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PROJECT SUMMARY  
Wildlife Camera Studies at Pepperwood, 2011-2013 
 
Project goals:  The goals of Pepperwood's pilot wildlife camera trap studies from 2011 to 2013 included 1) to 
test the utility of wildlife cameras to monitor wildlife activity on-site, 2) to build the capacity of our project team 
and citizen scientists to implement a long-term wildlife monitoring study, and 3) to gather baseline data on 
wildlife present at Pepperwood preserve using the internationally recognized Wildlife Picture Index, a metric for 
measuring trends in biodiversity over time.   
 

Why this is important: While the goal of most conservation organizations is to improve the quality of wildlife 
habitat in order to sustain and restore healthy wildlife populations, very few nature reserves actually monitor 
wildlife systematically. Pepperwood's objective is to use statistically meaningful tools for monitoring wildlife on-
site at our preserve and ultimately throughout the Northern California region in order to measure the collective 
success of our regional wildlife conservation strategies and to help prioritize ongoing wildlife habitat acquisition 
and stewardship efforts. 
 

Project overview: Over this two-year period, Pepperwood deployed motion activated wildlife camera traps as a 
tool for documenting the biodiversity, abundance and occupancy of wildlife on-site at our 3,120-acre reserve. 
After experimenting with a mobile camera array, where we deployed individual cameras at particular locations 
of interest, we established in-house expertise on the installation, maintenance, and data collection protocols for 
individual cameras and gathered some compelling preliminary data regarding the diversity of wildlife on-site. 
After partnering with guest principal investigator Susan Townsend, PhD, we designed and implemented the first 
Wildlife Picture Index camera array in Northern California at Pepperwood which we believe to also be the first in 
North America. We then proceeded to expand this effort by installing a second Wildlife Picture Index array at 
our partner reserve, Audubon Canyon Ranch’s Mayacamas Sanctuary. The net result of this project has been to 
set up a multi-reserve pilot now capable of testing assumptions integral to the new Bay Area Critical Linkages 
mapping effort that seeks to identify critical wildlife habitat nodes and pathways for regional wildlife movement. 
 

Main objectives: Primary objectives for this project include the following. 

 Design and implement a long-term wildlife monitoring strategy using noninvasive motion activated 
cameras 

 Establish baseline occupancy values for individual species on the preserve 

 Establish a baseline biodiversity index for the preserve 

 Create a framework for evaluating wildlife distribution and movement in the Mayacamas mountain 
range and environs. 

 

Project Support: We gratefully acknowledge the support of the Sonoma County Agricultural Protection and Open 
Space District, the Sonoma County Fish and Wildlife Commission, and Pepperwood donors for making this 
project possible. 
 

Related Projects: Coordinated Wildlife Picture Index Arrays at Pepperwood and Audubon Canyon Ranch’s 
Mayacamas Sanctuary Property, Bay Area Open Space Council’s Conservation Lands Network and Critical 
Linkages, UC Berkeley’s Mayacamas Connectivity Study, Wildlife Observer Network Bay Area, Pepperwood’s 
Mayacamas Forum, Sonoma County Agricultural Protection and Open Space District’s Lands Conservation 
Strategy. 
 

Citation: Townsend S, Halbur M, and Micheli L.  2013.  Wildlife Camera Studies at Pepperwood, 2011-2013.  A 
technical report of Pepperwood’s Dwight Center for Conservation Science prepared for the Sonoma County 
Agricultural and Open Space District. Santa Rosa, CA. 20 pp.
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PROJECT TEAM 
 

 
The Dwight Center for Conservation Science at Pepperwood is an ecological institute located in heart of a 

wildlife corridor with the singular goal of applying science to the stewardship of our region’s wild lands and open 

spaces. The mission of Pepperwood is to advance science-based conservation of ecosystems throughout our 

region and beyond. We engage our community through habitat conservation, leading-edge research, and 

interdisciplinary educational programs.  This project is the product of an innovative public-private partnership 

with the Sonoma County Agricultural Protection and Open Space District to develop science-based tools capable 

of quantifying wildlife habitat value. 

