects from humans, particularly related to road
development (McKinney, 2002). Additionally, these impacts often
extend beyond the road right-of-way into surrounding natural areas,

sometimes affecting animals for kilometers beyond the road surface

Globally, human activity and development threaten wildlife com-
munities, contributing to declines in biodiversity (Wilson, 1985; Ripple

et al.,, 2014; Ripple et al., 2015). Development, including road con-
struction, can cause wildlife mortality, habitat fragmentation and loss,
altered behavior and can introduce pollution, and spread invasive spe-
cies (van der Ree et al., 2015; Ch. 1). These impacts lead to population
declines, reduced connectivity between sub-populations, altered com-
munity structure, and changes in behavior (Forman et al., 2003; Ch. 5).
While road impacts are more significant in urbanized areas, rural areas
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(Forman and Deblinger, 2000).

The area surrounding a road into which road and traffic impacts
extend is called the road effect zone (REZ; Forman and Deblinger, 2000).
The size of the REZ varies based on road and traffic characteristics,
surrounding land cover, climatic conditions, and species characteristics,
but has been estimated to be about 5000 m for mammals (Benitez-Lopez
et al.,, 2010). Understanding how animals use the REZ is critical to
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mitigating road impacts on wildlife. Road mitigation for wildlife typi-
cally focuses on the direct effects of roads (Taylor and Goldingay, 2010)
and includes wildlife crossing structure construction and fencing
installation, but the success of these efforts is likely to be impacted by
the species diversity in the REZ, especially when wildlife conservation is
the goal of the mitigation (van der Grift et al., 2013).

Most commonly, road impacts on wildlife are assessed through
observational comparisons between abundances in disturbed and un-
disturbed areas (Eigenbrod et al., 2009; Benitez-Lopez et al., 2010;
Andrasi et al., 2021). However, there is greater emphasis in the road
ecology literature to improve study designs and improve inferences
about road impacts on wildlife (Roedenbeck et al., 2007). Well-designed
observational studies and field experiments likely provide a more
powerful approach to the effects of the REZ on mammals than fully
observational studies (Roedenbeck et al., 2007). Camera traps are a
useful tool for assessing the REZ for mammals because camera traps can
assess site-specific species diversity at temporal scales that point surveys
or live-trapping cannot (Caravaggi et al., 2017; Steenweg et al., 2017).

Understanding individual species responses to roads are informative
when addressing species-specific conservation issues. However, the
multi-species benefits of wildlife road mitigation initiatives are gener-
ally of interest to agencies and the public (Clevenger, 2005). Therefore,
a community-level approach is ideal for assessing broader road-related
conservation objectives. It is critical that camera trap studies detect
target species with sufficient frequency to have the statistical power to
evaluate road impacts; however, rare and threatened species, which are
often detected at low frequencies, are the normal focus of conservation
efforts.

Beta diversity quantifies the difference in community composition
between local species assemblages and can result from species turnover,
species loss, or changes in relative abundance (Whittaker, 1960, 1972;
Socolar et al., 2016). A major driver of changes in beta diversity is
disturbance (Mori et al., 2018). While natural disturbances can increase
species richness by providing additional habitats for species, anthropo-
genic disturbances, including those from roads, tend to decrease species
richness and functional diversity (Swart et al., 2019; Li et al., 2022).
However, a change in beta diversity does not always indicate a positive
ecological change. For example, beta diversity may change due to in-
creases in invasive and non-native species, so it is important to examine
the ecological processes driving identified changes in beta diversity
(Mori et al., 2018). Additionally, disturbance-sensitive species are
typically rarer in more urbanized areas (areas with greater anthropo-
genic disturbance) and are most likely to disappear first as anthropo-
genic disturbance increases (McKinney, 2008; Ordenana et al., 2010), so
examining changes in species composition along a gradient in the REZ
may provide a useful measure of how hard-to-detect, rare, and threat-
ened species may alter their space use near roads. Therefore, under-
standing community-level dynamics, including beta diversity, around
roads may provide useful information for the development of effective
road mitigation structures for rare and threatened species. A
community-level approach may provide critical information about how
rare species use the REZ, even when they are not detected in adequate
numbers to permit species-specific analyses.

