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Coyote at site 4, July 13, 2019.

Flying squirrel at site 32, 3:09 AM, March 22, 2020.
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KEY FINDINGS
•

St. Edward State Park supports a rich diversity of native wildlife species, many of which
have not been documented in the park prior to this study. Among newly documented native
mammals recorded by our camera traps are bobcat, long-tailed weasel, river otter, North
American beaver, mountain beaver, flying squirrel, and Townsend’s chipmunk. Our cameras
also detected coyote, raccoon, black-tailed deer, Douglas squirrel, and deer mouse, as well
as 26 native bird species. We opportunistically observed additional species of diverse taxa,
including American shrew mole, creeping vole, northern red-legged frog, phantom orchid,
leafless wintergreen, western white pine, and many others. This diversity of native species
likely reflects the high quality and the diversity of native habitats in the park.

•

A robust native mammalian predator guild exists at the park, including bobcat, coyote,
raccoon, long-tailed weasel, and river otter. We detected multiple individuals and evidence
of social interaction and reproduction in all of these species except the weasel.

•

Several non-native mammal species are also present, some of which—Virginia opossum,
eastern gray squirrel, and eastern cottontail rabbit—are widespread and may have large
ecological impacts. Domestic cats, dogs (without their owners), and rats are also present, but
limited in distribution. Nonetheless, they may also have deleterious effects on wildlife.

•

Wildlife activity in the park varies by location, with different species most active in different
habitats. Riparian forest and lakeshore habitats appear to be of particularly high value for
native mammal and bird species.

•

Human disturbance appears to be an important determinant of habitat quality, with greater
activity of some native species in interior habitats and some non-native species more active
in edge habitats. Douglas squirrel, bobcat, and mountain beaver, largely restricted to interior
habitats, may be indicators of high habitat quality in PNW urban greenspaces. Domestic cats
and rats, observed nearly exclusively in edge areas, may indicate low habitat quality.

•

Human disturbance also appears to influence wildlife activity patterns in the park, as
indicated by increased nocturnality of some species in edge habitats relative to interior
habitats, and the apparent restriction of raising of young of some species to interior areas.

•

A major source of human disturbance in the park is user (unofficial) trails, which are
numerous and widespread, and penetrate interior areas that would otherwise be largely
undisturbed and higher quality wildlife habitats.

•

St. Edward Park, by itself, is too small to support viable populations of many of the species
that currently exist in the park. Without movement between the park and habitats outside the
park, some species will eventually disappear from the park. At present, the larger wildlife
species appear to be able to travel to and from the park via de facto habitat corridors. It will
be essential to maintain this movement for long-term persistence of these species.

•

To fulfill the mission of Washington State Parks and conserve the biodiversity of St. Edward
State Park, actions are needed to protect habitat quality, minimize human disturbance, and
improve habitat connectivity. Based on the results of our study, we offer specific
recommendations in the body of this report for management actions that could improve the
prospects for persistence of native wildlife in the park.
6
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•

Camera trap studies are an effective research approach in heavily used urban wildlands such
as St. Edward State Park. Furthermore, the accessible data they produce may provide a
useful tool for public engagement around wildlife conservation. However, study design
requires careful consideration, and limitations inherent in the camera trap approach mean
that other methods are also useful, and can augment camera trap findings.

New discoveries relating to species presence and status in the second year of the study (June
15, 2019 – June 30, 2020)
•

Flying squirrel and Townsend’s chipmunk
In the second year of the study, camera
traps produced reliable documentation of two native mammal species in the park not
observed in the first year: flying squirrel and Townsend’s chipmunk. Both species were
detected at multiple sites on multiple days. Other than indicating that flying squirrel occurs
in widely scattered locations of the park, our data do not provide information on abundance
or distribution of these species; further study will be required to assess the status of these
species in the park.

•

Reproduction of many mammalian species
Camera traps also produced reliable
documentation of reproduction (presence of young) of bobcat, coyote, raccoon, river otter,
black-tailed deer, and opossum in the park. For coyote, raccoon, river otter, and opossum,
this was the first documented evidence of reproduction in the park. Most evidence of
reproduction in terrestrial species occurred in interior habitats.

•

Leafless wintergreen and western white pine
We made opportunistic discoveries of
two additional native plant species not previously documented in the park: leafless
wintergreen, and western white pine. Leafless wintergreen had not been previously collected
in King County, and may only exist in St. Edward in one small location. The large western
white pine we observed may be the only individual of that potentially ecologically important
species in the park.

•

Possible disappearance of clasping twisted stalk The clasping twisted stalk, discovered
in 2019 at one location along the North Trail, was cut during trail maintenance in the
summer of 2019. The species did not re-appear at that site in 2020, and has not been
observed in any other location in the park. Botanical surveys would be useful to assess the
status of this and other plant species that are rare in the park.
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ABSTRACT
St. Edward State Park is the site of one of the largest and most intact remaining areas of native forest in the
Seattle metropolitan area. The park appears to provide high quality wildlife habitat; however, prior to this study
little was known about the wildlife that occurs there. In May 2018 we began a camera trap study to both
characterize the mammalian wildlife and determine the feasibility of camera trap methodology in this heavily
visited park. Over the following 25 months, we deployed a total of 31 cameras at 35 locations in and around the
park, a total deployment of 8,304 camera-days. We recorded 6,106 occurrences (identifiable images of an animal
taken more than 30 minutes before or after another image of the same species) of 18 non-human mammal species,
including 12 native species, some of which were not previously documented in the park. Our cameras also
recorded the presence of 26 identifiable native bird species. Most notably, we demonstrated the robust presence of
a diversity of native mammalian predators, including bobcat, raccoon, coyote, river otter, and long-tailed weasel.
All except the weasel were detected numerous times, in groups of two or more individuals, and accompanied by
young offspring, suggesting reproduction in the park. Other native mammals detected were Douglas squirrel,
flying squirrel, Townsend’s chipmunk, North American beaver, mountain beaver, deer mouse, and black-tailed
deer. We also detected six non-native mammal species, with frequent occurrences of Virginia opossum, eastern
gray squirrel, and eastern cottontail, along with infrequent occurrences of domestic dog without owner, domestic
cat, and non-native rat. In addition to species detected by our cameras, we opportunistically observed northern
red-legged frog, western white pine, phantom orchid, and leafless wintergreen, among many native plant and
animal species not previously documented in the park. Species occurrence differed by habitat type, with cameras
at lakeshore and riparian forest habitats recording the largest number of native species. Species also differed
between edge and interior locations, with bobcat, Douglas squirrel, and mountain beaver primarily occurring at
interior sites, and domestic cats and rats largely restricted to edge locations. Other species, such as coyote and
raccoon, commonly occurred in both edge and interior areas. However, nearly all occurrences of these and other
species indicating reproduction were in interior locations. The activity of predators and many other species was
strongly concentrated in the evening, night, and early morning, with some species showing higher levels of
nocturnality in edge locations, a probable indication of the impact of human disturbance on their behavior. The
larger terrestrial predator species, as well as black-tailed deer, were detected in locations that suggest they are
using de facto travel corridors to access habitats outside park. This study demonstrates the feasibility of camera
trap methodology in St. Edward park, and our results indicate that St. Edward Park is a rich repository of native
biodiversity. Without active and intentional management, however, this diversity will inevitably decline in a
process of defaunation that characterizes urbanizing areas because of the combined effects of small habitat size,
isolation from other habitats, and various forms of human disturbance that degrade habitat quality. We
recommend a set of management actions to address these factors and improve the chances for long-term
persistence of the diverse natural heritage that exists at St. Edward State Park.
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INTRODUCTION
St. Edward State Park includes approximately 300 acres of maturing native Pacific Northwest
forest, likely the most intact remaining exemplar of native forest habitat of substantial size in the
Seattle metropolitan area (Smith 2006, Stokes et al. 2014). Nonetheless, widespread reduction and
alteration of native habitat throughout the Seattle area has reduced the native biodiversity of the
urbanized region, and some of the native animal species that formerly inhabited undeveloped sites
such as St. Edward Park may be reduced in number or no longer present, a phenomenon known as
defaunation (Dirzo et al. 2014). For example, as of 2018, bobcat (Lynx rufus), long-tailed weasel
(Mustela frenata), Townsend’s chipmunk (Tamias townsendii), flying squirrel (Glaucomys spp.),
and northern red legged frog (Rana aurora), all formerly widespread species in the region, were not
documented as present in the park (ESA 2018). An analogous loss of plant species may also be
occurring in the park, with regionally widespread species such as serviceberry (Amalanchier
alnifolia), western white pine (Pinus monticola), grand fir (Abies grandis), and Sitka spruce (Picea
sitchensis) not reported present in a recent plant survey (Smith 2006). With its mission of care and
stewardship of the state’s diverse natural heritage, Washington State Parks has an interest in
preventing and reversing defaunation and defloration in St. Edward State Park.
As an area urbanizes, native habitat is compromised in four fundamental and interrelated ways: the
area of habitat is reduced, the quality of habitat and the resources it provides decline as a result of
various forms of human activity, areas of remaining habitat become more isolated, and human
activities in surrounding areas degrade the remaining habitat. These factors, in combination,
constitute the greatest threats to species in urban wildlands such as St. Edward Park. Without
management that addresses these factors, native species will inevitably disappear from the park as
they have from other urban greenspaces (Stokes and Samuelson, in prep.).
In addition to the diminishment of biodiversity itself, loss or reduction of species has the potential to
degrade the ecological integrity of the park’s forest ecosystem through the loss or attenuation of
ecological processes these species facilitate (review in Dirzo et al. 2014). Furthermore, as one of the
most heavily visited of all the Washington state parks (DeMay 2017), and with its close proximity
to an urban center, reduction of the park’s biodiversity would constitute a lost experience (Pyle
1993, Miller 2005, Stokes 2006) for a large number of people, many whom may not have
opportunities to experience native Pacific Northwest biodiversity elsewhere. This would be a loss
for all Washingtonians, and as the impact of these losses do not fall equally on all people, it would
also amount to an environmental injustice (Nesbitt et al. 2019).
Restoring and/or managing for species that have been extirpated or reduced may be an appropriate
strategy for reversing defaunation in urban wildlands such as St. Edward State Park. By restoring
species that have declined or have been extirpated, native diversity, ecological function, ecosystem
services, and visitor experience may be protected and enhanced. However, a restoration effort of
this complexity requires a great deal of information, little of which currently exists. What species
are present in the park, and in what numbers? How are they using the habitat? What species are
“missing” (i.e., formerly, but no longer, present)? What native species can the existing habitat
9
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support? What non-native species are present? What restoration actions are needed to provide high
value habitat to support populations of the missing or reduced species?
This study is a first step in determining the state of wildlife in St. Edward Park, and in developing
the information needed to determine if a faunal restoration effort may be appropriate in the park,
and if so, how it could be successfully pursued. We used camera traps to survey diverse park
locations for presence of animal species to find out what species currently exist in the park and what
species may be missing or rare. We were particularly interested in predators, as they are cryptic and
rarely observed (and thus their presence or absence is poorly known), and they often exert a
disproportionately strong influence on ecological community structure and ecosystem function (e.g.,
Beschta and Ripple 2016). Native predators can be important for maintaining biodiversity in an area
(Crooks and Soulé 1999), while non-native predators, e.g., domestic cats (Felis catus), can be a
serious threat to native diversity (Loss et al. 2013). Thus, we deployed camera traps along
hypothesized predator travel routes and positioned cameras in ways designed to detect predators.
We devoted special attention to the impacts of two key threats to urban wildlife: 1) human activity
and disturbance and 2) isolation of small populations. Human disturbance is a primary determinant
of habitat quality in urban areas and may alter animal behavior (George and Crooks 2006, Patten
and Burger 2018) and time of activity (Wang et al. 2015, Gaynor et al. 2018, Smith et al. 2018), and
may prevent some species from occupying habitats altogether (Woodroffe 2000). Isolation of urban
habitat patches by hostile landscape features (e.g., roads) and unsuitable land uses (e.g., commercial
or residential) increases the likelihood of extinction for the small populations that inhabit otherwise
favorable patches of urban greenspace (Magle et al. 2010, Benson et al. 2019). To investigate these
potential threats, we located cameras in areas of higher and lower levels of human disturbance and
at sites of potential wildlife movement to and from the park.
In addition to the wildlife information we hoped it could produce, this study is also a test of the
viability of camera trap study methods in a heavily visited urban park. Camera traps can produce
reliable data on diverse aspects of animal ecology (Trolliet et al. 2014). However, they are also
subject to limitations, and in addition to the usual limitations of all camera trap studies, in an urban
setting such as St. Edward State Park, disruption of cameras by people is a potential problem that
could make this approach unworkable (Meek 2017). We used this study to assess the magnitude of
this problem at St. Edward, as well as to refine our camera trap methodology for future expansion of
the research if the approach proves workable.

STUDY AREA: SAINT EDWARD STATE PARK
Saint Edward State Park is located on the northeast shore of Lake Washington in the cities of
Kenmore and Kirkland WA. At 326 acres, nearly all of which is forested, it is the site of one of the
few substantial areas of largely native forest in the Seattle metropolitan area (Fig. 1). The site was
logged in the late 1800s (NPS 2006), following which the forest has undergone largely natural
succession with relatively little human disturbance. A vegetation inventory conducted for
Washington State Parks (Smith 2006) indicated that the park is unusual in the Seattle area in having
a diversity of native plant associations that are relatively intact, including substantial areas of forest
that are nearing mature stages.
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The forest at St. Edward Park occupies both uplands and wetlands, and consists of various native
forest types typical of the western hemlock zone (Franklin and Dyrness 1988) of western
Washington, ranging from nearly pure coniferous stands dominated by Douglas-fir (Pseudotsuga
menziesii), western hemlock (Tsuga heterophylla), and western redcedar (Thuja plicata), to mixed
canopy forests of Douglas-fir, bigleaf maple (Acer macrophyllum) and red alder (Aluns rubra), to
mostly deciduous forest dominated by red alder and bigleaf maple (Smith 2006). Other common
canopy tree species include black cottonwood (Populus trichocarpa) and Pacific madrone (Arbutus
menziesii).The shrub layer is generally substantial, commonly consisting mainly of one or more of
the following: salal (Gaultheria shallon), trailing blackberry (Rubus ursinus), Oregon grape
(Mahonia nervosa), sword fern (Polystichum munitum), Indian plum (Oemleria cerasiformis),
salmonberry (R. spectabilis), red huckleberry (Vaccinium parvifolium), and red elderberry
(Sambucus racemosa). Small but increasing amounts of non-native invasive woody species,
including English holly (Ilex aquifolium), English ivy (Hedera spp.), cherry laurel (Prunus
laurocerasus), and Portuguese laurel (P. lusitanica) (Green et al. 2013; Stokes et al. 2014, 2017;
Lopez and Stokes 2016) are also invading the forest with potentially negative impacts on native
species (Church et al. in prep.).
Several small watercourses are present in the park, including perennial streams that flow through
steep ravines from wetlands in the upper elevations of the park to Lake Washington (Fig. 2, ESA
2018). The vegetation along these streams is typically characterized by a mixed canopy of large
native conifer and broadleaf trees over a dense shrub layer dominated by salmonberry, with
substantial amounts of devil’s club, sword fern, lady fern (Athyrium filix-femina) native blackberry,
and other native woody and herbaceous species. Large trees have fallen across the streams, forming
occasional log “bridges” 0 to 10 m above the streambed.
The forest at Saint Edward Park is mostly surrounded by residential development and is bordered by
a heavily trafficked two-lane arterial road (Juanita Drive) on the east, and Lake Washington on the
west (Figs. 1 & 2). However, the isolation of the park is not complete; substantial areas of forest,
some of which is formally protected, adjoin the park on the south and north. Bordering the park’s
southeast corner is Big Finn Hill Park, a 220-acre King County park mostly characterized by earlyto mid-successional Douglas-fir forest and including a stream and wetlands. O. O. Denny Park, a
mostly forested 46-acre park that includes old-growth remnants and a possible salmon-bearing
stream, extends from the west end of Finn Hill Park to Lake Washington. Juanita Woodlands, a
forested 40-acre King County park, is also nearby. In addition to these protected areas, substantial
areas of forest occur in residential areas to the north and south of St. Edward Park, and on the
adjoining 51-acre Bastyr University property, approximately half of which is forest similar in type
and condition to that of St. Edward Park (Figs. 1 & 2). Patterns of use of these protected and
unprotected forest lands by St. Edward wildlife is unknown. Two potential movement corridors, the
shoreline of Lake Washington and the Inglewood Golf Course to the north, may provide
connections to large areas of natural habitat along the Sammamish Slough (Fig. 1), although
wildlife use of these potential corridors has not been documented.
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Figure 1. St. Edward State Park and environs. Dominated by primarily native semi-mature forest,
the park (border indicated by yellow line) is largely surrounded by suburban residential
development, but is connected to forested habitats in Big Finn Hill and O. O. Denny parks, as well
as unprotected areas of forest to the north and south. Other habitat connections include the shoreline
of Lake Washington to the west, and the semi-forested Inglewood Golf Course and the Sammamish
River to the north. Aerial photo modified from Smith (2006) to include 2018 McDonald property
addition.

St. Edward State Park receives heavy human use, and is one the most heavily visited Washington
State Parks (DeMay 2017), with more than 500,000 visitors in 2019 (WSP 2020). Among common
activities at the park are hiking, mountain biking, wildlife watching, picnicking, orienteering, and
organized sports on the playfields (ESA 2018). Youth educational and recreational camps such as
Wilderness Awareness School hold sessions at the park in summer. Weekends are especially busy,
and sometimes include special events that attract large numbers of visitors to the developed portion
of the park (seminary building and surrounding “Great Lawn” area).
The park has an extensive network of official trails (Fig. 2), which are used by large numbers of
walkers, hikers, and runners, particularly in the summer and on weekends (pers. obs.). Many park
visitors bring dogs, which are required to be leashed. In addition to the park’s official trails, a
12
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significant number of unofficial (user) trails have developed. Use levels of these trails is unknown,
but they appear to be increasing in number and degree of establishment, particularly those
connecting surrounding neighborhoods with the official park trail system (pers. obs., L. Kunze pers.
comm.). The park is closed to visitors between sunset and sunrise.

