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Wildlife Connectivity and Which Median Barrier
Designs Provide the Most Effective Permeability for
Wildlife Crossings

Executive Summary

Median barriers are usually constructed to reduce head-on-crashes between vehicles on
undivided highways and the type (e.g., cable, metal beam guardrail, concrete) is based on
state requirements for crash mitigation. Because of their position in the center of the
traveled right-of-way, median barriers could affect wildlife movement across the right-of-
way, decreasing wildlife connectivity. There are several types of center-median and right-
of-way edge barriers, with cable barriers possibly providing the most wildlife permeability
and concrete Jersey barriers the least.

There is still little understanding of: 1) the positive or negative relationship between
medians of various types and wildlife-vehicle collision (WVC, type and rate), or
connectivity; 2) the influence of other variables in the potential relationshipsin (1), such as
traffic volume and adjacent habitat; 3) the effect of median types on successful wildlife
movement/connectivity (i.e., non-WVC); and 4) the effect of mitigation of the barrier effect
of median barriers, such as change in type, or creation of gaps. We coordinated and met
with staff from several Caltrans Districts early in the project to gain understanding of their
issues related to median types and wildlife permeability. All staff with whom we initially
communicated will receive a copy of this report.

We used previously collected and newly collected WVC observations to test whether or
not median types have different effects on unsuccessful wildlife crossings of the road
surface. Our null hypothesis was that there was no effect of median type on WVC rates.
We also tested two alternative hypotheses: H1) Certain median types correlate with
changes in WVC rates across species. A corollary is that median types can affect wildlife
permeability in general; and H2) Certain median types correlate with changes in WVC rates
for individual species. A corollary is that median types can affect permeability for
individual species or species types. We used Generalized Linear Models (GLM) to compare
WVC rates among median types in 3 Caltrans Districts (2, 4, 9) for four wildlife species:
Western gray squirrel (Sciurus griseus), Black-tailed jackrabbit (Lepus californicus), Coyote
(Canis latrans), and Mule deer (Odocoileus hemionus). Our primary findings were that
there are effects of median types on rates of WVC and that these effects varied by species
and to a lesser degree by geographic region (represented by Caltrans District). For
example, mule deer and Western gray squirrel WVC rates were affected similarly by
median type across Districts, whereas coyote WVC rate was affected differently from deer
and squirrel. We disproved the null hypothesis, that there was no effect of median type on
WVC rates and suggest that the best alternative hypothesis is H2, that there is an effect of
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median type on WVC rates and it varies by species and potentially animal size. There are
several possible explanations for our results, leading to new hypotheses: 1) Animals have
varying behavior when looking across the road surface toward different median types; 2)
Once reaching the center median, animals respond differently to each median type. We
discuss these in more detail in the report. The primary finding is that fewer wildlife enter
roadways and are killed in the presence of constructed median types than undeveloped
types. Although this may resultin a reduction in WVC, it also results in a reductionin
wildlife permeability.
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Introduction

Habitat Fragmentation and Wildlife Connectivity

Habitat fragmentation and loss due to transportation infrastructure and land use change
are some of the greatest threats to biodiversity (Wilcove et al. 1998; Fahrig 2003;
Tscharntke et al. 2012). Landscape connectivity, defined as the degree to which the
landscape facilitates orimpedes movement among resource patches (Taylor et al. 1993),
has emerged as a key component of biological conservation. Constructing methods for
wildlife to move over or under highways can mitigate road-mediated habitat fragmentation,
by facilitating safe wildlife passage and reducing the risk of wildlife-vehicle collisions
(WVC). However, structure use can vary with taxonomic group and the characteristics of
the structure (Kintsch and Cramer 2011). Road-surface crossing may be a common
method for many species to maintain connectivity, but it comes with risks from traffic.

Wildlife movement and behavior in response to traffic and roads and related
infrastructure, such as culverts, bridges, median vegetation and barriers, can vary widely
among taxonomic groups. Small animals (herpetofauna and small mammals) may move in
straight lines (Matthews and Pope 1999, Sinsch 2006, Southwood and Avens 2010),
including along the road verge (Gunson et al. 2011). Small animal mortality on roads may
be distributed evenly along roads adjacent to suitable habitat (Glista at al. 2007, Matos et
al. 2012), in other words, not concentrated in “hotspots”. Murid species, such as deer
mice, respond to roads differently from each other, potentially because species have
different habitat preference and tolerance for open spaces (McDonald and St. Clair 2004).
Similarly, small and medium-sized mammals respond differently to different opening types
(e.g., pipe culvert), which could affect their use (Martinig and Bellanger-Smith 2016).
Constructed crossing structures for small animals have been demonstrated to be effective
using camera traps (e.g., Foresman 2004), camera traps and roadkill surveys (e.g., Snyder
2014), and a combination of camera traps, roadkill surveys, and animal sign observation
(e.g., Ortega et al. 2021). All of this means that species are likely to respond differently to
the same traffic and infrastructure.