We set up camera traps at different distances from two roads to
examine how traffic volume and distance-to-road impacted the variation
in beta diversity of medium to large mammals living around roads.
Medium to large mammals represent an ideal group for assessing beta
diversity around roads because they are relatively easy to detect using
camera traps (Shamon et al., 2024), typically negatively affected by
roads (Benitez-Lopez et al., 2010), and are those typically considered for
road mitigation efforts for wildlife (Taylor and Goldingay, 2010). We
aimed to identify a threshold distance from the road at which commu-
nities living around a high and low traffic volume road became similar.
We examined beta diversity and detections of individual species to
assess differences in community composition and relative number of
detections for a diverse group of mammals living around roads. By
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comparing beta diversity to individual species analyses, we predicted
that beta diversity would be more variable but generally contain fewer
but more disturbance-tolerant species around the high-volume road
compared to the low-volume road. Additionally, we expected that
community compositions around both roads would become more similar
with distance from each road.

2. Methods
2.1. Study area

Our study area was located in Willacy and Kenedy counties, Texas,
USA. This region is near the McAllen-Edinburg-Reynosa and
Brownsville-Harlingen-Matamoros binational metropolitan areas and is
experiencing significant human population growth, increasing urbani-
zation, and road network expansion (Lombardi et al., 2020b). Despite
this development, large tracts of private ranchland maintain habitat
connectivity across the landscape. These private lands provide extensive
habitat for wildlife, including endangered species such as the ocelot
(Leopardus pardalis). Ocelots are highly threatened by roads and vehicles
(Haines et al., 2005; Blackburn et al., 2021), and wildlife crossings and
other road mitigation structures are being constructed in the region to
reduce road impacts on ocelots and other mammals (Blackburn et al.,
2022). Our study focused on two ranches located near two major roads:
Hacienda Yturria Ranch (HY) along United States Highway (US) 77 and
the East Foundation's El Sauz Ranch (ES) along State Highway (SH) 186
(Fig. 1). These two ranches are highly connected with no major roads or
development separating them.

Both ranches are high-fenced (2.4-m high wire mesh fencing) along
the highway and used for cattle production, but HY operates a major
commercial hunting operation, whereas hunting is much more limited
on ES. Hunting on ES is primarily for the management of non-native
nilgai (Boselaphus tragocamelus) and feral hog (Sus scrofa). The vegeta-
tion communities are similar, dominated by coastal gulf prairie, honey
mesquite (Prosopis glandulosa), and thornscrub, a diverse community of
low-mid story (3-5 m) thorny shrubs and trees in varying densities and
patch sizes (Jahrsdoerfer and Leslie, 1988; Shindle and Tewes, 1998;
Elliott et al., 2014). The area is hot and humid throughout the year with
average temperatures ranging from 10 °C in January to 36 °C in July
(Palecki et al., 2020), and it receives variable rainfall and episodic
droughts, ranging from 313 to 529 mm per year (Cooper and Wagner,
2013).

Whereas the ranches had similar management and land use prac-
tices, US 77 and SH 186 have different characteristics. The average
annual daily traffic on US 77 was 11,500 vehicles per day in 2022,
compared to 669 vehicles per day on SH 186 (Texas Department of
Transportation, 2022). Additionally, US 77 is a four-lane road with a
median barrier, while SH 186 has two lanes with no barrier between
lanes. Both roads are regularly mowed and receive regular road
maintenance.

2.2. Study design

Along each of the roads, we established seven randomly placed
transects, located perpendicular to the roadway. Transects were set at
least 500 m apart to increase the likelihood that the transects would act
independently. Along each transect, we established seven camera sites,
beginning 50 m from the road to ensure that they avoided the road right-
of-way where maintenance activities could damage camera traps and
fencing could impact mammal site use. The seven sites were spaced 200
m apart, such that they ranged from 50 to 1250 m from the road. This
interval was chosen to examine fine-scale variation in the mammal
community within the REZ. To reduce flooding risk, it was necessary to
move two sites from their location along the transect (50 m and 100 m)
to the nearest location at the same distance from the roadway.
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Fig. 1. Study area map showing the properties where the study took place, locations of the two roads, and the transects where camera traps were established. AADT
represents the annual average daily traffic for each road in 2022 (Texas Department of Transportation, 2022).