Figure 2. St. Edward State Park and locations of camera traps, May 2018 – June 2020. Redacted.
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Figure 2a&b. Redacted.
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METHODS
Our data collection comprised two sets of camera trap deployments: three cameras deployed in the
same three locations (sites 1 – 3) in a forested riparian habitat in an interior location of the park
(“Core deployments”) for the duration of the study (May 2018 – June 2020) except for summer
2018; and cameras deployed after January 1, 2019 for various durations until June 30, 2020 at a
larger number of locations (n = 32; sites 4 – 34) of diverse habitat types in and adjacent to the park
(“Diversified deployments”; Fig. 2).
We used four similar and widely available models of trail cameras (Fig. 3): the Bushnell Trophy
Cam Trophy HD, (model # 119537), Bushnell Trophy Cam HD Essential E3 (model # 119837C),
Browning Dark Ops HD Pro (model BTC-6HDP & BTC-6HDPX), and Reconyx HyperFire2
(model HF2XEM01). All cameras have a shutter that is triggered by a passive infrared motion
sensor that detects movement of a warm object (e.g., mammal or bird) in the field of view. The
cameras take color photos under high light conditions, and black and white photos, using an infrared
flash to avoid disturbing the subject, in low light. The four models have similar trigger (detection)
speeds (0.2 + 0.1 second; Bushnell 2013, 2017; Browning 2018, 2019; Reconyx 2019) and
detection ranges (80 – 100 feet; Trailcampro 2019), a distance much greater than the distance at
which the cameras in this study were aimed (< 10 m). Images captured by all four cameras include
a time and date stamp.
All camera models used in the study are considered “low glow” (infrared flash is dimly visible to
humans) except the Browning, which is a “no glow” camera (Trailcampro 2019). We used the noglow Browning cameras in locations where park visitors are more likely to be present (e.g., along
the lakeshore and on major unofficial trails) in an effort to avoid detection of the cameras by people.
All cameras were set to continuously active camera mode for still pictures, and except for the initial
weeks of the study (see below), a 5 second interval between triggers and a burst of 3 photographs at
each trigger.
We attached the cameras to tree trunks, limbs, or bush stems with straps at various heights (initially
[May 18 – June 6, 2018] 0.1 – 1.5 m, and subsequently 0.6 – 2.0 m) above the ground, and angled
them down to a target view area on the ground centered 2.0 – 8.0 m (mean = 5.2 m, SD = 1.4) from
the camera. The traps were not baited. We checked cameras periodically to download photographs.
All cameras were outfitted with weatherproof labels stating their purpose (“wildlife study”) and
ownership (University of Washington) to discourage theft or disturbance in case of discovery by
park users. The cameras were not visible from official park trails, and no cameras were aimed
toward official trails. The two sets of deployments are described separately below.
Core deployments
In May 2018 we deployed three Bushnell Trophy Cam HD wildlife camera traps in a forested
riparian habitat of St. Edward State Park (Fig. 2, Table 1). This location was selected for study
because it appears to be relatively undisturbed by humans (D. Kline, pers. comm.; pers. obs.) and is
in an interior or core area of the park’s forested habitat, and thus we expected it could be an area
frequently used by native wildlife.
We deployed the cameras in continuously active (24 hr) “camera” mode and set them to capture 5
megapixel still photos. For the initial deployments (May 18 – June 29, 2018) camera settings were
15
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as follows: Camera #1 was set to take a burst of three successive photos per trigger. The other two
cameras were set to take one photo per trigger. LED control (for night illumination) on all cameras
was set at “High” to maximize the distance from which an identifiable image of an animal could be
captured at night. The cameras were set to wait 10 seconds after a trigger to respond to a new
trigger. Sensor level was set to “auto.” Night vision shutter speed was set to “low.” We removed
the cameras from the field on June 29, 2018 and did not deploy the cameras in July and August
2018, the period of highest numbers of park visitors, to avoid possible disturbance of cameras by
people.
Based on the photographs we obtained in the initial deployment period, in September 2018 we redeployed the cameras with settings for the remainder of the study modified as follows: All cameras
were set to take a burst of three photos per trigger and the wait period was reduced from 10 to 5
seconds to capture more images at each detection to facilitate species identification of the detected
animal. The LED control and night shutter speed were both set to “medium” to improve image
quality, reduce blurring, and avoid overexposures.

Figure 3. Camera traps used in St. Edward State Park wildlife study, deployed in the field.
Top left: Bushnell Trophy Cam Trophy HD, model # 119537, at Site 23.
Top right: Bushnell Trophy Cam HD Essential E3, model # 119837C, at site 16.
Bottom left: Browning Dark Ops HD Pro, model BTC-6HDP, at site 22.
Bottom right: Reconyx HyperFire2, model HF2XEM01, at site 34.
16
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Core deployment site descriptions
The three core cameras were deployed at locations (sites 1 – 3) ………………………………...
……………………………………………………………………………………………………..
……………………………………………………………………………………………………..
……………………… The area around all three sites is characterized by thick brush primarily
consisting of salmonberry, along with sword fern, stinging nettle (Urtica dioica), and native
blackberry, under an upper canopy of mostly large bigleaf maple, with lesser amounts of red alder,
western redcedar, western hemlock, and Douglas-fir. At the camera sites, the creek bed is 1 – 2 m
wide, with shallow (generally < 5 cm deep) water flow ranging from 0.3 – 1 m in width over the
course of the study. The creek bed is characterized by a mostly rocky surface with some sand and
gravel and substantial amounts of coarse woody debris and live woody and herbaceous vegetation.
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………….. The
cameras remained continuously active at these sites with minor interruptions due to temporary
removal of cameras for servicing/downloading data and weather-related disturbances (Table 1).
Diversified deployments
During the period from January 29, 2019 – June 30, 2020, varying numbers of additional camera
traps were deployed in diverse locations in and near the park (Fig. 2, Table 1). Camera trap sites
were chosen to investigate wildlife use of different habitat types (upland, riparian, and lake shore),
edge habitat versus interior habitats, and possible wildlife corridors providing opportunity for
wildlife to enter and leave the park.
We initiated the diversified deployments in two rounds: winter/spring of 2019 and winter/spring of
2020. As the camera traps were not baited, we selected deployment sites that we judged to have
potential for wildlife occurrence, i.e., along possible wildlife trails, watercourses, and lake shore.
No cameras were placed on official park trails. Ten of the 19 diversified sites initiated in 2019
remained active through spring 2020. The other nine sites were discontinued because of camera
theft, poor camera position, or absence of detections. Acquisition of additional cameras in the
second year of the study allowed us to add 13 new sites in winter and spring of 2020.
Duration of camera coverage varied by site (Table 1), depending on when the site was initiated,
when the camera was removed, and interruptions of camera function. Interruptions occurred for a
variety of reasons, including camera malfunction, low battery, foliage obscuring camera view, and
disturbance of cameras by park visitors (see below). In most cases, camera service was restored
within 1 - 4 weeks of the interruption.
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Table 1. Wildlife camera trap sites in St. Edward State Park, May 18, 2018 - June 30, 2020. Mean camera deployment period = 237 days (sd = 200).
camera deployment: 8,304 camera-days. See Figuere 2 for site locations.
Site
No.
1
2
3
4
5
5a
6
6a
7
7a
8
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
1

2
3
4

Camera
1
Type
1
1,2
1
2
3
3
3
3
3
3
2
1
2
1
3
2
2,4
3
2,3
2
3
2
2,3
1,2
2
2
2
1
4
4
4
3
3,4
4
4

Deployment
Days in
period
service
5/18/18- 6/30/20
662
5/18/18 - 6/30/20
679
5/18/18 - 6/30/20
629
4/2/19 - 6/30/20
408
1/30/19 - 4/26/19
84
1/29/20 - 6/17/20
124
1/30/19 - 3/15/19
44
3/14/20 - 6/17/20
95
4/3/19 - 4/26/19
23
1/29/20 - 6/3/20
126
4/3/19 - 6/14/19
72
4/5/19 - 4/26/19
21
4/5/19 - 4/29/20
359
1/30/19 - 4/3/19
63
4/4/19 - 6/17/20
372
1/30/19 - 2/25/19
26
1/30/19 - 6/22/20
507
4/4/19 - 6/17/20
363
1/30/19 - 6/30/20
492
1/30/19 - 5/16/19
106
3/7/19 - 5/27/20
426
4/6/19 - 6/30/20
451
4/8/19 - 6/30/20
432
4/29/19 - 6/30/20
396
5/16/19 - 6/14/19
22
1/28/20 - 6/30/20
154
1/28/20 - 6/30/20
154
1/29/20 - 6/30/20
153
1/30/20 - 6/17/20
139
1/30/20 - 6/22/20
144
1/30/20 - 6/22/20
144
1/30/20 - 3/24/20
54
2/4/20 - 6/30/20
135
2/4/20 - 6/30/20
147
3/24/20 - 6/30/20
98

Camera
height
0.1 - 1.5
0.1 - 1.0
0.4 - 1.4
1.7
1.2
1.1 - 1.4
1.3
1.4
1.7
1.3
1.1
1.5
1.7
1.7
1.2
0.9
1.1
1.3
1.2 - 1.5
1.0
1.6 - 1.7
1.5
1.5 - 1.6
1.1
0.6
2.0
1.2
1.2
1.0
0.7 - 1.0
0.6
0.8
1.0-1.1
1.0
1.2

Site description

Forest
2
type
Brushy incised creek bed, no trail
Mixed
Large log across incised creek, no trail
Mixed
Brushy incised creek bed, no trail
Mixed
Medium trail along creek
Mixed
Sandy beach, logs, forest edge
Mixed
Sandy beach, logs, forest edge
Mixed
Muddy beach, logs, forest edge
Mixed
Major trail along lake, forest
Mixed
Major trail along lake, forest
Mixed
Major trail along lake, forest
Mixed
Major user trail through forest
Coniferous
Wetland forest and brush, no trail
Mixed
Medium trail in forest next to road
Coniferous
Faint trail in forest next to road
Coniferous
Major trail to Juanita Dr. in forest
Coniferous
Major trail to Juanita Dr. in forest
Coniferous
Faint trail at intermittentent wash near road
Coniferous
Major trail to Juanita Dr. in forest
Mixed
Creek bed, gap in golf course fence, no trail
Mixed
Trail through small hole in golf course fence
Mixed
Med. trail through large hole in golf crse fence Mixed
Medium trail in forest
Coniferous
Faint trail on ridgetop in forest
Coniferous
Faint trail in forest
Coniferous
Faint trail in forest
Mixed
Brushy creek bed, no trail
Mixed
Brushy creek bed, no trail
Mixed
Medium trail to Holmes Pt. Rd, wetland nearby Mixed
Faint trail < 3 m from parallel official trail
Coniferous
Small intermittent creek in forest, no trail
Coniferous
Faint trail in forest
Coniferous
Faint trail in forest
Mixed
Faint trail in forest, wetland nearby
Mixed
Medium trail in forest
Mixed
Faint trail in forest
Coniferous

Smith 2006
3
Community type
ALRU2/POMU
ALRU2/POMU
ALRU2/POMU
ALRU2/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
TSHE-PSME/POMU-DREX2
PSME-TSHE/GASH/POMU
TSHE-PSME/POMU-DREX2
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
not surveyed
not surveyed
not surveyed
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
ALRU2/POMU
ALRU2/POMU
ALRU2/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
PSME-TSHE/GASH/POMU
ALRU2/POMU
ALRU2/POMU
ALRU2/POMU
TSHE-PSME/POMU-DREX2

Hydrologic
conditions
Riparian
Riparian
Riparian
Riparian
Shore/beach
Shore/beach
Shore/beach
Shore/upland
Shore/upland
Shore/upland
Upland
Riparian
Upland
Upland
Upland
Upland
Upland/mesic
Upland
Riparian
Upland
Upland
Upland
Upland
Upland
Upland
Riparian
Riparian
Upland
Upland
Upland mesic
Upland
Upland
Upland
Upland
Upland

Total

Edge /
4
Interior
I
I
I
I
E
E
E
E
E
E
I
C/I
C/I
C/I
E
E
E
E
C/E
C/E
C/E
I
I
NE
E
I
I
I
C/I
NE
NE
NE
NE
I
I
I

1: Bushnell Trophy Cam Trophy HD, model # 119537; 2: Bushnell Trophy Cam HD Essential E3, model # 119837C;
3: Browning Dark Ops HD Pro, models BTC-6HDP and BTC-6HDPX; 4: Reconyx HyperFire2, model HF2XEM01.
Mixed: broadleaf and evergreen forest
Plant communities as characterized in Vegetation Survey of St. Edward Park (Smith 2006).
E (Edge): less than 30 m from edge of forest; NE (Near-edge): 50 - 100 m from edge of forest; I (Interior): more than 100 m from edge of forest. C: connectivity site.
C/I: sites next to Holmes Point Rd at locations where the road bisects extensive forested park land
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Table 2. Humans and camera traps. Human occurrences, number of times cameras were seen by humans, and disturbance
of cameras by humans. Wildlife camera trap sites in St. Edward State Park, May 18, 2018 - June 30, 2020.
Site Camera
No.
Type1
1
1
2
1,2
3
1
4
2
5
3
5a
3
6
3
6a
3
7
3
7a
3
8
2
11
1
12
2
13
1
14
3
15
2
16
2,4
17
3
18
2,3
19
2
20
3
21
2
22
2,3
23
1,2
24
2
25
2
26
2
27
1
28
4
29
4
30
4
31
3
32
3,4
33
4
34
4
1

Deployment
Days in
period
service
5/18/18- 6/30/20
662
5/18/18 - 6/30/20
679
5/18/18 - 6/30/20
629
4/2/19 - 6/30/20
408
1/30/19 - 4/26/19
84
1/29/20 - 6/17/20
124
1/30/19 - 3/15/19
44
3/14/20 - 6/17/20
95
4/3/19 - 4/26/19
23
1/29/20 - 6/3/20
126
4/3/19 - 6/14/19
72
4/5/19 - 4/26/19
21
4/5/19 - 4/29/20
359
1/30/19 - 4/3/19
63
4/4/19 - 6/17/20
372
1/30/19 - 2/25/19
26
1/30/19 - 6/22/20
507
4/4/19 - 6/17/20
363
1/30/19 - 6/30/20
492
1/30/19 - 5/16/19
106
3/7/19 - 5/27/20
426
4/6/19 - 6/30/20
451
4/8/19 - 6/30/20
432
4/29/19 - 6/30/20
396
5/16/19 - 6/14/19
22
1/28/20 - 6/30/20
154
1/28/20 - 6/30/20
154
1/29/20 - 6/30/20
153
1/30/20 - 6/17/20
139
1/30/20 - 6/22/20
144
1/30/20 - 6/22/20
144
1/30/20 - 3/24/20
54
2/4/20 - 6/30/20
135
2/4/20 - 6/30/20
147
3/24/20 - 6/30/20
98

Site description

Edge /
Interior2
Brushy incised creek bed, no trail
I
Large log across incised creek, no trail
I
Brushy incised creek bed, no trail
I
Medium trail along creek
I
Sandy beach, logs, forest edge
E
Sandy beach, logs, forest edge
E
Muddy beach, logs, forest edge
E
Major trail along lake, forest
E
Major trail along lake, forest
E
Major trail along lake, forest
E
Major user trail through forest
I
Wetland forest and brush, no trail
C/I
Medium trail in forest next to road
C/I
Faint trail in forest next to road
C/I
Major trail to Juanita Dr. in forest
E
Major trail to Juanita Dr. in forest
E
Faint trail at intermittentent wash near road
E
Major trail to Juanita Dr. in forest
E
Creek bed, gap in golf course fence, no trail
C/E
Trail through small hole in golf course fence
C/E
Med. trail through large hole in golf crse fence
C/E
Medium trail in forest
I
Faint trail on ridgetop in forest
I
Faint trail in forest
NE
Faint trail in forest
E
Brushy creek bed, no trail
I
Brushy creek bed, no trail
I
Medium trail to Holmes Pt. Rd, wetland nearby
C/I
Faint trail < 3 m from parallel official trail
NE
Small intermittent creek in forest, no trail
NE
Faint trail in forest
NE
Faint trail in forest
NE
Faint trail in forest, wetland nearby
I
Medium trail in forest
I
Faint trail in forest
I

Human Occs /
day
occs3
0
0.00
0
0.00
2 < 0.01
5
0.01
3
0.04
13
0.10
14
0.33
> 200 > 2
220
9.57
> 1000 > 10
137
1.90
0
0.00
16
0.04
2
0.03
>500 > 1
59
2.27
11
0.02
>500 > 1
5
0.01
2
0.02
78
0.18
392
0.87
21
0.05
14
0.04
2
0.09
0
0.00
0
0.00
170
1.11
7
0.05
1
0.01
0
0.00
0
0.00
0
0.00
2
0.01
2
0.02

Times
observed4
0
0
1
0
2
6
4
> 20
10
> 100
14
0
2
1
2
0
1
>8
0
0
1
13
7
10
2
0
0
17
1
1
0
0
0
0
0

Obs /
Human
day disturbance5
0.00
0.00
< 0.01
0.00
0.02 Removed
0.05 Tampered
0.09 Tampered
> 0.2
0.43 Removed
> 0.8 Removed
0.19
0.00
0.01 Removed
0.02
0.01
0.00 Removed
< 0.01 Removed
> 0.02
0.00 Removed
0.00
< 0.01 Tampered
0.03
0.02
0.03 Tampered
0.09 Tampered
0.00
0.00
0.11 Tampered
0.01
0.01
0.00
0.00
0.00
0.00
0.00

1: Bushnell Trophy Cam Trophy HD, model # 119537; 2: Bushnell Trophy Cam HD Essential E3, model # 119837C;
3: Browning Dark Ops HD Pro, models BTC-6HDP and BTC-6HDPX; 4: Reconyx HyperFire2, model HF2XEM01.

