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Windy Hill badger burrows by Skyline Road.
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1.0 Executive Summary

In 2019 the study began with collecting a compilation of a comprehensive database of burrowing owl and
American badger occurrence records from a variety of sources. To build the models, 142 badger and 1,426
burrowing ow! occurrence records were collected from the San Mateo, Santa Cruz, Santa Clara, and San
Benito counties via a regional email inquiry. After screening the records for duplicates and accuracy, 127
badger records and 424 burrowing owl records were used in analyses. A total of 127 badger locations were
included in the database and 424 burrowing owl locations.

Species distribution models based on habitat characteristics at occurrence record locations were generated
using Maxent for records of badgers in observed in burrows, badgers above ground (in transit), wintering
burrowing owls (records from September 16th through April 9th) and breeding burrowing owls (April 10th
through September 15th). Badger burrow presence was positively associated with grasslands, loam sails,
and road density. Occurrence records of badgers in transit were associated with areas that are developed,
closer to water, and higher than the surrounding terrain. Associations with road density and development
may be related to locations where badgers are most visible, and where observers are most likely to be,
rather than actual associations with habitat predictors. Burrowing owl models suggest that breeding owls
are more likely to be present in lower elevations, which reflects what is observed on community science
apps like eBird and iNaturalist. The model for wintering owls suggests that, in addition to low elevation
sites, some mid elevation locations have higher probabilities of species presence than lower or high
elevation areas. Owls were also associated with higher road densities, which again may indicate
observational bias rather than actual biological associations. However, owls’ preference for low elevation
and flat areas may be associated with areas more likely to have roads.

To validate the species distribution models, we generated stratified across various levels of predicted
badger presence from the Burrows model. Badger and burrowing owl surveys were then conducted for
multiple seasons across three years from 2019-2021. Field work entailed transect surveys, camera work,
and collecting genetic samples as described in Sections 3 and 4 Transect Methods and Data Collection.
Field work and acquired sightings from other researchers resulted in another 248 records, resulting in a total
of 375 records, which were used to validate the linkage model. A total of 13 additional burrowing ow!
sightings were collected by volunteers and field staff during the study period.

95.3% and 95.5% of the new burrows added to our badger records and observed during transect surveys,
respectively, were in areas identified as medium to high likelihood of badger presence, thus validating our
original Burrows model. However, we also found that many areas were not surveyed (e.g., between the
Coast and the Southern Santa Cruz Mountains West of Highway 17) or did not show evidence of badger
occupancy (e.g., Sierra Azul), suggesting some additional avenues for research.

New burrowing owl sightings were mostly observed in known locations of wintering owls collected during
our 2019 preliminary database compilation. Notably, we also recorded the first sightings of owls in Sierra
Azul and Tunitas Creek Open Space Preserves. Owls were seen using a variety of habitats, including sites
with and without badgers, and also sites that didn't have any mammal-constructed burrows. We suggest
that artificial burrows be added to sites our study identified as by wintering owls habitats in order to
enhance the existing habitat and attract additional owls.
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Badger surveys were then conducted for two years from 2019-2021. Field work entailed transect surveys,
camera work, and collecting genetic samples as described in Section 4 Data Collection. Field work resulted
in another 248 records, resulting in a total of 375 records, which were used to validate the linkage model.

To identify potential linkages connecting the study sites, a Linkage Pathway analyses was conducted.
Midpeninsula Regional Open Space District (Midpen) Preserves and other protected lands that had badger
records and highly suitable habitat, were considered core habitat areas. Habitat linkages between core
areas were generated by using the Linkage Pathway tool, which is part of the Linkage Mapper Toolbox.

The linkage model was developed by creating a Cost Surface model for badgers to reflect the cost of
movement through the study area for badgers. The habitat variables used for developing the model
included vegetation, habitat types, soil, hydrology, land use, and roads from GIS layers. Each habitat variable
was reclassified to reflect the suitability of a habitat feature for badger presence (denning) and movement
using ArcMap 10.2. This resulted in a model which reflected a range of highly suitable habitat with low cost
for movement for badgers to poor habitat with high movement costs for badgers within the study area.

The map resulting from the Cost Surface model (figure 1) showed a fragmented landscape for badgers on
the Peninsula. Large swaths of habitat within the study area consist of highly unsuitable habitat, such as
steep, forested ravines with dense vegetation understory. The ravines bisect a majority of the available
highly suitable habitat for badgers, such as grasslands. Other areas of suitable habitat for badgers are
bisected by high-use roads, which could restrict badger movement across the landscape due to mortality
from vehicles, potentially isolating individuals or populations. The highly fragmented landscape highlights
the importance of identifying connections between suitable habitats and increasing the permeability of the
landscape for badgers to find resources and mates, and for juvenile dispersal from their natal areas.

The Linkage Pathway analyses resulted in several networks of linkage designs, including a central network
of draft linkages between the MROSD preserves, a linkage running from north of San Mateo down the
coast to Santa Cruz, and a linkage running from the central network down to Coyote Valley. The linkage
models were validated by overlaying the 375 records collected from field work during the study period and
the other compiled records from various sources.

A total of 114 badger records were collected from 21 transects that had badger presence, such as badger
burrows or camera documentation of badgers. The sites with the highest percentage of badger burrows
include Monte Bello OSP (30%), Russian Ridge OSP (19%), Long Ridge OSP (13%), Purisima Creek OSP
(11%), and La Honda Creek OSP (8%).

The majority of badger records were found in six of the Midpen core preserves:

1. Monte Bello OSP 4. Skyline OSP
2. Russian Ridge OSP 5. Windy Hill OSP and
3. Long Ridge OSP 6. La Honda Creek OSP.

There is a clustering of records at these six preserves, with a total of 217 records combined out of the 375
total records.

It is critical to maintain the linkages between these core preserves by maintaining connected grassland
habitats. It is also equally important to maintain quality habitat where the linkages run through the
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preserves. Within these preserves along the transects where the majority of badgers were recorded,
grassland habitats were either being mowed or grazed. It seems that both moderate grazing and mowing is
beneficial for badgers. Much like burrowing owls, this might make it easier for badgers to see, hunt, and
travel through the landscape. The majority of badgers recorded traveling were not on recreational trails. This
makes sense as badgers are sensitive to human disturbance (Crooks 2002).

Long Ridge OSP was the site with the southernmost records. Maintaining grassland connectivity from
Russian Ridge OSP through Skyline OSP and Long Ridge OSP is important for keeping these preserves
connected for badgers to have the ability to travel between them. These preserves also have highly
unsuitable habitat such as densely forested ravines. The grassland habitats that connect the different
preserves are critical for maintaining landscape connectivity for badgers.

There are also bottlenecks that would be helpful for opening and increasing the availability of grassland
habitat for badger movement between the preserves. Improving the permeability between the six Midpen
core preserves where the majority of badgers were found would help improve the ability for badgers to
travel between them to find mates and for juvenile dispersal.

We found that some linkages were being used by badgers and some that were not. For example, the more
northern Tunitas Creek OSP was heavily grazed and fragmented by unsuitable habitat. We also found no
viable linkages through the Sierra Azul OSP to connect to Calero County Park and Coyote Valley, where
there is a known badger population.

It seems there are major factors influencing badger presence or absence at sites. These factors include but
are not limited to:

1. if the grassland habitat had some type of connection to other grassland habitats

2. grass height

3. management practices

4. variation in chaparral habitat

The high presence of badgers in the Midpen core preserves may be due to the preserves being relatively
connected via grassland habitats. Within these preserves the vegetation was being managed by either
mowing or grazing. The sites were not overgrazed. From our transect work, locations in which the grass
was high (4 feet or higher) there were very few records of badger burrows. Grass height from 1 to 3 feet
seemed to be optimum in which we observed many burrows along transects. Locations subject to heavy
grazing where the grass was less than 1 foot, such as Tunitas Creek OSP, seemed to result in very few to
no burrow records.