2.3. Camera setup and processing

At each site, we placed one Reconyx HyperFire 2 camera trap
(Reconyx Inc., WL, USA) facing a random direction on a U-post 30-50 cm
above the ground. Some camera traps faced game trails or water fea-
tures, which may have impacted detection rates on those camera traps,
but we did not specifically place camera traps facing directions where
we expected detection to be greatest. Camera traps were programmed to
record three photographs per trigger event with no delay between
triggers. We checked camera traps every two months to exchange
memory cards and clear vegetation. Camera traps were active from May
2022 to April 2023.

We downloaded and renamed photographs to the date-time the
photograph was taken. Protocols for organizing and sorting photographs
were based on Sanderson and Harris (2013). We used the Microsoft
MegaDetector v5.0a camera trap detection model to aid in the identi-
fication of false captures (Beery et al., 2019) and the program Timelapse
2 to identify species and number of individuals (Greenberg et al., 2019;
Fennell et al., 2022). Using MegaDetector to identify ghost images re-
quires selection of a threshold confidence level for false captures (called
empty images by MegaDetector), animals, people, and vehicles. Using
preliminary data and an extensive camera trap dataset collected for
concurrent studies (Scognamillo et al., 2023; Yamashita et al., 2025),
thresholds of 0.60 for empty images and 0.55 for animals, people, and
vehicles were 95-98 % accurate at identifying ghosts and balanced the
removal of ghosts with the false negative rate. Next, we sorted non-ghost
photographs to the lowest taxonomic level and determined the number
of individuals in each photograph (Harris et al., 2010). Animals that

could not be identified to species were classified as “unknown” or the
lowest classification possible (e.g., “unknown mammal” or “unknown
ungulate”).

In our study, we were not able to identify every species to individual,
so detections of the same species on different camera traps, especially
along a single transect, may have been due to repeated detections by a
single individual. While specific home range information is not available
for most species in our study area, the home range sizes for nearly all
species in our study (eastern cottontail [Sylvilagus floridanus; hereafter
cottontail] being the main exception) was likely larger than the spacing
of our camera traps along a transect (200 m). Repeated detections of an
individual at a site are likely an indicator of microsite use (Johnson,
1980), so differences in number of detections at different distances from
a road may be due to a road effect on site use.

For statistical analyses, we excluded rodents due to their low reli-
ability of detection on camera traps (Kays et al., 2022). Cattle were also
excluded because cattle are actively managed on both properties and are
not free-ranging. We calculated the number of independent detections
within each month. We defined independent events using a 30 min
period (Tanwar et al., 2021; Davis et al., 2022) between consecutive
photographs of a species, for permutational multivariate analysis of
variance (PERMANOVA). Therefore, the experimental unit was a month
at a given distance in a transect on a road (n = 1176).

Some camera traps had mechanical issues, or their memory cards
reached capacity due to vegetation growth or camera malfunction, so we
calculated the daily detection rate for each month by dividing the
number of detections in each month by the number of active trap nights
in the month (Lashley et al., 2018). This calculation is similar to the
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commonly used detections per 100 trap nights, used to standardize
camera trap data for comparison purposes (Kelly and Holub, 2008;
Harmsen et al., 2021). This method provides standardization for
inconsistent numbers of trap nights across sites but assumes that the
detection probability did not change over a month. Preliminary analyses
revealed this assumption to be valid in our study, so an experimental
unit was removed only when the camera was not active for an entire
month.

2.4. Covariates

In community-level camera trap studies, accounting for differences
in microsite vegetation characteristics is important for reducing detec-
tion bias of different species (Hofmeester et al., 2019). In South Texas,
woody cover is important for predicting site use by a variety of species,
including carnivores, ungulates, and others (Lombardi et al., 2020a;
Yamashita et al., 2021; Lombardi et al., 2022; Sergeyev et al., 2023).
Therefore, incorporating a metric of woody cover is essential to account
for microsite effects on beta diversity and detection rates. We used a
freely available LiDAR point cloud dataset collected in 2018 to calculate
canopy height in a 10 m radius around each site (Sergeyev et al., 2024).
We used the program LP360 (GeoCue Group, Inc., Madison, AL, USA) to
create a digital surface model and digital elevation model of the study
area using a pixel size of 1.5 m. We then calculated canopy height (m)
using ArcGIS Pro (ESRI, Redlands, CA, USA) and computed the median
canopy height of all pixels within 10 m of camera locations.