WVC can affect wildlife populations and can be a barrier to permeability across roads for
small animals (e.g., Brehme et al. 2013), as traffic is essentially a moving wall preventing
animals from crossing a road. Small mammals and herpetofauna (amphibians and
reptiles) can have very high rates of mortality on roads. For example, Smith and Dodd
(2003) found 1,821 carcasses of 62 species of small animals on a 3.2-kilometer section of
a Florida highway 1 year prior to wildlife passage/barrier wall construction. An investigation
of effectiveness of the construction by the same team (Dodd et al. 2004) found a 65%
reduction in the number of carcasses in the mitigation area, with most of these located
around the ends of barriers and at access-road openings onto the highway. Small
mammals and herpetofauna accounted for most of the mortality, possibly due to climbing
the barrier wall and going around the ends of the barriers.
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Medians and Median Barriers

Median describes the middle of a two-way road alignment, where there is typically

Figure 1). Each of these median types will have different consequences for different
wildlife species and groups, meaning that there will be many possible combinations of
median and species. Median barriers are typically deployed to prevent head-on collisions
using concrete barriers (e.g., K-rail/Jersey barriers), cable barriers, or metal beam
guardrail. Developed (e.g., paved) or undeveloped (vegetated) median areas are typically
wide enough to prevent head-on collisions and may include large areas of habitat for
certain species.

ACDCDCD:"""“ODO"""Q)J"UBOO*
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Median Permeability
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Figure 1. Median types and possible permeability to wildlife movement.

The following sections summarize the literature available to describe median conditions
and how they can affect wildlife movement.

Vegetated Medians

Vegetated medians may initially seem like places wildlife could use for foraging or travel,
reducing the barrier effects of roads. However, McLaren et al (2011) found that small
mammals were hesitant to cross highways and the presence, or width of vegetation in the
median did not reduce this effect. In addition, there was not an apparent relationship of
the hesitancy with traffic volume, but there was species dependence. In contrast,
McDonald and St Clair (2004) found that vegetated medians were less of a barrier to small
mammal movement than the highway itself, possibly reducing the effect of the highway.
When median areas are accessible from wildlife crossing structures, small mammals will
access and forage in these areas, which could limit passage through the structures to the
other side of the highway (Martinig and Belanger-Smith, 2016). Martinig and McLaren
(2019) found that five mammal species or species groups would leave culverts (<5 feet in
height) within the median and forage. Rates of deer and elk mortality on a highway were
reported to be higher in the vicinity of vegetated medians (Singleton and Lehmkuhi, 2000).
This increase in wildlife mortality with roadside and median vegetation seemsto be a
general phenomenon (reviewed in Riley et al., 2014).

In general, vegetated medians may provide foraging opportunities, but this will be amidst
traffic. If access to the vegetated medians is provided from crossing structures, this may
limit effective passage of wildlife from one side of the roadway to the other, defeating the
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primary purpose of the structure. The only benefit of median vegetation appearsto be as a
stepping stone across a right-of-way, however, attraction of wildlife to the middle of a
divided highway may result in higher rates of roadkill than would otherwise occur.

Median Barriers

There are several types of median barriers, with cable barriers providing the most wildlife
visibility and possibly permeability and concrete Jersey barriers the least. Deploying
median barriers is often based on human safety concerns and the type (e.g., cable vs.
Jersey) based on state requirements for crash mitigation.

Traffic Safety

Median barriers can both increase the frequency of vehicle crashes, and both reduce and
increase severity of crashes (reviewed in Hu and Donnell, 2010). Concrete and three-beam
barriers contribute to greater severity of vehicle crashes than cable barriers (Russo and
Savolainen, 2018). Cable barriers, especially those with greater lateral deflection, can
absorb more force without redirecting a vehicle back into traffic lanes (Russo and
Savolainen, 2018).

Wildlife Impacts

Awareness of the potential impact of median barriers on wildlife movement began at the
turn of the century, with three key technical and scientific studies. Cooper (1999)
described possible barrier effects of median barrier placement for smaller wildlife
attempting to move across the trans-Canada highway. Focusing more on larger animals,
Singleton and Lehmkuhi (2000) found that rates of deer and elk roadkill were lower in the
vicinity of roadside Jersey barriers. In a possible explanation for this, deer, elk and coyotes
were reported to be hesitant to jump over Jersey or guardrail types of roadside barriers to
enter roadways, but would jump them to escape a roadway (Barnum, 2003). Similarly,
Malo et al. (2004) found a negative relationship between presence of a median barrier and
roadkill incidents and Dodd et al. (2004) found that barriers built on the side of a highway to
prevent herpetofauna mortality, were >70% effective at reducing herpetofauna roadkill.
Finally, and similar to previous studies, Gunson et al. (2011) found that there was a
negative relationship between distance to barrier, or length of barrier and rate of large
mammal collisions. Findings from these and other studies were later summarized in a
review by Clevenger and Kociolek (2013). They identified several studies that found
mammal roadkill rates were higher in the presence of concrete barriers, but concluded
that there was no correlation between presence of a median barrier and rates of roadkill.
They also suggested that the lack of consistency could be related to poor recognition of
confounding factors in statistical analysis. Snyder (2014) found a negative relationship
between roadkill rates and median barrier type and distance to gaps in median barriers.
Kim et al (2021) found a negative relationship between presence of median barriers and
concentrations of roadkill. Pagany and Dorner (2019) also found a significant negative
relationship between the presence of median barriers and roadkill, in particular for smaller
animals. For bobcats specifically, Serieys et al. (2021) found that the lowest rate of
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attempted road-surface crossing and most mortalities occurred in association with high
median barriers.

These results strongly suggest that concrete median barriers inhibit wildlife attempting to
cross roads, but where wildlife do, they may become trapped, concentrated at breaks in
the barrier, or concentrated at the end of the barrier. In general, roadkill rates would be
expected to be lower in the presence of concrete median barriers. Although median barrier
height was rarely included as a variable in these studies, if reduced roadkill is due to
wildlife perception of a wall, then the relative height of the wildlife and the barrier will be
important. Results from Snyder (2014) and others suggest that visible breaks in median
barriers may provide wildlife with a visual cue to attempt to cross the road surface.
Whether it is safe to do so from a traffic volume point of view is a separate question.