At the southern Fremont Older OSP, Tunitas Creek OSP, Coal Creek OSP, and Sierra Azul OSPs, there
were relatively small patches of grassland habitats which were isolated by forested habitats. Variation in
chaparral was also a major factor influencing badger presence. In locations where the chaparral was very
thick, dense, and impassable, such as the Sierra Azul OSP no badger burrows or sign were found. Coastal
scrub by comparison is much more permeable. Multiple badger burrows were recorded in coastal scrub
habitat at Cloverdale.
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The various sites make the case for managing linkages by creating more connected grassland habitats
within the identified bottleneck areas by mowing and grazing, however not heavy grazing year-round. The
study area is unique in that the grassland habitats are within a matrix of heavily forested habitats that
fragmented landscape for badgers. Other neighboring mountain ranges such as the Gabilan Range and the
Diablo range have much larger intact grasslands networks that intermingle with oak woodland savannahs,
which badgers have been documented to travel through. These types are much less fragmented than the
Santa Cruz Mountains and Peninsula.

The coastal linkage may be the only viable pathway for badgers to travel to/from the Midpen core preserve
population. This linkage has much more highly suitable habitat available compared to the eastern Monte
Bello-Sierra Azul linkage. The combined badger records of historical observations and data collected from
this study indicate that badgers might be utilizing the coastal linkage. The predictive model also shows a
higher probability of badgers occurring along the coast than through the Sierra Azul complex.

Another aspect that makes the coastal linkage more viable to allow dispersal for the core population is the
high degree of connected protected lands running along the coast and within the coastal linkage. However,
we would need to further investigate the following:

1. how La Honda OSP is connected to the coast

2. ground-truth the coastal linkage by replicating the transect and camera methods used in this study
to build on this baseline data

3. collect more genetic samples to increase the genetic sample size to have a better understanding of
the genetic structure of this population to determine if genetic drift or isolation is occurring.

We collected DNA samples from badgers through outreach and direct collection by the field team. The
outreach effort, which started in May, 2019, focused on agency and independent biologists, and other
personnel regularly in the field that might encounter badgers (including road-killed badgers) or their diggings.

We provided sample collection instructions via email to respondents that expressed interest in collecting
samples they encountered.

The field team actively collected hair samples between January 1, 2020, and August 31, 2021, by installing
hair snares in active burrows identified during transect surveys or other field visits. We opportunistically
collected shed hair and scat at badger mounds, and tissues from road killed badgers. We analyzed genetic
data within and between three populations from where had collected or received samples:

e Peninsula (PN) — Includes the MROSD Preserves and extends from the eastern foothills of the Santa
Cruz Mountains west to the Pacific Ocean in San Mateo, Santa Cruz, and northwestern Santa Clara
Counties. Because the preserves are contiguous with other open space on the Peninsula, we
considered samples from the preserves as part of the PN population.

e South Bay Area (SB) — Southeast of the PN population boundary, from Coyote Valley in Santa Clara
County east into the Diablo Range; and

e North Bay Area (NB) — north of the PN population and San Francisco Bay, in Marin, Sonoma, and
Napa Counties

We analyzed the samples at the Mammalian Ecology and Conservation Unit (MECU) of the Veterinary
Genetics Laboratory at University of California, Davis to determine genetic relatedness within populations
with MLRELATE software, generated F statistics including genetic diversity and structure and inbreeding
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indices within and between populations, and used STRUCTURE software to identify the mostly likely
distinct populations.

We collected a total of 103 samples, including 11 samples from out outreach efforts, 9 samples Pathways
for Wildlife had received or collected previously, and the remaining collected by the team. Of the 103
samples, 70 were collected on the MROSD Preserves. Overall, approximately 36% of the samples
amplified successfully (produced DNA suitable for analysis). 30% of MROSD samples amplified.

The lab analysis identified 25 individual badgers from the 38 samples that amplified successfully. Eleven of
those, 3 females and 8 males, were collected within the MRSOD Preserves. Further analysis produced the
following key results:

1. The Peninsula population of badgers had the highest number of related individuals, including closely-
related individuals (parent-offspring, siblings). The South Bay population had no related individuals
and the North Bay had two pairs of related badgers.

2. Samples for several closely-related badgers were found within close proximity to each other at the
La Honda Creek OSP, potentially indicating a current or recent natal den in that area.

3. Samples for one male badger were collected from the Stanford Lands and La Honda Creek OSP six
months apart, indicating at least one badger traveled almost six miles navigating through or around
steep, forested terrain, residential development, and roads.

4. Peninsula badgers are less genetically diverse than the other two populations, and had the fewest
alleles (i.e., gene variants) in the animals we sampled. The Fis value of 0.003 for the Peninsula
population indicates a small, likely inbreeding population.

5. STRUCTURE analyses indicated that there were most likely three distinct populations across the
individuals we sampled. The analysis showed some gene flow between the North Bay and South
Bay populations, but none between those two populations and the Peninsula population.

6. We lacked enough successfully amplifying samples to estimate the effective population size (Ne) of
the Peninsula badger population, which would help understand how the population is affected by
inbreeding.

While the MROSD badgers, and those on the rest of the Peninsula appear to be an isolated population with
some degree of inbreeding, it is important to understand both the trajectory of the inbreeding by tracking
relevant indices over time to understand any trends, and also to determine the potential negative results of
this inbreeding by monitoring reproductive rates in the MROSD preserves in the future. Collecting more
genetic data in a focused, intensive effort could provide more information on population size and effective
population size that may affect inbreeding. In the meanwhile, efforts should be made to identify usable
movement corridors for badgers, potentially down the coast, where there may be opportunities for gene
flow and an increase in genetic diversity, and to maintain linkages within the preserve network and adjacent
areas to prevent further substructuring of the MROSD and wider Peninsula badger population.
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2.0 Introduction

2.1 Study Purpose

The Midpeninsula Regional Open Space District (MROSD) Badger and Burrowing Owl Population
Study (study) commissioned a study was initiated in January 2019 to evaluate and implement science-
based management of American badgers (7axidea taxus, badgers) and Western burrowing owl! (Athene
cunicularia hypugaea) throughout their Open Space Preserves (preserves). The three components of
the study were

1) the development of habitat-based predictive species distribution models in the preserves using
sightings data and validation with field surveys;

2) the development of GIS habitat linkage models within the preserve network and to adjacent
areas and predicted corridor use documentation with remote cameras; and

3) genetic analysis to determine the characteristics and structure of badger populations in the
preserves, the San Francisco Peninsula, and surrounding regions.

2.2 Report Structure
The report that follows is structured to describe each of the three study components separately and to

integrate all the results to provide robust conclusions and management recommendations. Section 2
provides an overview of badger and burrowing owl ecology, as well as known and potential threats to
their populations in California and elsewhere (as relevant). In Sections 3 through 5, we describe the
purpose, methods, and results of each of the three study components. Section 6 contains a
comprehensive discussion that provides ecological context and explanation of the overall study results.
We also include in the discussion a review of the study design, field methods, and analysis used for
each study component to highlight successes and opportunities to improve methodology. We
summarize management recommendations based on the overall study results in Section 7.

