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Dear Ms. Van Hoff,
I am very happy to present this report on our mammal survey of Carl Sandburg Home National Historic Site and to
thank you for working with us on this endeavor. This project represents a partnership between the National Park
Service, North Carolina State University, eMammal and the North Carolina Museum of Natural Sciences to provide
data and recommendations for long-term black bear monitoring in Carl Sandburg Home NHS.
The objectives of this project were to collect and present baseline information regarding the presence, movement
and use of black bear in the Park and provide recommendations for long-term monitoring of black bear. With the
help of volunteers, we were able to collect 3,437 wildlife photo sequences from 28 camera sites within the NHS and
another 27 camera sites on private land outside of the NHS over two months. Our volunteers not only helped us
collect important data about animal populations, but were able to connect with nature in a unique way, and capture
some amazing photographs which we are including as a part of this report.
This report summarizes data not only from black bears but also from other mammals and ground birds detected over
the course of the project. This report offer maps and simple analyses of bear activity as well as other mammal
species. The data and animal (not people) photographs from this project are currently available to the public through
our website (www.emammal.org). An electronic copy of the photos and raw data are also attached to this report.
eMammal plans to continue working with protected area managers to help answer scientific questions and design
monitoring programs using camera traps. Thanks again for allowing eMammal to be involved in this project and for
sharing these snapshots of the amazing fauna of your protected area with us and our volunteers.