 

Dedicated to conservation of the biodiversity represented within our 3,120-acre preserve, Pepperwood provides 

a unique platform for hosting guest researchers with the goal of conducting applied conservation research and 

long-term monitoring of key ecosystem indicators.  Pepperwood was selected as a wildlife camera pilot study 

site based on its diverse wildlife habitats and communities and the ability moving forward to correlate wildlife 

observations with other and  key attributes monitored on site including weather, hydrology, vegetation 

dynamics, and complementary biological field surveys of birds, reptiles, and amphibians.  

 

Project participants: 

Project Sponsor:  Sonoma County Agricultural Protection and Open Space District 

Project Director: Lisa Micheli, PhD, Executive Director 

Principal Investigator:  Susan Townsend, PhD 

Pepperwood Project Manager:  Michelle Halbur, MS 

Audubon Canyon Ranch Project Manager:  Sherry Adams 

GIS Technicians:  Morgan Kennedy, Michelle Halbur 

Pepperwood Field Technician:  Joel Cervantes 

Pepperwood Lead Steward:  Steven Hammerich 

Pepperwood Photo Cataloger:  Coby LaFayette-Kelleher  

Pepperwood Camera Maintenance Volunteers:  Janet Anderson, Cody Hess, Pam Horton, Eric Jordan, Ron 

Koeberer, Coby LaFayette-Kelleher, Betsy Livingstone, Michael Papaik, Reed Parsons, Beverly Schaap, Roger 

Shapiro, Beckie Simmie, Barry Southard, Indira Tucker, Phil Weil 

Landowner Project Sponsors: Willi Hilliard, Anneke Shurtleff, Jim Slusser 
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INTRODUCTION 
 

 

Camera traps provide a non-invasive tool to document wildlife species throughout the landscape. The 

recent rapid evolution in camera technology and a parallel reduction in technology costs have made 

the application of motion activated-cameras to wildlife watching a booming enterprise on the part of 

both scientific researchers and backyard hobbyists. Pepperwood's goal of developing and applying 

effective quantitative measures of biodiversity over time at our 3,120-acre preserve as part of our 

long-term Sentinel Site initiative motivated us to test the utility of wildlife cameras traps, build 

expertise in their deployment, and design a long-term monitoring strategy using this exciting new 

technology. 

The Wildlife Picture Index (WPI) protocol was developed at a series of National Environmental 

Research Council (NERC) funded workshops that brought together the world’s leading experts on 

camera trapping methods. The process was led by the Zoological Society of London (ZSL) and the 

Wildlife Conservation Society (WCS), and involved all major organizations that use camera trapping as a 

monitoring tool such as World Wildlife Fund (WWF), Conservation International, and Fauna and Flora 

International. The WPI camera trapping protocol is based on a community-level biodiversity-based 

approach for monitoring terrestrial vertebrates using occupancy modeling  (Buckland et al. 2005; 

MacKenzie et al. 2002; O'Brien et al. 2010; O'Brien & Kinnaird 2013). Once a WPI baseline data set is 

established, continued data collection can be used to generate species-specific occupancy indices as 

well as a geometric mean measure of biodiversity that can be tracked on an annual basis (Buckland et 

al. 2005). 

Historically, the use of camera traps in scientific research was traditionally limited to single charismatic 

forest species such as tigers or leopards. However, with recent advances in camera trapping methods, 

it is now possible to monitor trends in the diversity, abundance, and distribution of a broad range of 

terrestrial mammals and birds in a variety of habitats ranging from savannah to deserts to tropical 

ecosystems (Ahumada et al. 2011; Burton et al. 2011; O'Connell et al. 2011; Pettorelli et al. 2010). 

Camera trapping is a particularly attractive approach for monitoring because it is non-obtrusive, has 

low observer error, is comparable across sites, data can be aggregated for various indices, and 

photographs allow for verifiability. Setting and maintaining camera traps does not require highly skilled 

staff (minimum training required) which makes it an ideal activity for supervised citizen scientists. It is 

low cost in comparison to other approaches of equal rigor (O’Brien, unpublished data), and it resonates 

with policy makers and the general public.  