2.3 Background

2.3.1 Badger ecology

The American badger (7axidea taxus, Figure 2-1) is a medium-sized mustelid that occupies grasslands,
shrublands, open stages of woodlands, and forests throughout California. The badger is a nocturnal to
crepuscular, fossorial species, specialized for digging to pursue burrowing small mammal prey and to
den during the day. Although badgers are relatively short-legged and not large (between 5 and 8 kg for
females and up to 15 kilograms for males), they have few natural predators due to their aggressive
defensive behavior, which enables them to confront and deter larger predators (Newman et al. 2005).

W Pathways Midpeninsula Regional %ﬁ
= for Wildlife Open Space District | o
BIRD OBSERVATORY



Figure 2-1. The only badger seen on a transect at La Honda Creek OSP. Photo credit: Dan Wenny

Badgers are polygamous and mate in late summer and early fall. Females give birth in a natal den late
January through February after a delayed implantation (a process in which a fertilized egg does not
implant in the uterine wall for a period of time — up to 6 months in badgers). Litter size ranges between
1 to 5 (average 2) kits born in March or April (Hamlett 1935, Messick & Hornocker 1981, Minta &
Marsh 1988). Kits remain underground until they are about 6 to 8 weeks old, after which they will hunt
with their mothers aboveground for another 1 to 3 months. Badgers become reproductively active in
their second year, although some females will reproduce in their first year at the age of 4 months
(Messick & Hornocker 1981, Minta & Marsh 1988).

Reproductive rates appear to be low in badgers. The few studies to observe reproduction in wild
badgers suggest that females do not breed every year. Messick and Hornocker (1981) report that an
average of 57% of females produce a litter in a given year; Minta (1990) reports 25% of females
successfully raising litters to above-ground emergence. In British Columbia, out of 10 potential litter
attempts in 2 years for 4 radio-marked female badgers, only one animal produced litters: one in her
third year and another in her fifth (Newhouse & Kinley 2000). In a California study, of 3 adult females
monitored through 2 breeding seasons, only one produced one litter of at least 1, and probably 2 kits.
Messick and Hornocker (1981) found some evidence that female fecundity increased with age; thus,
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older females may be important to maintaining population growth rates. Breeding success may also
increase with age for males (Minta 1993).

Badger home ranges vary widely, from approximately 2 km? to 21 km? in coastal California to over 650
kmZ2at the northern extent of their range in British Columbia (Quinn 2008, Kinley and Newhouse 2008).
Badger home range sizes and dispersal distances can in part be explained by resource distribution,
wherein females’ movements are dependent on the distribution of food resources and males’
movements are dependent on the distribution of females (Minta 1993). Where these resources are
patchy, a large home range can comprise several widely spaced areas of intense use (Hoodicoff et al.,
2009). In California, home ranges of 21 km? have been recorded (Quinn 2008). Large home range sizes
can correlate with long dispersal distances (Bowman et al. 2002); however, in badgers, even when a
home range size was small (2 km?), a dispersal distance of 110 km was recorded (Messick &
Hornocker 1981). To exploit patchy resources, badgers have been observed moving distances of up to
14 km in a 4-hour period (Hoodicoff et al., 2009).

The American badger was listed as a species of special concern in California due to population declines
historically statewide, and more recently, locally. Many of the threats to badgers are likely related to
habitat loss and fragmentation, including road kills, and poisoning in agricultural and residential areas.
Badgers persist in contiguous habitat (Quinn 2008).

2.3.2. Burrowing Owl Ecology

The Western Burrowing Owl (Athene cunicularia hypugaea) has experienced population declines in
much of its range in western North America. Burrowing owls are listed as Endangered in Canada and
as a Species with Special Protection in Mexico. In the US at the national level they are considered a
Bird of Conservation Concern by the U.S. Fish and Wildlife Service. At the state level, burrowing owls
are listed as Endangered in Minnesota, Threatened in Colorado, and as a Species of Concern in
Arizona, California, Montana, Oklahoma, Oregon, Utah, Washington, and Wyoming (Poulin et al. 2020).
Other subspecies (mostly non-migratory) of burrowing owls occur in Florida, the Caribbean, and Central
and South America (mainly in temperate grasslands south of Amazonia).

Santa Clara County had about 500 owls at 250 locations in the 1980s. By 2020, fewer than 50 adult
owls at 4 locations were present in the breeding season. Rapid development in the South Bay has
eliminated most of the habitat previously occupied by breeding burrowing owls. However, recent
surveys find that numerous wintering burrowing owls still visit the South Bay Area during the non-
breeding season before departing to breed elsewhere (Trulio et al. 2018).

Burrowing owls in western North America generally do not dig their own burrows but rather use
abandoned burrows dug by other animals. In the San Francisco Bay Area they most commonly use
California ground squirrel (Otospermophilus beecheyi) burrows but will also use burrows or dens dug
by badgers or other animals as well as artificial burrows. Signs of owl use at a burrow includes
whitewash (the nitrogenous component of feces), regurgitated pellets, and feathers. During the
breeding season (mainly March - July) bedding material, prey remains, and “decorations” can be found
around active burrows. Decorations can include cow dung, fungi, and other items. Burrowing owls
nest in short (< 15 cm) grassland areas with patchy bare areas. They will often perch on a mound or
fence post near the burrow to scan for predators. They forage in habitat similar to that used for nesting
although not much is known about burrowing owl! foraging in our area. In other parts of their range the
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owls may forage up to a mile from their burrow. Burrowing owls are most active in the hours before
and after dawn and dusk. Burrowing owls in the San Francisco Bay Area include nonmigratory breeding
owls present all year and migratory owls from more northern breeding areas that are present here
from October through March, and sometimes into April.

3.0 Species Distribution Model Validation Report

3.1 Introduction

In 2018, the Midpeninsula Regional Open Space District (MROSD) commissioned a study to examine how
to improve habitat for American badgers (7axidea taxus, badgers) and Burrowing Owls (Athene cunicularia,
owls) on its lands. As part of our study, we obtained previous pre 2019 records of badgers and owls in
Santa Clara and neighboring counties to create a species distribution model for the two species.

In order to validate our model and to provide MROSD with more targeted management recommendations,
we continued to collect information on badgers and owls by adding to species’ records between 2019-
2021. In addition, we also surveyed transects to better understand how vegetation characteristics impacted
badger and owl presence at a fine scale level.

In this report, we discuss the validity of our original species distribution model in light of new observations
of the targeted species collected by our project as well as by other projects or researchers. We also present
findings of habitat characteristics that are associated with badgers and owls based on our transect surveys.
We use these results to guide our land management recommendations for MROSD.

3.2 Methods

3.2.2 Species Distribution Model

The habitat characteristics associated with known occurrences of badger and owls on the Peninsula,
including San Mateo, Santa Clara, Santa Cruz, and San Benito Counties were used to develop species
distribution models for both species (American Badger and Burrowing Owl Habitat Suitability Assessment
Report 2019).

1. Model and transect development included the following steps:

2. Compilation of a comprehensive database of owl and badger occurrence records from a variety of
sources

3. Use of occurrence records and GIS habitat data layers to create a MROSD-wide and beyond species
distribution Burrows model and Transit model for badgers and Breeding and Wintering models for
owls.

From the species distribution model and draft linkage design, generate transect locations for empirical
testing of model results.