Sincerely

Roland Kays
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Executive Summary
From August to October 2015, eMammal worked with citizen-scientists to conduct a cameratrap mammal survey of Carl Sandburg Home National Historic Site and surrounding private
land. Inside the NHS, we set 28 cameras distributed randomly throughout the NHS property.
Outside the NHS we distributed 27 cameras to backyards within a 2km radius of the NHS
property line. All animals in the captured photographs were identified to species by the
volunteers, reviewed by experts to verify the species identification, and uploaded to the
eMammal data repository housed at the Smithsonian Institution. In this report we present
baseline information regarding the presence, activity and site use of black bears in and around
the NHS. Secondarily, we provide that same baseline information for all other mammal and
ground bird species captured on our cameras and compare these with other nearby sites that
eMammal has sampled in the past. We present detection maps for each species as well as
measures of species richness and occupancy estimates for the commonly detected species and
make some comparisons between the NHS and the surrounding neighborhoods. We also test
some simple habitat covariates to see which, if any, are significantly affecting site occupancy.
The survey was conducted over a period of two months resulting in a total of 1615 camera
nights of survey effort and over 3,430 animal detections (47,137 total images). Of the 19
species detected by our cameras over all sites, eastern gray squirrel was the most common
followed by wild turkey, northern raccoon and Virginia opossum. The most rarely detected
species were southern flying squirrel, striped skunk and woodchuck. We also detected both
domestic dogs and domestic cats. Species richness inside the NHS was lower (14 species)
compared to yards outside but close to the NHS boundary (17 species). Likewise, occupancy
rates tended to be lower inside compared to outside. Unfortunately, we lacked sufficient data
to calculate bear site occupancy, suggesting that bears are not very common in the area
compared to other species. Both inside and outside the NHS, occupancy was highest for
eastern gray squirrel (inside=0.79 (0.10), outside=0.84 (0.09)) and northern raccoon
(inside=0.79 (0.12), outside=0.90 (0.11)) and lowest for Virginia opossum (inside=0.35 (0.12),
outside=0.58 (0.14)) and white-tailed deer (inside=0.43 (0.15), outside=0.47 (0.15)).
Compared to nearby sites eMammal has sampled in the past, Carl Sandburg Home NHS has a
similar level of bear activity. However, Carl Sandburg Home NHS had notably lower activity of
white-tailed deer and coyotes and notably higher activity of eastern gray squirrel and Virginia
opossum than similar sites in the area.
Our report provides baseline information on bear activity and site use. We recommend that
managers continue to place cameras year-round at the same sites sampled during this project
to collect more data on bear movement between seasons and years.
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1.0 Introduction
1.1 General Background
Carl Sandburg Home NHS (CARL) had received regular bear sighting reports from park trail
hikers over the last four years with weekly to daily reports common. The visitor reports indicate
that a mother bear, possibly two, with up to three cubs had been using the forested areas of
the park. About 210 acres of forested woodlands at CARL are not intensely managed as part of
the home place cultural setting, yet, it is not unusual for the bear family to be on the Park’s
service drive and around the Administration and Maintenance Buildings. Bear sightings at
neighboring residences as well as scat sightings had been reported. Based on these
observations, the bears appear to be a permanent addition to the NHS and the immediate
community.
The frequency of human-bear encounters is increasing in the local area, indeed, all around
western NC. Growing numbers of communities now live with black bear and the challenges that
they bring. The park wants to be ready with accurate, well-organized data to assist the
community with planning efforts to address bear issues. Concerns about visitor safety, visitor
awareness and park management safety goals as well as concerns for bear safety and corridor
use prompted the park to call for this study. The objectives of this study are to collect baseline
information representing the presence (movement and use) of black bear in the Park, provide a
concise Park document that presents and interprets these data and give recommendations for
long-term monitoring of black bear presence through the park. The study results will later be
used to develop site-specific materials that assist visitors with understanding bear presence and
behavior, thus improving the probability of safe bear encounters when they do occur. The
ultimate goal is to develop a monitoring program and build a credible database to aid in the
future when coordinating wildlife conservation efforts with other concerned agencies and,
potentially, private landowners.
The benefits derived from informal monitoring will be baseline data available for use while
collaborating with outside agencies and organizations to address wildlife/bear issues in the near
future. The data will include descriptive reports, tabular datasets, and GIS information.
The monitoring for this project was achieved through the use of remotely triggered camera
traps. Camera traps offer excellent tools for surveying communities of mammals and terrestrial
birds (Kays & Slauson 2008). Camera traps are non-invasive and have little, if any, effect on
animal activity (Long et al. 2008). Furthermore, camera traps offer the opportunity to collect
vouchered, georeferenced specimens that can later be verified by experts. Finally, camera
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traps are very easy to use and perfect for use in a citizen-science framework, thereby offering
opportunities for public outreach and education about natural resources (Forrester et al. in
review). By using unbaited cameras at randomized locations we can estimate site occupancy
(Mackenzie et al 2003) to determine the relative use of a given area by a given species. This
approach will allow us quantify the mammal communities in different areas and make
statistical comparisons among areas used by different species. Our study plots are balanced
inside and outside of the NHS to offer a comparison of animal site use and activity both inside
and outside the NHS
1.2 Project Sites
We surveyed a total of 55 sites, 28 inside the NHS and 27 in neighborhoods within a 2km radius
around the NHS, between August and October 2015 (Figure 1). Sites within the NHS were
chosen at random while avoiding high human traffic areas and maintaining a spacing of at least
200m between adjacent cameras. Sites outside of the NHS were chosen opportunistically
based on volunteers that agreed to set cameras in their yards after receiving a flyer advertising
the project. Those volunteers completed an online training and deployed the cameras
themselves, uploading the pictures using the eMammal software when the deployment was
complete. Volunteers completed an online form describing their site, answering questions
about whether the yard was fenced, whether domestic pets were present, whether water
sources were present and whether sources of food (i.e. dogfood, fruit trees, gardens, compost)
were available. All cameras ran continuously for approximately 3 weeks. Survey effort within
the NHS totaled 738 camera nights and outside of the NHS totaled 873 camera nights.

1.3 Contents of this Report
This report represents the results of the eMammal project to collect baseline information
representing the presence (movement and use) of black bear and other mammals in and
around Carl Sandburg Home National Historic site and to provide a concise document that
presents and interprets said data and provides recommendations for long-term monitoring of
black bear presence through the NHS. These results include descriptive statistics and maps of
animal detections within and outside of the NHS as well as a more rigorous statistical analysis of
animal activity and site occupancy within and outside of the NHS. The occupancy modeling
used in this report takes into account detection probability, which allows us to control for sitespecific differences that might affect how animals are detected by cameras. In this way, we are
able to make inference about habitat use using data collected over all sites.
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2.0 Materials and Methods
Field work began in August 2015. Fifteen cameras were set by eMammal staff and NCSU
student volunteers inside the NHS and 27 cameras were distributed to volunteers in the
surrounding neighborhoods to be set for 3 weeks between August and October 2015. All
volunteers who helped set cameras for the project were trained either in person or online to
ensure that all camera protocols were standardized. eMammal along with student volunteers
from NCSU and Haywood Community College returned to the NHS in September 2015 to move
the 15 cameras inside the NHS to 15 new camera sites chosen at random and spaced at least
200m from adjacent sites. All cameras were retrieved in October 2015 and the pictures were
all identified and uploaded using eMammal software to be stored in the Smithsonian Data
Repository.