Hypotheses/Questions

Wildlife permeability across roadways with various median types was the focus of this
study. Roadkill/wildlife-vehicle collision (WVC) rates were used as a proxy for wildlife
permeability, with important qualifiers. The following are the hypotheses and questions we
addressed, followed by caveats.

Null Hypothesis (Ho): There is no effect of median type on WVC rates. A corollary is that
there is no effect of median type on wildlife permeability.

Alternative Hypothesis 1 (H1): Certain median types correlate with changes in WVC rates
across species. A corollary is that median types can affect wildlife permeability in general.

Alternative Hypothesis 2 (H2): Certain median types correlate with changes in WVC rates
for individual species. A corollary is that median types can affect permeability for
individual species or species types.

Caveats: 1) WVC rates indicate both that wildlife attempted to cross a road and failed to do
so. Increased WVC rates can indicate both that more wildlife attempted to cross and that
more failed. Decreased rates indicate the converse. However, increased WVC rates can
occur with no increase in attempts to cross, but an increased failure rates for those that
do. 2) Wildlife behavior is only generally represented by WVC and may be the primary
determinant of wildlife permeability through the median. This behavior is multi-faceted,
including wildlife decisions in four important phases of crossing the right-of-way (ROW): a)
approaching the roadway, which can be impacted by perception of traffic noise and light
and surrounding habitat cover and topography; b) at the roadside, where traffic
disturbance is near its greatest, the width or openness of the road is apparent, and the
median is visible; c) on the road surface, where traffic, road width, and median conditions
are all at play; and d) at the median, itself, where the ability to actually cross the median
(e.g., Jersey barriers) and immediately adjacent traffic may all affect behavior.
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Methods

The following sections describe the study areas, datasets, data collection methods, and
statistical analysis methods.

Study areas

Two primary scales of study areas were used: 1) Local: paired median types. These are
pairs of 1-5-mile-long stretches of state highway or interstate with different median types
in each half of the pair (Figure 2). For example, 1 mile of concrete median barrier adjacent
to 1 mile of vegetated median. 2) Districts 2, 4, and 9 median types at WVC points. Median
types were determined where WVC points were identified.

Highway Median Treatment Pairs
. Cable/Concrete (1)
. Cable/Metal Beam Guardrail (2)
@ cable/Vegetated Strip (6)
. Concrete/Painted Stripe (5)
. Concrete/Metal Beam Guardrail (14)
QO Concrete/Vegetated Strip (11)
. Painted Stripe/Metal Beam Guardrail (1)
o Painted Stripe/Vegetated Strip (16)
@ Metal Beam Guardrail/Vegetated Strip (20)

N
0 50 100 200 300 400
A ™ Y Kilometers

Figure 2. Locations of paired median types.

Caltrans Coordination

We coordinated with Caltrans District staff by email and in a meeting on August 26, 2024.
Caltrans staff were interested in several main themes during our discussions: 1) were there
recent median barrier installations that we could study from a before-after perspective; 2)
what impacts did barriers have on individual species of concern (e.g., Mojave ground
squirrelin District 9); 3) could we differentiate between median type and traffic effects, for
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example by comparing effects at different traffic levels; 4) are scuppers and concrete
barrier breaks useful; 5) can behavior at median barriers be assessed with trail cameras; 6)
if crossings are already present, do median barriers matter in terms of permeability
impacts; and 7) how might differences in vegetation composition and density in vegetated
medians cause or offset problems? We are planning on a final meeting with them after
finalization of this report as a courtesy, to share our findings.

Data collection

Two primary types of data were used: WVC observations from previous and newly
collected efforts and newly-collected infrastructure and composition information for
adjacent habitats, roadside and roadway conditions.

Highway infrastructure

Adjacent habitats

Information for adjacent habitats to WVC observations was derived from the highest
resolution land cover spatial datasets from the 2021 National Land Cover Database. The
distance from each observation to the nearest 30 x 30 square meter area of each land
cover class was calculated using a QGIS tool. Distance measurements were calculated for
the following land cover classes: Open Water, Developed, Barren, Forest, Shrubland,
Herbaceous, Planted/Cultivated, and Wetlands.

A potential limitation of these land cover datasets is their inability to capture small
landscape features that may act impact animal movement. For example, a small pond
may provide a drinking point for wildlife but would not be identified as a unique featurein
the land cover dataset.

Paired median types (Local)

Local stretches of pairs of median types were manually identified using satellite, aerial,
and ground-level imagery accessed through Google Earth Pro and Street View.
Satellite/aerial imagery of state highways and interstates was systematically reviewed
using Google Earth Pro to pinpoint changes in median type. Median type was then
confirmed using ground-level imagery. For each identified change, 1-to 5-mile transects of
continuous median type on either side of the change point were recorded. Median types
included: concrete barrier, cable barrier, metal beam barrier, vegetated strip, and painted
stripe. Pairs of transects were discarded if the land cover was visually dissimilar between
the two transects or if multiple treatments were present. Valid transect pairs were
converted into a spatial dataset of paired highway segments containing median treatment
data using GIS software.

A 50-meter buffer was applied to the paired highway segments using GIS software to
capture surrounding areas, and WVC observations located within the buffer zone were
extracted to create a dataset of collisions occurring within the identified segments. The 50-
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meter buffer width was chosen to account for animal carcasses found on highway road
shoulders and within wide median strips. GIS software was then used to assign the median
type, pair type (e.g., concrete barrier-vegetated strip pair), and unique pair identifier of the
nearest highway segment to each collision. These data were then summarized to create a
dataset containing WVC counts for both segments within each pair.