Species distribution models based on habitat characteristics at occurrence record locations were generated
using Maxent for records of 53 badgers in observed in burrows, 57 badgers moving above ground (in
transit), 346 wintering burrowing owls (records from September 16th through April 9th) and 78 breeding
burrowing owls (April 10th through September 15th). Badger burrow presence was positively associated
with grasslands, loam soils, and road density. Occurrence records of badgers in transit were associated
with areas that are developed, closer to water, and in areas higher than the surrounding terrain, such as
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ridgelines and hilltops. Associations with road density and development may be related to locations where
badgers are most visible, and where observers are most likely to be, rather than actual associations with
habitat predictors. Burrowing owl models suggest that breeding owls are more likely to be present in lower
elevations, which reflects what is observed on community science apps like eBird and iNaturalist. The
model for wintering owls suggests that, in addition to low elevation sites, some mid elevation locations
have higher probabilities of species presence than lower or high elevation areas. Owls were also associated
with higher road densities, which again may indicate observational bias rather than actual biological
associations. However, owls' preference for low elevation and flat areas may also be associated with areas
more likely to have roads.

3.2.3 Species Distribution Model validation

We compiled new sightings of badgers between 2019-2021, although some of the information we received
pre-dated 2019 (see Appendix C-1). We included burrow detections from our linkage camera and transect
studies conducted for MROSD. In addition, we also received information from other studies and from
researchers including, Pathways for Wildlife, The UC Santa Cruz Puma Project, Ken Hickman, and other
incidental sightings.

We used ArcGIS 10.8 to extract model prediction values from our original Maxent species distribution
badger Burrows model. The original model raw values were classified into 1) high (>33.3%), 2) medium
(10.5%-33.3%), and 3) low (<10.5%) species presence likelihoods. The rankings were chosen based on the
lowest Maxent model predicted threshold value at which a badger was observed (10.5%) and the threshold
value which balanced the highest number of predicted presences and predicted absences (33.3%). We
extracted the model-generated rankings for each new badger burrow observation to ascertain model
performance.

3.2.4 Transect study

To validate the models, Tkm-long transects were established at stratified randomly generated locations on
MROSD properties. Transect length was selected to accommodate the smallest home ranges observed in
badger telemetry studies in Monterey County (Quinn 2008), an area where the prey base of badgers is
similar to the Peninsula in that it lacks California ground squirrels but supports an abundance of Botta's
pocket gophers (7homomys bottae) and voles (Microtus californicus). Transects cover a range of species
presence probabilities categorized in three levels: 1) high (>33.3%), 2) medium (10.5%-33.3%), and 3) low
(<10.5%). The rankings were chosen based on the lowest Maxent model predicted threshold value at
which a badger was observed (10.5%) and the threshold value which balanced the highest number of
predicted presences and predicted absences (33.3%).

While we originally selected transects to cover a range of model predicted low, medium and high rankings
for badger burrow presence, field personnel adjusted transect locations significantly due to on the site
conditions (e.g., to avoid steep slopes) or to only survey part of a transect (e.g., due to impenetrable
vegetation). This reduced the amount of transect locations located in low and medium badger presence
locations to 10.6% and 10.1%, respectively.
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Figure 3-1. Map representation of vegetation points (where vegetation data was measured along the transects)
and burrows observed during transects with MROSD lands outlined in brown and overlayed over original Maxent
burrow model outputs (red to green represent low likelihood to high likelihood of badger presence).

We attempted 38 badger transects between 0 and 1000 meters in length from June 2019 through February
2021 (Section 4, Table 4-2). Zero meter transects occurred because field staff visited the site and
subsequently decided they could not complete any of the transect. Some transects were surveyed two or
three times if badgers were not observed during initial visits. Two to six observers walked each transect
and surveyed 20-40 meters along either side of the transect for badger and burrowing owl sign or presence.
Vegetation measurements were collected every 100 meters along the transect from the start to finish; thus
if an entire transect was completed, there would be a total of 11 sets of vegetation measurements (Figure
3-1).

The vegetation measurements taken included using a Robel pole to measure visual obstruction (in
decimeters), leaf litter depth (in cm), and max vegetation height (in dm). In addition, the observers recorded
the coverage of shrubs and trees within 100 m radius as low (<10%), medium (10-50%), and high (>50%).
If a burrow was observed, it was classified as fresh, < one year old, or > one year old. Burrow age was
determined by the condition of tailings outside the burrow, the presence/absence of any vegetation growth,
and signs of badger feces or hair. Generally, fresh burrows were 1-2 weeks old. Observers also recorded
when they saw badger prey signs (e.g., gophers) and signs of cattle grazing in notes.

We completed 42 transect surveys (Table 3-1) for burrowing owls with two to six observers for each
survey; some of these also simultaneously served as badger surveys. During the surveys, we took the
same vegetation measurements as described in the previous paragraph. If an owl was observed, we noted
whether it was near or in a badger burrow.
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Table 3-1. Summary of Burrowing Owl transects

Date Site Transect # | Observers | # volunteers

Summer 2019

6/24/2019 Russian Ridge OSP 11 2 1
Skyline Ridge OSP 5 2 1

6/25/2019 Windy Hill OSP 4 2 1
Monte Bello OSP 16 2 1

6/27/2019 Purisima Creek Redwoods OSP 1* 3 0
(October Farm)
Tunitas Creek Redwoods OSP (Toto 23* 3 0
Ranch)

7/2/2019 La Honda Creek OSP 6* 2 0
La Honda Creek OSP 8* 2 0

7/18/2019 Long Ridge OSP 21*% 3 0
Long Ridge OSP 20* 3 0

8/2/2019 Cloverdale Coastal Ranches 31* 2 0
Cloverdale Coastal Ranches 30* 2 0
Purisima Creek Redwoods OSP (Elkus 2* 2 0
Ranch)

Winter 2019-2020

1/17/2020 Russian Ridge 11 3 2
Russian Ridge 12 2 1

1/18/20201 La Honda Creek OSP 8* 5 3
La Honda Creek OSP 9* 5 3

1/20/2020 Monte Bello 16 6 4
Monte Bello 17 6 4

1/25/2020 Tunitas Creek Redwoods OSP (Toto 23* 5 3
Ranch)
Tunitas Creek Redwoods OSP (Toto 23a 5 3
Ranch)

2/1/2020 Purisima Creek Redwoods OSP 1* 6 4
(October Farm)
Purisima Creek Redwoods OSP (Elkus 2% 6 4
Ranch)

2/5/2020 TomKat Ranch 27% 3 0

2/5/2020 Cloverdale Coastal Ranches 28 2 0

2/5/2020 Cloverdale Coastal Ranches 32 2 0

Summer 2020

6/1/2020 La Honda Creek OSP 8 1 0
La Honda Creek OSP 9 1 0

6/4/2020 Cloverdale Coastal Ranches 29 1 0
Cloverdale Coastal Ranches 30 1 0
Windy Hill OSP 4 1 0

10/16/2020 Los Trancos OSP 19* 1 0
Long Ridge 21% 1 0

Winter 2020-2021

12/22/2020 Russian Ridge OSP 41 2 1
Russian Ridge OSP 12 2 1

12/30/2020 La Honda Creek OSP 9 2 1
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Date Site Transect # | Observers | # volunteers

La Honda Creek OSP 8 2 1

2/11/2021 Sierra Azul OSP (Cherry Springs) 48* 2 0

2/18/2021 Cloverdale Coastal Ranches 30* 2 0
Cloverdale Coastal Ranches 29* 2 0

2/25/2021 Tunitas Creek Redwoods OSP (Toto 23*% 2 0
Ranch)

3/26/2021 Cloverdale Coastal Ranches 32 2 0

In addition to the transect surveys, we recruited volunteers to help look for owls and recent burrows in
selected Midpen preserves. These volunteers surveyed an additional 27 miles of trails on MROSD property
each month from October 2020 through March 2021 (See Appendix Table C-2). We added this volunteer
effort for several reasons. First, based on the recent owl records we compiled, the number of owls on the
transects was likely very low; more people searching for owls should improve our ability to find them.
Second, during the first year of the study we had learned that badger burrows often do not remain usable
for owls for very long. Badgers dig many burrows and move frequently so the best way to find recent
burrows would be to visit an area repeatedly. Each volunteer selected a trail to hike monthly while
searching for owls and badger burrows and reported any fresh burrows for us to investigate

3.2.5 Transect Study Statistics

We averaged vegetation measurements taken within 100 meters from any fresh badger burrows to create
a set of habitat variables associated with each burrow (average leaf litter, average max vegetation height,
average visual obstruction, and shrub and tree coverage; Figure 3-1). We also noted whether grazing and
prey species were observed on each transect since those were not always recorded at each vegetation
point. We then randomly selected five times as many points that were at least 200m apart from each other
and >150m away from any burrows and calculated the same set of variables associated with each of these
points.