Because we are interested in species occurrence and distribution, camera trapping is a logical choice 

for documenting occupancy over large areas. Occupancy is quantifiable measure of the proportion of 

sites in an area occupied by a species of interest, and can be defined as the probability of detecting a 

species within a set network of sites (on a scale of 0 to 1) (MacKenzie et al. 2002). In order to more 
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accurately describe the probable proportion of an area occupied by a species of interest, occupancy 

models generate an estimate of detection probability based on repeated surveys of study sites within a 

sampling period in order to correct for the fact that that the target of the survey target species may go 

undetected in a sample unit even if that target is actually present (MacKenzie et al. 2002). Thus 

occupancy models correct for false absences due to sampling error that would otherwise cause an 

underestimation of true occupancy (O'Brien et al. 2010). Unless this probability of detection is 

determined, measures of abundance over time are invalid (MacKenzie et al. 2005). Obtaining 

occupancy estimates for individual species is the basis for generating the biodiversity index, which in 

turn is ultimately the basis for the Wildlife Picture Index (WPI) (O'Brien et al. 2010).  

When conducting surveys for wildlife, how well we detect animals in a sample area varies over time 

and with different observers (MacKenzie et al. 2002). Without reliably correcting for these errors, our 

density and population estimates are full of errors of unmeasured variability (Yoccoz et al. 2001). 

Occupancy provides a surrogate measure of abundance (MacKenzie & Nichols 2004; MacKenzie et al. 

2006; Royle & Nichols 2003) and takes into account how often animals go undetected during a survey. 

This ability to correct for undetected presences provides a reliable measure for abundance. 

Over time with multiple years of data, we will explore processes underlying observed changes and 

rates of change in occupancy of the preserve by vertebrate communities. In some cases, trends for 

species that have experienced population increases may mask large declines in other vulnerable or 

rare species in the same community. Disaggregated trends for particular species groups (e.g. exploited, 

threatened and rare species) will thus be reported to accurately represent patterns of change in the 

communities monitored. Ecosystem health and how it is affected by climate change, connectivity in the 

landscape and implementation of restoration activities will be evaluated by monitoring the top trophic 

levels (mammals) through the WPI. 

 

 

SETTING 
 

 

The San Francisco Bay Area is one of the most ecologically diverse places on Earth. It is one in only five 

regions worldwide featuring a Mediterranean climate. These regions support large numbers of species 

found nowhere else (BAOSC 2011). Pepperwood Preserve is a 3,120-acre nature reserve located in the 

North San Francisco Bay Area’s Sonoma County. The preserve is situated in the southern extent of the 

California North Coast Range’s Mayacamas Mountains. Pepperwood comprises the headwaters of 

three watersheds (Mark West, Franz Creek, and Brooks Creek) tributary to the lower Russian River.  

 

Pepperwood also comprises a keystone parcel of the Bay Area Open Space (BAOSC)’s Conservation 

Lands Network and Critical Linkages that identify lands needing functional protection in order to 

maintain current levels of habitat diversity (BAOSC 2012). The purpose of establishing long-term 
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wildlife monitoring at Pepperwood is to create a reference site capable of serving as an indicator of 

ecosystem health for the region.  This project is a terrific example of the potential to leverage 

resources through innovative public-private partnerships that include public agencies, university 

researchers, and a private ecology institute focused on engaging the public in environmental education 

and citizen science. 

 

METHODS 
 

 

Mobile Wildlife Cameras 
Our wildlife camera trap pilot was initiated with a set of five motion activated cameras that we 

deployed throughout the preserve at particular points of interest starting in 2010. Cameras were 

installed primarily via tree mounts at locations considered to be potential wildlife “hotspots” (e.g. near 

game trails, next to ponds, along fences, etc.). Cameras remained in one particular location for 

relatively short durations ranging from weeks to months, and then camera images were retrieved and 

brought back to the Dwight Center for Conservation Science for review. This experimental phase of the 

project built our staff, volunteer, and stewards’ capacity in camera deployment, verified utilization of 

the preserve by rarely seen species including puma, badger and black bear, and also allowed us to 

experiment with video capture options on various camera models. The results provide anecdotal data 

on species occurrence, but do not lend themselves to statistical analysis in comparison to the Wildlife 

Picture Index (WPI) methods and analyses described in greater detail below. However, the preserve 

will continue to use mobile cameras to explore specific locations and questions of interest, as a 

complement to the WPI. 