District-wide median types

Median type data for WVC observations in each District were manually collected using
satellite, aerial, and ground-level imagery accessed through Google Earth and Google
Earth Street View. The WVC point spatial datasets were imported into Google Earth Pro,
and the median treatment for each WVC point was documented from the available
overhead and ground-level imagery based on a predefined list of barrier and non-barrier
treatments. Barrier treatments included: concrete, cable, and metal beam guardrails.
Non-barrier treatments were unprotected strips that separate lanes and included:
vegetated strips, gravel strips, and painted strips. When multiple treatments were present
(e.g., avegetated strip containing a metal beam guardrail), each treatment was recorded.

Existing wildlife-vehicle collision occurrences

WV C data were harvested from the Road Ecology Center’s statewide datasets of crash and
carcass occurrences. Crash data were from the California Highway Incident Processing
System (CHIPS). These data are collected through an automated scraping and text-query
process. The data are manually checked for type of animal, type of crash, and duplication.
Carcass data were from both CHIPS and the California Roadkill Observation System
(CROS, https://wildlifecrossing.net/california). CROS data are collected from individual
observers, agency/organizational observers, and targeted collections (i.e., for certain
roadways) and are manually reviewed for species and locational accuracy.

These data were divided into subsets for each study area based on specific filter criteria.
For each study area, WVC observations occurring before 2015 were excluded to minimize
the likelihood of median changes between the collision date and the imagery date.

Paired Medians Study

At the paired medians (local) scale, WVC observations were included if they were located
within 50 meters of a valid transect pair. WVC observations of all species were included
between January 2015 and April 2024.

We identified nine types of paired local median treatments across the state. Within the 76
pairs (152 individual transects), 1,181 wildlife-vehicle collisions occurred over 210.2 miles
of total transect distance. Table 1 summarizes the data for each pair type.
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Table 1. Summary of Local Median Type Pairs

Pair Type Number of Median Type Number of | Total
Pairs WVCs Distance (mi)
Cable / Concrete 1 Cable 1 1.0
Concrete 1 0.99
Cable /MetalBeam | 2 Cable 16 2.04
Guardrail Metal Beam 7 2.00
Guardrail
Cable / Vegetated 6 Cable 23 10.08
Strip Vegetated Strip | 30 10.13
Concrete / Painted 5 Concrete 74 5.00
Stripe Painted Stripe 46 5.10
Concrete / Metal 14 Concrete 58 18.48
Beam Guardrail Metal Beam 90 17.89
Guardrail
Concrete/ 11 Concrete 65 11.17
Vegetated Strip Vegetated Strip 116 11.25
Painted Stripe / 1 Painted Stripe 1 1.00
Metal Beam Metal Beam 9 1.01
Guardrail Guardrail
Painted Stripe / 16 Painted Stripe 235 28.19
Vegetated Strip Vegetated Strip | 198 28.37
Metal Beam 20 Metal Beam 87 28.07
Guardrail / Guardrail
Vegetated Strip Vegetated Strip | 124 28.41

District Study

Individual species WVC observation datasets were created for each of District 2,4, and 9
(Figure 2). Observations in each study district were included if they were located within 50
meters from a highway centerline, they were on highway infrastructure accessible to
wildlife, and if the median treatment could be determined from the available imagery.
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Figure 2. Mule deer WVC data in each Caltrans District

For each District, a small-, medium-, and large-sized mammal species was selected for
study based on the largest available observation dataset. In District 2 and District 4, the
selected species were Western gray squirrel (Sciurus griseus), Coyote (Canis latrans), and
Mule deer (Odocoileus hemionus). In District 9, the selected species were Black-tailed
jackrabbit (Lepus californicus), Coyote, and Mule deer.

For each District, GIS software was used to create a corresponding set of randomly
generated points along highways to serve as a comparison dataset. Some of these
comparison points were located near the WVC observations. To address potential spatial
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autocorrelation, an additional comparison dataset was created using GIS software to
include only the random points that were located more than 100 meters from the WVC
observations.

Wildlife-vehicle collisions of several species were not distributed uniformly across the
entire district and exhibited spatial clustering. We propose two explanations for this
clustering:

1. Evenreporting effort: Clustering reflects “hotspot” areas with collision rates
2. Uneven reporting effort: Clustering reflects areas with higher WVC reporting rates

Based on the first explanation that clustering reflects true WVC hotspots, a districtwide
dataset including all WVC observation and comparison data was created (“All” in Table 4).
Based on the second explanation that clustering reflects areas with higher WVC reporting
rates, WVC observation and comparison data were clipped to the boundaries of Minimum
Convex Polygons (MCPs) generated for major clusters (“Group” in Table 4). Major clusters
were regions with assumed even reporting effort, measured by regular WVC observations,
and did not include WVCs that were geographically isolated from the rest of the cluster.

This process resulted in two types of spatial datasets for each species in Districts 2, 4, and
9: districtwide (“All” in Table 1) and MCP (“Group” in Table 1) datasets. These datasets
included various categories of points for analysis:

e Observations: AL WVC points on highways for the species within each district.

e Allrandom points: Randomly generated comparison points along the same
highways as WVC observations, which serve as a baseline for spatial comparison.

e Random points greater than 100m from WVC: A subset of the randomly generated
points located more than 100 meters from any WVC observation to produce
pseudoabsences.