We ran a logistic regression model to identify whether any vegetation and habitat measurements were
correlated with burrow presence using the generalized linear model (glm) function in R. We started with
single variable models, and then picked the best single variable model to add additional variables. We
stopped adding variables when the Akaike Information Criterion value did not improve by 2 points, and we
compared models using ANOVA. We also ran a glm comparing vegetation characteristics at fresh badger
burrows compared with vegetation measurements captured on the same transect but >200m from
burrows.

3.3 Results

3.3.1 Species Distribution Model validation

We obtained an additional 221 new badger location points, of which 190 were for badger burrows (Figure 3-
2). 186 out of 190 (98.9%) badger burrow locations were located in areas classified as high presence
possibility by the Maxent model (Table S1). We did not compare badger in transit (of which 7/31 were
roadkill specimen) to our original transit model as we found at the time that the model was biased towards
road kills and not necessarily representative of habitat selection by transiting badgers.

We collected 13 new observations of owls between 2019 and 2021 (Figure 2), but only one was observed
during a transect survey (Table S2). All but one of the new records were of owls; the final record was of
feathers suggesting predation.
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Figure 3-2. New and old badger observations collected during the first year of this project (2019) and for this

report (2019-2021) with MROSD lands outlined in brown and overlayed over original Maxent burrow model
outputs (red to green represent low likelihood to high likelihood of badger presence).

3.3.2 Transect Study

We documented 112 badger burrows or burrow complexes (e.g., several shallow digs of similar age and
located within 10 meters of each other) during our transect surveys (Figure 3-1), of which 29 were fresh
(e.g., there were fresh tailings). 107 or 95.5% of the burrows were found in areas classified by the original
Burrows model as high or medium likelihood of badger presence. We extracted 20 fresh burrow locations
that were associated with unique vegetation measurements (i.e., some burrows were close in proximity)
and 98 randomly selected vegetation points.

Of the variables we tested, we found that the best model included the grazing (estimate= -1.974, SE =
0.778, p=0.0112) and the tree cover variable. Grazing was negatively associated with badger presence, and
including the tree cover variable improved model fit significantly (deviance =8.14, p=0.017). Low tree cover
in this case had a positive relationship with badger presence, in contrast to medium and high tree cover. In
fact, all fresh badger burrows included in this model were associated with low-tree cover vegetation points.
However, the overall deviance explained by the top model was only 15%, which means that the model
variables only minimally contribute to explaining badger presence.

Because large portions of the study area (e.g., the transects) did not have badgers but were classified as
suitable habitat by the original model, we decided to further examine a subset of our data to see if we could
identify any vegetation differences in parts of the same transects that had badgers versus areas that did
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not. We used logistic regression to compare fresh badger burrow habitat characteristics with those found in
the same transects but without badger presence and used a logistic regression to test whether any habitat

characteristics were significantly predictive. We did not find that any of the vegetation measurements were
significantly related to badger presence.

The only owl we observed during transects was seen at Russian Ridge Open Space Preserve (OSP) on
12/22/2020 on transect 41. The only owl observed by volunteers was likely the same one seen during the
transect survey at Russian Ridge. The owl was observed using an old badger burrow, confirming that these
burrows provide habitat and shelter for owls. Based on the records we collected, our study found the first
recorded sighting of owls in Sierra Azul and Tunitas Creek OSPs. In addition, we found that owls continued
to use La Honda, Russian Ridge and Windy Hill OSPs. Our survey results and compiled historical records
confirmed that non-breeding owls have consistently used MROSD preserves at a low level. All owls were
observed between September and March, which indicates that these were likely wintering owls and not
breeding owls. None of the owls observed in the MROSD preserves were banded, which is further
evidence that these are not birds from the local breeding population but migrants from more northern
breeding populations. Several owls were also sighted using badger burrows of varying ages at different
preserves.

We collected 13 new observations of owls between 2019 and 2021 (Figure 3-3), but only one was observed
during a transect survey (Table 3-2). All but one of the new records were of owls; the final record was of
feathers suggesting predation.

20| Page

W Pathways Midpeninsula Regional %
= for Wildlife Open Space District | o
BIRD OBSERVATORY


ktokatlian
Highlight

ktokatlian
Highlight

ktokatlian
Highlight

ktokatlian
Highlight


San Francisea

% 7 L=andre

Ca &
o g o
C}OO
San ‘.1.11-_-r.-9 Q> Fremont
: 2 a0
Plhedwood ('g,)
0 [

19,000 9.500 0 19,000 Meters

| wetmwe

Tracy

&
Legend

n New Owl Locations
Original owl Locations
¢®  Unspecified owls
& Breeding
& Wintering
| MROSD Borders

Figure 3-3. A map of new Burrowing Owl sightings (squares) and the original owl records (in yellow for breeding
and pink for wintering birds) with MROSD boundaries in brown.

Table 3-2: Summary of all Burrowing Owl sightings

Date Record | Location Observation | Observers East North Notes
ID Type
12/16/2019 | CCRO1 | Cloverdale | Camera trap | Ahiga 557096.8 | 4117052 | no burrows, but
Coastal Snyder & erosion gullies
Ranches Tanya
Diamond
10/17/2020 | CCR0O2 | Cloverdale | Direct Megan 554432.1 | 4118902 | foraging at
Coastal observation Derhammer night, burrow
Ranches and photo (POST) availability not
known
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Date Record | Location Observation | Observers East North Notes
ID Type
12/9/2020 LHO1 La Honda Camera trap | Ken 560764.8 | 4130783 | Foraging at night, no
Creek (LAH3) Hickman burrows known in
OSP the area, not close to
a transect
10/20/2020 | RRO1 Russian Direct Howard 569829 4131251 | 10/20/2020 and
Ridge observation Higley 11/16/2020; camera
OSP (perchedon | (SFBBO trap and direct
camera) volunteer) observation; PFW;
and PFW Howard Higley; was
in old badger burrow
on transect 41
11/10/2020 | RR0O2 Russian BUOW Ahiga 569775.9 | 4131240 | possibly a second
Ridge feathers Snyder & owl at Russian Ridge
OSP suggesting Tanya that was killed
predation Diamond
12/22/2020 | RR0O3 Russian transect Dan Wenny | 569945.9 | 4131259 | at old badger burrow
Ridge survey on transect 41;
OSP probably same
individual as at
RRO1, 115 meters
away
3/8/2021 LHO2 La Honda Direct Ken 563614.7 | 4133426 | on transect 8; fairly
Creek observation Hickman fresh burrow but
OSP and photo using multiple
burrows
3/22/2021 LHO3 La Honda Direct Ken 563578.2 | 4133332 | probably same owl
Creek observation Hickman as earlier in month
OSP
12/24/2019 | PPO1 Pigeon eBird Observed 553749.9 | 4115688 | 12/24/2019-1/4/2020
Point records on 5 dates approximate
by 4 location; likely using
different old badger burrows
parties
2/24/2020 | WSO01 | Audubon iNaturalist Garth 566520.4 | 4135722 | approximate,
Williams Harwood probable badger
Sisters burrow
Ranch
12/3/2020 GCO1 Gazos iNaturalist Garth 556748.1 | 4113100 | apparently foraging
Creek Harwood near the beach
9/21/2021 SAO01 Sierra Azul | Camera trap | Ken 595333.9 | 4116206 | clearing among
Hickman chaparral
12/3/2021 TCO1 Tunitas Direct Unknown 554045.3 | 4133250 | approximate location
Creek observation (ask Karine)
Toto and photo
Ranch
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3.4 Discussion