2.5. Statistical methods

2.5.1. PERMANOVA analyses

To assess the impacts of traffic volume and distance on the beta di-
versity and detection of mammals (30 min period for independent
events), we used PERMANOVA (Anderson, 2001, 2017). PERMANOVA
provides an ideal platform for assessing impacts of environmental
variation on beta diversity because it provides an effective, statistically
powerful method for modeling multivariate community composition
and detection rates (Legendre et al., 2005; Anderson et al., 2011).
PERMANOVA is more powerful than equivalent parametric tests
([multivariate] analysis of variance) when assumptions of normality
cannot be satisfied (Anderson, 2017).

To assess beta diversity, we analyzed the community of mammals
that could be captured on camera traps, excluding rodents (hereafter
mammal community), as well as three subsets of the mammal commu-
nity based on functional and taxonomic groupings. The mammal com-
munity included 21 species and two unknown categories (Table 1). The
subsets included the native mammal community plus feral hog and
nilgai (excludes exotic and most non-native species; hereafter native
community; 16 species), the carnivore community (10 species), and the
ungulate community (eight species plus one unknown category). We
also ran single-species analyses on 12 species found on both ranches and
had at least 100 total detections (most commonly detected species in the
study area): American badger (Taxidea taxus; hereafter badger), bobcat
(Lynx rufus), cottontail, coyote (Canis latrans), feral hog, javelina (Pecari
tajacu), nilgai, nine-banded armadillo (Dasypus novemcinctus; hereafter
armadillo), northern raccoon (Procyon lotor; hereafter raccoon), striped
skunk (Mephitis mephitis), Virginia opossum (Didelphis virginiana; here-
after opossum), and white-tailed deer (Odocoileus virginianus).

We analyzed models within a randomized block design with repeated
measures on each road. These designs were combined, and the full
experiment was analyzed using a split-split-plot arrangement of factors,
with traffic volume, distance, and month as main plot, subplot, and
subsubplot factors, respectively. Transect, its interaction with traffic
volume, and its crossed interaction with distance nested in traffic vol-
ume were included as random effects in the model. This design was
analyzed with respect to each response variable using PERMANOVA
with a covariate in the program Primer v7 (Primer-E, Albany, Auckland,
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Table 1

List of mammal species identified in camera traps in the road effect zone and
which analyses they were included in: entire mammal community (C1), native
mammal community plus feral hog and nilgai (C2), carnivore community (C3),
ungulate community (C4), and single-species analyses (S1-12).

Common name Scientific name C1 c2 C3 C4 S1-12

Addax Addax nasomaculatus X X

Armadillo Dasypus novemcinctus X X X

American badger Taxidea taxus X X X X

Bobcat Lynx rufus X X X X

Coyote Canis latrans X X X X

Domestic cattle Bos taurus

Domestic cat Felis catus X X

Domestic dog Canis familiaris X X

Domestic horse Equus caballus X X

Eastern cottontail Sylvilagus floridanus X X X

Feral hog Sus scrofa X X X X

Grey fox Ufocy on X X X
cinereoargenteus

Javelina Pecari tajacu X X X X

Long-tailed weasel Mustela frenata X X X

Mex1c‘an ground Ictidomys mexicanus X X

squirrel

Nilgai Bosalaphus X X X
tragocamelus

Northern raccoon Procyon lotor X X X

Ocelot Leopardus pardalis X X X

Scimitar-horned oryx  Oryx dammah X X

Rodent spp. Rodentia spp.

Striped skunk Mephitis mephitis X X X X

Unknown mammal Mammalia spp. X

Unknown ungulate Artiodactyla spp. X X

Virginia opossum Didelphis virginiana X X X

Waterbuck Kobus ellipsiprymnus X X

White-tailed deer Odocoileus virginianus X X X X

New Zealand). We calculated a zero-adjusted Bray-Curtis similarity
matrix using an adjustment of 0.03 detections/day (1 detection in a 31-
day month), the smallest non-zero value in the species matrix (Faith
et al., 1987; Clarke et al., 2006). We calculated distance among cen-
troids to ensure that the error term for each level of the split plot was
appropriate (Anderson, 2017). Median canopy height was included at
the traffic volume and distance levels of the split-split-plot. PERMA-
NOVA can be greatly affected by the relative difference in the number of
detections of different species, with more abundant species driving
patterns of beta diversity. To account for this, we square-root trans-
formed the mammal community, native community, and ungulate
community data before calculation of the similarity matrix to reduce the
influence of cottontail, nilgai, and white-tailed deer and allow rare
species (e.g., carnivores) to have greater influence on beta diversity
(Legendre and Legendre, 2012). For the carnivore community and
single-species analyses, we did not transform data because they did not
contain any hyperabundant species relative to others in the set
(Legendre and Legendre, 2012). We tested simple main effects and
simple effects with PERMANOVA and pairwise PERMANOVA analyses;
these analyses do not combine error terms when appropriate but rather
partition the data into subsets for permutation.