2.1 Volunteer recruitment and training
We recruited student volunteers by contacting professors and student groups at Haywood
Community College and North Carolina State University. We recruited neighborhood
volunteers by distributing flyers and working through existing contacts at Carl Sandburg Home
NHS. Most of our neighborhood participants were adults, although some minors did participate
with the supervision of a parent. In total, 42 volunteers participated in this project,
contributing a total of 285 volunteer hours. The eMammal team held two in-person trainings
for volunteers inside the NHS and required that all neighborhood volunteers complete an
online, video-based training course. Trainings were comprehensive and included how to use a
GPS, how to setup and use a camera trap, how to use the eMammal software and how to
identify mammal species. Volunteers were provided with all necessary equipment, including
the cameras, memory cards, batteries and camera locks.

2.2 Camera surveys
Camera locations within the NHS were chosen by the eMammal team in as random a fashion as
possible while still surveying areas deemed of interest by NHS staff. Adjacent cameras were
spaced at least 200m apart to maintain sample independence. Fifteen sites were sampled in
August and an additional 15 were sampled in September. All cameras ran for 1 month within
the NHS. Outside of the NHS, we chose homes among respondents to our flyer such that
clustering of sample sites was minimized. Volunteers chose one location on their property,
following the training guidelines, to set their camera for 3 weeks.
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Figure 1: A map of all camera sites sampled by the eMammal Project in and around Carl
Sandburg Home NHS (red outline) from August-October 2015
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2.3 Animal data collection and verification
To transfer data from the volunteers to eMammal staff, volunteers used a custom software
application called “Leopold” to identify animal pictures and upload the data to a cloud storage
location. The eMammal team used a web based data review tool to verify and, if necessary,
correct volunteer identifications. Past projects have shown that the average volunteer success
in species identification is quite high (97.2%) (Forrester et al. in review). The Smithsonian
Institution has developed a data repository to store all camera trap photos as digital museum
“specimens” that will be curated as a publically accessible Smithsonian collection. This
repository is accessible to other institutions to store, search, and analyze their own camera trap
data.

2.4 Habitat data collection and preparation
We wanted to incorporate site-level habitat covariates into our occupancy modeling where
possible to test if we could detect any factors affecting species site use. We used the National
Landcover Dataset (Fry et al. 2011) in ArcGIS (ESRI) to analyze the percent of habitat that was
forest in a 1km radius around each camera site. We used the Housing Density dataset
(Hammer et al. 2004) to analyze housing density (houses per square kilometer) in a 1km radius
around each camera site. We also included a covariate for the presence of water (pond,
stream, lake) within sight of the camera and the presence of accidental (gardens, fruit trees) or
purposeful (pet food, bird feeders) within 200 meters of the camera site. These last two
variables were collected using satellite imagery and volunteer questionnaires. These covariates
were then added to the occupancy models to test for their effect on animal site use.

2.5 Data analysis
The analyses presented in this report focus on raw animal counts, rates and occupancy. Raw
counts and rates are presented in a number of basic, descriptive ways: species richness,
community composition, and activity over time of day. Species richness is the number of
species present in a community and is the simplest representation of diversity. To measure
species richness, we simply count the number of difference species detected in each protected
area. Community composition is another representation of diversity and incorporates the
relative abundance of species within the community. This is more accurately a measure of the
relative activity level of each species at the site. We used the raw animal count data to
generate proportional histograms that to illustrate the active time of each species in each
protected area by time of day. This information allows us to compare activity patterns between
species and look for indications of attraction or avoidance.
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Occupancy analysis is a technique commonly used to analyze camera trap data which accounts
for differences in detection probability therefore allowing direct inference about animal use of
different sites and associated habitat characteristics. We have modeled both occupancy and
detection probability, incorporating different covariates including housing density, percent
forest, presence of water and purposeful/accidental feeding.