2

E (Edge): less than 30 m from edge of forest; NE (Near-edge): 50 - 100 m from edge of forest; I (Interior): more than 100 m from edge of forest.
C: connectivity site. C/I: sites next to Holmes Point Rd at locations where the road bisects extensive forested park land

3

Number of times humans were detected by camera (all detections of the same person(s) within 30 minutes counted as one detection).
Number of times that it appeared the camera was seen by a person, based on photographs produced by the camera

4
5

Nature of disturbance of the camera by humans
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Diversified deployment site descriptions
2019 deployments: sites 4 – 24, except sites 5a, 6a, and 7a
Three camera sites (“Shore” sites; sites 5, 6, and 7) are located along the park’s Lake Washington
shoreline. Two of these (sites 5 and 6) are at the waterline, with a narrow beach and the land-water
interface in the camera’s field of view. The third site (7), 40 m N of site 5, is 10 m inland on a wellworn user trail paralleling the lakeshore north of the park’s official Beach trail junction with the
North trail. Douglas-fir dominated upland forest extends inland from the shore at these sites.
Three sites (“Upland interior” sites; sites 8, 21, and 22) are located on unofficial (wildlife or user)
trails in forested uplands (Douglas-fir – western hemlock/salal/sword fern forest; Smith 2006) more
than 100 m inside the edge of the park’s forest. The trails on which these sites are located range
from heavily-worn tread (site 8), to well-defined tread (site 21), to very faint tread (site 22).
One site (“Riparian interior” site; site 4) is located along a medium unofficial trail 5 m east of the
same creek on which the core cameras are located, 170 m upstream of site 3. At this site the creek is
not deeply incised, as it is at sites 1-3. Dominant vegetation consists primarily of sword fern and
salmonberry under a mixed deciduous and conifer forest canopy.
Five sites (“Upland edge” sites; sites 14, 15, 16, 17, 14) are located along the east edge of the park
20 – 25 m from Juanita Drive, a two-lane road with heavy vehicular traffic, that separates the park
from residential and commercial areas. Three of these sites (14, 15, and 17) are on well-worn
unofficial trails that perpendicularly intersect the road (i.e., possible road crossing sites). The other
two sites (16 and 24) are located on minor trails roughly paralleling the road. All sites are in
coniferous or mixed upland forest. Site 16 is next to a shallow wash where surface water flows
during heavy rain.
One site (“Upland near-edge” site; site 23) is on a faint trail in upland coniferous forest 65 m west
of Juanita Drive.
Three sites (“Road crossing” sites; sites 11, 12, and 13) are located 25 m from the pavement along
Holmes Point Road, a relatively lightly trafficked two-lane road with a posted speed limit of 35 mph
that passes through the southeast corner of park. Two of these sites (12 and 13) are located in
upland conifer forest on medium (12) and faint (13) trails that intersect Holmes Point Road (i.e.,
possible road crossing sites). The third site (11) is in a forested wetland along a small stream that
crosses under Holmes Point Road in an 18 in diameter culvert. No trail is visible at this site.
Although these sites are relatively close to Holmes Point Road, we considered them to be interior
sites (Tables 1 and 2) because of the extensive forest surrounding them on both sides of the road.
Three sites (“North corridor” sites; sites 18, 19, 20) are located 300 m north of the northeast corner
of the Park along a cyclone fence separating the Inglewood Golf Course from a small (3 acre) area
of undeveloped riparian forest adjacent to the Park’s northeast corner (Fig. 2a & b). Site 18 is
located in the bed of a creek that flows northward from the park through a culvert under Arrowhead
Drive, and then parallels Juanita Drive, passing through the riparian forest patch and through an
opening in the fence to a wooded area of the golf course 35 m west of Juanita Drive. Sites 19 and 20
are located in upland mixed forest 40 and 55 m (respectively) uphill and west of Site 18 along the
edge of the golf course, on trails leading through openings in the fence in each camera’s field of
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view. The golf course is bordered by the Sammamish Slough to the north. Site 19 was discontinued
after 106 days, as it appeared that most wildlife used the fence opening at nearby site 20, and few
used the opening at site 19.
Four of the diversified sites initiated in 2019 did not produce meaningful data and were not included
in our analysis. Two of these sites produced no wildlife images, one (site 15) apparently because of
unsuitable camera positioning and short deployment duration due to theft, and the other (site 11),
apparently because the site was not located along a wildlife trail. The other two excluded sites (9
and 10; Fig. 2,) had cameras for parts of February and early March 2019, but because of limited
deployment duration, weather-related data collection interruptions, and inconsistencies with camera
settings, we judged the limited data collected (a total of 3 wildlife occurrences) as not likely to be
representative and not comparable to data from other camera sites.
2020 deployments: sites 5a, 6a, 7a, and sites 25 - 34
Three sites (“Shore” sites; sites 5a, 6a, and 7a) are located along the park’s Lake Washington
shoreline < 10 m from the 2019 locations of sites 5, 6, and 7, respectively (see 2019 site
descriptions). Site 5a is on the same beach as site 5 in 2019, and site 7a is on the same section of
well-worn user trail as Site 7, 10 m inland of the lake shore. Because the 2019 and 2020 sites are so
similar and close together, each of these pairs is treated as one site (i.e., site 5/5a and 7/7a) in our
analysis. Site 6a is also close to 2019’s site 6; however, site 6 is located on a beach, and site 6a is on
a trail 10 m inland of the beach. Therefore, the two sites are treated separately in the analysis. As at
the 2019 sites, Douglas-fir dominated upland forest extends inland from the shore at these sites.
Two sites (“Riparian” sites; sites 25 and 26) are located along a small perennial creek paralleling
Holmes Point Road near the southern boundary of St. Edward Park, 60 m and 35 m west of the
road, respectively. Site 26 is 150 m upstream of site 25. Vegetation at these sites is mixed riparian
forest dominated by bigleaf maple, red alder, with lesser amounts of western redcedar, western
hemlock, and Douglas-fir, and thick brush consisting of salmonberry, lady fern, devil’s club. No
trails are apparent at these sites. The sites are 15 – 20 m below road level. Although these sites are
relatively close to Holmes Point Road, we considered them to be interior sites (Tables 1 and 2)
because of the extensive forest surrounding them on both sides of the road.
One site (“Road crossing” site; site 27) is located on a medium trail intersecting Holmes Point
Road. The site is 30 m north of the north side of the road in mixed upland forest with heavy brush
cover of salmonberry, vine maple (Acer circinatum), and sword fern. The site is 110 m west of site
12, and on the other side of the road. Like sites 25 and 26, this site is surrounded by extensive forest
on both sides of the road, and therefore we considered it to be an interior site.
Four sites (“Near edge” sites; sites 28, 29, 30, and 31) are located in upland forests 50 – 90 m from
Juanita Drive on the urbanized east edge of the park. Sites 28 – 30 are located in coniferous forest,
and site 31 is in mixed broadleaf and coniferous forest. All sites are characterized by substantial
brush dominated by salal, salmonberry, sword fern and/or Indian plum. Sites 28, 30, and 31 are
located on very faint trails. Site 28 is less than 3 m from an official trail. Site 29 is next to an
intermittent water course that was dry during most of the study. No trail is visible at this site.
Three sites (“Upland Interior” sites; sites 32, 33, and 34) are located in interior upland forest more
than 100 m inside the edge of the park’s forest. Site 32 is located on a faint wildlife trail 110 m west
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of Juanita Drive in a mixed forest with a canopy dominated by red alder and western redcedar,
along with Douglas-fir, and a shrub layer dominated by salmonberry and sword fern. Forested
wetlands are located 30 m from the site. Site 33 is located on a medium wildlife trail in a forested
draw 140 m west of the “Great Lawn” near the park’s seminary building. Vegetation consists of
mixed forest with a canopy dominated by Douglas fir, bigleaf maple, red alder, and western
redcedar, and a shrub layer of mainly salmonberry, salal, and swordfern. Site 34 is located on a
faint wildlife trail on the South Ridge, approximately 70 m south of the South Ridge trail. The site
is dominated by maturing conifer forest with a canopy consisting primarily of western hemlock,
Douglas-fir, and western redcedar, and some bigleaf maple. Shrub and ground cover vegetation is
sparse, consisting mostly of sword fern.
Camera data collection and analysis
We periodically checked the cameras, downloaded the recorded images to a computer, and then
deleted the images stored on the cameras’ memory cards. Early in the study we retrieved the
cameras to download the data, resulting in brief (1-7 days) interruptions in coverage. Beginning in
January 2019, we downloaded the data in the field or swapped the deployed SD cards for new ones,
permitting more continuous camera coverage for the remainder of the study. The intervals between
our visits varied by site, ranging from 1.5 – 3 weeks in locations where human occurrences were
common (e.g., sites 5, 6, and 7), to 4 – 6 weeks in less conspicuous locations (e.g., core sites, sites
33, 34).
Except for the first deployment of the core cameras, we deployed and collected cameras and
downloaded data in the morning, when few park visitors were present, to avoid calling attention to
the cameras. To get to the camera sites, we walked as close as possible to the site on official park
trails, and then traveled off trail to the reach the site. We minimized evidence of our off-trail route
by stepping on woody debris and bare ground where possible, avoiding stepping on herbaceous
vegetation, and scattering woody debris on the ground at the location where we had left the official
trail. As of our last visit to the camera sites (June 30, 2020), we had created no visible trails, and our
routes to the camera sites were not visible from official park trails.
Two researchers independently visually inspected each image produced by the cameras to
determine if wildlife was present and, if possible, to identify the photographed animal to species.
Photo inspectors were Stokes and Burns, May 18 – June 6, 2018; Stokes and Samuelson, June 13,
2018 – June 14, 2019, Stokes and Le, June 14, 2019 – April 2020, Stokes and Esquivel, June 14,
2019 – June 30, 2020, Stokes and UWB Biology 495 students June 14, 2019 – March 2020. We
assigned reliability ratings to species identifications as follows:
“Certain”
“Probable”
“Possible”
“Unknown”

image is clearly identifiable to species; there is no other reasonable possibility
image is almost certainly the species but there is some (minor) ambiguity
image appears to be the species, but could reasonably be a different species
an animal is present, but the image provides no reliable indication as to species

As the cameras took pictures in rapid succession, individual animals were often photographed
multiple times. We defined a single occurrence or detection of an animal as encompassing all
images of a single species that occurred within 30 minutes of another reliable image of the same
species at the same site. We restricted our analysis of the camera data to occurrences that could be
reliably identified to species (“certain” or “probable” reliability). When comparing animal
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occurrence rates across sites, we restricted our analysis to comparison sites that were active for
substantial periods of time during a similar time period, and with cameras positioned similarly
relative to angle and distance to focal area.
Locations of all camera deployments were determined using hand-held GPS units. In addition, the
distance of some sites from key landscape features (e.g., Juanita Drive) was measured in the field.
Winter 2019 snow event
A prolonged period of unusually cold and snowy weather prevailed in the region in February 2019.
During this time, several storms produced substantial snow accumulation that persisted for several
weeks. The snow load caused heavy treefall, particularly in the park’s ravines, one of which is the
location of our core cameras. The resulting large amount of woody debris substantially altered the
configuration of the stream bed, making it less passable to wildlife than previously, and perhaps
temporarily reducing wildlife presence and activity there. In addition, falling trees knocked cameras
out of position at sites 1 and 3, interrupting data collection at those sites. Cold temperatures may
have also impaired camera function (Trailcampro 2018) during this period. For all of these reasons,
results from this period must be interpreted cautiously, and we have excluded data from February
2019 from some analyses.
2020 Coronavirus pandemic
Due to the 2020 coronavirus pandemic, St. Edward State Park was closed to the public from late
March to May 5, 2020. During this period, although the main parking areas were not open, visitors
continued to access the park via trails from neighborhoods (personal observation). Following reopening, park use of trails appeared to be heavier than usual for the time of year (A. Thorpe, pers.
comm.; D. Kline, pers. comm; personal observation). Although our cameras were not located on
official trails, and were not intended to record human activity, they recorded many human
occurrences, and at some camera sites that were active in the spring of both 2019 and 2020 we
compared human occurrences in the two periods.
Small mammal trapping
To gain some initial information about the activity of very small mammals (e.g., deer mouse) which
our cameras were not designed to detect, and to test the feasibility of live-trapping as a sampling
method in the park, we set out Sherman live traps baited with bird seed on two occasions. Trapping
was conducted by G. J. Kenagy under his Washington Dept. of Wildlife collecting permit, and
authorized for the St. Edward site under D. Stokes’ Washington State Parks research permit.
On January 7, 2019, from 15:30 – 16:15, we put out 50 traps along a section of the Orchard Loop
trail. Traps were set 0.5 – 3 m from the trail over a distance of 280m (average of 5.6 m apart). On
June 18, 2019, at 19:30, we set out 99 live traps: 15 traps along a 50 m section of the Water Tower
trail on either side of the small creek crossing; 15 traps along a 90 m section of the upper South
Canyon trail above its lower junction with the Orchard Loop trail; and 69 traps along the Orchard
Loop trail (390 m). Traps were set 0.5 – 2 m from the trail, over a total distance of 530 m (average
of 5.4 m apart).
For both live-trap deployments, we checked and collected the traps in the morning of following day,
from 8:20 - 9:10 in January, and from 7:45 – 11:05 in June. At the trap checks, we identified and
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weighed the animals captured, and determined their age class (juvenile or adult), sex, and
reproductive status. Following the measurements and observations of each animal, it was released
near the trap where it was captured.
Lakeshore survey
To assess the suitability of the shore of Lake Washington for wildlife movement, on May 18, 2019
two of us (Samuelson and Stokes) visually surveyed the 3 km stretch of shoreline from the southern
edge of St. Edward Park to the 68th Street bridge over the Sammamish Slough in Kenmore. We
surveyed from kayaks, paddling within 50 m of shore, identifying and locating with GPS possible
barriers to animal movement such as fences, dense hedges, and constructed hardscape (e.g., houses,
decks, patios, etc.) that extended to the water’s edge. At the time of our survey, the lake was at its
usual spring and summer high water level.

RESULTS AND DISCUSSION
Camera trap methodology
Our study cameras recorded a total of 32,720 images of discernable non-human animals, comprising
7,524 wildlife occurrences. Approximately eighty-eight percent (n = 6,597) of these occurrences
could be identified to species (or to genus in the case of deer mouse [Peromyscus], flying squirrel
[Glaucomys], and non-native rat [Rattus]) with substantial reliability, having a certainty level (see
Methods) of “certain” (68%) or “probable” (19%; Fig. 4). The remaining 927 occurrences, were not
reliably identifiable, having a certainty level of “possible” (7%) or “unknown” (5%). Occurrences
of predators were particularly identifiable. Of all wildlife occurrences that appeared to be of
mesopredator size (opossum-size or larger, excluding deer, beaver, and domestic cats and dogs),
94% (1949 of 2076 occurrences) were reliably identifiable (“certain” or “probable”) to species.
Most of the less reliably identified occurrences were of small animals. Thirty-two percent (n = 172)
of the 544 “possible” occurrences were identifiable as squirrels, for which the primary uncertainty
was whether the animal was an eastern gray squirrel (Sciurus carolinensis) or Douglas squirrel
(Tamiasciurus douglasii). Eastern cottontail rabbit (Sylvilagus floridanus), often detected moving
quickly under low light; very small nocturnal mammals (e.g., Peromyscus spp.); and small birds ,
the images of which were often blurred due to rapid movement, also accounted for large proportions
of possible occurrences (17%, 15%, and 12% respectively).
The majority of “unknown” occurrences (n = 383) could not be identified because the animal
subject, usually a small species, was only partially visible (behind vegetation or partly out of the
frame) or in rapid motion (e.g., flying birds). Very small mammals could sometimes be identified to
genus (Peromyscus), but the two Peromyscus species native to the region (P. maniculatus and P.
keeni) could not be distinguished. Similarly, the two cryptic flying squirrel species native to the
region (G. sabrinus and G. oregonensis) could not be distinguished.
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Figure 4. Reliability of species identification for all non-human animal occurrences (n = 7524)
recorded by camera traps in and around St. Edward State Park from May 18, 2018 to June 30, 2020.
Four categories of reliability: ”certain” (n = 5155), “probable” (n = 1442), “possible” (n = 544), and
“unknown” (n = 383). All analyses were restricted to “certain” and “probable” occurrences.

While identifiability of the images we recorded was generally high, photos taken in daylight
(ambient lighting, color) were generally clearer than those taken at night (infrared flash, black &
white). The no-glow and low-glow cameras produced similar proportions of reliably identifiable
images under daylight conditions (94% and 93% respectively). However, under nighttime
conditions, low-glow cameras produced slightly clearer images. Among cameras at non-core sites,
92% of low-light occurrences detected with low-glow cameras were rated “certain” or “probable,”
versus 81% for the no-glow cameras. This difference was primarily due to difficulty of identifying
very small animals (e.g., Peromyscus); rates of reliable identification of mesopredator-sized animals
were similar between low glow (96%) and no glow (95%) camera types.
Overall reliability of species identification improved after June 2018. During the May – June 2018
deployments, 72% of the 94 animal occurrences we recorded had a reliability of “certain” or
“probable,” versus 88% of 7434 occurrences from Sept. 2018 – June 2020. This improvement was
mainly due to changes in camera placement and settings that we initiated in September 2018. The
changes to camera settings (faster shutter speed, lower flash level, bursts of three pictures rather
than just one) appeared to especially improve the reliability of low-light (infrared flash, black &
white) detections, with fewer overexposed and blurry images, and more identifiable photo subjects.
Quality of images was influenced by camera height. Initial placements of cameras in May 2018 at
very low heights (0.1 – 0.4 m above the substrate) resulted in some nighttime images that were
“blown out” and difficult to interpret. We surmise that these overexposures resulted from a large
animal (e.g., bobcat or raccoon) passing close to the camera. By raising the camera height to 0.6 –
2.0 m in later deployments, we were able to get clearer images and less overexposure.
Distance of camera to the target area also affected the ability to detect and/or produce identifiable
images of very small animals. Cameras that were lower and aimed at a closer target area (e.g., sites
25

Stokes, Le, Esquivel, and Samuelson: Camera trap study in St. Edward State Park: 2020 Report

3, 18, 31) detected many small mammals, including deer mouse, while cameras that were higher or
aimed at a more distant target area (e.g., sites 4, 8, 12) detected few or none. Detection of squirrelsized or larger animals seemed to be unaffected by position of cameras within the range of heights
of our study cameras (0.6 – 2.0 m after the initial deployment in spring 2018).
Cameras and (human) park users
Human presence was highly variable across our camera sites, with number of human occurrences
recorded by study cameras varying by more than three orders of magnitude (Table 2). Cameras that
were in inaccessible locations recorded few human occurrences and were rarely detected by people.
Over the entire period during which the three core cameras were deployed (𝑥̅ = 656.7 days, SD =
23.3; a total of 1970 camera-days), they detected humans only twice, both at site 3. On June 28,
2018 the camera at site 3 was discovered (but not disturbed) by a group of elementary school-age
children from Wilderness Awareness School (WAS) who were hiking off-trail downstream in the
creek bed with their instructor. On April 27, 2020, a single adult walking upstream in the creek bed
passed the same camera, apparently without noticing it. Other than these incidents, we saw no
evidence of humans at the core cameras.
The near absence of humans at inaccessible camera sites contrasts with high human occurrence
rates at sites on some user trails. Cameras on major user trails, particularly those leading to
neighborhoods (e.g., sites 6a, 7/7a, 8, 14, and 17), detected large numbers of people (Table 2).
Based on photographs produced by the cameras, it appeared that cameras at 20 of the 35 camera
sites (57%) were noticed by people at least once. Cameras at sites with the highest levels of human
activity were noticed most frequently (Table 2), however discovery of cameras was not solely a
function of human activity level, as the camera at site 14 (a heavily visited site), appeared to be
noticed only twice, probably because of its inconspicuous placement.
Camera and data losses
Over the 24-months during which cameras were deployed, with 31 cameras deployed at 35 sites for
a total of 8,304 camera-days, seven cameras were lost, presumably taken by park users (Table 2). In
addition to the cameras that were taken, cameras at six sites were tampered with (SD card removed,
batteries removed, camera moved from its position), resulting in temporary interruption of service
and loss of data for one to four weeks, depending on the frequency of camera checks. All cameras
that were taken were in locations near major roads at the edge of the park or along the beach trail,
and most were at sites with high human visitation rates (Table 2). Both no-glow (n = 6) and lowglow (n = 7) cameras were taken or tampered with.