Table 2. Summary of Wildlife-Vehicle Collisions in Caltrans Districts

District | Mule Deer | Coyote | Western Gray Black-tailed Total Highway
Squirrel Jackrabbit Distance (mi)

2 1407 73 333 0 2084.468

4 1131 321 82 0 2299.440

9 273 78 0 21 1399.480

Random points were generated at a 1:1 ratio to match the number of roadkill points except
for District 4 Mule deer, where the random points totaled to 1095. Total datasets (roadkill
and random points) by species were N=5,586 for mule deer, N=944 for coyote, and N=872
for western gray squirrel and black-tailed jackrabbit.
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Field-collected wildlife-vehicle collision occurrences

New WVC data were collected in targeted surveys along previously identified paired
highways transects. These surveys were carried out in Caltrans Districts (3, 4, 7) where
staff had previously expressed some interest in the project. Pairs of students surveyed
routes for animal carcasses (one driving and one observing) at the speed limiton 1to 4
occasions. Duplicate observations collected on different days in the same location were
not used. Observations were recorded using transect-survey functions in CROS, which
was also used to manage the data.

Table 3. Summary of Field Surveys of Select Local Median Type Pairs

Pair Type Number | Total Median Number of Total
of Pairs | Survey Type Surveyed Distance
Effort Carcasses (mi)
(days)
Cable /Metal Beam |1 3 Cable 0 1.00
Guardrail Metal 1 1.07
Beam
Guardrail
Cable / Vegetated 3 5 Cable 6 7.03
Strip Vegetated | 8 7.04
Strip
Concrete / Painted |1 4 Concrete |0 1.00
Stripe Painted 4 1.00
Stripe
Concrete / Metal 5 9 Concrete |1 4.99
Beam Guardrail Metal 2 4.71
Beam
Guardrail
Concrete/ 4 4 Concrete |2 4.00
Vegetated Strip Vegetated | 3 4.03
Strip
Painted Stripe / 1 3 Painted 0 1.01
Vegetated Strip Stripe
Vegetated | O 0.99
Strip
Metal Beam 5 15 Metal 19 9.23
Guardrail / Beam
Vegetated Strip Guardrail
Vegetated | 22 8.97
Strip
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Statistical analyses

Two primary types of statistical analyses were carried out: 1) pairwise comparisons of
adjoining median treatment types; and 2) generalized linear modeling (GLM), a type of
regression analysis.

Pairwise analyses

Median treatment data for the paired highway transects in the local study area were
analyzed to determine whether significant differences in WVC rates existed between the
treatments within each pair type. Pair types were composed of combinations of these
individual median treatments: metal beam guardrail, vegetated strip, concrete barrier,
painted stripe, and cable barrier. R scripts were used to calculate the WVC rate for each
transect (# of collisions / transect length in kilometers). 1,181 WVC observations across 76
transect pairs were included in the analysis.

Comparisons were performed for the following median treatment pair types:
cable/concrete, cable/metal beam guardrail, cable/vegetated strip, concrete/painted
stripe, concrete/metal beam guardrail, concrete/vegetated strip, painted stripe/metal
beam guardrail, painted stripe/vegetated strip, and metal beam guardrail/vegetated strip.
Other potential pair types were not analyzed due to insufficient data.

A secondary analysis was conducted based on the possible wildlife permeability of each
median treatment. Median treatments were categorized as permeable (vegetated strip,
painted stripe), semi-permeable (metal beam guardrail, cable barrier) orimpermeable
(concrete barrier). Comparisons were performed for the following permeability-based pair
types: impermeable/permeable, impermeable/semi-permeable, and permeable/semi-
permeable. Other potential pair types were not analyzed due to insufficient data.

Paired T-test

A parametric paired T-test was used to determine whether differences in the mean
collision rate between segments in each median treatment pair type were statistically
significant (p<0.05).

Wilcoxon Signed-Rank Test

A non-parametric Wilcoxon signed-rank test was used to determine whether differences in
the median collision rate between segments in each median treatment pair type were
statistically significant (p<0.05).

Generalized linear models

To determine whether median treatment type was predictive of WVC rates at the District
scale, generalized linear model (GLM) statistical analyses were performed in R version
4.1.2 using the MASS, emmeans, and multicomp packages (R Core Team, 2021). AllGLM
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iterations used WVC body condition as the response variable, with “dead” and “injured”
considered a hit and random points as non-hits. A GLM with median type as the fixed
effect was used to determine which was the most significant predictor of a WVC for each
dataset. A pairwise comparison of the model was done using the estimated marginal
means to compare predicted responses of the model with median type as the only
predictor. The differences between groups were adjusted using a Tukey method. All
coefficients from model outputs were back transformed from a log scale. Atype |l analysis
of variance (Anova) test was run for each model iteration to determine significant
predictors. Tests for correlation among variables were not conducted, though that is being
done after the end of this project. Measurements for annual average daily traffic (AADT)
and distance to various land cover classifications from the National Land Cover Database
(NLCD), streams from the National Hydrography Database (NHD), and nearest building
were added to the GLM to determine if there were additional significant indicators of WVC.
The following are included in the landcover data: open water, developed low-high intensity,
barren, forest, shrub, herbaceous, planted/cultivated, wetlands.
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Results

The following sections describe the results of the statistical analyses.

Pairwise comparison

Neither the paired T-test, nor the Wilcoxon signed-rank test detected significant
differences (p<0.05) in mean collision rates for either the treatment comparisons or the
permeability-based comparisons (Figure 3). This is visually apparent with comparisons
such as the total number of collisions for “Painted Stripe vs Vegetated Strip” (to barin
Figure 3) and also true for all other comparison in Figure 3.