3.0 Results
We detected relatively little bear activity in and around Carl Sandburg Home NHS, however the
level of bear activity over the amount of time our cameras ran was similar to other sites we
have sampled in western North Carolina. Bear activity inside the NHS occurred predominantly
in the southern forested area over the time of the study (fall 2015). Bear activity also occurred
outside the NHS in yards on its northern edge.
Compared to other sites eMammal has sampled in western North Carolina, the area in and
around Carl Sandburg Home NHS is notable in having relatively low white-tailed deer and
coyote activity and relatively high eastern gray squirrel and Virginia opossum activity. We
detected a greater diversity of species outside the NHS compared to inside, however site
occupancy and detection rate for the most commonly detected species did not differ
significantly inside and outside the NHS.

3.1 Species Richness
Over the entire study, we detected 18 different mammal species. Species richness (diversity)
inside the NHS (14 species) was lower than species richness outside the NHS (17 species) but
higher than the species richness at similar, nearby sites sampled by eMammal in fall 2012
(South Mountains State Park = 11 species, South Mountains Gameland = 12 species, Stone
Mountain State Park = 12 species, Thurmond Chatham Gameland = 12 species). The species
detected inside the NHS were: American black bear, bobcat, coyote, domestic dog, eastern
chipmunk, eastern cottontail, eastern gray squirrel, gray fox, northern raccoon, southern flying
squirrel, unknown mouse/rat, Virginia opossum, white-tailed deer and wild turkey. The species
detected outside the NHS were American black bear, bobcat, coyote, domestic cat, domestic
dog, eastern chipmunk, eastern cottontail, eastern gray squirrel, gray fox, northern raccoon,
red fox, striped skunk, unknown mouse/rat, Virginia opossum, white-tailed deer and wild
turkey, woodchuck.

3.2 Community Composition and Activity
Accounting for the amount of time each camera ran (number of days) provides a more accurate
index of animal activity/relative abundance than raw counts. Activity indices combining all sites
13

sampled show that eastern gray squirrel were the most commonly detected species overall,
both inside and outside the NHS followed by wild turkey, northern raccoon and Virginia
opossum. The least commonly detected species over all sites sampled were southern flying
squirrel and striped skunk (Fig 2). The least commonly detected species inside the NHS were
gray fox and southern flying squirrel. The least commonly detected species outside the NHS
were striped skunk and woodchuck. Southern flying squirrel was only detected inside the NHS
and domestic cat, striped skunk, red fox and woodchuck were only detected outside of the NHS
(Fig 3). Black bears ranked #12 out of 18 in species relative abundance, detected in only 0.87%
of wildlife photos inside and 0. 49% outside the NHS. To illustrate animal activity, we mapped
average detection rate for the most commonly detected species and displayed the results using
proportional symbols (Fig 4-6). Specifically, American black bears were detected at five sites
within the NHS and six sites outside of the NHS. The highest area used as measured by
detection rate (detections/day) was in the center southern portion of the NHS.