 

Citizen Science Program 
Given our limited resources for implementing and maintaining the WPI project we recognized the need 

to train qualified volunteers early on. Starting in October 2012 we advertised the WPI volunteer 

position to our volunteer community and received 24 responses. We held two group orientations to 

introduce volunteers to Pepperwood’s programs, safety and access protocols, and explain how the WPI 

project fits into the regional conservation context. This was followed by an in-field training on October 

19, 2012, where all participants were trained on project protocols, camera maintenance and 

troubleshooting techniques, how to use GPS and navigate the preserve, and how to collect and archive 

field data. On July 15, 2013 we hosted a WPI photo catalog training at Pepperwood for volunteers and 

employees from Pepperwood, Sonoma Land Trust, and Audubon Canyon Ranch’s Mayacamas 

Mountain Sanctuary. Pepperwood currently has 8 long-term volunteers that conduct camera 

maintenance on a routine basis and 2 volunteers that assist with photo cataloguing and data 

management. These volunteers have supported the WPI project at Pepperwood by donating over 160 

hours during Season 1 and over 830 hours for the entire 2012-2013 sampling year. 
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Wildlife Picture Index (WPI) Array 
Twenty Bushnell Trophy Cam HD camera stations were set in 1 km intervals at Pepperwood Preserve 

(PWD) and surrounding lands covering a 20 sq km study area in a systematic north south array in early 

August 2012 (Fig. 1) that occupied 8 different vegetation communities (Table 1). These cameras have 

been set to collect data all year. This report only includes the methods and results for Season 1 (S1) 

from the 20 sq km grid on PWD; S1 includes data from September 1 through November 30, 2012. 

 

At the end of May 2013, we established an additional 21 sq km grid of 21 cameras in 1 km intervals set 

on Audubon Canyon Ranch’s Mayacamas Mountain Sanctuary/Modini Ranch (MMS) (Fig. 2). At that 

time, we also switched out 10 of the Bushnell camera stations with ScoutGuard SG550v cameras so 

that both grids are composed of an even mix of camera models. Methodology for camera setup, 

camera maintenance and data analysis are based on methods developed by wildlife camera trap 

experts and are described in brief below. Protocols describing the established methodology in detail 

are currently in draft form and will be made available in the future. 

 

WPI Camera Setup 
Coordinates for camera stations were generated at 1 km intervals using a Geographic Information 

System (GIS) prior to going into the field. After navigating to each coordinate using a Global Positioning 

System (GPS), each Bushnell Trophy Cam HD 2012 camera station was set to maximize the likelihood of 

mammal and bird detections and, when possible, perpendicular to a logical animal pathway (3-5 m 

away) at a set height for a specific target zone. The final camera station location was located within 

100 m of the 1 km coordinate set via GIS (Fig. 1). Camera stations, mounted onto a 1.2 m wooden stake 

with a nylon strap, were set at a height to capture wildlife ranging from squirrel size to as large as a 

bear or large deer. Height of camera on stake was recorded and standardized to capture a target area 

approximately 3-4 m away. Location (GPS coordinates), grid identification, camera station 

identification, compass bearing of camera direction, names of team members, SD card identification 

and camera station serial numbers, date and time of set up, habitat and elevation were recorded for 

each camera station location (Appendix 1 – Camera Station Set Up data sheet). We loaded each 

camera station with eight AA NiMH batteries and a labeled SD card. Settings for each camera were 

standardized as follows: three images per event, 5 MP file size, eight second interval between events, 

high sensitivity level, and time stamp on.  

Each camera station was tested during set up by having a person walk approximately 3 to 5 m (target 

zone for detection) in front of the camera station while in test mode to verify the camera could detect 

movement in the target area. Settings were checked. We recorded the set up date, camera station 

identifier, and location on a whiteboard and took a picture of it at each station. 
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WPI Camera Maintenance 
Following training in 2012, pairs of volunteers (or a combination of one volunteer and one 

Pepperwood staff member) serviced each camera trap on a 4-5 week interval with maintenance 

scheduled every Friday. On average, each pair serviced 3-4 cameras per visit, lasting about 4 hours in 

the field. Camera maintenance involves changing the SD card, checking camera settings, replacing 

batteries, and fixing any other mounting or camera issues. During camera station maintenance, we 

note the same data as described above for setup and verified that the camera station was working 

properly (Appendix 1 – Camera Station Maintenance and Maintenance Checklist data sheets).  