Painted Stripe vs Vegetated Strip
(n=16)

Painted Stripe vs Metal Beam Guardrail
(n=1)

Median Treatment
Cable

Concrete

Metal Beam Guardrail
Painted Stripe
Vegetated Strip

Metal Beam Guardrail vs Vegetated Strip
(n=20)

Concrete vs Vegetated Strip
(n=11)

Concrete vs Painted Stripe
(n=5)

Concrete vs Metal Beam Guardrail
(n=14)

Cable vs Vegetated Strip
(n=6)

Cable vs Metal Beam Guardrail
(n=2)

Cable vs Concrete
(n=1)

100 200 300 400
Collisions (n=1181)

Figure 3. Wildlife-vehicle collision rates across paired median types transects.

Generalized linear modeling

Table 4 summarizes the results of the median type by species and Caltrans district with p-
values from an Anova. P-values less than/equal to 0.05 are indicative of a significant effect
of median treatment type on WVC. Impact indicates which median type has the strongest
effect. Out of the 38 datasets, median type is a significant predictor of WVC 29 times
(76%). For mule deer and coyote, WVC rates were most significantly related to painted
stripe, vegetated strip, guard rail, and concrete barrier medians. Three of these four have
some, or complete visibility through them, with only concrete barriers providing no visibility
to the other side of the road. For western gray squirrel and black-tailed jackrabbit, WVC
rates were only significantly correlated with painted stripe medians.
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Table 4. Summary of median barrier (GLM) model results

Species Species District Group P-values' Impact'?2
Size
Large Mule Deer 2 All 0.0001778* MG
4 All 3.765e-08* PS
9 All 0.003885* CB
1 0.03377* VS
Medium Coyote 2 All 0.0005309* VS
1 8.512e-16* MG
2 0.00347* MG
4 All 0.0001016* MG
1 0.02496* GS
9 All None None
1 0.2037 PS
Small Western 2 All 2.469e-10%* PS
Gray 1 NA NA
Squirrel 2 0.2058 PS
4 All 2.2e-16* PS
1 2.2e-16* PS
2 1.989e-14* PS
Black- 9 All 0.00172* PS
tailed 1 0.04332* PS
Jackrabbit

1: Group1 - Results from model with pseudoabsences >100 m from WVC observations. Similar results were
obtained with no buffer for pseudoabsence points.

2: CB = concrete barrier, MG = metal beam guardrail, C = cable barrier, VS = vegetated strip, GS = gravel strip,
PS = painted stripe

* Indicates significant value <0.05

Combined district models by animal (deer, coyote, western gray squirrel, black-tailed
jackrabbit) resulted in identical findings across the districts for the same species. For deer,
western gray squirrel, and black-tailed jackrabbit painted stripe median type is most
strongly correlated with WVC (see Figure 4 and Figure 6) while gravel is the strongest for
coyote (see Figure 5).
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Figure 4. Mule deer model results across Districts 2, 4, and 9 using all data (no spatial
groupings). The x-axis includes the median type categories, and the y-axis are odds
ratios. Values greater than 1 indicate a positive association, values less than 1
indicate a negative association, and a value equal to 1 indicates no association. Blue
dots correspond to the 100m exclusion buffer present and green dots have no
exclusion buffer.
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Figure 5. Coyote model results across Districts 2, 4, and 9 using all data (no spatial
groupings). The x-axis includes the median type categories, and the y-axis shows odds
ratios. Values greater than 1 indicate a positive association, values less than 1
indicate a negative association, and a value equal to 1 indicates no association. Blue
dots correspond to the 100m exclusion buffer present and green dots have no
exclusion buffer.
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Figure 6. Western Gray squirrel for Districts 2 and 4, Black-tailed Jackrabbit for District
9 model results using all data (no spatial groupings). The x-axis includes the median
type categories, and the y-axis are odds ratios. Values greater than 1 indicate a
positive association, values less than 1 indicate a negative association, and a value
equalto 1 indicates no association. Blue dots correspond to the 100m exclusion
buffer present and green dots have no exclusion buffer.

Table 5 shows the pairwise comparison of the effects of different median types on WVC
rates, where there was a significant (p<0.05) difference. In some cases, there are multiple
significant differences (e.g., for mule deer in District 4). For mule deer and coyote, these
differences were usually with median types with more visibility having greater rates of
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WVC, though this was not always true (e.g., CB/VS comparison in District 4 for both
species). For black-tailed jackrabbit, median types with more visibility always had higher
WV C rates than no-visibility (i.e., CB), or there was no significant difference. For several
District-species combinations, there were no significant differences between WVC rates
among median pairs.

Table 5. Pairwise comparison of the effects of median types on WVC (p<0.05)

Species Species District Group Comparison’
Size
Large Mule Deer 2 All PS/CB, MG/CB
All CB/VS, PS/MG, PS/VS, MG/VS
9 All VS/GS
1 PS/GS
Medium Coyote 2 All VS/PS
1 None
2 None
4 All CB/PS, MG/PS
1 None
9 All None
1 PS/VS
Small Western 2 All PS/CB, VS/PS
Gray 1 NA
Squirrel 2 None
4 All VS/PS
1 VS/PS
2 None
Black-tailed 9 All None
Jackrabbit 1 None

1: CB = concrete barrier, MG = metal beam guardrail, C = cable barrier, VS = vegetated strip, GS = gravel strip,
PS = painted stripe.