Wildlife in St. Edward State Park
Camera trap results: Overview
Over the 686 days during which our cameras were deployed, we recorded a total of 6,106 different
occurrences of 18 non-human mammal species that could be identified with certainty or high
probability (Table 3). For all 12 detected native species we recorded multiple occurrences on
multiple days and, except for the river otter (Lontra canadensis), at multiple locations. The six nonnative species we detected varied widely in frequency of occurrence, with eastern gray squirrel by
far the most frequently occurring of all species (Table 3).
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Table 3. Summary of all “certain” and “probable” mammal species occurrences (total n = 6106) as detected
by camera traps in and around St. Edward State Park, May 18, 2018 – June 30, 2020. Cameras deployed in
varying numbers (3 – 26) over 24-month period, for a total of 8,304 camera-days deployment.
Occurrences1

Days
detected2

No. of
sites

Sites

Mountain beaver
Aplodontia rufa

98

87

9

1,3,5/5a,12,18,23,25,26,30

Douglas squirrel
Tamiasciurus douglasii

331

203

18

1,2,3,4,5/5a,6a,7a,8,17,18,
21,22,27,29,30,31,32,34

Townsend’s chipmunk
Neotamias townsendii

4

4

2

23, 30

Flying squirrel 3
Glaucomys spp.

4

4

4

22, 30, 32, 34

Deer mouse 4
Peromyscus spp.

34

29

10

1,2,3,5,6,6a,16,17,25,31

North American beaver
Castor canadensis

64

36

2

5/5a,6

Raccoon
Procyon lotor

731

359

25

1,2,3,4,5/5a,6a,7/7a,8,12,14,16,17,18,
20,21,22,23,25,26,27,28,30,32,33,34

River otter
Lontra canadensis

55

41

1

5/5a

Long-tailed weasel
Mustela frenata

8

8

4

3,18,25, 34

Coyote
Canis latrans

430

241

27

1,2,3,4,5/5a,6a,7/7a,8,12,13,14,16,17,18,
19,20,21,22,23,24,25,26,27,29,32,33,34

Bobcat
Lynx rufus

189

118

21

1,2,3,4,5/5a,6a,7/7a,12,16,17,18,
20,21,22,23,25,26,27,32,33,34

Black-tailed deer
Odocoileus hemionus

388

232

17

4,6a,7/7a,8,12,14,17,18,20,21,
22,25,26,27,32,33,34

Eastern gray squirrel 5
Sciurus carolinensis

2444

457

27

1,2,3,4,5/5a,6a,7/7a,8,12,14,16,17,18,19,
20,21,22,23,24,25,27,28,29,30,32,33,34

Rat 5
Rattus spp.

18

17

3

3,12,18

Eastern cottontail 5
Sylvilagus floridanus

648

326

25

1,3,4,5/5a,6,6a,7/7a,8,12,14,16,17,18,
19,20,21,22,23,24,25,27,28,29,30,31

Virginia opossum 5
Didelphis virginiana

544

322

24

1,2,3,4,6a,7a,8,12,14,16,17,18,20,21,
22,23,25,26,27,29,30,31,32,34

Domestic cat 5,6
Felis catus

36

33

4

14, 16, 17, 23

Domestic dog 5,6
Canis lupus familiaris

80

68

15

4,5/5a,6,6a,7/7a,8,14,16,
18,21,22,23,27,28,30

Species

1
2
3
4
5
6

Images of species (certain or probable) more than 30 minutes apart.
Number of calendar days in the study period when the species was recorded at any camera site
Glaucomys sabrinus or G. oregonensis
Peromyscus maniculatus or P. keeni; probably not detectable at sites 4,7/7a,8,12,13,14,19,20,21,22,26,33.
Nonnative species
Occurrences when animal was with human excluded
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Among the terrestrial native predator species that we detected frequently (Table 3)—bobcat, coyote
(Canis latrans), and raccoon (Procyon lotor; Figs. A1.1 – A1.6)—the robust presence of the bobcat
is surprising, as it is commonly regarded as an urban avoider (sensu McKinney 2002) while the
raccoon and coyote are considered urban adapters (Crooks 2002, Bateman and Fleming 2012; but
see Riley et al. 2003). Detections of all three of these predators, as well as the aquatic river otter
(Fig. A1.7 & 8), included images of more than one individual in the same frame. A fifth native
predator, long-tailed weasel (Fig. A1.9), was rarely detected: seven times in riparian locations inside
the park (sites, 3, 25) and just outside the park (site 18), and once in an upland location (site 34). It
was also opportunistically observed in an upland location in the park (Table 6). It is unknown if the
low detection rate of this species is a result of its rarity or its smaller size and rapid movement,
making detection less likely.
Three non-native predators were detected: the Virginia opossum (Didelphis virginiana; Fig. A1.10),
detected with relatively high frequency and at many locations; domestic dog (Canis lupus
familiaris) with no person visible (Fig. A1.11), detected at moderate frequency at many locations;
and domestic cat, detected infrequently at sites near the eastern edge of the park (sites 14, 16, 17,
and 23; Fig. A1.12). Many—perhaps all—of the dogs that were detected were likely off-leash pets
associated with owners who were on nearby trails. Collars (the absence of which could indicate a
feral animal) were visible in 53 (66%) of the 80 dog occurrences, and the remaining 27 dogs may
have had collars that were not discernable in the recorded images because the dog was moving
rapidly or only partially visible. The domestic cats did not appear to be accompanied by owners,
and given the time of cat occurrences (all between 7:40 pm and 4:37 am), it is unlikely that humans
were present. Collars were not visible in most of the images of cats; however, many images do not
permit conclusive determination of collar presence or absence. It is unknown whether most of these
are feral cats or house cats.
The non-predator mammal species detected with high reliability were native black-tailed deer
(Odocoileus hemionus), Douglas squirrel, Townsend’s chipmunk, flying squirrel, North American
beaver (Castor canadensis), mountain beaver (Aplodontia rufa), and deer mouse, as well as the nonnative eastern gray squirrel, eastern cottontail rabbit, and rat (Rattus spp.) (Table 3, Figs A1.13 –
A1.23). Eastern gray squirrel occurrences were particularly numerous, accounting for 40% of all
reliable mammalian occurrences. A large proportion (36%) of these occurrences were recorded at
two camera sites (8 and 22), which may have been located near squirrel dens.
In addition to the 18 mammal species we could identify with high reliability, we recorded images of
possible additional species that could not be conclusively identified (certainty level = “possible” and
“uncertain”), including possible shrew (Sorex spp.), bat, and other approximately mouse-sized
mammals. It should be noted that detection of deer mouse and similarly sized species is sensitive to
camera position and site configuration, and not all cameras were well positioned to detect them.
Therefore, our data may not reflect actual occurrence patterns of deer mouse and other very small
species.
Although not located or positioned to detect birds, our cameras also recorded 491 occurrences of 26
species of native birds that could be reliably identified (Table 4). For the purposes of investigating
bird species diversity, methods other than camera traps are more effective, and the list of birds we
detected cannot be considered complete. However, camera traps can produce information about bird
behavior and habitat use that is difficult to obtain by other means. For example, our camera data
28

Stokes, Le, Esquivel, and Samuelson: Camera trap study in St. Edward State Park: 2020 Report

suggest a high reliance on creek and lakeshore habitats by many bird species (24 of the 26 species
we recorded were detected at such sites, and 14 species were detected only at such sites; Fig. 5), use
of interior forest sites in the park by bald eagles (Haliaeetus leucocephalus) to consume prey
(Fig. 6), use of forested streams far from lakes and ponds by some waterfowl (mallard ducks
recorded at sites 4 and 18; Fig. 7), and extensive use of diverse habitats by primary cavity
excavators (pileated woodpeckers Dryocopus pileatus and other woodpecker species; Fig 8).

Table 4. Summary of all “certain” or “probable” bird species occurrences1 (total = 491) as detected by
camera traps in and around St. Edward State Park, May 18, 2018 – June 30, 2020. Cameras deployed in
varying numbers (3 – 26) over 24-month period, for a total of 8,304 camera-days deployment.
Occurrences2

Days
detected

No. of
sites

Sites

American robin Turdus migratorius

221

140

17

Varied thrush Ixoreus naevius

45

35

12

Spotted towhee Pipilo maculatus
Song sparrow Melospiza melodia
Pileated woodpecker Dryocopus pileatus
Dark-eyed junco Junco hyemalis
Mallard duck Anas platyrhynchos
Great blue heron Ardea herodias
American crow Corvus brachyrhynchos
Steller’s jay Cyanocitta stelleri
Hairy woodpecker Leuconotopicus villosus
Northern flicker Colaptes auratus
Band-tailed pigeon Patagioenas fasciata
Pacific wren Troglodytes pacificus
Gadwall Mareca strepera
Swainson’s thrush Catharus ustulatus
Barred owl Strix varia
Chestnut-backed chickadee Poecile rufescens
Black-capped chickadee Poecile atricapillus
Bald eagle Haliaeetus leucocephalus
Ruby-crowned kinglet Regulus calendula
Canada goose Branta canadensis
Red-tailed hawk Buteo jamaicensis
Brown creeper Certhia americana
Rufous hummingbird Selasphorus rufus
Red-breasted sapsucker3 Sphyrapicus ruber

39
26
22
21
19
19
17
13
10
9
5
4
4
2
2
2
2
2
2
1
1
1
1
1

32
25
19
20
15
17
10
12
10
8
5
3
2
2
2
2
2
2
2
1
1
1
1
1

9
7
8
9
4
1
3
6
4
5
2
1
1
2
2
2
1
1
1
1
1
1
1
1

1,2,3,5/5a,6,6a,7a,14,17,
18,22,23,25,26,27,30,32
3,5,6,6a,8,12,17,18,
21,23,26,32
2,5a,7a,8,18,22,27,30,31
3,5/5a,6a,18,26,27,30
7,16,17,18,21,24,29,34
2,3,5a,6a,17,18,26,30,31
4,5/5a,6a,18
5/5a
5a,18,24
3,5a,17,18,22,34
3,18,25,27
5a,6a,18,22,23
3,18
31
6
5a,26
1,2
2,18
17
2
5a
5a
26
5a
26
18

Species

1

2
3

Including “certain” and “probable” detections only; “possible” detections, which included additional possible occurrences of
these species, as well as possible house finch and sharp-shinned hawk, not included.
Images of species (certain or probable) more than 30 minutes apart.
Photographed just outside of park boundary, at Site 18; also observed opportunistically in the park (DS).
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Figure 5. Band-tailed pigeon (Patagioenas fasciata) perched on log in creek at site 18, May 18,
2019. This species also recorded three times at site 3, including one occurrence of two individuals.

Figure 6. Bald eagle eating fish at site 2, interior forested riparian habitat, January 29, 2019. The
eagle returned to the site to eat more of the fish on the following day.
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Figure 7. Mallard (Anas platyrhynchos) pair on unofficial trail at stream crossing at site 4, forested
riparian habitat, April 7, 2019. A mallard pair was also observed in creek at site 18.

Figure 8. Pileated woodpecker (Dryocopus pileatus) on tree (left) at site 29, June 3, 2020. This
species was recorded at eight camera sites, including two occurrences of two individuals in the
same frame.
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Proportion of days species was detected

Patterns of predator occurrence
Based on occurrences at our core sites (1 - 3), which were active through most of the study period,
native mammalian predators are not occasional visitors to the park, but are present and active in the
park throughout the year. Most of the terrestrial native predators (bobcat, coyote, and raccoon), as
well as the non-native opossum, occurred in the core area at varying frequencies in most seasons,
with the lowest levels of activity in winter (Fig. 9). Raccoon (the predator with the most
occurrences across all camera sites in our study) was the most common native predator in the core
area in nearly all seasons, detected on average every 3 to 5 days. Bobcat was the next most
commonly detected native predator, with occurrences ranging from an average of once every 45
days in fall 2018, to once every 3.5 days in spring 2019. Coyote occurred less frequently and was
not detected in the core area at all in winter and only once in fall. This may reflect different habitat
preferences of this species, as it was commonly detected in upland habitats in all seasons. Activity
levels of the non-native opossum were variable, from very high rates of occurrence in spring 2019,
when the species was detected more often than any other predator, to no recorded occurrences in
Winter 2020.
0.45
0.40
0.35
0.30

0.25
0.20
0.15
0.10
0.05
0.00
Sp/Su 18

Au 18

Wi 19

Raccoon

Sp 19

Coyote

Bobcat

Su 19

Au 19

Wi 20

Sp 20

Opossum

Figure 9. Predator occurrences in the Core study area (sites 1-3) by season. Proportion of sample
days the most common mammalian predator species were detected and reliably (“certain” or
“probable”) identifiable during eight study seasons. Sample days (days in which at least 2 of the 3
core cameras were deployed and functional) corresponded to calendar seasons (~91 days) except
(Sp/Su 2018: May 18 – June 26, 25 days; and Wi 19: Dec. 21, 2018 – Mar 20, 2019, 63 days).

All of these predators—raccoon, coyote, bobcat, and opossum—were detected at least once in
groups of two or more, suggesting that the multiple detections were not solely the result of many
detections of the same individual. Furthermore, this indicates animal social structures and behaviors
that make it unlikely that the detected animals were merely traveling individuals “passing through”
the park (e.g., dispersing juveniles). The bobcat is particularly noteworthy in this regard. This
species is normally solitary except during mating (Bailey 1974); the detection of two bobcats
together (Fig. 10), increased bobcat activity in spring, and the records of nearly full-grown bobcat
kittens in fall 2019 and a small bobcat kitten in summer 2020 suggest that this species breeds in the
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park. Our cameras also recorded photos of an adult coyote moving pups in spring 2020 (Figure 11),
an adult opossum carrying young in summer 2019, and raccoon with kits in summer 2020. All
detections indicating terrestrial predator reproduction were at interior sites (Table 6).

Figure 10. Two bobcats walking downstream on creek bed at site 1, May 28, 2019.

Figure 11. Coyote adult carrying pup at site 34, April 25, 2020. The adult transported seven pups
across the field of view of the camera from left to right (west to east) in a period of two hours.
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Wildlife behavior
Animals recorded by the camera traps were engaged in a variety of activities. The larger terrestrial
mammalian predators mostly appeared to be traveling (walking or running) on unofficial trails, in
creek beds, and (except for coyote) on large logs over creeks. The use of creek beds as travel
corridors for raccoon, bobcat, and opossum is further suggested by occurrences of each of these
species 10 - 30 minutes apart at sites 1 and 3, consistent with travel over the 290 m distance
between the two sites along the same creek. We also frequently observed coyotes traveling on a trail
in one direction and then traveling in the opposite direction minutes-to-hours later. Coyote and
raccoon were often recorded in groups of two to three individuals (17% and 14% of 430 and 731
occurrences respectively). Bobcats and opossum nearly always appeared to be solitary. Black-tailed
deer were usually recorded on trails, frequently (37% of 329 occurrences) in small groups of two to
five, apparently foraging as they traveled. Both male and female deer were detected.
Predators were photographed carrying a variety of prey, mostly not identifiable to species. A coyote
was recorded pouncing on an opossum and then holding it in its jaws. Coyotes were also seen
carrying domestic cat, probable cottontail rabbit, and a bird. A bobcat was photographed carrying a
probable mountain beaver (Fig. 12).

Figure 12. Bobcat carrying prey (probable mountain beaver at site 12, Aug. 11, 2019.

Smaller animals, such as mountain beaver, Douglas and eastern gray squirrels, rabbit, and deer
mouse, as well as a variety of bird species, often appeared to be foraging. These species frequently
appeared in the same precise location in several separate occurrences and on different days. In early
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fall, the time of year when the forest was the driest, Douglas squirrel, eastern gray squirrel, and
several bird species, including band-tailed pigeon and varied thrush, were photographed drinking
from a creek. In June 2018 and 2020, when salmonberries were ripe, American robins were
photographed in riparian sites with salmonberries in their beaks. Douglas squirrel and eastern gray
squirrel were frequently photographed apparently foraging in precisely the same locations at
different times (sites 2, 3, 5/5a, 7a, 22, 27, 34; Fig. 13), in at least some cases consuming the same
food (bigleaf maple seeds, at site 2).