 

Since May 2013, we conduct maintenance on cameras every 4-6 weeks, followed by a quarterly 

“camera blitz” where we download data from all cameras within a 3-day window. These cameras are 

set all year and analyzed by season. Regular maintenance and camera blitzes are synchronized 

between PWD and MMS arrays and are conducted primarily by our trained citizen scientists. 

 

Data Analysis 
Data from SD cards are downloaded into directories on Pepperwood’s server for analysis. The database 

is arranged to identify location, start and end date, grid, and camera station ID. Digital photographs are 

batch renamed, geo-referenced and catalogued. Species and number of individuals are recorded for 

each image during cataloguing. Summary of species detected, how often, and other data are tabulated 

from the catalogued images.  

Trap nights are the number of nights that camera stations are up and functioning. For our analysis, we 

used the number of events (three photographs were taken per event) recorded when a species was 

detected and the number of individuals (maximum number per event). Empty shots can result from 

moving vegetation, missed detections (presumably), a loose stake (camera itself moved causing a 

trigger) and for other unknown reasons. In addition to wildlife, camera checking events and humans 

are catalogued.  

Trapping effort, number of species and individuals, and trap success (rates of detection) were 

calculated for S1. An occupancy estimate, ψ, for each species detected for the season was determined 

using the program PRESENCE v3.2 (Hines 2006).  

We used single-season occupancy models to estimate initial occupancy probabilities (ψ) and detection 

probabilities (ρ) for each species (MacKenzie et al. 2003). Occupancy models account for imperfect 

detection and provide unbiased estimates of occupancy. To apply these models, detection histories are 

compiled for each species at each site (e.g. Grid I (PWD) and Grid II (MMS)) for each camera station in a 

series of ones (detection) and zeros (non-detection). Each day the camera was up was considered a 

(re)survey. Each day the camera station was “down” or not functioning was treated as a missing value.  
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PRESENCE uses Akaike’s Information Criterion (AIC) to rank models (Burnham & Anderson 2002), based 

on rules of parsimony. In this case, twice the log-likelihood values at the maximum likelihood estimates 

were used to calculate the AIC values in model weighting. We ran two pre-defined models and used 

the model with lowest delta AIC to estimate probability of detection and occupancy as calculated by 

the software PRESENCE (Hines 2006). The first model estimated the same occupancy probability for all 

camera station locations and that detection probability (ρ) was constant across both camera station 

location and survey occasions (i.e., two parameters). The second model assumes that all camera 

station locations have the same probability of occupancy (ψ), but that ρ varies between the surveys 

although at each survey occasion, ρ is the same at each camera station location.  

 
RESULTS 

 

 

The majority of the 20 WPI camera stations were installed at Pepperwood by August 15, 2012 with the 

remainder installed by August 30, 2012. Camera trapping efforts for Season 1 at PWD (September 1 to 

November 30, 2012) resulted in 1,547 camera trap nights and the collection of 37,209 images (40.4 

GB). Total numbers of detections and detection rates were determined (Table 2). Sixteen species were 

detected not including most birds and bats (Table 2). Fifteen species were mammals and one was a 

wild turkey. Occupancy estimates for ten of the 16 species were calculated (Table 3 and Fig. 3). 

Occupancy estimates were not calculated for species that had low detection frequencies and since 

Black-tailed jackrabbit, Audubon’s cottontail, and brush rabbit had low detection frequencies 

independently they were combined into a “hare and rabbit” group to estimate occupancy (Table 3). All 

occupancy estimates will be used as the baseline for the Wildlife Picture Index, which will be calculated 

in year three for Season 1. 

 

During S1 at the PWD array, mule deer were the most prevalent species detected on the preserve 

(74.1% of total detections; ψ= 0.95) (Tables 1 and 2, Fig. 3). The meso-carnivores, including bobcat, 

striped skunk and gray fox, were also prevalent on the landscape (0.7%, 5.6%, and 6.2% of total 

detections, respectively; ψ= 0.73, 0.65, and 0.41, respectively). Large carnivores such as black bear, 

puma and coyote were present on the landscape in sufficient numbers to generate occupancy 

estimates. Images that contained unidentifiable organisms (“unknown”) accounted for only 2.1% of the 

total detections (Table 2). 