We used principal coordinates analysis (PCO) to assess whether
significant differences were due to differences in location or dispersion,
visualize multivariate analyses, and assess species associations with the
levels of each factor of interest (Legendre et al., 2005; Anderson, 2017).
We computed the distance among centroids that correspond to combi-
nations of significant factor levels and used PCO for visualizations. To
assess species associations, we calculated the Pearson correlation coef-
ficient between species detections and each PCO axis (Legendre and
Gallagher, 2001). For univariate analyses, we calculated the mean
number of detections and standard errors using the Mixed procedure
with a Toeplitz or autoregressive correlation structure to model random
effects using SAS v9.4 software (SAS Institute Inc., Cary, NC, USA). All
plots were created using the package ggplot2 in Program R (Wickham,
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2016).
3. Results

Camera traps were active for 12 months and captured 21 species of
mammal—almost all known target species in the study area, apart from
black-tailed jackrabbit (Lepus californicus; Table 1; Schmidly and Brad-
ley, 2016, Schmidly et al., 2023). Black-tailed jackrabbits are found in
the study area (TJY, ZMW, JVL unpublished data) but prefer habitats
that were not captured by our camera traps (agricultural areas, deserts,
shrublands; Simes et al., 2015). We retained 1154 out of 1176 experi-
mental units due to camera malfunctions and vegetation growth. Within
a particular transect and distance, no more than two experimental units
were excluded from the analysis.

3.1. Beta diversity results

We found an interaction between traffic volume and distance
(pseudo-F = 1.4989, p = 0.0410, permutations = 9864) and between
traffic volume and month (pseudo-F = 2.8457, p = 0.0001, permuta-
tions = 9848) for the mammal community composition (Table 2).
Within the traffic volume/distance interaction, there were differences in
traffic volume at the 50 m (pseudo-F = 2.7347, p = 0.0239, permuta-
tions = 9951), 250 m (pseudo-F = 6.1124, p = 0.0019, permutations =
9947), and 450 m (pseudo-F = 7.0991, p = 0.0037, permutations =
9958) distances (Fig. 2A). There were no differences in distance within
either traffic volume level. Within all months, there were differences in
traffic volume (Fig. 3A; for full test statistics and p-values, see Appendix
A).

Within the native community subset, we found an interaction be-
tween traffic volume and distance (pseudo-F = 1.4203, p = 0.0669,
permutations = 9886) and between traffic volume and month (pseudo-F
= 2.7652, p = 0.0001, permutations = 9855; Table 2). Within the traffic
volume/distance interaction, we found differences in traffic volume at
the 50 m (pseudo-F = 2.7309, p = 0.0244, permutations = 9955), 250 m
(pseudo-F = 5.9731, p = 0.0026, permutations = 9935), and 450 m
(pseudo-F = 6.8174, p = 0.0024, permutations = 9939) distances
(Fig. 2B). We found no differences in distance within either level of
traffic volume on the native mammal community composition. Within
month, we found differences in traffic volume in all months except for
June and July 2022 (Fig. 3B; for full test statistics and p-values, see
Appendix A).

Within the carnivore subset, we found an interaction only between
traffic volume and month (pseudo-F = 3.0460, p = 0.0001, permuta-
tions = 9878; Table 2). Within month, we found differences in traffic
volume in nine of the 12 months (Fig. 3C; for full test statistics and p-

Table 2

Summary of statistically significant treatment effects for the community-level
analyses: entire mammal community (mammals), native mammal community
plus feral hog and nilgai (natives), carnivore community (carnivores), and un-
gulate community (ungulates). Traffic volume (low, high) is the level of traffic of
each study road, distance (50, 250, 450, 650, 850, 1050, and 1250 m) is the
distance from the road, and month (May 22 to Apr 23) is the sampling month.