Figure 13. Douglas squirrel (top) and eastern gray squirrel on the same log at site 5, on March 23
and March 27, 2019, respectively.
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River otters, often in groups of two or three, were detected on the beach at site 5/5a on 41 of the
total 208 days of camera deployment there in winter and spring of 2019 and 2020 (Figure A1.8).
While ashore, the otters spent time lying on the beach and sometimes rolling in the sand. At least
one individual was likely a juvenile, as it was substantially smaller than the others. North American
beaver were frequently very active at night, foraging on woody vegetation bordering the beach at
site 6, where there may have been a den, and less frequently on the beach at site 5/5a.
Wildlife occurrences by habitat type
Camera sites varied in species (Table 3), number of species (Table 5), and amount of activity
detected; Table 5). Particularly high species diversity was recorded at lakeshore and riparian sites
(Table 5). The cameras at the beach site (5/5a), although deployed only for a total of 208 days,
recorded the largest number of native mammal species (8) of any single site. Two of these were
aquatic species (beaver and river otter), but terrestrial species diversity was also high at this site.
This may reflect the unique conditions and resources provided by the shore habitat, and/or the use
of the lake shore as a movement corridor. Riparian sites also generally recorded high numbers and
frequencies of native mammal species, and shore and riparian sites also had the most bird species
occurrences (Table 4). Upland forest sites varied widely in native species diversity and activity,
with low values at most sites near the edge of the park and higher values at interior sites. Non-native
mammalian species were detected throughout the park, but generally occurred at greatest diversity
and frequency in lakeshore and upland edge sites, as well as at connectivity sites, which have
varying degrees of edge characteristics (e.g., proximity to roads, frequent human presence; Table 5).
In part, the observed species differences among sites likely result from different habitat preferences.
For example, black-tailed deer are common in the park, but apparently do not use the deeply incised
creek channels, as that species was never detected at our core riparian sites over the two years that
cameras were deployed there. Deer did occur in less incised riparian sites (e.g., sites 4, 18, 25, and
26). Coyote were also infrequently observed in riparian areas, although they were common in
upland forests. Conversely, bobcat, raccoon, and mountain beaver, while occurring in upland forest,
were much more common in riparian and shore areas. Aquatic species—river otter and North
American beaver—were restricted to beach locations.
All of this suggests that the diversity of wildlife in St. Edward Park may be partly due to the park’s
diversity of habitats, a known driver of species diversity in urban wildlands (Matthies et al. 2017).
The park includes native upland forests at a range of successional stages, including mature forest
that exhibits substantial old-growth characteristics (e.g., trees of diverse size, age, and species; very
large trees; numerous snags; high amounts of coarse woody debris; high fungal abundance and
diversity; diverse understory and ground cover; etc.; Franklin et al. 1981). Such forests are a rarity
in the Seattle area. Also present are riparian habitats, wetlands with both permanent and vernal
water bodies, and lakeshore habitats. Furthermore, the park’s diverse native habitats are largely
compositionally intact; non-native invasive plants, while widespread in the park (Smith 2006), do
not dominate in most locations. The quality and heterogeneity of habitat at St. Edward are likely
important factors explaining the high diversity of native species present in the park.
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1

2

4

Riparian interior
3

0.02

*

*
*

0.01

*

0.01

*

0.07

0.03
0.12

*

26

5/5a

0.03

6a

0.15
0.15
0.06
0.52

0.07
0.13
0.02
0.91

0.02

0.46
0.04
0.01

0.22
0.04

0.07

0.14

7/7a

Beach Lakeshore trail
25

0.01
0.21

*
0.07
0.04
0.19
0.01
0.02
0.31
0.18

0.05

0.16

0.02

0.25

0.05
0.01
0.01

0.34

0.05

0.03

0.01
0.02
0.01
0.05
0.04

0.28

0.08
0.03
0.03
0.03
0.01
0.12
0.01

0.03
0.12

0.25

0.08
0.13

0.01

0.15

*
0.11

*

*

0.01

0.02

*

0.02
0.06

0.07

0.04
0.01

Camera sites

16

17

Upland forest edge
14

*

0.01

*

0.06

0.01

0.05
0.01
0.03
0.23

0.02

0.03

0.20

0.07
0.02
0.05

0.01

0.01
0.01

*

0.17
0.01
0.01

*

*
*

0.02

0.07

0.01

0.02

0.01

28

30

0.01
0.03
0.02
0.01
0.01

*

Upland forest interor
33

34

0.10

32

0.01

0.01

22

0.01

0.01

0.01

0.01
0.21
0.04
0.02
0.39

0.02

*

0.01

0.01

0.06
0.03
0.08
0.13

0.01
0.01
0.20
0.01

0.02

0.02
0.73

0.01

0.01

0.01

0.07
0.01
0.05
0.05

0.04
0.08

0.01

0.02

0.15

0.03
0.03

*

*
0.09

0.03
0.01

0.01

0.02

0.02
0.01

0.01

0.01

29

Upland forest near edge
23

*
0.01

0.01

0.13

0.01

0.03
0.01

0.23
0.03
0.01
0.01

21

Table 5. Mean proportion of days species were detected, Feb 1, 2020 - June 30, 2020 at all camera sites with at least 80 days of camera service durinig the 151-day span.
Sample period varied by site (x ̅ = 134 days, sd = 19). Species below double line are non-native.
Shading indicates relative frequency of occurrence of each species across all camera sites. * indicates species occurrence at site during study prior to Feb 1 2020.

Species
Mountain beaver
Douglas squirrel
T. chipmunk
1

Flying squirrel
Deer mouse
N. Am. beaver
Raccoon
River otter
Long-tailed weasel
Coyote
Bobcat
Black-tailed deer
E. gray squirrel
Eastern cottontail

Rat
Virginia opossum
Domestic cat

Very small body size, and therefore unlikely to be detected at sites indicated by slash due to camera position and/or site configuration.

Domestic dog
1

Connectivity sites

18

0.01

12

27

0.26

0.17
0.02
0.05
0.18

0.13
0.19

0.07
0.03
0.01
0.41

0.13

0.05
0.04

0.04

20

N ripar N uplnd S uplnd S uplnd

*
*

*

0.07
0.09

*

0.08
0.02
0.10
0.03

0.13

*

0.02
0.01
0.03
0.13
0.06
0.03
0.05

0.01
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Edge versus interior habitats
Within habitat types, wildlife presence differed markedly at edge and interior sites. All five
non-native species detected exhibited activity levels that were more than twice as high at an
edge site as at comparison interior sites (Fig. 14). Conversely, some native species—
mountain beaver, Douglas squirrel, and bobcat—were detected more than twice as often at
interior sites. Other native species, such as raccoon and coyote, categorized as “urban
adapters” (McKinney 2002), were more commonly detected in edge locations. Deer were
also more common at the edge site; however, the sample is small, and the absence of deer at
the interior sites may be due to site topography. The creek at the interior comparison sites is
deeply incised and apparently avoided by deer. This comparison may also understate the
relative value of interior habitat for the larger native species (coyote, bobcat, raccoon and
deer), as it appears that site 18 (the edge site) is located on a movement corridor used by
these species (see below), and thus some detected individuals may have been traveling past
site 18 rather than using the area as habitat. Among the two most commonly detected bird
species, American robin occurred with greater frequency in the edge (49 occurrences at site
18) than the interior (2-site mean = 8.5), and varied thrush occurred more frequently in
interior (2.5) than edge (1).

Native species

Non-native species

Days detected per site

120
100
80

Interior

Edge

60
40
20
0

Figure 14. Mean number of days native and non-native wildlife species were detected in riparian
interior (sites 1 & 3) and riparian edge (site 18) habitats, over 432 days from March 1, 2019 – June
30, 2020. Comparison restricted to sites with > 300 days camera service. Cameras at the three sites
were set in similar positions along perennial creeks. Interior values are average of values for sites 1
and 3. Sample is limited to the days during the 487-day period when all three cameras were
functional.
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In upland forest habitat, all native species detected occurred more frequently at interior sites than at
edge sites, although for some species (flying squirrel, bobcat) samples were very small, and for
others (raccoon) differences were marginal (Fig. 15). Among non-native species, eastern gray
squirrel and opossum were also more frequently detected at interior sites, unlike in the riparian
edge-interior comparison.
Domestic cats did not occur at interior sites, but occurred with low frequency at all three edge sites,
which were located less than 50 m from a residential neighborhood. Of 36 detections of cats over
the entire course of the study all were at edge sites 14, 16, or 17, except one at a near-edge site (23).
Based on markings, several different individual cats were observed. At least some of the cats
appeared to be without collars, although collar presence or absence could not be conclusively
determined in many cases. Domestic dog (no owner visible) activity was similar in edge and interior
locations. Because many of the dogs we detected were likely unleashed pets accompanying owners
who were on nearby trails, dog distribution is probably reflective of where dog owners walk in the
park rather than the habitat preference of dogs. As in the riparian sample, American robin occurred
more frequently in edge sites than interior sites (edge mean = 7.3 occurrences per site versus 2 per
interior site), while varied thrush occurred more frequently in interior than edge sites (1 versus 2).
Native species

Non-native species
155

90

Days detected per site

80
70
60
50

Interior

Edge

40
30
20
10
0

Figure 15. Mean number of days native and non-native wildlife species were detected in upland
interior (sites 21 & 22) and upland edge (sites 14, 16, & 17) habitats, over 345 days from April 8,
2019 – June 17, 2020. Cameras at the sites were set in similar positions along unofficial trails in
upland forest. Values shown are means of the three edge and two interior sites. Sample is limited to
the days during the 436-day period when all five cameras were functional. Deer mouse, recorded at
site 17, is excluded because it was likely not detectable at some of the comparison sites (14 and 21).
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Nearly all occurrences indicating clear evidence of wildlife reproduction and all occurrences of
bobcat, coyote, raccoon, and opossum reproduction were at interior sites (Table 6). Evidence of
black-tailed deer reproduction was detected mostly at interior sites as well, but was also detected at
an edge site (fawns present at site 17; once in 2019 and once in 2020). A young river otter was
recorded on the beach with adult otters at site 5a in June 2020.

Table 6. Camera sites where detections showed clear evidence of reproduction (young offspring or
a pair of adults [bobcat only]) in St Edward Park in spring and summer of 2019 and 2020.
Species
Bobcat
Coyote
River otter
Raccoon
Black-tailed deer
Opossum

2019
01, 04

04, 12, 17, 22
04

2020
04
34
05a
02, 25, 27
17, 33

Taken together, these results suggest a significant effect of edge conditions on habitat value for
many mammalian species at St. Edward Park. Bobcat, Douglas squirrel, and mountain beaver
appear to be strongly reliant on interior habitats, perhaps due to the reduced levels of human
disturbance that occur there. Other native species, such as coyote, raccoon, and black-tailed deer,
appear to be less sensitive to edge effects. However, even these apparently more disturbancetolerant species may depend on interior habitats for critical functions such as reproduction and
raising young.
Among non-native species, domestic cats and non-native rats appear to be strongly associated with
edges, perhaps due to resource subsidies in human dominated environments (Krauze-Gryz et al.
2012) and/or because of greater presence of native predators in interior areas (Kays et al. 2015).
Eastern cottontail rabbit also appears to prefer edge habitats, although it also occurs in interior
locations. Virginia opossum and eastern gray squirrel, both of which occurred at high frequency
throughout the park, present a mixed picture, with greater activity in edge locations in riparian
habitat, and greater activity in interior locations in upland habitat.
Given the high levels of occurrence of the opossum, gray squirrel, and cottontail, their ecological
effects may be substantial and widespread. The opossum is a generalist predator, likely preying on
small native birds and mammals and perhaps competing with native predators. The eastern gray
squirrel (by far the species we detected most frequently) and the Douglas squirrel occurred in the
same locations, with similar times of activity and similar behaviors, including eating the same food,
suggesting possible competition between the two species. The gray squirrel may compete with
Townsend’s chipmunk as well. Similarly, eastern cottontail may feed on plants used by native
herbivores (e.g., mountain beaver, deer). The extent and effects of interactions between non-native
and native species, as well as the degree to which non-natives provide a food source for native
predators, are not known.
40

Stokes, Le, Esquivel, and Samuelson: Camera trap study in St. Edward State Park: 2020 Report

The consistent association of various species with interior (bobcat, Douglas squirrel, and mountain
beaver) and edge (non-native cat and rat) conditions suggests these species may be reliable
indicators of habitat value for disturbance-sensitive native fauna in urban greenspaces. As relatively
easy-to-detect species, they may serve as practical monitors of habitat value for the species most at
risk in urbanizing landscapes in the region. Relative activity levels of American robin and varied
thrush may also be a useful indicator of interior versus edge conditions in urban greenspaces.

Habitat connectivity and animal movement
By Kevin Le
Introduction
Urbanization results in the reduction and fragmentation of habitats that were once continuous
(Berger 1990). The remaining habitat patches in these urbanizing areas become smaller, more
degraded, and more isolated (Dramstad et al. 1996), three factors that promote smaller populations.
Smaller populations are at much greater risk of extinction than larger populations (Bowman et al.
2017). Thus, as urban greenspace is reduced and fragmented, sustaining a viable population of
native species becomes increasingly difficult.
Species may persist in smaller fragments if individuals are able to move among patches, i.e., if they
can exist in functional metapopulations (Ferrari et al. 2009). In an urban setting, metapopulation
function requires that individuals be able to disperse between habitat patches that are not contiguous
(Ferrari et al. 2009). When traveling between fragmented patches of habitat, animals must
overcome diverse challenges in navigating an urbanized landscape, such as roads, hostile land uses,
and domesticated animals (e.g., cats and dogs).
Because of the critical importance of habitat connectivity and animal movement for population
persistence, we used our camera data to try to gain insights into animal movement in and around St.
Edward State Park. St. Edward is a semi-isolated patch of largely intact native habitat surrounded
by mostly residential land use. At approximately 326 acres, the park is probably too small, by itself,
to support viable populations of many of the species found there. This is particularly true for the
larger species, most of which have individual home ranges that are as large or larger than the park
(Table HC1). For these species to exist at a population size large enough to persist, individuals must
have viable movement routes between St. Edward and other habitat patches.

Table HC1. Home range sizes of the larger mammal species found in St. Edward State Park, as
reported in the scientific literature.
Species
Home range (acres)
Opossum (Didelphis virginiana)
86.5
Racoons (Procyon lotor)
173
Bobcat (Lynx rufus)
672
Coyote (Canis latrans)
309
Black-tailed deer (Odocoileus hemionus)
450 - 16,300
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I investigated the use of potential movement corridors near the borders of St. Edward Park by the
larger species found in the park: bobcat, raccoon, coyote, black-tailed deer, and opossum. I
identified five potential movement corridors (Fig. HC1B): northeast corridor (NE), connecting the
park habitat to the Inglewood Golf Course and the Sammamish slough; east corridors (E),
connecting to the residential areas to the east of the park; southeast corridor (SE), connecting to
neighboring parks such as Big Finn Hill; southwest corridor (SW), connecting to areas south of the
park along the lakeshore, and northwest (NW), connecting to shoreline north of the park, and
eventually to the Sammamish Slough.

Methods (see also Methods section for whole report)
Photo data was collected with nine camera traps deployed in five areas of potential animal
movement to and/or from the park (Fig. HC1, Table HC2). Cameras were positioned in forested
sites on unofficial trails (sites 6a, 7/7a, 12, 14, 17, 20 and 27), a small beach (site 5/5a), and a
perennial stream (site 18). All camera sites were in the park except sites 18 and 20, which were just
outside the park at the NE corridor (Fig. HC1A).

Table HC2. Potential wildlife movement corridors, camera sites, and duration of camera coverage
near the border of St. Edward State Park Active Camera Days, April 2019 – April 2020
Site description
Potential
corridor
NE
E
SE
SW
NW
1

Camera
site no.
18
20
14
17
12
27
6a
5/5a
7/7a

Creek at gap in golf course fence
Trail through hole in golf course fence
Trail intersecting Juanita Dr.
Trail intersecting Juanita Dr.
Trail intersecting with Holmes Point Road
Trail intersecting with Holmes Point Road
Trail along lakeshore
Sandy beach, logs, forest edge
Trail along lakeshore

Vegetation type

Travel
path

Riparian forest
Upland forest
Upland forest
Upland forest
Upland forest
Upland forest
Upland forest
Shore forest
Upland forest

Stream
Trail
Trail
Trail
Trail
Trail
Trail
Beach
Trail

Number of days camera was deployed and functional during the April 2019—April 2020 study period.

Because of differences in dates of camera deployment and interruptions in function of some
cameras, periods of active camera deployment varied over the study period. To compare wildlife
activity among these sites, I restricted the sample to occurrences from April 2019 - April 2020 and
for each camera site, I calculated number of animal occurrences per day the camera was in service.
Sites 5/5a, 6a, 7/7a, and 27 were in service for many fewer days than other sites (Table 2), and I
excluded them from some analyses due to small sample size.
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Days1
370
360
299
303
385
89
82
105
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Stokes, Le, Esquivel, and Samuelson: Camera trap study in St. Edward State Park: 2020 Report

A
(Redacted.)

B

Figure HC1. A) Camera sites (Redacted) and B) potential movement wildlife
movement corridors.
Results
43

Stokes, Le, Esquivel, and Samuelson: Camera trap study in St. Edward State Park: 2020 Report

Results
All five species were detected at each corridor location during the sample period (Fig. HC2). The
NE corridor had the highest number of total occurrences per active camera day (O/ACD), followed
by the SE, NW, E, and SW, although NW and SW values are based on relatively small sample
periods. NE and E sites were sampled for the longest period and for the same number of days
(1,332), with the E sites recording about one-quarter the number of occurrences (n=96) as the NE
sites (n=389). Raccoon averaged the highest O/ACD values across all sites, followed by black-tailed
deer, coyote, and opossum. Overall bobcat O/ACD was substantially lower, although at the two
shore sites (SW and NW), it was one of the most frequently detected species.

0.45

Occurrences/Active Camera Day

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
NE

E
Raccoon

Coyote

SE
Bobcat

Opossum

SW

NW

Black-Tailed Deer

Figure HC2. Mean number of occurrences of opossum, raccoon, bobcat, coyote, and black-tailed
deer per active camera day by potential movement corridor, April 2019 - April 2020. 742 total
occurrences over 2,096 active camera days. NE = 2 sites (18 & 20), 730 days active, 387
occurrences. E = 2 sites (14 & 17), 602 days active, 96 occurrences. SE = 2 sites (12 & 27), 474
days active, 177 occurrences. SW = 1 site (6a), 82 days active, 27 occurrences. NW = 2 sites (5/5a,
7/7a), 208 days active, 51 occurrences.
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Because some of the camera sites had limited sample periods, I compared the three potential
corridors with the most comprehensive sampling, excluding the sites that were initiated after April
2019 (Fig. HC3). Across all five species, the NE corridor had the highest combined total O/ACD
(1.01) followed by SE (0.348), and E (0.327).All species occurred most frequently at the NE
corridor except black-tailed deer, which occurred at similar frequencies at all locations, but was
most frequently detected at the SE corridor. Deer, raccoon, and bobcat occurred least frequently at
the E corridor.

0.25

Occurences/Active Camer Day

0.2

0.15

0.1

0.05

0
NE
Raccoon

E
Coyote

Bobcat

Opossum

SE
Black-tailed Deer

Figure HC3. Wildlife occurrences per active camera day between April 2019 - April
2020 at potential corridor locations with the most days of camera coverage. Data
derived from sites 20 and 18 (NE), sites 14 and 17 (E), and site 12 (SE). Sites 5, 6,7,
and 27 were excluded due to shorter deployment time. Total n = 410 occurrences over
1,717 active camera days.
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Within a corridor, species occurrence varied by habitat type, with opossum, and raccoon more
commonly moving along a creek, while deer and coyotes more commonly moved on a trail in
upland habitat (Fig. HC4). Bobcat occurred in both habitats with equal frequency. Raccoon (n=143)
accounted for the highest total number of occurrences across both sites while bobcat (n=14)
accounted for the fewest occurrences.