 
 

DISCUSSION 
 

 

Season 1 2012 data from the initial establishment of the WPI array at Pepperwood indicates that the 

project is adequately designed to capture species occupancy. The WPI data documented at least 19 



   Wildlife Camera Studies at Pepperwood 

7 
 

species (Table 2), not including a variety of smaller birds. Each trophic level was well represented. The 

cameras detected a wide range of species sizes including relatively small species such as squirrels and 

large species such as the American black bear. The level of detection allowed for occupancy modeling 

on most species (Table 3). Mule deer were the most prevalent across the preserve (Fig. 2). Meso-

carnivores were well represented and included the striped skunk, spotted skunk, gray fox, coyote, and 

bobcat. Large carnivores that occur regionally, American black bear and mountain lion, were also 

detected and occupancy estimates were generated (Table 3, Fig. 2). Regionally occurring species not 

detected included badger, ringtail, long-tailed weasel, porcupine, etc. (Appendix 2). We will see if these 

species are detected during other seasons.   

How these species use Pepperwood seasonally and annually will be documented through the WPI 

approach. With data from the remaining seasons we may begin to answer questions about whether or 

not some species, like mountain lion or bear, are moving through the preserve or may be resident. The 

additional MMS study area will also help us understand how well wildlife is distributed in this region 

and whether there is regional variation in species composition and distribution.  

This report includes our findings from Season 1 for the PWD array. However, we have a full year of 

camera station data at PWD (fall 2012 through summer 2013) which will be analyzed by season for four 

seasons. Cataloguing has been completed for 2 seasons and continues for the remainder. We have 

started collecting data now for S1 2013, have collected one season of data from MMS (S4 2013), and 

will incorporate those findings into our future analyses. We will complete a companion report for the 

first full year of data for Pepperwood and Mayacamas Mountain Sanctuary in 2014. 

 

NEXT STEPS 
 

 

Working Toward a Three-year Composite Wildlife Picture Index (WPI) 
For future analysis, we will calculate the composite WPI after year three. The methods are discussed in 

detail in O’Brien et al. (2010) and O’Brien (2010). The most essential details are presented below. An R 

script to run the WPI calculation is provided in O’Brien 2010. To develop the WPI, species specific 

occupancy estimates would be generated from the camera trap grid data for each season. Each survey 

season will have a series of repeated surveys represented by each camera trap day.  

The index uses each species-specific occupancy estimate for species i at site j in year k. To detect 

trends, at least three years of seasonal data provides occupancy estimates and an index. Occupancy in 

year k is divided by the estimated occupancy at the initial season, oijk = ψijk/ψij1. Each species-specific 

index measures change in occupancy from initial conditions. The estimate for k = 1 is always 1. The WPI 

for year k and site j and n species in geometric mean of scaled occupancy statistics for n species was 

calculated as follows: 
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Regional Leadership and Collaboration 
Pepperwood continues to serve as a leader within the biological monitoring community by assisting 

with the initiation of a Critical Linkages Stewardship group via the Mayacamas Forum and with the 

recent formation of a Wildlife Observer Network North Bay (WONBA) comprised of wildlife camera 

users from throughout the Bay Area. We have also developed protocols and training materials as part 

of our WPI citizen science program that are being utilized at other locations. By hosting workshops and 

trainings we improve volunteer and staff capacity and increase the level of standardization across sites 

within Sonoma County and the Bay Area that are using the WPI camera trapping method. Through 

Pepperwood’s regional efforts we aim to increase data sharing opportunities, provide professional 

support for organizations or landowners that are interested in collecting wildlife data, link camera 

surveys to corridor preservation strategies, and serve as a resource for local citizen science efforts. 