Community  Traffic volume Distance Month
Depends on
Month Depends on Traffic Depends on Traffic
Mammals
Depends on Volume Volume
Distance
Depends on
. Month Depends on Traffic Depends on Traffic
Natives
Depends on Volume Volume
Distance
Carnivores Depends on No Effect Depends on Traffic
Month Volume
Depends on Depends on Traffic
1 No Eff
Ungulates Month o Effect Volume
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values, see Appendix A). There was no effect of distance on the carnivore
community composition.

Within the ungulate subset, we found an interaction between traffic
volume and month (pseudo-F = 2.7989, p = 0.0001, permutations =
9882; Table 2). Within month, we found differences in traffic volume in
10 of 12 months (Fig. 3D; for full test statistics and p-values, see Ap-
pendix A). There was no effect of distance on the ungulate community
composition.

3.2. Single-species results

There was only an effect of month for number of detections of
armadillo (pseudo-F = 6.6277, p = 0.0001, permutations = 9811),
bobcat (pseudo-F = 6.7540, p = 0.0001, permutations = 9921), and
white-tailed deer (pseudo-F = 4.0361, p = 0.0001, permutations =
9900; Table 3). There was an interaction between traffic volume and
month for badger (pseudo-F = 3.5812, p = 0.0001, permutations =
9927), coyote (pseudo-F = 3.2142, p = 0.0001, permutations = 9906),
feral hog (pseudo-F = 3.05434, p = 0.0001, permutations = 9929),
nilgai (pseudo-F = 5.6636, p = 0.0001, permutations = 9888), opossum
(pseudo-F = 5.1068, p = 0.0001, permutations = 9916), and raccoon
(pseudo-F = 4.1628, p = 0.0001, permutations = 9920; Table 3). There
was an interaction between distance and month (pseudo-F = 1.5191, p
= 0.0013, permutations = 9833) and traffic volume and distance
(pseudo-F = 2.3468, p = 0.0231, permutations = 9946) for feral hog
(Table 3). Finally, there was a three-way interaction between traffic
volume, distance, and month for cottontail (pseudo-F = 1.3315, p =
0.0053, permutations = 9757), javelina (pseudo-F = 1.4852, p =
0.0025, permutations = 9841), and striped skunk (pseudo-F = 1.3730, p
= 0.0131, permutations = 9812; Table 3).

Within month, there was a difference in traffic volume in eight
months for number of detections of badger, seven months for coyote,
one month for feral hog, nine months for nilgai, two months for
opossum, and one month for raccoon (Fig. 4). For feral hog, there was a
difference in distance in one month, with the 1050 m distance being
different from the 250 m, 450 m, 650 m, and 850 m distances (Fig. 5).
Additionally for feral hog, there were differences in traffic volume at the
250 m and 450 m distances and between the 450 m and 1050 m dis-
tances on the low traffic volume road and between the 50 m distance and
250 and 450 m distances on the high-volume road (Appendix B). For
cottontail, there were interactions between traffic volume and distance
in two months and differences in distance in an additional four months
(Appendix B). In no month was there a difference in traffic volume
alone. For javelina, there was an interaction between traffic volume and
distance in two months, an effect of distance alone in two months, and
an effect of traffic volume alone in nine months. For striped skunk, there
was an interaction between traffic volume and distance in one month
and a difference in traffic volume alone in two months. For a detailed
description of the results, including all test statistics and associated p-
values, see Appendix A.

4. Discussion

Our results suggest that traffic volume may play a significant role in
determining the beta diversity and number of detections of several
mammal species living around roads; effects of distance, however, were
only manifested at the mammal community and native community
levels. By assessing how beta diversity varied around roads, we provide
insights into how mammals respond to roads and how differences in
road properties may impact future road mitigation efforts for mammals.

Traffic volume was an important factor impacting beta diversity and
species detection in our study, as it affected the beta diversity of all
subsets of the community and detections of all but three species
(armadillo, bobcat, and white-tailed deer). Within beta diversity ana-
lyses, there was clear differentiation in both location and dispersion of
beta diversity for all community subsets, indicating that increased
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Table 3

Summary of statistically significant treatment effects for the individual species
analyses: nine-banded armadillo (armadillo), American badger (badger),
bobcat, eastern cottontail (cottontail), coyote, feral hog, javelina, nilgai, Vir-
ginia opossum (opossum), northern raccoon (raccoon), striped skunk, and
white-tailed deer. Traffic volume (low, high) is the level of traffic of each study
road, distance (50, 250, 450, 650, 850, 1050, and 1250 m) is the distance from
the road, and month (May 22 to Apr 23) is the sampling month.