Since almost all new badger burrow observations occurred in areas we identified as medium or high
probability of badger presence based on our original Maxent Burrows distribution model, we found that the
original model accurately identified badger habitat. We expect that the original factors identified as
important, vegetation type, soil type, and road density within 500 meters, still are the best predictors of
badger presence since many of the new badger locations were found in similar areas to the previously
documented badger locations (Figure 3-2). Of the 190 new badger burrow locations identified, only 9
occurred in low badger probability areas predicted by the Burrows model. A closer examination of these
areas show that they are all adjacent to high probability locations (Figure 3-4). Four of the burrows in
Russian Ridge were located spatially close together and found on the same day, suggesting they might
have been made by the same animal. Thus, badgers may go into more marginal habitats if they are located
close to preferred habitats. Since the raster cells sizes in the predictive model are 30m by 30m, that scale is
likely much smaller than the scale at which a badger would use to assess habitat quality. Instead, badgers

may consider the overall quality of an area and not be deterred by small sections of marginal or poor habitat
located adjacent to suitable habitat areas.
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Figure 3-4. Close up depictions of 9 new badger burrow locations (light pink circles) located in raster cells that the
original Maxent Burrows model did not predict as high or medium presence likelihood (yellow and green). The
burrow locations of interest are highlighted in teal. Low likelihood of badger presence is represented by red and
yellow, respectively.

While it is outside the scope of this current project, we suggest considering building a new Maxent
distribution model in the future to further refine how additional habitat variables impact badger burrow
presence. This would require identifying more specific habitat variables and GIS layers (e.g., soil moisture
level, land use management) to incorporate into a new Maxent model. We could also generate a new
Maxent model focused on linkage conditions that excludes roadkill locations so as to avoid biases towards
roads. Currently, there are not enough data points (after excluding roadkill locations) to build a robust badger
transit Maxent model. Since the data captured during this study period of transiting badgers were almost all
obtained by linkage cameras, they would bias any habitat models because the cameras were placed in
locations where badgers were predicted to experience fewer barriers to transit. Thus, to build a more
robust transiting model, a future study should use more randomized placement of cameras to ensure that
representative badger movement across different habitat variables are captured.

Although we tried to validate the model by designing transects which encompassed less optimal badger
habitats, these areas also tended to have field conditions that made them difficult to survey safely. Many
transects were adjusted by field staff before visiting the field to avoid steep slopes and some transects
were shortened during the surveys to avoid dense shrub conditions or other difficult conditions (see
transects as represented by vegetation measurement points on Figure 3-1). In the end, the vegetation
points measured along transects were mostly in suitable badger habitat as predicted by the Burrows model
(79.3%;), and that is possibly why we did not identify many significant vegetation factors (e.g., leaf litter
depth, vegetation height, and vegetation structure) differentiating burrow versus non burrow sites. Thus, it
appears we confirmed that we could find badgers in high habitat value places predicted by the original
Burrows model. It also suggests that badgers are not too particular with vegetation conditions, vegetation
height, and will dig burrows in areas with taller or denser vegetation or some shrub and tree cover.

It was surprising that we found a negative relationship between grazing and badgers, but that is likely a
function of small sample sizes since only 10 transects featured fresh burrows and only two of those
transects were recorded as grazed. Also, due to low data points and lack of detailed information, we did not
assess differences in the degree of grazing (e.g., heavy versus light), which can also affect whether badgers
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will use the area. If grazing is removed as a variable, then average leaf litter, prey presence, and tree density
were other variables that were significantly correlated with badger presence. Prey were relatively abundant
across many transects. Most prey species were gophers, but California ground squirrels were found in
Transects 6, 12, 16, 32, and 36 (La Honda, Russian Ridge, Montbello, CR and Windy Hill OSPs,
respectively).

An area with limited badger presence was along the Pacific Coast. There are large, unsurveyed areas along
the transition between the Santa Cruz Mountains and the ocean (e.g., between Tunitas Creek and
Cloverdale Ranch along the coast, south of Cloverdale Ranch along the coast, and south of Long Ridge,
Russian Ridge, and Skyline Ridge OSPs and between the coast and Highway 17, and it is possible that
badgers or additional linkages could be found with more extensive surveys. For example, much of the
Southern Santa Cruz Mountains was unsurveyed, but there’'s also a large amount of inhospitable terrain for
badgers. Thus, a future study could examine whether badgers occur in the southern part of the Santa Cruz
Mountains or if it's mostly impermeable to badgers and that badger movement south to Santa Cruz from
the Skyline, Russian, and Long Ridge OSPs occurs primarily along the Pacific coast.

During the course of the study, we also received new records of badgers in transit (see Table S-). Since
these are a combination of road kill data and data captured by cameras targeting linkages, they are more
difficult to interpret as the methods for observation are very different. We do not expect that the road kill
data will offer any refinement for our original badger transit models because of the inherent bias toward
roads. However, the linkage camera data was used heavily to better understand movement between
MROSD preserves. For specific recommendations on movement corridors for badgers based on these new
records, see the Linkage Assessment section (section 4 of this report). For section 3 of the report, we will
limit our recommendations to those pertaining to burrow sites.

Burrowing owls (9 of 13 observations in Table S1) continued to use MROSD preserves as wintering
grounds (Figure 3-3). We found clear evidence that owls used badger burrows as well as locations without
burrows (e.g., Cloverdale Coastal Ranches) or without badgers (e.g., Sierra Azul). Historically, there are
records of wintering (e.g., Oct-March observations) owls in the Santa Cruz Mountains, so it's likely that this
area has been supporting these populations for many decades. In the late 1980s, the Humane Society
released one or two owls in Russian Ridge Open Space Preserve (email from MROSD staff). It is unlikely
that this one-time release affected the winter owl population in the Santa Cruz Mountains (e.g., by
attracting new owls) because of the earlier records from the area as well as records at similar elevations in
the Diablo Range where no known releases occurred. Also, since the releases occurred 30-40 years prior,
it's unlikely any impact they had persisted into the study period (2019-2021)

While breeding owls have precipitously declined in the South Bay Area, wintering owls continue to use the
region. It is likely that the owls using MROSD areas in winter are long-distance migrants from populations
to the north rather than dispersants from the bay-area breeding populations. Between May 2015 and
August 2021, 425 owls in the Bay Area breeding areas have been banded by Lynne Trulio and colleagues.
Although the banded owls do move among the breeding areas, none of the local banded owls have ever
been observed in MROSD preserves or other non-breeding areas. Thus, our findings demonstrate that
MROSD lands are important for supporting wintering ow! populations but do not currently host any
breeding owls.