 

 

SUMMARY 
 

 

The value of implementing the WPI at PWD is 1) baseline occupancy estimates and subsequent years of 

data will establish trends in biodiversity, individual species, and trophic levels; 2) testing hypotheses 

regarding how Pepperwood and Mayacamas Mountain Sanctuary function as a core and corridor for 

San Francisco Bay wildlife; and 3) how environmental drivers and management strategies in the region 

may be adversely or positively affecting wildlife. By conducting landscape level efforts such as the WPI 

we can generate statistically reliable estimates of abundance. Aggregating data among the many 

groups monitoring wildlife with camera traps allows us to develop a story about presence, distribution 

and abundance in the San Francisco Bay area. We may also begin to piece together how species are 

utilizing the landscape for migration or movement throughout their territories, which may inform land 

acquisition and conservation strategies, assist with the development of best management practices to 

improve wildlife permeability across the landscape, and ultimately safeguard the species that call this 

region home.  This research is critical to advancing public-private partnerships focused on land 

conservation capable of supporting healthy wildlife populations for generations to come. 
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TABLES 
 

 

Table 1: Camera Station Attributes 
 

Vegetation community and canopy cover that occurs at each wildlife camera station in the Pepperwood camera 

array. Vegetation communities were determined during the Pepperwood Vegetation Map Project (Halbur et al. 

2013) using the Manual of California Vegetation classification system (Sawyer et al. 2009). Cameras are located 

in 8 different vegetation communities across the preserve. 

 

Camera ID Vegetation Community Canopy 

A1 Annual Non-native Grasslands Open 

A2 Madrone Forest Mixed 

A3 Douglas-fir/Mixed Hardwood Forest Closed 

A4 Mixed Oak Forest Mixed 

B1 Mixed Oak Forest Closed 

B2 Mixed Oak Forest Closed 

B3 Mixed Oak Forest Closed 

B4 Mixed Oak Forest Closed 

C2 Douglas-fir/Mixed Hardwood Forest Closed 

C3 Annual Non-native Grasslands Open 

C4 Mixed Oak Forest Closed 

C5 Douglas-fir/Mixed Hardwood Forest Mixed 

D2 Douglas-fir/Mixed Hardwood Forest Mixed 

D3 Annual Non-native Grasslands Open 

D4 Harding Grass Swards Open 

D5 Oregon White Oak Woodland Closed 

E1 Mixed Oak Forest Closed 

E2 Douglas-fir/Mixed Hardwood Forest Closed 

E4 Chamise Chaparral Scrub 

E5 Mixed Chaparral Mixed 
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Table 2:  Pepperwood Season 1 Detection Rates 
 

Total number of detections (event) and detection rates (number of detections per 100 trap nights) from fewest 

to greatest for Season 1 (September 1 to November 30, 2012). Proportion and percent total are based on rate of 

detection.  

  Events Rates Proportion % Total 

western spotted skunk 1 0.066 0.0004 0.04 

boar 3 0.199 0.0012 0.12 

bat 3 0.199 0.0012 0.12 

raccoon 5 0.332 0.0020 0.20 

turkey 5 0.332 0.0020 0.20 

bird 6 0.399 0.0024 0.24 

bush rabbit 7 0.465 0.0027 0.27 

human beings 9 0.598 0.0035 0.35 

cottontail 13 0.864 0.0051 0.51 

black bear 13 0.864 0.0051 0.51 

puma 16 1.063 0.0063 0.63 

bobcat 19 1.262 0.0074 0.74 

hare 20 1.329 0.0078 0.78 

coyote 24 1.595 0.0094 0.94 

unknown 53 3.522 0.0208 2.08 

opossum 78 5.183 0.0306 3.06 

gray squirrel 83 5.515 0.0325 3.25 

striped skunk 144 9.568 0.0564 5.64 

gray fox 158 10.498 0.0619 6.19 

mule deer 1891 125.648 0.7413 74.13 

Total  2551 169.502 1   100% 

*Rates = detections per 100 trap nights 
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Table 3:  Pepperwood Season 1 Wildlife Occupancy Estimates 
 

Occupancy estimates (ψ) and standard error (SE) for species observed at Pepperwood between September 1 

and November 30, 2012. N/A indicates species for which detection was too low to estimate occupancy. Black-

tailed jackrabbit, Audubon’s cottontail, and brush rabbit had low detection frequencies independently and were 

therefore combined into a “hare and rabbit” group to estimate occupancy. 