Species Traffic volume Distance Month
Armadillo No Effect No Effect Yes
Depends on Depends on Traffic
Badger Month No Effect Volume
Bobcat None No Effect Yes
D d.
. fepen son Depends on Traffic Depends on Traffic
Cottontail Distance and .
Volume and Month Volume and Distance
Month
Depends on Depends on Traffic
Coyote Month No Effect Volume
D d.
f:pen son Depends on Traffic Depends on Traffic
Distance
Feral hog Depends on Volume Volume
Month Depends on Month Depends on Distance
D
. ?pends on Depends on Traffic Depends on Traffic
Javelina Distance and .
Volume and Month Volume and Distance
Month
- Depends on Depends on Traffic
Nil No Eff
tsal Month o Effect Volume
Depends on Depends on Traffic
Opossum Month No Effect Volume
Raccoon Depends on No Effect Depends on Traffic
Month Volume
Striped g:i:ggz zz d Depends on Traffic Depends on Traffic
skunk Volume and Month Volume and Distance
Month
White-tailed No Effect No Effect Yes

deer

disturbance around the high-volume road may cause some species to
adjust their usage of the REZ. These differences in beta diversity were
likely driven by the loss of disturbance-sensitive species, especially
carnivores, around the high-volume road. The general increase in de-
tections of non-native nilgai around the high-volume road may have also
contributed to the differences in beta diversity; however, a preliminary
analysis had indicated no difference in results when nilgai and feral hogs
were excluded, so we believe that this change was primarily driven by
the loss of native carnivores. Principal coordinates analysis indicated
that there was likely a difference in dispersion between traffic volume
levels. Although PERMANOVA is sensitive to both differences in location
and dispersion, differences in both location and dispersion are indicative
of road impacts on the community. Increased variability in activity is a
known response to increased disturbance, and therefore, the increased
variability observed in community composition around roads is in line
with the disturbance response of animals to humans (Tablado and Jenni,
2017). Despite the limitations of examining only two traffic volume
levels (with different road characteristics), our study found similar re-
sults to previous works. The density and abundance of anurans (Fahrig
et al.,, 1995) and birds (Reijnen et al., 1996) and the movement of
mammals (Dennehy et al., 2021) have all been shown to be negatively
affected by higher traffic volumes. Interestingly, we detected similar
negative effects of traffic volume in beta diversity, but not always at
lower traffic volumes than these previous studies, indicating that
changes in community structure may be a more sensitive metric than
species-level analyses. Therefore, additional research is needed to
identify how road characteristics, including changes in traffic volume,
impact beta diversity around roads.

Contrary to our expectations, we found a limited effect of distance to
road on beta diversity and species detections. At the broader community
levels, the community composition around the two roads was similar
starting at 650 m from each road, indicating that at this distance, roads
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may stop influencing community structure. Interestingly, though, we
did not find differences in beta diversity among distances along each
road. A previous study used occupancy modeling to examine how the
abundance of mammals in Brazil was affected by distance to roads and
found similar mixed results to our study (Alberici et al., 2024) indicating
that individuals living around roads likely use the entire area around the
road, as has been found in ocelots in Texas (Veals et al., 2022). We found
that the number of detections per species generally increased with dis-
tance, indicating that mammals may use areas near roads less often than
areas farther from roads (McKinney, 2008). Although roads are known
to influence home range placement of mammals (Riley et al., 2003; Riley
et al.,, 2021; Veals et al., 2022), road presence may be mediated by
utilizing areas near roads less often than other parts of the home range.

Whereas we cannot say exactly how far the road effect zone extends
for beta diversity or any particular species, the impact of disturbance (i.
e., traffic volume) on beta diversity seems to decrease between 450 and
650 m from the road. This may indicate that the relative effects of traffic
volume on beta diversity extend a limited distance from the road. While
it is possible that our sampling occurred entirely within the REZ for most
mammals (Andrasi et al.,, 2021; Lombardi et al., 2023), our study
nonetheless demonstrates how variability in traffic volume can impact
mammal use of the REZ.