Model with Additional Predictors

Table 6 and Table 7 include median type and other predictor variables, such as traffic
volume and landcover for District 2, 4 and 9. Table 6 shows the significant predictor
variables (p<0.05) within a GLM model comparing WVC rates with median type and other
predictor variables for each species across the three Districts individually. Quite often,
there were multiple variables that were important in predicting WVC rates. In 3 cases, all
for coyote in District 2 or 9, there was only one significant predictor variable. Median type
was always an important predictor for mule deer and Western gray squirrel in all Caltrans
Districts, but less so for coyote (District 2) and not at all for black-tailed jackrabbit.
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Table 6. Significant predictors of WVC rates (<0.05) from GLM model with all predictor
variables

Species Species District Group Significant predictors

Size
Large Mule Deer 2 All Median, AADT, building, open water, development,
barren, shrub, wetlands
4 All Median, AADT, building, NHD, forest, shrub,
planted/cultivated
9 All Median, building, forest
1 Median, building, development, forest,
herbaceous
Medium Coyote 2 All Median, open water, barren, planted/cultivated
1 Forest, shrub
2 Herbaceous
4 All AADT, building, open water, development, forest,
herbaceous
1 AADT, building, open water, forest
9 All AADT
1 Herbaceous
Small Western 2 All Median, building, development, barren, forest,
Gray herbaceous, planted/cultivated, wetlands
Squirrel 1 NA
2 Median, building, NHD, open water, development,
wetlands
4 All Median, building, NHD, herbaceous,
planted/cultivated, wetlands
1 Median, building, development, forest,
planted/cultivated
2 Median, building, NHD, open water, development,
forest, planted/cultivated
Black- 9 All AADT, building, developed, shrub
tailed 1 NHD, barren, forest, wetlands

Jackrabbit

Table 7 shows the significant predictor variables (p<0.05) within a GLM model comparing
WVC rates with median type and other predictor variables for each species combining the
three Districts together. There was a significant positive association (odds ratio >1) with
the painted stripe and vegetated strip median types for the deer (large mammal) model.
There was a significant negative association (odds ratio <1) with concrete, metal beam
guardrail, and vegetated strip median types for western gray squirrels in Districts 2and 4
and black-tailed jackrabbits in District 9 (small mammal). All significant landcover
predictors were neutrally associated (odds ratio = 1) with WVCs.
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Table 7. Summary of combination of species results including all districts from GLM
model with all predictor variables

Species Size Significant predictors (<0.05) Odds Ratio
Large (Mule  Painted stripe™? 1.45"2
deer) Vegetated':? 1.34"2
AADT"2 1.0"2
Building'2 1.0":2
Development™? 1.0"2
Barren':2 1.0"2
Forest'-2 1.0"2
Shrub’2 1.0"2
Planted’2 1.0"2
Wetland'? 1.0"2
Medium AADT"? 1.0"2
(Coyote) Open water"? 1.0"2
Development™2 1.0"2
Shrub’2 1.0"2
Herbaceous™? 1.0"2
Small Concrete’ 0.02°
(Western Concrete? 0.122
gray squirrel  Metal Beam Guardrail' 0.00
& Black- Vegetated' 0.06
tailed AADT? 1.0
jackrabbit) Building"2 1.0"2
NHD' 2 1.0"2
Open water? 1.02
Development'2 1.0"2
Barren':2 1.0"2
Forest™2 1.0"2
Shrub’2 1.0"2
Planted? 1.0"2

1: 100m exclusion buffer for random points
2: no buffer for random points
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Discussion

Our primary findings were that there are effects of median treatments on rates of WVC and
that these effects varied by species and to some degree by geographic region (represented
by Caltrans District). We disproved the null hypothesis, that there was no effect of median
type on WVC rates and suggest that the best alternative hypothesis is H2, that there is an
effect of median type on WVC rates and it varies by species and possibly geography.

When presence of any median treatment was evaluated (4), for small animals (i.e., western
gray squirrel and black-tailed jackrabbit), the presence of a vegetated or paved median
strip was a predictor of higher rates of WVC than presence of a median barrier. This is
somewhat in contrast to McLaren et al (2011), who found no impact of presence of
vegetated strips on small mammal crossing highways, and similar to McDonald and St
Clair (2004), who found an effect of vegetated medians.

For WVC across taxa, Snyder (2014), Kim et al (2021), and Pagany and Dorner (2019) found
a generally negative relationship between presence of a median barrier and rate of WVC.
We found variation in effect on WVC rate among species and among median types. For a
medium-sized animal, coyote, the presence of a metal beam guardrail, or undeveloped
median was a significant predictor of WVC. For a large animal, mule deer, we found that
the presence of a metal beam guardrail, concrete barrier, or undeveloped median were
predictors of WVC. This is in contrast to (Singleton and Lehmkuhi, 2000) who found that
deer mortality was greater in the vicinity of vegetated medians. Our findingis also in
contrast to suggestions in earlier literature (Malo et al., 2004; Gunson et al., 2011) that the
presence of median barriers resulted in lower WVC rates for large mammals. Our results
combined with existing literature suggest that there may not be a single simple relationship
between median barriers and WVC and instead that there are species-specific and median
barrier-specific responses.

Median treatments were also compared with each other in pairwise comparisons (Table 5).
For western gray squirrel, vegetated medians were greater predictors of WVC than paved
medians and paved medians were greater predictors than concrete barriers. There were no
significant differences among median types for black-tailed jackrabbit. For coyote,
vegetated and paved medians varied with each other in terms of which was a greater
predictor of WVC in Districts 2 and 9, but in District 4 median barriers were greater
predictors than paved median. For mule deer, in Districts 2 and 9, vegetated or paved
medians were greater predictors of WVC than other median types, whereas in District 4,
the relationship was more complicated, with the following approximate ranking of
predictors of WVC: CB>PS>MG>VS.