 

Taxon Order No. Common Name Species ψ SE 

Marsupialia  1 Opossum Didelphis virginiana 0.5632 0.1138 

Carnivora 2 Gray fox Urocyon cinereoargenteus 0.6575 0.1078 

  3 Coyote Canis latrans 0.3374 0.1174 

  4 Black bear Ursus americanus 0.2943 0.2392 

  5 Raccoon Procyon lotor N/A  N/A  

  6 Striped skunk Mephitus mephitus 0.6531 0.1071 

  7 Western spotted skunk Spilogale gracilis  N/A   N/A 

  8 Bobcat Lynx rufus 0.7329 0.1744 

  9 Mountain lion Puma concolor 0.1765 0.0964 

Artiodactyla 10 Wild boar Sus scrofa  N/A N/A 

  11 Black-tailed deer Odocoileus hemionus 0.95 0.0487 

Rodentia 12 Gray squirrel Sciurus griseus 0.4145 0.1136 

Lagomorpha   (Hare and Rabbit) (Lepus and Sylvilagus) 0.1534 0.0817 

  13 Black-tailed jackrabbit Lepus californicus   N/A  N/A  

  14 Audubon's cottontail Sylvilagus audubonii   N/A  N/A  

  15 brush rabbit   Sylvilagus bachmani   N/A N/A 

Aves 16   Wild turkey   N/A N/A 
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FIGURES 
 

 

Figure 1: Pepperwood Wildlife Picture Index Camera Locations 
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Figure 2: Pepperwood (PWD) and Mayacamas Mountain Sanctuary (MMS) Grid Arrays 
 

The regional proximity of the Pepperwood WPI array (southern blue outline) and Audubon Canyon Ranch’s 

Mayacamas Mountain Sanctuary array (northern red outline). Future wildlife camera efforts may include 

establishing a tracking or mobile camera network between the two properties to document how species are 

moving among the sites and across Highway 128, which cuts between the two properties. 
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Figure 3: Pepperwood Season 1 Occupancy Estimates  
 

Occupancy estimates for 10 of the 16 species detected at Pepperwood between September 1 and November 30, 

2012. Error bars indicate ±1 SE. 
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Appendix 2:  Pepperwood Mammal Species List 

 
The following mammals are confirmed to be resident or to have seasonal or occasional occurrence at 

Pepperwood. Double asterisks represent species that have occasional occurrences at Pepperwood or 

are known from the vicinity. Taxonomy follows that of Wilson and Reeder, per Mammal Species of the 

World. 

 

Insectivora - Moles and Shrews 

Trowbridge's shrew (Sorex trowbridgii montereyensis) 

Vagrant shrew mole  (Sorex vagrans sonomae; Scapanus or Neurotrichus) 

Chiroptera - Bats  

California myotis  (Myotis californicus caurinus) 

Fringed myotis  (Myotis thysanodes) 

Big brown bat  (Eptesicus fuscus bernardinus) 

Pallid bat  (Antrozous pallidus pacificus) 

 

Lagomorpha - Rabbits and Hares 

Black-tailed jack rabbit  (Lepus californicus californicus) 

Cotton-tail rabbit  (Sylvilagus sp.) 

 

Rodentia - Rodents 

Porcupine (Erethizon dorsatum)** 

Western gray squirrel  (Sciurus griseus griseus) 

Ground squirrel  (Spermophilus sp.) 

Chipmunk  (Tamias sp.) 

Botta's pocket gopher  (Thomomys bottae bottae) 

Western harvest mouse  (Reithrodontomys megafotis longicaudis) 

Brush mouse  (Peromyscus boylii) 

Deer mouse  (Peromyscus maniculatus gambelii) 

Pinyon mouse  (Peromyscus truei gilberti) 

Dusky-footed wood rat  (Neotoma fuscipes fuscipes) 

California meadow mouse  (Microtus californicus eximus) 

 

Carnivora - Carnivores 

Coyote  (Canis latrans ochropus) 

Gray fox  (Urocyon cinereoargenteus townsendii) 

Ringtail   (Bassariscus astutus raptor)** 

Raccoon  (Procyon lotor psora) 
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Carnivora – Carnivores (continued) 

Long-tailed weasel  (Mustela frenata) 

Striped skunk  (Mephitis mephitis occidentalis) 

North American badger  (Taxidea taxus)** 

Mountain lion  (Puma concolor californica) 

Bobcat  (Lynx rufus californicus) 

Black bear  (Ursus americanus) 

 

Artiodactyla – Hooved Mammals  

Black-tailed deer  (Odocoileus hemionus columbianus) 

Wild boar/feral pig  (Sus scrofa) 

 