The distinction that the owls in MROSD preserves are likely overwintering migrants raises an important
difference in owl habitat use between breeding and nonbreeding seasons. While they use burrows in both
seasons, the owls do not need a natal chamber in the nonbreeding season. A simple tunnel or similar cavity
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will suffice. In other areas, wintering burrowing owls have been recorded using rubble piles, pipes, and
even dense vegetation instead of burrows (Poulin et al. 2020). This difference in habitat use explains why
wintering owls can sometimes be found in areas without burrows. For example, two recent records of
burrowing owls from Cloverdale Coastal Ranches (Table S1) are from areas where we did not find any
badgers or suitable burrows but extensive erosion gullies were present and probably used by the owls.

Since many of these preserves are not occupied by badgers, MROSD managers may consider creating
artificial holes and burrows to attract wintering owls if their aim is to serve more birds.

Burrows per 100 meters along grazed and ungrazed transects
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Figure 3-5. A box and whiskers plot of badger burrows and burrow complexes per 100m along transects that
were grazed and ungrazed.
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4.0 Introduction

Section 4.1 Background & Purpose

The Midpeninsula Regional Open Space District (MROSD) is seeking to improve the management of
American badger (7axidea taxus) and burrowing owls (Athene cunicularia, owls) throughout their Open
Space Preserves (preserves). To evaluate and implement science-based management, the District needs to
better understand where these species occur within the preserves, the habitat characteristics that best
predict their occurrence, information about the existing populations of each species, and the relationship
between the species based on their mutual association with grassland habitats and on owl dependence on
badger burrows.

MROSD awarded a contract to Pathways for Wildlife and the San Francisco Bay Bird Observatory to
construct a species distribution model to assess how habitat characteristics were associated with existing
badger and burrowing owl! location data throughout the San Francisco Bay Area. This model resulted in a
predictive layer reflecting a range of predictive habitats for badgers and burrowing owls, ranked from high to
low.

A cost surface model was also created that reclassified habitat characteristics in association with the cost
of a badger to travel through the landscape. This model was developed by reclassifying habitat variables to
reflect a range of highly suitable habitat and low cost for movement for badgers to poor habitat and high
movement costs for badger within the study area. For example, highly suitable habitat for badgers consists
of grasslands without roads or low use roads, while unsuitable habitat consists of dense redwood habitats
with highways bisecting the habitat. Fair and moderate habitat suitability were also included in this range.
This model was then used to develop a habitat linkage design connecting various preserves and other
properties that consisted of highly suitable habitat for badgers.

To test the models, field-based surveys were conducted for badgers in areas of high, medium, and low
probabilities of predicted species presence. Field surveys were also designed to identify other factors that
may affect badger or burrowing owl presence in the preserves. Potential linkages identified in the linkage
design were evaluated by overlaying the results of two years of badger surveys, camera data, roadkill data,
and the cost surface and predictive model.

4.2 Cost Surface Development and Linkage Analysis

4.2.1 Methods Overview
The habitat characteristics associated with known occurrences of badgers on the Peninsula, including San
Mateo, Santa Clara, and Santa Cruz Counties were used to develop a linkage model for badgers.

Model and transect development included the following steps:
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1. Compilation of a comprehensive database of badger occurrence records from a variety of sources.

2. Use of occurrence records and GIS data layers to create a District-wide and beyond linkage model for
badgers.

3. From the species distribution model and draft linkage design, generation of transect and camera
locations for empirical testing of model results.

4.2.2 Baseline Database Compilation

To construct a database of badger occurrence records, a comprehensive email inquiry was conducted
during January 2019, immediately after the project was set to proceed. The data inquiry included requests
for information about badger sightings, roadkill data, photos, and burrow locations, along with the year of
the occurrence, specific geographic coordinates (if possible), and any other accompanying information that
contributors would be interested in sharing. The California Natural Diversity Database (CNDDB, CDFW
2019), eBird (eBird 2019), iNaturalist (iNaturalist 2019), and museum collection databases were also queried
for online records of both species. MROSD and Pathways for Wildlife also provided records. Records
obtained were entered into a database.

The compiled records from various studies before conducting the field work for this study resulted in 127
records for the counties of Santa Clara, San Mateo, and Santa Cruz Counties (Appendix A). Out of the 127
badger occurrences, there were 53 burrow records, including photos of badgers at burrows, 27 roadkill
locations, 26 live sightings, 15 camera records, and 6 records without a description of the occurrence type.

Badger surveys were then conducted for two years from 2019-2021. Field work entailed transect surveys,
camera work, and collecting genetic samples.

Field work resulted in another 248 records, resulting in a total of 375 records which were used to validate
the linkage model (Appendix B).

4.2.3 Cost Surface Development & Habitat Linkage Analysis

Habitat suitability and cost surface models were developed for badgers and included an analysis of habitat
variables. These habitat variables were in GIS format and included vegetation, habitat types, soil, hydrology,
land use, slope, and roads. Each habitat variable was reclassified to reflect the suitability of a habitat feature
for badger presence and movement using ArcMap 10.2. This resulted in a model which reflected a range of
habitats from highly suitable (low cost for movement) to poor habitat (high movement costs).

A cost surface layer is a raster grid in which the value in each cell is the cost of movement through the
landscape for a given species. "Cost" in this sense is the effort required for an animal to travel through a
landscape. Any path through space will accumulate these costs, and routes with high associated costs are
less favorable than routes with a lower cost associated with it.

The cost for each cell is developed by the cell's characteristics, such as land cover or housing density,
combined with species-specific landscape resistance models. For example, a cell that has high use roads or
high-density housing will have a higher cost for movement for the animal to travel through that cell within
the grid. A cell that contains highly suitable habitat and open space for a particular focal species will have a
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lower cost of movement for traveling through that cell. As animals move away from specific core areas, a
cost-weighted distance analyses produces a map of total movement cost accumulated. Core areas are
defined as habitat that is most preferred by a species and consists of habitat that provides resources such
as food and water, breeding, and dispersal habitat for that particular species (Corridor Ecology 2012).
Habitat layers include vegetation, a digital elevation model (DEM), soil, and hydrology (Table 1). The
vegetation classes used were from the CA Wildlife Habitat Relationships (CWHR) data. The hydrology layer
included creeks, rivers, and water bodies. Soil layers included soil type and texture, for example “gravelly
loam™ or “silty sand”. The digital elevation model (DEM) was used to generate a slope layer.

Land use types included human development, roads, agricultural land use, protected lands, and lands with
conservation easements (Table 1). Development within the land use layer included categories from low to
high intensity development. Urban areas were used because badgers are highly sensitive to human
development and have a low probability of occurrence in small, isolated habitat patches (Crooks 2002, Lay
2008).

Roads were classified by road type, for example, highways or rural roads. Roads were included because
they can act as barriers to badger movement (Messick & Hornocker 1981) and are one of the leading
causes of badger mortality (Williams 1986, Hoodicoff 2003).

A vegetation layer was used because badgers are considered grassland specialists (Lindzey 1982). Sail
characteristics were included because badgers are fossorial animals and soil type may directly affect their
distribution or distribution of their prey, which are also typically burrowing animals such as California ground
squirrels (Otospermophilus beecheyl) and Botta's pocket gophers (7homomys bottae) (Long 1983) and
voles (Microtus californicus). A slope layer was also integrated into the model, as slope may influence
burrowing locations (Apps et al. 2002).

Layers were clipped to the extent of the study area. Polyline layers, such as roads, were converted to raster
layers to enable reclassification from the original raster value to a movement cost value. Hydrology layers
for the separate counties were joined and converted to raster layers. Soil layers were joined based on soil
properties.