When compared with all predictor variables in a GLM analysis (6), median type was a
significant predictor of WVC for western gray squirrel in both Districts 2 and 4, but median
type was not a significant predictor of WVC for black-tailed jackrabbit in District 9. For
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coyote, median type was a significant predictor of WVC in District 2, but not in Districts 4 or
9, where traffic volumes (AADT) were consistent predictors of WVC. For mule deer, median
type was always a predictor of WVC, along with distance to nearest building. The second-
most consistent predictors were distance to forest and traffic volumes.

Our overall results were that WVC rates for small animals were greatest in the absence of a
constructed median barrier, suggesting that small animals may not try to cross a roadway,
and thus get hit by traffic when a constructed median barrier is present, asis the case in
one study of bobcats (Serieys et al., 2014). The consequence of this could be that highways
containing median barriers inhibit small wildlife permeability, unless there are culvert or
bridge passageways for the species. For coyote and mule deer in rural Districts (2 and 9),
WVC was more strongly associated with lack of a constructed barrier, suggesting that
these two species may not be attempting to cross highways with median barriers. In
contrastin the more urban District 4, coyote and mule deer WVC was associated with both
barrier-containing and undeveloped medians, suggesting that other factors, such as traffic
and nearby land cover may be important co-predictors of WVC.
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Next Steps

The study painted a relatively clear picture of the effect of median treatment types on WVC
rates in California, an important aspect of wildlife permeability. However, it did not
address two other primary determinants of wildlife permeability — 1) wildlife behavior
approaching and crossing the roadway into the median, and 2) successful wildlife
traversing of medians. Wildlife behavior can be characterized as the mechanism by which
wildlife permeability can be impacted by median treatments and desired changes made to
negative impacts. Wildlife may be successfully crossing median structures, which may not
be captured in WVC data.

We suggest three follow-up investigations to fully explore how median treatments are
affecting wildlife permeability and how/if negative effects can be mitigated.

1) Development of a generalized linear mixed effects model (GLMM), or random forest
model to better evaluate the strength and direction of relationships among species,
geography and variable types (including median type). Increase the geographic
breadth of the investigation beyond the three Caltrans Districts analyzed. This
would require an expansion of the initial effort, but not necessarily new data
collection. This would be a good precursor to investigations of individual species
behavior on the roadside when faced with different median types.

Management nexus: This analysis is more likely to result in District and species specific
results that could help with planning for individual species and single highways.

2) Wildlife behavior can be measured for individual species at low resolution using
GPS collars (e.g., for mule deer or puma) and for many species at high resolution
using camera traps. Both methods have limitations and advantages. Camera traps
set on video or bursts of stills can be used to record wildlife dwell time and behavior
within the detection zone. This means that roadside, roadway, and median behavior
can be measured in relation to median treatment types for any species triggering
the camera. The limitations include: managing false triggers from vehicles and
detection area limits. Using GPS collars could provide limited understanding of the
movement behavior of individuals of a few large species adjacent to median types.
However, the sampling rates are typically much too infrequent to capture individual
decisions about infrastructure. For example, at a jogging speed of 5 m/s, a deer or
puma would cover 2 lanes and a shoulder in 1-2 seconds, so measuring pausing,
running, and changing direction would require very frequent GPS recording (e.g., 1
second interval) and accurate locations. These rates are much more frequent than
usual and would require a special study. We suggest using camera traps to
measure wildlife behavior in relation to different median treatments. We also
suggest conferring with wildlife scientists using GPS collars about the
possibility of very high frequency location sampling.

@NCST

25



Management nexus: This type of study would provide more information about how species
of high management and human-safety concern, such as puma, mule deer and elk,
behaviorally respond to median types, which could guide median type planning when
these species are the targets in particular areas.

3) Constructed medians provide an opportunity to sample wildlife DNA while they are
transiting the structures. DNA primers are available at two labs we use for all
vertebrates in California, meaning single median treatment samples can be
assayed for over 200 terrestrial vertebrates in one analysis. We are carrying out pilot
studies of DNA collection in scuppers at the bottom of Jersey barriers to see if they
are used by small mammals. Similar collection could occur at cable guard and
metal-beam barriers. Different methods could be used for DNA samplingin
vegetated medians, which could indicate both occupancy and transiting of the
median. We suggest using DNA sampling to directly determine which terrestrial
vertebrates are crossing through median barrier openings, or crossing over
vegetated medians.

Management nexus: This information would be much more precise in terms of species
identification than camera trap, or WVC data, both of which are necessarily incomplete,
especially in relation to small or rare species. Collecting and analyzing these data would
allow environmental planners in Districts to understand which species were impacted, or
benefiting from median types and mitigations.
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Data Summary

Products of Research

1. Existing wildlife-vehicle collision data from the California Roadkill Observation
System.

2. New WVC observations during field work.

3. Remaining cited data are available from other, non-UCD sources.

Data Format and Content
AlLWVC observation data includes date/time, animal species, and location

(latitude/longitude) information.

File types are .xlsx (MS-Excel).

Data Access and Sharing

The datasets are available on the Road Ecology Center on a dedicated project page:
https://roadecology.ucdavis.edu/research/projects/median-barriers

Reuse and Redistribution
There are no restrictions on data use. Citation for the dataset is:

Road Ecology Center, 2025. Dataset of wildlife vehicle collisions associated with
median treatments. https://roadecology.ucdavis.edu/research/projects/median-
barriers.
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