140
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Occurences

100
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Raccoon

Coyote

Bobcat
Riparian

Opossum

Black-tailed Deer

Upland

Figure HC4. Riparian vs upland wildlife travel routes, NE corridor. Number of
occurrences of five wildlife species at riparian (site 18) and upland (site 20) sites
on the NE corridor, April 2019 - April 2020. Sites are located 50 m apart, and 300
m north of the NE corner of park.
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Activity of wildlife in corridor locations varied by season (Fig. HC5). Raccoon, bobcat, and blacktailed deer were all most commonly detected in the fall, while coyote was most commonly detected
in spring, and opossum most detected most frequently in summer.

1
Raccoon

0.9

Coyote
0.8

Bobcat

0.7

Opossum

0.6

Black-tailed Deer

0.5
0.4
0.3
0.2
0.1
0
Spring

Summer

Fall

Winter

Figure HC5. Occurrences per active camera day of wildlife species at corridor
sites, April 2019 – February 2020. Sample includes occurrences from sites 12, 14,
17, 18, and 20. Total sample size of 586 occurrences over 1,498 active camera
days. Each season is represented by 2 of the 3 seasonal months to control for
differences in deployment time. Spring: April & May. Summer: June & July.
Fall: October & November. Winter: December & Janurary.

Discussion
I found multiple occurrences of all five species at presumed corridor locations, suggesting that there
is likely movement of animals via many corridors into and out of the park. The type of movement
these species are engaged in (i.e., shorter vs. long distance, travelling vs. in-territory movement,
etc.) cannot be determined from these data, however, it appears that all species are currently able to
move through all of the potential movement corridors.
With the highest O/ACD values for all species except black-tailed deer, the NE corridor appears to
be the most heavily used corridor (Fig. HC3). Black-tailed deer occurred with substantial frequency
in this corridor as well. In contrast, there was relatively little use of the E corridor. Overall
occurrence rates at the E corridor for all species combined were approximately 25% of the value for
the NE corridor, and O/ACD values were lower in the E corridor for all species.
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The difference in wildlife occurrence in these corridors may result from higher levels of human
disturbance in the E corridor, as human occurrences were far less frequent at the NE corridor.
Frequent human presence along the lakeshore may also explain the relatively low rates of animal
occurrence of the SW and NW corridors. In addition, Juanita Drive, a heavily trafficked road, may
be a barrier to animals attempting to move eastward. Furthermore, the areas immediately east of the
park are dominated by human residential and commercial land uses, which are likely less favorable
habitats than the golf course and Sammamish Slough areas north of the park. Animals may be
preferentially seeking out these more favorable habitats.
The SE corridor had intermediate levels of occurrence of all species, and the highest occurrence rate
for black-tailed deer. This corridor may provide access to surrounding greenspaces south of the
park, such as Big Finn Hill Park and O.O. Denny Park. A potentially salmon-bearing stream in O.O.
Denny Park may provide a food resource for predator species. Use of this corridor requires crossing
of Holmes Point Road (Figure 16) which, while favorable from a connectivity perspective, also
carries a risk for wildlife. The rate of vehicle-related wildlife mortality in this location is not known.
Within corridors, different species appeared to use different types of travel paths. In the NE
corridor, opossum and raccoon appeared to mainly travel in the creek, while coyote and deer moved
on an upland trail. Bobcat occurred with equal but low frequency on both types of routes. This high
proportion of raccoon and opossum at the creek site is consistent with these species’ need to be near
water sources in urbanized landscapes (Fidino et al. 2016, Dewey and Fox 2001).
Black-tailed deer occurrences were similarly frequent at NE, E, and SE corridors, and coyotes
occurred with substantial frequency in the E corridor. These are the largest of the five species, and
therefore may be more mobile and more inclined to incorporate multiple fragments of land in their
ranges. They may also be more tolerant of human disturbance than some species, e.g., bobcat.
Coyotes have been found to be relatively tolerant of human development and tend to include more
than one fragment into their home ranges (Tigas et al. 2002). Upland habitats may be better travel
corridors for larger species as brushy riparian vegetation may impede movement. Bobcat
occurrences remained relatively low across all corridors, likely in part reflective of their lower
tolerance for human disturbance (Tigas et al. 2002), as they are relatively frequently detected in
interior locations in the park.
All species were observed in corridors in all seasons, but frequency of occurrence varied seasonally
by species, with raccoons, bobcats, and black-tailed deer all occurring most frequently in fall,
coyote in the spring, and opossum in the summer. These patterns likely reflect the ecology of the
individual species. Female racoons often must travel greater distances during the summer to forage
for food with their young while males tend to increase home ranges during the summer and fall
months in search for mates and resources.
Miller (1970) found that black-tailed deer in northwest Oregon extended their home ranges and
moved primarily during May and early June in response to mate-seeking and fawn-nurturing.
Overall activity decreased during the winter, but beginning in March, they begin scattering in search
of new shoots of woody plants. These findings are consistent with the gradual increase in
occurrences I observed in spring and summer. The highest number of occurrences took place in fall
when rutting occurs, which may contribute to the heightened movement at this time.
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Bobcats mate in spring and wean their young during the summer (Ciszek 2002). Young tend to
disperse in winter, a potential explanation for the higher number of occurrences I observed during
the winter relative to spring.
Opossum reproductive behavior varies by geographical location. North of 44⁰ N latitude the
opossum breeding season lasts from February to September (Siciliano 2013). In northwestern
Oregon, opossum had three peaks of breeding seasonal activity: January through February, midApril to early May, and October through mid-November (Hopkins and Forbes 1979). This may
explain the patterns of occurrence at St. Edward Park: heightened opossum activity in the summer
and consistently substantial levels throughout the rest of the year. Young generally disperse during
the summer and early fall, also a time when adults venture off in search of new mates (Allen et al.
1985).
Coyote occurrences in corridor areas were highest in spring. Although varying by geographical
location, coyotes generally give birth in spring, with pups being fully weaned by late-spring and
early-summer (Tokar 2001). Near birthing time and after the pups are born, coyote parents become
more active in protecting their denning areas and hunting for food. The high rates of coyote
occurrence at the NE corridor may suggest that this species may rely on habitats to the north of St.
Edward for some of the resources required to rear young.
Because movement into and out of St. Edward Park is likely essential for long-term persistence of
many wildlife species in the park, viability of animal travel corridors must be maintained in order to
conserve the park’s biodiversity. The movement corridor at the NE corner of the park appears to be
particularly important for wildlife movement. Protection of habitat in corridor areas should be a
management priority, as well as reducing obstructions in those corridors. Education of the local
public on wildlife-friendly landscaping and fencing and wildlife-aware driving practices may also
be helpful. Given that activity in corridor areas of most of the native species we studied peaks in
autumn, this may be the best time of year for a public education campaign.
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Figure 16. Black-tailed deer moving away from (top) and toward Holmes Point Road
(in background) on wildlife trail at site 12, May, 2019.
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Human Disturbance and Animal Activity Times
by Hector Esquivel
Introduction
Animals avoid predators and other dangers by putting distance between themselves and the danger
(Gaynor, 2018). This strategy is effective in a large area of habitat, but in urbanized areas with
extensive human conversion of habitat this spatial avoidance strategy is less effective (Nix, 2018).
Due to the small size of urban greenspaces, spatial separation often is not possible, and animals may
adopt a different avoidance strategy; avoidance in time (Gaynor, 2018). However, altering activity
times to accommodate to the presence of humans can have serious negative consequences for
animals’ fitness (Gaynor, 2018). Therefore, human activity in parks has the potential to be a threat
to many species (Benitez-Lopez et al., 2010).
I investigated the effect of human activity/disturbance on time of activity of the larger mammal
species—coyote, opossum, bobcat, racoon, and deer—in St. Edwards park at the within-park scale.
These species are known to occur in semi-urbanized areas in the Pacific Northwest, sometimes
occurring in proximity to humans (Table HD1). I used camera trap data to compare the temporal
patterns of these species’ activity in more disturbed (edge) and less disturbed (interior) locations of
the park. Edge sites are subject to greater daytime occurrence of humans, dogs, and road noise than
interior sites. If animals are responding to variation in human activity or disturbance at within-park
scales, I expected these species to show greater nocturnality in edge areas of the park than in
interior areas, where there is less human activity. A finding of no difference in time of activity could
indicate that animals are habituated to high levels of human disturbance or, alternatively, that the
park is so small or human disturbance so widespread that true interior conditions do not occur in the
park.

Table HD1: Activity times of study species, as described by Washington Dept of Fish and Wildlife
general species accounts.
Species

Normal Active Hours

Source

Coyote (Canis latrans)
Opossum (Didelphis virginiana)
Bobcat (Lynx rufus)
Racoon (Procyon lotor)
Black-tailed deer (Odocoileus hemionus)

Dusk-Dawn
Night
Dusk-Dawn
Night
Dusk-Dawn

“Coyote, nd”
“Opossum, n.d”
“Link, 2007”
“Link, 2004”
“Living with, n.d”

Methods (see also Methods section for whole report)
I compared time of occurrence of coyote, opossum, bobcat, racoon, and black-tailed deer as
determined by camera traps in edge habitats and interior habitats in St. Edward Park over the period
from May 2018 to June 2020. All occurrences recorded by the camera traps included a time stamp.
All reliably identified animal occurrences (certainty level = “certain” or “probable”) recorded at the
sample camera sites (see below) were included in this comparison.
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Edge sites, sites14, 16, 17, and 18, were in forested areas less than 50 m from Juanita Drive and the
east boundary of the park. Interior sites, sites 1, 2, 3, 4, 8, 21, 22, 32, and 34, were in forested areas
more than 100 m from the edge of the park’s forest. Sites 1, 2, 3, 4, and 18 were along small
streams (riparian) and sites 8, 14, 16, 17, 21,22, 32, and 34 were upland sites.
The photographs recorded by the cameras were coded and entered into an Excel spreadsheet, and I
used Excel to analyze the data. To facilitate the data sorting & counting process, an Excel function
was used to sort by site, date, species, & certainty:
=COUNTIFS(G2:G2347,AA5,E2:E2347,">=14:00",E2:E2347,"<16:00"), where G is species, E is
time. As different species are expected to have different activity times (Table HD1), activity
patterns of each of the five study species were analyzed separately.
I tested for significance of difference in degree of nocturnality of each species using a 2 X 2 chisquare test on frequencies of daytime (08:00 – 16:00) and nighttime (20:00 – 04:00) occurrences in
edge versus interior locations. Where expected cell values were < 5 (opossum had only 2 daytime
occurrences, 0 in interior, 2 in edge), a Fisher exact test was used instead of the chi-square test.

Results
As expected (Table HD 1), all of the predator species I studied were most active at night and/or
during crepuscular hours (Figs. HD1 – HD4). The degree of nocturnality varied from the nearly
exclusively nocturnal opossum, to the more day-active coyote and black-tailed deer. Black-tailed
deer was most active in the crepuscular hours, and outside of those times, was more active in the
daytime than at night (Fig. HD5).

Figure HD1. Coyote times of occurrence in interior (n = 159) and edge (n = 69) locations. 1a:
Numbers of occurrences; 1b: Proportions of occurrences.
Activity patterns of the five species varied. The coyote (n = 228 total occurrences) showed
significant activity throughout the 24-hour period in both edge and interior locations, but temporal
distribution of activity differed in edge and interior (Fig. HD1). The coyote was more nocturnal on
the edge of the park, with the highest number of interior occurrences in the crepuscular period (6:00
– 8:00 and 16:00 – 18:00) and greatest activity on the edge at night (20:00 – 05:00). 11.6% of edge
occurrences were in the daytime (8:00 – 16:00) while 23.9% of interior occurrences were in the
daytime.
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The non-native opossum was highly nocturnal in both interior and edge locations (Fig. HD2). Of
350 total opossum detections, only two—both in edge locations—occurred between 8:00 and 16:00.
While most occurrences in both edge and interior were at night, the time of greatest activity
differed, with the highest proportions of interior occurrences in the late evening to midnight (20:0024:00) and most edge occurrences in the early morning hours (0:00-4:00).

Figure HD2: Opossum times of occurrence in interior (n= 276) and edge (n=74) locations. 2a:
Numbers of occurrences; 2b: Proportions of occurrences.

The bobcat had the lowest number of total occurrences (132) and edge occurrences (17) of the five
study species, perhaps because it is the species most susceptible to human disturbance (Link, 2007).
While generally least active in the daytime, the bobcat was detected throughout the 24-hour period
(Fig. HD3). The proportion of daytime (8:00 – 16:00) occurrences was higher in the interior
(18.3%) than in edge locations (11.8%), although differences in activity patterns in edge and interior
are difficult to discern due to the small number of occurrences, particularly in the edge locations.

Figure HD3: Bobcat times of occurrences in interior (n=115) and edge (n=17) locations. 3a:
Numbers of occurrences; 3b: Proportions of occurrences.
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The predominantly nocturnal racoon was the most frequently detected (n = 521 occurrences) of the
five study species. It was detected throughout the 24-hour period but the vast majority of
occurrences were in non-daytime hours, both in interior and edge locations (Fig. HD4). The
proportion of daytime (8:00-16:00) occurrences was higher in the interior (5.9%) than on the edge
(3.0%).

Figure HD4: Racoon times of occurrences in interior (n=356) and edge (n=165) locations. 4a:
Numbers of occurrences; 4b: Proportions of occurrences.

The black-tailed deer (n = 173 total occurrences) showed substantial activity throughout the 24-hour
period in both interior and edge locations, and was the only species with more daytime (8:00 –
16:00) than nighttime (20:00 – 04:00) occurrences (Fig. HD4). In interior sites, deer occurrences
were spread relatively evenly across daytime and crepuscular hours, with markedly fewer
occurrences from 20:00 – 04:00, a pattern less apparent in edge locations. Proportions of daytime
occurrences were similar in interior (35.7% of interior occurrences) and edge (37.9%) locations.

Figure HD5: Black-tailed deer times of occurrence in interior (n=115) and edge (n=58) locations.
5a: Numbers of occurrences; 5b: Proportions of occurrences.
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All predator species except the non-native opossum were more nocturnal in edge habitats than
interior habitats (Fig. HD6), although the difference was not significant for the bobcat, perhaps
because of small sample size, particularly in edge locations. Unlike the predator species, blacktailed deer was strongly diurnal in interior locations, and approximately equally active in day and
night in edge locations. Racoons & opossums were especially nocturnal, with few daytime
occurrences in edge or interior. The opossum was the only species that did not follow the pattern of
less diurnal activity in edge than interior locations. However, this result is based on a very small
number (two) of daytime occurrences and must be interpreted cautiously.

Figure HD6: Diurnality of five mammal species in St. Edward State Park. Diurnality expressed as
the ratio of daytime (8:00 – 16:00) to nighttime (20:00 – 4:00) occurrences. Values above 1 indicate
more occurrences in the daytime than nighttime. * = p < 0.05, ** = p < 0.01. Coyote: p = 0.0026,
chi-square = 9.07, n = 228; Opossum: p = 0.033, Fisher Exact test, n = 350; Bobcat: p = 0.79, chisquare = 0.073, n = 132; Racoon: p = 0.015, chi-square = 5.90, n = 521; Black-tailed deer p = 0.033,
chi-square = 4.55, n = 173.

Discussion
All of the native species examined—coyote, bobcat, racoon, and black-tailed deer—were more
nocturnal near the edge of the park than in the interior. Only the non-native opossum did not follow
this pattern. The opossum was also the most strongly nocturnal of all five species, with few daytime
occurrences under any conditions. The other four species showed less daytime activity in the edge
areas of the park, which are more heavily disturbed by humans. These animals appear to be more
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crepuscular and day-active than the opossum, sharing some of their normal hours of activity with
humans. Avoidance of human activity appears to cause these animals to move towards greater
nocturnality (Nix, 2018). These results support the hypothesis that greater human disturbance
influences time of wildlife activity in St. Edward Park. The change in activity times among the
major terrestrial predators in this system has the potential for community-level impacts. For
example, potential prey in edge areas may be subject to reduced daytime predation pressure,
perhaps favoring day-active species such as eastern gray squirrel. Such possible effects remain to be
investigated.
Due to the small size of St Edwards Park and the developed nature of its surroundings, including
major roads as well as a large visitor area inside the park, it would not be unreasonable to expect
that St Edwards Park may be entirely edge habitat with no interior. However, these results
demonstrate that St Edward Park has an edge zone where animal behavior is significantly more
affected by human disturbance relative to interior areas where human disturbance exerts less
influence.
A primary means by which animals avoid risk is spatial avoidance (Gaynor, 2018). In a spatially
limited setting such as St. Edward Park, animals may avoid risk through temporal avoidance, and
these results demonstrate temporal avoidance on the edges of the park where there are roads and
higher human disturbance throughout the day. However, my results also suggest that spatial
avoidance may be occurring, at least in the most disturbance-sensitive species. While racoon,
opossum, coyote, and deer are regarded as “urban adapters” or “urban exploiters” (sensu McKinney
2002), the bobcat is less tolerant of human disturbance (Link 2007). The four more disturbancetolerant species were detected between 2 and 4 times as often in interior habitats as in edge
locations, while the bobcat was detected nearly 8 times as often in interior habitats, suggesting that
the less disturbance-tolerant bobcat may have been following a spatial as well as a temporal risk
avoidance strategy.
These results support the hypothesis that human activity/disturbance is influencing the activity
patterns of wildlife in St. Edward Park. The effects of differences in disturbance levels are apparent
at within-park scales, with all native mammals studied exhibiting more nocturnal behavior in edge
areas of the park where there are greater levels of human activity.
Future study of animal activity times should include analysis of occurrences by season, allowing
consideration of the different sunset and sunrise times throughout the year. It would also be useful
to compare activity patterns in interior areas of St. Edward Park to activity patterns in less urbanized
areas far from cities to determine if human disturbance effects extend into interior habitats at St.
Edward.
Human activity/disturbance appears to significantly alter wildlife activity patterns in edge habitats
of St. Edward Park. Measures to minimize disturbance in these edge areas should be developed and
implemented. In addition, park management should look for ways to maximize the park’s interior
habitats and minimize the disturbance that occurs there.
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Humans in the park
Although our study cameras were not located on official park trails, they recorded a large number of
human occurrences. Over the course of the study, human presence varied widely across camera sites
(Table 2). Because park visitation rates are expected to vary seasonally, and not all cameras were
deployed in the same seasons, we examined human visitation in a more controlled subsample of our
occurrence data (Fig. 17). From March 1 – June 14, 2019, a period with a large number of cameras
deployed in diverse locations, we recorded a total of 647 human occurrences, comprising 996
individuals. Most of the people detected were walking or running on unofficial trails. The amount of
human activity varied by more than two orders of magnitude across locations, ranging from 0
occurrences per day at some sites (1-3, 12), to 9.7 human occurrences and 14.8 individuals per day
in the same period at sites on major trails, such as site 7, located on the user trail along the shore of
Lake Washington (Fig. 17; see also Table 2).
Sites on user trails that provide access to the park from neighborhoods—sites 7/7a and 8 on trails
from areas north of the park, and Sites 14 and 17 on trails from areas east of the park—recorded
especially high numbers of people. Other locations with high levels of human use were sites 6 and
6a, at the shore on a beach (6) and on a user trail from the main park beach area (6a); and site 21, on
a heavily frequented user trail in an interior forest area. Trails receiving heavy human use show
obvious signs of that use, with wide, well established, and heavily worn tread. Some of these trails
(e.g., those at sites 7, 8, 14, and 17) are similar in appearance, width, and wear to the park’s official
trails. These trails appear to have been actively cleared, and we recorded photographs of people
clearing fallen logs or branches from some trails (sites 8 and 17).
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Figure 17. Mean number of people and dogs recorded per day at camera sites, Mar. 1 –
June 14, 2019. Y axis truncated to show lower values; value for people at site 7 = 14.8.
14.8.
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Many of the people on the unofficial trails were walking dogs (Fig. 17). During the March 1 – June
14, 2019 period, our cameras recorded 204 dogs that appeared to be associated with people. Forty
percent of these dogs (n = 83) were not leashed. The activity of the unleashed dogs varied, with
some walking on the trail very close to their owners, and others ranging far from their owners, on
and off trail. Some unleashed dogs appeared to be actively searching and running through the
undergrowth. The extensive user trails in St. Edward Park bring human and dog disturbance to
interior areas of the park that would otherwise be of higher habitat value for disturbance-sensitive
wildlife species, likely including bobcat and Douglas squirrel. For example, the high level of human
and unleashed dog activity at site 21 may contribute to the relatively low diversity and abundance of
disturbance-sensitive native wildlife at that interior location (Table 5).