3.3 Animal Activity Compared to Nearby Protected Areas
We compared American black bear activity in and around Carl Sandburg Home National Historic
Site with four other nearby protected areas that eMammal sampled in fall 2012. Caution
should be used when directly comparing these measures since they were taken in different
years, although the seasons were the same. Bear activity at Carl Sandburg Home NHS did not
differ significantly from most of these sites, however it did differ from Thurmond Chatham
Gameland which had significantly higher bear activity than South Mountains Gameland and
South Mountains State Park which are much closer to Carl Sandburg Home NHS and thus better
sites for comparison (Fig 7).
We noted other interesting differences in animal activity in Carl Sandburg Home National
Historic Site compared to other nearby protected areas. Those species displaying significant
differences were white-tailed deer, Virginia opossum, coyote and eastern gray squirrel (Fig 8).
White-tailed deer activity at Carl Sandburg Home NHS was significantly lower than all other
similar sites sampled by eMammal in 2011-12, which include 32 parks across 6 mid-Atlantic
states. Deer activity inside the NHS was slightly lower (though not significantly) than outside.
Coyote activity was likewise lower in the NHS than outside and at other similar sites. Not
surprisingly, and perhaps due to low coyote activity, Virginia opossum and eastern gray squirrel
were both significantly more active at Carl Sandburg Home NHS than at other nearby sites (Figs
8-11).
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Figure 2: The percent of total detections for each mammal species inside and outside Carl Sandburg Home NHS from August to
October 2015
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Figure 3: Stacked graph showing the relative abundance calculated as rate (detections per day) for all mammal species inside and
outside of Carl Sandburg Home National Historic Site sampled by eMammal in fall 2015.
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Figure 4: Average American black bear, bobcat and coyote detection rate (count/day) at each camera site inside and outside Carl
Sandburg Home National Historic Site fall 2015. The size of the circles is proportional to the average detection rate at that location.
White circles denote sites where that species was not detected.
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Figure 5: Average white-tailed deer, gray fox and Virginia opossum detection rate (count/day) at each camera site inside and
outside Carl Sandburg Home National Historic Site fall 2015. The size of the circles is proportional to the average detection rate at
that location. White circles denote sites where that species was not detected.
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Figure 6: Average northern raccoon, wild turkey and eastern gray squirrel detection rate (count/day) at each camera site inside and
outside Carl Sandburg Home National Historic Site fall 2015. The size of the circles is proportional to the average detection rate at
that location. White circles denote sites where that species was not detected.
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Figure 7: American black bear activity (detections/day) inside and outside Carl Sandburg Home
National Historic Site in fall 2015 compared with four other nearby sites sampled by eMammal
in fall 2012. Bars are standard error.
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Figure 8: Coyote activity (detections/day) inside and outside Carl Sandburg Home National
Historic Site in fall 2015 compared with four other nearby sites sampled by eMammal in fall
2012. Bars are standard error.
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Figure 9: Virginia opossum activity (detections/day) inside and outside Carl Sandburg Home
National Historic Site in fall 2015 compared with four other nearby sites sampled by eMammal
in fall 2012. Bars are standard error.
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Figure 10: Eastern gray squirrel activity (detections/day) inside and outside Carl Sandburg Home
National Historic Site in fall 2015 compared with four other nearby sites sampled by eMammal
in fall 2012. Bars are standard error.
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Figure 11: White-tailed deer activity (detections/day) inside and outside Carl Sandburg Home
National Historic Site in fall 2015 compared with four other nearby sites sampled by eMammal
in fall 2012. Bars are standard error.

3.4 Animal Site Use (Occupancy)
Inside the NHS, among the more commonly detected species, occupancy (expressed as the
probability a site is used by a species) ranged from 0.35 (Virginia opossum) to 0.79 (eastern gray
squirrel). Outside the NHS, occupancy ranged from 0.47 (white-tailed deer) to 0.89 (northern
raccoon). We compared each species inside and outside the NHS and found no significant
differences in occupancy, although Virginia opossum showed a trend of lower site occupancy
inside the NHS compared to neighborhoods (Fig 12). White-tailed deer was the only species to
show any significant correlation with habitat variables using an occupancy modeling
framework. Surprisingly, deer were significantly less likely to be detected in yards where
wildlife feeding (bird feeders, pet food, open garden, fruit trees) took place. Unfortunately, too
few bears were detected to enable analysis within an occupancy framework.
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Figure 12: Site occupancy, expressed and the probability a site is occupied by a given species,
for the most commonly detected species inside and outside Carl Sandburg Home National
Historic Site in fall 2015. Bars are standard error.