Interestingly, exotic species did not have much influence on the
native mammal community, as exemplified by the similarity in response
to roads by the mammal community and native community. Species-
level analyses showed differences primarily in traffic volume—a like-
lier, easier-to-detect, and stronger impact on mammals (Grilo et al.,
2015; Mata et al., 2017) - indicating that finer-scale impacts on beta
diversity, such as those from distance, may not appear in species-level
analysis. In our study, we were only able to conduct single-species an-
alyses of the most common species in the study area. This has important
conservation implications because species-specific studies may not have
the power to detect road impacts on rare and threatened species (Huijser
and Bergers, 2000). Providing an estimate of how beta diversity varies
around roads may help identify how roads could impact these species. In
our study area, changes in beta diversity due to traffic volume and dis-
tance were primarily due to loss of rare species rather than turnover,
indicating that rare species are likely more impacted by roads than
common species. Additionally, using subsets of the community to
examine subsets of beta diversity allowed us to identify how different
groups of species respond to roads and how these groups of species
contribute to the overall community-level response to traffic and
distance.

We conducted this study along only two highways and on two
ranches in South Texas, which limits our inferences about traffic volume
to these two sites. While road traffic volume was the primary difference
between the two ranches on which we conducted our study, we recog-
nize that slight differences in ranch management (hunting and cattle
operations), soil types (and therefore vegetation communities), and
human activity may have affected the relative detection rates of each
species around each road. For example, badgers were detected more
frequently near the high-volume road than the low-volume road,
possibly because the presence of fine sandy soils near the high-volume
road promoted fossorial behavior unique to badgers among our study
species (Duquette and Gehrt, 2014). Additionally, ranch management
activities, particularly hunting and cattle management, may have
altered mammal behavior in the REZ, which may have affected the
observed response of the mammal community to roads. While none of
our sites were near ungulate feeding stations, hunting practices,
including the use of feed programs, can support non-target species such
as raccoons and coyotes, potentially increasing the abundance of those
species around the high-volume road (Campbell et al., 2013). However,
given the clear differences in community composition for all subsets of
communities, the greater variability in the community composition seen
around the high-traffic volume road suggests impacts of greater distur-
bance on wildlife. Additional work is required to examine the
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Fig. 4. Conditional effects plots of traffic volume on the average number of detections per trap night of (A) American badger, (B) coyote, (C) feral hog, (D) nilgai, (E)
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volume and month, so number of detections is only shown between traffic volume and month. For G-I, a significant interaction occurred among traffic volume,
distance, and month, so the interaction between traffic volume and distance is shown within one level of month: Feb 2023 for G and H, and Jun 2022 for I. For

complete plots showing differences in all months, see Appendix B.

confounding influences of cattle and ranch management practices (e.g.,
cattle rotations, stocking rates, prescribed fire, hunting) on mammal use
of the REZ.

Additionally, seasonal variation in animal behavior could impact the
relationship we found between traffic volume, distance, and the
mammal community. Our study, being one year in duration, was unable
to parse the effects of seasonality on the relationship between roads and
beta diversity. However, we believe that our results are indicative of the
overall effects of traffic volume and distance on beta diversity because
there was a clear difference in beta diversity among traffic volumes

within every month studied. Additional studies on long-term relation-
ships between roads and beta diversity may help to reveal dynamic re-
lationships between vehicle traffic, temperature, and precipitation on
mammal beta diversity within the REZ.

5. Conclusions

Despite our limited inferential ability, our study indicated that traffic
volume may play a significant role in determining beta diversity around
roads and that the REZ for the mammal community of South Texas may
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extend to 450 to 650 m. Additionally, using beta diversity may provide a
more sensitive approach than single-species analyses for identifying
impacts of traffic volume and distance to roads on both common and
rare mammals. Whereas species-specific models can provide valuable
insights into responses of individual species to roads, models focusing on
community diversity provide stronger support for assessing broad-scale
impacts of roads on wildlife and expand our understanding of road
impacts on ecosystems. Maintaining healthy wildlife communities is
critically important to maintaining healthy ecosystems (Warwick, 1993;
Attrill and Depledge, 1997) around roads, and more diverse commu-
nities usually contain rarer and threatened species (Gotelli and Colwell,
2001). Therefore, managing areas around roads for increased wildlife
diversity is likely to promote conservation of rare species, which are
often the target of road mitigation efforts and legislative policy
frameworks.
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