Number of human occurrences

To assess changes in human presence in the park due to the 2020 pandemic, we compared the
number of human occurrences at sites for which we tabulated human occurrence data and that had
been continuously sampled from April 8 – June 30 in both 2019 and 2020 (Figure 18). At sites with
low levels of human traffic, little difference between years was apparent. In contrast, at site 21,
located on a heavily travelled user trail, the number of human occurrences increased by 37%. This
is only one site, and thus the result must be interpreted cautiously. However, opportunistic
observations of official trail use in the park also suggest a large increase of human use of official
park trails over the previous year (personal observation). Our data suggest that human use of major
unofficial trails has increased substantially as well. As some of these user trails penetrate interior
habitats, this increase in human activity has the potential to negatively affect native wildlife.
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Figure 18. Human occurrences at selected camera sites sampled continuously from April 8 – June
30 in 2019 and 2020.
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2019 shoreline survey
Our May 2019 survey of the shoreline between St. Edward and the Sammamish Slough indicates
that impediments to animal movement are numerous beyond the park boundary. We observed 11
fences (> 5 ft tall) extending to the water’s edge, as well as seven additional potential barriers
(dense hedges and obstructing hardscape) in this 3 km section of shoreline. All of these barriers
appeared to be associated with individual private residences except one fence on the west edge of
the State of Washington boat launch area. At the time of the survey, the lake was at a high level
typical of spring and summer, and there was no exposed beach in most locations, as there is in fall
and winter. More in-depth investigation is needed, but it appears that unless animals swim around
barriers, the shoreline is not a viable travel route for terrestrial species in spring and summer, and
that maintenance of the shore as a viable movement corridor for wildlife in St. Edward Park will
require conservation efforts that extend far beyond park boundaries.
Small mammal live-trapping
The 50 Sherman traps we deployed in January 2019 captured three animals, all adult female deer
mice (Peromyscus spp.). Tail measurements of these mice did not conclusively indicate whether the
species present in the park is likely to be keeni or maniculatus, and more sampling is necessary to
make this determination. The 99 traps deployed in June yielded 88 deer mice, a remarkably high
capture rate (G.J. Kenagy, pers. comm.). Eighty-one (82%) of deployed traps captured mice, with
two mice captured in eight of the traps. All captured mice were juveniles, with roughly similar
numbers of males and females (42 and 45, respectively [one individual not sexed]). Weight of
females averaged 14.6 g (SD = 2.4) and weight of males averaged 15.5 g (SD = 2.2). Because the
mice were not yet adults, tail measurements could not be used to distinguish the two possible
Peromyscus species. The high capture rate we observed suggests a high abundance of this species at
the time of trapping, perhaps indicating a substantial springtime prey base for some of the predators
in the park.
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Opportunistic observations
Native animal species
In the course of our field work, we made many visits to St. Edward Park from May 2018 through July
2020. During those visits we observed many animal species in the park, including four additional mammal
species not recorded in the camera trap data and two others that were photographed very rarely (< 5
occurrences in the park; Table 7). We also observed several amphibian and reptile species (Table 7) and
many bird species (Table A2.1). These additional observations did not result from systematic surveys with
quantified search effort; therefore, the conclusions that can be drawn from them are limited to the fact of
the occurrence of the species where and when they were observed. Further study of some of the
opportunistically observed species may be useful in conserving the park’s biodiversity. Among the never or
rarely photographed animals we observed, two species, both protected in King County's Comprehensive
Plan via the Critical Areas Ordinance (King County 2016), merit particular attention.
Northern red-legged frog
At 7:20 AM on May 10, 2019, we observed a northern red-legged frog (Rana aurora aurora) in a moist
area on the edge of the Arrowhead trail. The frog sat motionless on the trail for several seconds and then
hopped into the brush. Although we did not capture the frog for in-hand inspection, we had a very close
view of it, and based on size (3 – 3.5-inch length), form (dark brown dorsal surface, and red-legged frog
body shape), behavior (leaping into brush without vocalizing), and range (Leonard 1993), we are certain
that it was R. a. aurora. In addition to this sighting, on August 13, 2019, Stokes heard a vocalization near
site 23 that matched that of the red-legged frog. The extensive forested wetlands of the park appear to
provide suitable habitat for this species, but its existence in St. Edward has not been previously
documented. Klaus Richter, herpetologist and senior ecologist with King County (retired), indicated that
the St. Edward area is probably the last remaining location in the north Lake Washington area where a
population of this species is likely to occur (pers. comm.).
Townsend’s chipmunk
Over the two years of the study, our cameras recorded four occurrences of Townsend’s chipmunk
(Neotamias townsendii), once at site 23 and three times at site 30, all in spring of 2020 (Fig. 19). We also
opportunistically observed this species on four occasions in spring and summer 2019 in an upland area near
camera site 24, approximately 150 and 90 m north of sites 23 and 30 respectively (Table 7). The three
spring 2019 observations were within a 30 m radius of an 11 cm-diameter burrow opening that the
chipmunk was seen entering on April 4, 2019. On May 16, 2019, we deployed a camera trap at the site
(24); however, during the 22 days the camera was deployed, and in 8 additional site visits, the species was
not detected. On July 12, 2019 we observed a chipmunk 5 m from site 16, 40 m south of the previous
sightings.
The status of Townsend’s chipmunk in the park remains poorly known. The species is widespread
in western Washington and the forested habitat in the park appears to be suitable for it, but despite
its diurnal habit and conspicuous markings, it has not been previously documented in the park. In
frequent visits to the park since 2006, Stokes had never observed the species there prior to 2019.
Long-time neighbors of the park report that chipmunks were present near the northern park
boundary in the past, but that they are no longer present. The absence of observations, and the small
number of camera detections of chipmunks and their infrequency relative to other squirrel species,
suggests that Townsend’s chipmunk is probably uncommon in the park and perhaps only
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intermittently present and/or declining. More information on this species and its population
dynamics in the park would be useful for understanding how it can be conserved in the park.
Table 7. Opportunistic observations1 of terrestrial vertebrate species not detected or rarely detected
(< 5 detections) by camera traps in St. Edward State Park, May 18, 2018 – June 30, 2020.
Observations since first-year report (June 14, 2019) highlighted.
Species

Mammals
Townsend’s chipmunk 3
Neotamias townsendii

American shrew mole
Neurotrichus gibbsii
Creeping vole
Microtus oregoni
Long-tailed weasel 4
Mustela frenata
Shrew
Sorex spp.
Muskrat
Ondatra zibethica
Amphibians
Pacific chorus frog
Pseudacris regilla
Northern red-legged frog
Rana aurora aurora

Observer2

No. of
observations

DS, NS

Mode
Certainty
of
of species
observation
ID

Dates
observed

Activity/Location

4

Live animal
seen

Certain

DS, NS

1

Certain

DS, NS,
GJK
DS, AM

1

Probable

6/18/2019

Certain

6/29/2019

DS, AM

1

Corpse
recovered
Live animal
seen
Live animal
seen
Live animal
seen

4/4/2019
4/26/2019
5/4/2019
7/12/2019
4/26/2019

Probable

1/16/2020

DS, AM

1

Live animal
seen

Certain

7/20/2020

Near site 24. Entering,
emerging from, burrow,
foraging nearby.
Near site 16.
Recently dead, North trail;
no indication of trauma
Upper South Canyon trail;
running on trail and into brush
Running on forest floor near
upper end of Grotto trail
Ran across trail and under leaf
litter near top of North trail.
Likely Sorex vagrans
Swimming in Lake Washington
<10 m from shore

DS

1

Certain

4/4/2019

DS, NS

2

Chorus
heard
Live animal
seen
heard

Certain

5/10/2019 Sitting on Arrowhead trail,
hopping into brush
8/13/2019 In brush near Site 23

1

DS
Reptiles
Northern alligator lizard
Elgaria coerulea
Garter snake
Thamnophis spp.

Probable

DS

1

Live animal
seen

Certain

DS, AM

4

Live animal
seen

Certain

1

Near play field

7/2018

In leaf litter under brush next
to Beach trail near jct. with
North trail
6/2018
Near bottom of S. Canyon trail
5/9/2019 Near Beach trail, 2 individuals
6/5/2019 Nr Site 23, basking in sun fleck
6/29/2019 On Beach tr., moving to brush

All species identified with a high degree of reliability. N. red-legged frog was not captured for in-hand inspection.
However, based on form (3 - 3.5 inch length, dorsal surface dark brown, body shape), behavior, and range
(Leonard 1993), this is the only reasonable possibility.
2
DS: David Stokes, NS: Nathan Samuelson, AM: Amy McKendry, GJK: George James Kenagy
3
Also detected a total of four times by camera trap at sites 23 and 30 in the park.
4
Also detected a total of four times by camera traps at sites 3, 25, and 34 in the park; and four times at site 18 just
outside the park.
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,
Figure 19. Townsend’s chipmunk (Neotamias townsendii) at site 30, June 13, 2020. Species was
photographed in April 2020 at site 23, and three times in May and June 2020 at site 30.

Road mortality
Motor vehicle traffic on roads presents a major threat to urban wildlife (Bateman and Fleming 2012). Over
the course of our study, we observed two dead native mammals on the park’s entrance road: a Douglas
squirrel in the westbound lane in June 2018, and a mountain beaver in the eastbound lane in April 2019.
This indicates the negative effect on wildlife of even small roads, as the entrance road is a narrow two-lane
road with 15 and 25 mph speed limits (in separate sections).
A variety of dead mammal species were observed on the section of Juanita Drive near St. Edward Park
during the study, including 1 raccoon, 3 eastern gray squirrels, 3 eastern cottontail rabbits, 2 opossums, a
domestic cat (no collar), and 2 unidentified mammals. This almost certainly underrepresents the amount
and diversity of wildlife road mortality, as we did not regularly survey Juanita Drive, and therefore it is
unlikely that we observed all animal carcasses. For example, we did not observe the deer that was reported
hit by a car on Juanita Drive near the intersection with Arrowhead Dr. in December 2019.
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Native plant species
In addition to animal species, we observed six native plant species (Table 8) that are not documented in the
St. Edward Park vegetation survey (Smith 2006). Some of these species appear to be rare, and all appear to
have limited distributions in the park: phantom orchid (Cephalanthera austiniae)
………………………………………… western white pine (Pinus monticola) and leafless wintergreen
(Pyrola aphylla)……………………………….., vine maple (Acer circinatum) on both sides of Holmes
Point Road, Oregon ash (Fraxinus latifolia) along the lakeshore, and serviceberry (Amelanchier alnifolia)
near the intersection of the North and Beach trails and on the 2019 McDonald addition to the park. The first
three of these species are of particular conservation significance:
Phantom orchid
This non-photosynthesizing plant exists in a three-way relationship with a mycorrhizal fungus and its
associated tree, and occurs as a rare element in old-growth or older second-growth forests in the Pacific
Northwest (ECCC 2018). It is federally listed as endangered in British Columbia (ECCC 2018). We
observed 12 flowering stems of this species in a small area of dense coniferous forest ……………
………………….. in June 2018 (Fig. 20a) and four stems in the same area in June 2019. In June 2020,
only one stem was present at this location, although we discovered an additional 11 stems of the species
approximately 150 m SE of the 2018 location. It is not known whether the decline in stem number along
the trail over the three successive blooming periods represents a population decline. Other species in the
genus Cephalanthera are known to exhibit periods of dormancy (i.e., years when no flowering stems
emerge; Shefferson, et al. 2005). The likelihood of dormancy in this species complicates population
estimates, status assessment, and management strategies (ECCC 2018).

Figure 20a. Phantom orchid (Cephalanthera
austiniae), St. Edward Park, June 1, 2018.
Orchid stems occurred in the same location
in decreasing numbers in June, 2019 and 2020.

Figure 20b. Leafless wintergreen (Pyrola
aphylla), St. Edward Park, June 18, 2020.
Confirmation of species identification by D.
Giblin, Burke Museum.
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Leafless wintergreen
Leafless wintergreen (Fig. 20b) is another species newly identified in the park that is of
conservation interest. It is a non-photosynthesizing plant dependent on a fungal associate for its
carbon and other nutrients (Hynson and Bruns 2009). No herbarium specimens of this species have
been previously recorded from King County (D. Giblin, S. Verlinde, pers. comm.). In June 2020 we
observed 12 flowering stems of the species in a small area (4 m2) under dense coniferous canopy …
…………………. (specimen photographs included in Burke Museum Image Collection,
https://biology.burke.washington.edu/herbarium/imagecollection/taxon.php?Taxon=Pyrola%20aphylla). It is
unknown whether the species occurs in additional locations in the park. If not, its prospects for
long-term persistence are precarious, and may require focused conservation measures.
Western white pine
Another species documented at St. Edward for the first time that may have a precarious presence in
the park is western white pine. In 2020 we discovered one large (38 in dbh) individual on the South
Ridge (Fig. 21). Although a survey is required for conclusive determination of the species’
population in the park, it is certainly rare, and it is possible that this is the only individual in the
park (although at least three similarly sized western white pines occur 150 m south of the St.
Edward Park boundary in Big Finn Hill Park; Stokes, pers. obs.). Aside from its apparent rarity in
the park, this species may have additional conservation significance as it may provide unique
resources for animals (e.g., Douglas squirrel [Steele 1999]; Figure 22) and perhaps plant and fungal
associates. Interestingly, both leafless wintergreen and phantom orchid, plants that depend on
associations with other plant and/or fungal species, occurred within 25 m of the western white pine.

Figure 21. Western white pine (Pinus monticola), St. Edward Park, June 18, 2020. Measured
diameter: 38 inches dbh; estimated height: 150 ft.
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Figure 22. Western white pine cones on forest floor near pine tree ………………..
Cones from this tree are abundant on the forest floor up to 70 m from the tree.
Douglas squirrel activity was frequently observed in the vicinity of this tree.

Other plant species of conservation interest
In addition to the six previously undocumented plant species, we also observed several native plant
species listed in the park vegetation survey (Smith 2006) that appear to have very small populations
and/or limited distributions in the park (Table 8). These include clasping twisted stalk (Streptopus
amplexifolius), occurring in one location (three stems) ………………………; maidenhair fern
(Adiantum pedatum), in a small area on a steep sidehill along the lower South Canyon trail and in
the canyon of the incised creek along the South Canyon trail; Pacific waterleaf (Hydrophyllum
tenuipes), in small sites along the South Ridge, South Canyon, and Orchard Loop trails; and vanilla
leaf (Achlys triphylla), in several locations along the North trail.
All of these species were observed in both 2019 and 2020 except for clasping twisted stalk. In
summer of 2019 it was cut down during brush clearing ……………………... It did not emerge in
that location in 2020 and we have not observed it in any other location in the park. Whether this
species continues to exist in the park is unknown.
“Missing” plant species
We did not observe several common, widely distributed, and conspicuous native plants of the low
elevation western hemlock zone that may have been formerly present at the St. Edward Park site.
These include grand fir (Abies grandis), Sitka spruce (Picea sitchensis), deer fern (Blechnum
spicant), and western wild ginger (Asarum caudatum) and false Solomon’s seal (Maianthemum
racemosum). Some of these species occur near the park. At least two large grand firs are present in
O.O. Denny Park (Stokes, pers. obs.), and deer fern and western wild ginger are present near a
wetland on Bastyr University’s Sacred Seeds nature trail just outside St. Edward Park. The latter
two species occurrences may be the result of plantings in the last 10 years (K. Vincent, pers.
67

Stokes, Le, Esquivel, and Samuelson: Camera trap study in St. Edward State Park: 2020 Report

comm.). A thorough plant survey is necessary to determine the status of these and other native plant
species in St. Edward Park. Re-introduction of these species or augmentation of small populations
of these species may be appropriate to further the goal of conserving the park’s native biodiversity.