Raster cell/ minimum

GIS Layer Source Format map unit size Data Source

Digital Elevation Model USGS Raster 10 meters https://www.usgs.gov/core-

(DEM) science-systems/ngp/3dep/about-
3dep-products-services

Vegetation fveg15_1_2014 CalFire Raster 30 meters http://frap.fire.ca.gov/data/frapgisd
ata-sw-fveg_download

National Land Cover Data MRLC Raster 30 meters https://www.usgs.gov/centers/ero

2016 Consortium s/science/national-land-cover-
database?qt-

science_center_objects=0#qgt-
science_center_objects
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Raster cell/ minimum
GIS Layer Source Format map unit size Data Source

National Hydrography USGS Polyline 10 meters https://www.usgs.gov/core-
science-systems/ngp/national-
hydrography/national-hydrography-

dataset?qt-
science_support_page_related_co
n=0#qt-
science_support_page_related_co
n

Soil Survey Geographic USDA - NRCS Raster 10 meters https://www.nrcs.usda.gov/wps/p

(gSSURGO) Database ortal/nrcs/detail/soils/survey/geo/?
cid=nrcs142p2_053628

Roads: Tiger files U.S. Census Polyline 10 meters https://www.census.gov/cgi-

Bureau bin/geo/shapefiles/index.php

CA Protected Lands Greenlnfo Polygon Less than 1 acre https://www.calands.org/

Database_2018a Network

CA Conservation Easement Greenlnfo Polygon Less than 1 acre https://www.calands.org/

Database_2018 Network

Table 1. GIS layers and attribute information used in mapping and analyses.

4.2.4 Draft Linkage Designs

i. Linkage width and design

Jessie Quinn, through her thesis work in radio tracking badgers at Fort Ord National Monument in Monterey
County, found that the average home range size for badgers is 7.75km? (Quinn 2008). Linkage widths were
truncated to half the average home range size of a badger, 4.0km? as badgers are considered corridor
dwellers and need to have the ability to reside and dig burrows within the linkages (Majka, D. et al. 2007).
However, these are cut-off widths, and the linkages greatly vary in width size due to bottleneck areas or
constraints in suitable habitat. Since the landscape is fairly fragmented in terms of suitable habitat for
badgers, many of the linkage widths are narrower than the average home range size. In locations where the
linkages ran through more than enough highly suitable habitat, the resulting linkages had appropriately large
widths.

The Linkage Pathway analyses resulted in a network design (Figure 1). MROSD Preserves and other
protected lands that had badger records and highly suitable habitat were chosen as cores to run the analysis
with. Core areas are defined as habitat that is most preferred by a species and consists of habitat that
provides resources such as food and water, breeding, and dispersal habitat for that particular species
(Corridor Ecology 2012). This resulted in several networks of linkage designs, including a central network of
draft linkages between the MROSD preserves, a linkage running from north of San Mateo down the coast
to Santa Cruz, and a linkage running from the central network east over to Coyote Valley.

The color coding within the draft linkage designs includes the linkage buffers being outlined in orange, while
the core of the linkage is color coded as lime green within the buffers. Providing buffers are important
because in locations where the linkages are constrained due to habitat fragmentation, buffers can provide
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the necessary space for facilitating badger movement through sensitive and /or impacted areas by human
developments. Badger records are shown as black dots. The color scheme for the cost surface map (Figure
1) is as follows:

For Figure 1 and the rest of the cost surface maps in the report, the color coding is as follows:
Green = Highly suitable habitat and low movement costs.
Yellow = Fairly suitable habitat and moderate movement costs.
Blue = Poor habitat and higher costs for movement.
Red = Unsuitable habitat for movement and very high movement costs.
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Figure 1. 2019 American badger: draft cost-surface layer and draft linkage design.
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4.3 Data Collection: Transects and Linkage Cameras

4.3.1 Badger surveys: Transects

One kilometer transects were set up using the predictive model (Figure 2). Transects were set up within a
range of high to low probability of badger occurrence in order to test the model across an array of habitat.
Transect searches for badgers were conducted during the day in Spring/Summer (April-June), Fall (August-
October) and Winter (November-January) beginning in August 2019 for six seasons. During badger transect
surveys, two or more surveyors walked along transects and documented sign of badger activity, type
(foraging digs vs. den burrows), and estimated age (how old the activity is) within approximately 10 meters
on either side of the transect.

If a transect did not yield any sign of badger presence, it was repeated during the following season until: 1)
badger sign was detected and recorded along the transect, or 2) it was surveyed for three different seasons
to determine if seasonal variation was influencing badger activity and to conclude there was no badger
presence at that study site. At each Year 2 site, there was relatively small grassland habitat patches that
were not large enough to conduct the full Tkm transects. In order to ensure as much data was being
captured in these geographically limited areas, we set up cameras at the grassland patches.

A total of 38 transects were conducted of the transects mapped out (Figure 2). We concentrated on
conducting surveys at the Midpen Open Space Preserves and two other properties, Cloverdale Ranch, and
TomKat Ranch for developing management recommendations for badgers. These two non-District sites
were chosen as Cloverdale Ranch is in the process of being transferred to Midpen and TomKat Ranch had
historical records of both badgers and owl! presence at the property. We also received an invitation to do
surveys at the property that we wanted to take advantage of as one of the linkages also ran through the

property.
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Corresponding Transect CorrespondingTransJ
Transect Name Numbers Transect Name Numbers
Purisima Creek Tunitas Creek (Toto
Redwoods OSP 1,2 Ranch) Redwoods OSP| 22,23
Tunitas Creek
Redwoods OSP 3,35 Fremont Older OSP 26
Windy Hill OSP 4,36 TomKatRanch 27,37
ICloverdale Coastal
Skyline Ridge OSP 5 Ranches 28,29,30,31,32,33
La Honda OSP 6,7,8,9,10 El Sereno OSP 42
Bear Creek Redwoods
Russian Ridge OSP 11,12,41 OSP 43
Monte Bello OSP 15,16,17 St. Josephs Hill OSP 44
Los Trancos OSP 19 Sierra Azul OSP 45,46,47

ﬁ’ Pathways

B Midpeninsula Regional
Open Space District

20,21

County,
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Of the 38 total transects, 55% of them had documented badger presence while 45% did not (Table 2).
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Badger

Study Site & Property Name Transect ID Presence Badger
Yes Presence No

Cloverdale Coastal Ranches 28 Y

Cloverdale Coastal Ranches 29 N

Cloverdale Coastal Ranches 30 N

Cloverdale Coastal Ranches 31 Y

Cloverdale Coastal Ranches 32 Y

Coal Creek 18 N

La Honda 6 Y

La Honda 8 Y

La Honda 9 Y

La Honda 10 N

Long Ridge 20 N

Long Ridge 21 N

Long Ridge 39 Y

Los Trancos 19 Y

Monte Bello 15 Y

Monte Bello 16 Y

Monte Bello 17 Y

Purisima Creek Redwoods 1 Y

Purisima Creek Redwoods Y

Russian Ridge 11 Y

Russian Ridge 12 Y

Russian Ridge 41 Y

Skyline Ridge 5 Y

TomKat Ranch (Private) 37 N

TomKat Ranch (Private) 27 Y

Tunitas Creek (Toto Ranch) 22 Y

Tunitas Creek (Toto Ranch) 23 Y

Tunitas Creek Redwoods 35 N

Windy Hill 4 N

Windy Hill 36 Y

Fremont Older 26 N

El Sereno 42 N

Bea Creek Redwoods 43 N

St. Josephs Hill 44 N

Sierra Azul 45 N

Sierra Azul 46 N

Sierra Azul 47 N
Grand Totals 21 16

Table 2. List of total 