3.5 Daily Activity Patterns
Animal activity patterns represent the times of day that different species are more commonly
detected, and thus likely more active. Figures 13-18 show the activity patterns for the most
common species detected inside and outside Carl Sandburg Home NHS from August to October,
2015. As expected, northern raccoon and Virginia opossum were primarily nocturnal over all
sites sampled. Eastern gray squirrel and wild turkey were primarily diurnal and white-tailed
deer were detected throughout the day and night with high variability. We did not detect any
differences in activity pattern outside and inside the NHS. Too few bears were detected to get
a good idea of activity patterns, but our small dataset suggests most bear activity in the area
occurs in the evening between 6-11pm.
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Figure 13: Activity pattern (percent of detections by time of day) for American black bear
outside and inside Carl Sandburg Home National Historic Site in fall 2015. With only 15 bear
detections we lack sufficient data to accurately describe their daily patterns.
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Figure 14: Activity pattern (percent of detections by time of day) for eastern gray squirrel
outside and inside Carl Sandburg Home National Historic Site in fall 2015.
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Figure 15: Activity pattern (percent of detections by time of day) for wild turkey outside and
inside Carl Sandburg Home National Historic Site in fall 2015.
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Figure 16: Activity pattern (percent of detections by time of day) for northern raccoon outside
and inside Carl Sandburg Home National Historic Site in fall 2015.
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Figure 17: Activity pattern (percent of detections by time of day) for Virginia opossum outside
and inside Carl Sandburg Home National Historic Site in fall 2015.
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Figure 18: Activity pattern (percent of detections by time of day) for white-tailed deer outside
and inside Carl Sandburg Home National Historic Site in fall 2015. With only 79 deer detections
we lack sufficient data to accurately describe their daily patterns.
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5.0 Discussion
Our cameras recorded only 8 bear detections outside and 7 inside the NHS. Because we cannot
individually identify bears from camera trap photos, we have no way to tell how many
individual bears were detected. However, compared to other nearby sites that eMammal has
surveyed in a similar manner, the area in and around Carl Sandburg Home has a typical amount
of bear activity for the region. We did not detected a large enough sample of bears to run
more rigorous occupancy analyses to determine what factors on the landscape bears may be
responding to. We suggest that Carl Sandburg Home NHS continue to monitor bear activity
using camera traps in an effort to collect enough data over the years to examine this question
in the future.
Although we detected few bears, our cameras were able to document a number of other
species in and around the NHS. Species richness was slightly higher outside of the NHS because
several species (domestic cat, red fox, striped skunk and woodchuck) were only detected, albeit
rarely, in yards. By contrast, southern flying squirrel was only detected in the NHS and not in
the yards surrounding it. Nevertheless, Carl Sandburg Home NHS had higher species richness
compared to other nearby protected areas sampled by eMammal in fall 2012. Animal activity
tended to be lower for all species inside the NHS compared to outside. Indeed, site occupancy,
the probability of a site being occupied, also tended to be lower inside the NHS compared to
outside. These differences were not statistically significant and likely represent small
differences in habitat or resource availability, potentially associated with feeding. We found
that 44% of our volunteers in the neighborhoods around the NHS reported that accidental or
purposeful wildlife feeding took place on their property.
We found several interesting differences in animal activity between Carl Sandburg Home NHS
and other nearby sites eMammal has sampled in the past. White-tailed deer and coyote
activity was significantly lower than other sites eMammal sampled. Indeed, at most sites
eMammal has sampled in the past, white-tailed deer are the most commonly detected species,
usually by a large margin. These sites tend to have occupancy probabilities of >0.90 and
detection rates of 1.41 detections/day. At and around Carl Sandburg Home NHS, eastern gray
squirrel, northern raccoon, Virginia opossum and wild turkey were all more commonly detected
than white-tailed deer and deer site occupancy was <0.50. These results could indicate
differences in habitat or food availability (e.g. abundant rhododendron), or possibly indicate
some disease within the deer population in this region. The low deer activity, which tends to
correlate with a low deer population, may be causing the lower coyote activity in the area. We
found that deer were significantly less likely to occupy sites where there was some form of
intentional or unintentional feeding which mostly occurred in yards and could simply indicate
an avoidance of yards. This is consistent with other studies eMammal has performed, showing
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that white-tailed deer are common in suburban areas but not necessarily in yards (Kays and
Parsons 2014). In contrast to the low deer and coyote activity, Carl Sandburg Home NHS had
significantly higher eastern gray squirrel and Virginia opossum activity than other sites sampled
by eMammal in 2012. These higher numbers could be a product of Carl Sandburg’s relatively
suburban surroundings compared to the State Parks and Gamelands it is being compared to. It
is also possible the higher activity of these species is in response to the low coyote activity,
though this is speculative.

6.0 Future Monitoring Recommendations
The activity indices and occupancy rates reported here can be used as a baseline for regular
monitoring of black bears and other species in Carl Sandburg Home NHS. We recommend that
managers continue to monitor wildlife populations using camera-traps each month.
Specifically, we suggest re-sampling each site sampled by eMammal within the NHS (28 total
sites) by rotating 4 cameras between sites, sampling each for one continuous month. It will
take 4 months to sample all sites, allowing time for 3 samples of each site each year. Over time
this should allow managers to detect trends in bear (and other species) activity and movement
within the NHS. This will also allow the park to monitor the effects of future management
efforts.
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