Table 8. Selected plant species opportunistically observed during camera trap study and regionally
widespread plant species not observed but potentially occurring in St. Edward State Park. In 2020,
we checked for presence of all species that we observed in 2019.
Species
Rare or limited distribution in park:
Oregon ash Fraxinus latifolia
Vine maple Acer circinatum
Serviceberry Amelanchier alnifolia
Phantom orchid Cephalanthera austiniae
Leafless wintergreen Pyrola aphylla
Western white pine Pinus monticola
Clasping twisted stalk Streptopus amplexifolius
Vanilla leaf Achlys triphylla
Pacific waterleaf Hydrophyllum tenuipes
Maidenhair fern Adiantum pedatum
Apparently not present in park:
Grand Fir Abies grandis 3
Sitka Spruce Picea sitchensis
Wild Ginger Asarum caudatum 4
Deer Fern Blechnum spicant 4
False Solomon’s seal Maianthemum racemosum

Observed1
Previously
Year 1 | Year 2 Documented2
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X

Location

No
No
No
No
No
No
Yes
Yes
Yes
Yes

Lakeshore
Wetlands near Holmes Pt. Rd.
Lower North Trail, Shore Trail
South Ridge
South Ridge
South Ridge
North Trail
North Trail
S. Ridge, S. Canyon, Orchard Loop
South Canyon

No
No
No
No
No

NA
NA
NA
NA
NA

Opportunistically observed during camera study. Year 1: May 2018 – June 14, 2019; Year 2: June 15, 2019 – June 2020.
Smith 2006. Vegetation Survey of St. Edward State Park.
3
At least two large individuals at O.O. Denny Park.
4
Present on Bastyr University’s Sacred Seeds Trail.
1
2

CONCLUSIONS
Feasibility of camera trap methodology in St. Edward State Park
Our results demonstrate that camera trap studies are feasible in St. Edward State Park, and suggest
their feasibility in other parks and greenspaces in the region. Our cameras recorded large numbers
of identifiable images of diverse species, including some species not previously documented at St.
Edward State Park, allowing us to reliably establish their presence and activity in a wide range of
habitats. The cameras were especially effective at detecting the predator species that were the main
focus of this study; there were few images of possible predators that could not be reliably identified
to species. We also recorded numerous occurrences of smaller species (e.g., squirrels, birds), and in
most cases, the detected animals were identifiable to species with high reliability. Even very small
mammals (deer mice) were detected and were sometimes identifiable to genus.
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Although the camera trap methodology proved generally effective, detection and identifiability of
very small animals were sensitive to the specific conditions and configuration of camera sites. Key
variables included distance from camera to the target area, camera height and angle of camera view
relative to the ground, and amount of vegetation in the field of view. Within the range of sites in our
study, differences in these variables seemed to have little effect on detection and identifiability of
animals that are squirrel-size and larger. Camera type appeared to have a small effect on image
quality, with low-glow cameras generally producing clearer images of animals at night than noglow cameras. Again, this did not affect identifiability of larger animals, but no-glow cameras
produced lower proportions of identifiable nighttime images of small animals. No difference in
identification reliability between camera types was observed for daytime (color) images. Thus, in
designing a study to draw comparative inferences about small, nocturnal animals, differences in
camera sites and models are important considerations.
Potential human interference must also be a consideration in pursuing camera trap research in urban
greenspaces. We consider the rate of camera loss in this study to be significant but tolerable given
the information gained. During the 2-year study, with a total of more than 8,000 camera-days of
deployment of 31 cameras, seven cameras were taken, and six were tampered with to the extent that
some data was lost. A major determinant of vulnerability to human disturbance was camera
location. Most cameras that were taken or tampered with were in locations heavily visited by
people: along the most heavily used unofficial trails and at shore sites where people tend to linger
rather than simply pass by. Unfortunately, these may be important locations for wildlife, and
therefore they are of research interest. Successful camera deployments in such areas require noglow models equipped with security features (e.g., cable locks, security boxes) and placed in
inconspicuous locations to minimize discovery. To minimize losses, in addition to cryptically
positioning cameras and deploying them in areas lightly visited by humans when possible, we
visited cameras in the early morning hours, when few people are in the park, avoided creating
visible trails to the camera sites, and affixed prominent labels to the cameras indicating their
purpose and ownership.
Finally, while our study has produced substantial new information, the fundamental limitations of
the unbaited camera trap methodology must be recognized. Detection of an animal occurs only
when it happens to pass in front of the camera. Therefore, in all but the largest studies (with large
numbers of cameras), researchers must place cameras in locations where wildlife is expected to
occur. Thus, cameras are not located randomly, constraining the kinds of hypotheses that can be
tested. Further complications arise because small-scale camera site features can strongly influence
results (Kolowski and Forrester 2017). In addition, while an identifiable image can demonstrate the
presence of an animal, the absence of an image of a species does not necessarily indicate the
species’ absence. The meaning of the number of occurrences of a species is also ambiguous;
multiple images of a species could signify multiple individuals or repeated occurrences of one
individual. All of these factors mean that camera trap study design requires careful consideration,
and that additional approaches (e.g., live trapping, tracking, hair traps, etc.) may be useful in
augmenting and validating the results of a camera trap study. The challenges listed above are
especially problematic for the study of small nocturnal species, for which our results reveal little
beyond the presence of species in various habitats. On the other hand, our results demonstrate that
the camera trap approach can add substantially to information about larger species.
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Wildlife in St. Edward State Park
Our results indicate that St. Edward park is a rich repository of native wildlife diversity. Our
cameras, which sampled only a subset of habitat types in the park, detected 12 reliably identified
native mammal species, several of which had not been documented in the park prior to 2018, along
with 26 native bird species. Further study continues to detect new species, with two native mammal
species, flying squirrel and Townsend’s chipmunk, newly detected since our 2019 report.
Opportunistic observations indicate the presence of additional animal species (Tables 7, A2.1), most
notably northern red-legged frog, as well as diverse native plant species such as phantom orchid,
leafless wintergreen, and western white pine (Table 8). Beyond their presence, the status of these
opportunistically observed species in the park is unknown.
Our data also indicate the presence of a robust native mammalian predator guild. Bobcat, coyote,
and raccoon all are consistently present, active, and wide-ranging in the park, and all three species
appear to be reproducing there. River otter is also present, frequently using the park’s beach habitat.
Long-tailed weasel occurs in the park as well, although its activity level is less certain. The frequent
occurrence of diverse native predators suggests that this key element of the ecological community is
contributing to ecological functionality of the park. The prodigious abundance of deer mouse shown
in our small mammal trapping effort, as well as the frequent camera detections of eastern gray
squirrel and eastern cottontail, along with mountain beaver, Douglas squirrel, and other small
mammals, suggests a potentially large prey base for the park’s predators.
The wildlife abundance and diversity in St. Edward exceeds that found in other urban greenspace in
the area (Stokes and Samuelson in prep, Stokes unpubl. data), and the park may be unique in the
Seattle area in its high level of native biodiversity. The fact that St. Edward is a WSP “Gateway
Park” with very high visitation rates gives it particular significance as an accessible location where
the public can experience the native biodiversity of the region (Miller 2005).
While native diversity in the park is high, there are nonetheless some species that appear to be
“missing.” These are widespread species that were probably formerly present in the area where the
park is located but now appear to be absent. The largest of these missing wildlife species, e.g., elk,
cougar, and black bear, are unlikely to be compatible with the spatial and resource constraints of
this urban wildland. However, other species, such as mink, striped and spotted skunk, as well as
apparently missing plant species, such as grand fir, Sitka spruce, and Garry oak (Quercus garryana)
(J. Bakker, pers. comm.) may currently exist in the park, or if not, might potentially exist in the park
in the future if conditions are suitable.
Similarly, some animal and plant species we detected or opportunistically observed appear to be
present but rare. These include flying squirrel, Townsend’s chipmunk, northern red-legged frog,
phantom orchid, leafless wintergreen, western white pine, and clasping twisted stalk. Small
population size, especially anthropogenically caused small population size, is a well-recognized
extinction threat (Gilpin and Soule 1986). The disappearance of clasping twisted stalk in 2020 from
its only known location in the park is a possible example of extinction of a small population from
the park, although a thorough survey is required before such a conclusion can confirmed. The status
of all of these seldom seen species in the park, both the apparently missing and the rare, are
important topics for further investigation. In the interest of conserving the park’s biodiversity,
efforts should be made to more closely assess their population sizes, the habitat conditions they
require, and the status of those conditions in St. Edward Park.
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The diversity of wildlife in the park is likely indicative of the high-quality habitat in St. Edward
Park. The park comprises a relatively large area of mostly intact native forest, with substantial
additional forested habitat in close proximity. The presence of a significant area of mature forest,
some of which is developing old-growth characteristics, is a rarity among wildlands in the Seattle
metropolitan region, and allows the park to support a wider range of animal species than is found in
many other urban wildlands in the area. Maintaining this habitat quality through, for example,
minimizing human disturbance and controlling invasive species, will be important to support the
continued existence of the park’s diverse native fauna.
The park’s diversity of habitats—upland forests at various successional stages, including mature
stages; riparian habitats; wetlands with both permanent and vernal water bodies; and lakeshore
habitats—also appears to be an important factor in maintaining the diversity of wildlife in the park.
The high diversity of wildlife recorded at shore and riparian locations is particularly noteworthy.
This may reflect the unique conditions and resources provided by these habitats, and/or the use of
these habitats as movement corridors. Protection of these habitats for wildlife use will be important
for persistence of some species in St. Edward Park.
Within habitat types, our data suggest a clear edge effect for some species. Bobcat and Douglas
squirrel appear to be strongly associated with interior locations, likely indicating high sensitivity to
human disturbance. Mountain beaver and flying squirrel may also be reliant on interior habitat,
although our sample is limited. Other native species, such as coyote, deer, and racoon appear less
sensitive to edge effects, occurring with substantial frequency at both edge and interior locations.
However, our data suggest that even these more disturbance-tolerant species may depend on interior
habitats for critical functions such as reproduction and rearing of young.
While most of the animals we detected were native species, we also detected six non-native species.
Two of these, rat (Rattus spp.) and domestic cat, were detected infrequently, and nearly exclusively
at the forest edge, suggesting that these species may depend on human-dominated landscapes. A
third non-native, domestic dog unaccompanied by an owner, was also relatively uncommon, and
while dogs occurred farther inside the park than cats and rats, they are probably mostly unleashed
pets that are with their owners and are not present in the park for extended periods of time. These
three species are well known to have the potential for serious negative effects on native species
(Martin et al. 2000, Loss et al. 2013, Doherty et al. 2017); efforts to reduce their presence in St.
Edward Park should be concentrated in edge areas and along official and unofficial trails.
The other three non-native mammals—the eastern gray squirrel, eastern cottontail rabbit, and
opossum—are not confined to edge habitats, but are active throughout the park, including interior
areas, and their ecological effects could be substantial and widespread. As a generalist predator, the
opossum likely preys on small native birds and mammals and may also compete with native
predators. The ubiquitous eastern gray squirrel may compete with the Douglas squirrel and
Townsend’s chipmunk for habitat and food. Similarly, eastern cottontail may feed on plants used by
native herbivores (e.g., mountain beaver, deer). The extent and effects of interactions between nonnative and native species, as well as the degree to which non-natives provide a food source for
native predators, are not known and merit further study.
In an urbanized area, scarcity of interior habitat with low human disturbance can limit disturbancesensitive species. Douglas squirrel, bobcat, mountain beaver, and non-native rat, and domestic cat
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may be useful indicator species for urban wildland habitat quality for disturbance-sensitive species,
with the native species indicating high quality (interior, low disturbance) habitat, and the two nonnatives indicating low quality (edge, high disturbance) habitat. As relatively easy-to-detect species,
greenspace managers may find these species to be practical monitors of habitat value for the species
most at risk in urbanizing landscapes.
St. Edward State Park does not, by itself, encompass enough habitat to support viable populations of
any of the larger wildlife species found in the park, and perhaps some of the smaller species as well.
Thus, the long-term persistence of many species in the park is completely dependent on
maintenance of connectivity between the park and additional habitat. Our results suggest that
currently all of the larger mammal species are crossing secondary roads (although roads present a
hazard to wildlife) and moving along the habitat corridors that connect the park with other
undeveloped habitats. Given the requirement of connectivity for persistence of these species in the
park, these movement corridors must be maintained, and ideally, enhanced. Of particular
importance is connectivity to the north, which leads to potential habitat along the Sammamish
Slough (e.g., Squires Landing Park, the Wayne property in Bothell, and others) and beyond. The
Inglewood golf course offers a major route to the slough, as long as the permeability of the golf
course boundary is maintained.
The lakeshore, which appears to provide unique resources as well as connectivity, offers another
potential route to the north. For the lakeshore to function as an effective wildlife corridor, it must be
a viable route beyond the border of the park and past many privately owned lakefront properties.
Our shoreline inventory between the park and the Sammamish Slough identified many potential
barriers—fences and intensive development—that are likely to impede terrestrial wildlife
movement. The degree to which wildlife can cross these barriers, and the seasonal availability of
beach margins (i.e., in winter when lake level is lower) to provide passage around these barriers, are
topics in need of additional investigation.
A major factor—perhaps the most important factor—influencing the quality of habitat for wildlife
in St. Edward Park is human disturbance resulting from high levels of human visitation and activity
in and around the park. Specific effects of human disturbance are potentially large and complex,
including, for example, excluding disturbance-sensitive species outright, altering species
composition by reducing disturbance-sensitive native species and increasing human-dependent nonnative species, and shifting time of activity to nighttime hours for native predators. Our results
provide evidence that all of these disturbance effects are likely occurring. Reduction and
minimization of human disturbance in the park, particularly in interior areas and during nighttime
and crepuscular hours, when predators are most active, should be management priorities.
As many heavily used trails, official and unofficial, pass through the park, human disturbance is not
limited to park edges, but occurs in the interior as well. Thus, the habitat value of interior areas that
could otherwise serve as strongholds for disturbance-sensitive species, may be compromised by
some of these trails. Reducing human disturbance and its impacts throughout the park is of primary
importance for maintaining the park’s habitat quality and wildlife diversity, and should be a major
focus for management and research in the park. Minimizing disturbance in interior areas, especially
in key habitat areas (riparian forest and lakeshore), and during evening, night and early morning
hours, will be particularly important. Removing unofficial trails that penetrate interior and highvalue habitat areas is one immediately actionable strategy that could benefit wildlife in the park.
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MANAGEMENT RECOMMENDATIONS
St. Edward State Park currently holds a rich diversity of native wildlife. However, in the face of the
urbanization taking place across the region, active management will be necessary to prevent the loss
of much of that wildlife diversity. The primary drivers of defaunation and threats to species in
urbanizing areas are habitat-related—specifically, reductions in habitat size, quality (through many
factors, including human disturbance), connectivity, and matrix quality. The results of our study,
provide guidance for management recommendations that address each of these four drivers of
defaunation at St. Edward Park. Some of our recommendations entail significant effort in
information gathering, planning, design, and implementation. We urge State Parks to devote the
resources necessary to carry them out, including funding (internal and external), as well as
expertise, through partnerships with community, NGO, and university entities.
A. Habitat size.
St. Edward State Park is impressively large relative to other urban wildlands in the area, but it is
nonetheless a small remnant of a formerly continuous and extensive native forest. The park’s small
size presents a problem for many species, constraining their available resources, populations,
territory sizes, and movements. Although limited, options for increasing the size of the park exist
and should be pursued. Greater opportunities exist for substantially increasing the effective size of
the park, i.e., the area of contiguous habitat available to wildlife, and these should also be pursued.
Recommendations:
A1.
Coordinate management of contiguous wildlands. We recommend convening a
collaborative wildlife/habitat management process with managers of contiguous wildlands. These
include: King County (Big Finn Hill Park), City of Kirkland (O. O. Denny Park), and Bastyr
University. The goal of this effort would be to develop coordinated wildlife and habitat
management that would support biodiversity over the combined contiguous ownerships, an area
roughly double the size of the habitat at St. Edward State Park alone. Ecological restoration to
improve habitat and management of human disturbance on the contiguous properties should be
major elements of this effort. In addition to representatives of each of the major wildland
ownerships, parties to this effort should include community members, land conservation NGO’s,
and university scientists. This could be part of a larger regional wildlife connectivity planning
process described below (C3.)
A2.
Help facilitate protection of additional nearby unprotected lands of high habitat value.
As part of the above process, State Parks should work with Forterra, Mountains to Sound
Greenway, King County, the cities of Kenmore, Kirkland, and others to identify additional
greenspace of high habitat value for protection through acquisition, conservation easements, or
other means, in areas near the park. This is particularly important on the north and south sides of the
park, where significant forested lands still exist near the park boundary. A camera trap study on
private property along the north boundary of the park indicates substantial use of this location by
native wildlife, including bobcat and Douglas squirrel (Stokes 2020).
B. Habitat quality and human disturbance
Higher quality habitats can support wildlife populations that are larger and more resistant to
extinction. Thus, a primary management objective should be maximizing the quality of the park’s
wildlife habitat. As we have noted, St. Edward’s natural forest habitat is largely intact and of
exceptionally high quality. However, a variety of types of human disturbance degrade this habitat
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quality and reduction and minimization of human disturbance in the park should be a primary
management focus.
Recommendations:
B1.
Remove/reduce unofficial (user) trails. Unofficial trails created and used by the public
(and their dogs) penetrate many areas of the park that would otherwise be largely undisturbed
interior habitats supporting disturbance-sensitive species. Removal of these trails would result in an
immediate improvement of habitat value for wildlife, and should be a management priority. This
will require substantial effort, as many park users appear not to distinguish between official and
unofficial trails, and some of the user trails are depicted as trails on maps of the park on non-State
Park websites (e.g., AllTrails 2020). In addition to blocking user trail entrances, necessary measures
may include placing barriers for a substantial distance on the user trail, restoration of the trail site,
and signage bearing messages such as “Trail Closed for Wildlife Protection.” The most heavily used
trails are those that connect surrounding residential neighborhoods with official park trails that are
closest to the perimeter of the park. Removing or reducing use of these trails will be a management
challenge, and would probably be most effectively pursued through a collaborative process that
includes neighborhood residents. User trail removal is likely to be a continuing management need.
B2.
Minimize human disturbance of especially critical wildlife habitats: riparian forest,
forested wetland, interior habitats, undeveloped lake shore, and areas where sensitive species
are known to occur. Riparian forest, forested wetland, interior forest, and undeveloped lakeshore
habitats are especially important for wildlife, and should be a primary focus of park management
and planning. Human incursions in these habitats should be avoided and unofficial trails in these
habitats should be removed. No new trails should be constructed in these areas. In addition, the area
……………………………………………………… is the site of both Phantom orchid and leafless
wintergreen. Avoidance of these areas should be part of the permitting process for organized groups
using the park for summer camps, orienteering, etc. Park management should also consider the
wildlife impacts of boat anchoring close to the St. Edward shore for extended periods (e.g.,
overnight) and develop a policy on anchoring within 100 m of the lake shore.
B3.
Re-locate short sections of the Beach trail. Undeveloped lakeshore is a particularly highvalue habitat for wildlife, and is also an environment that park users want to visit. We recommend
re-routing parts of the park’s Beach trail so that short sections of the trail are slightly farther from
the lake shore, and human access to the lakeshore is discouraged by natural barriers (logs, native
shrubs, etc.). Opportunities for such re-routes exist in several places along the current trail. Beach
access for people would still be available at most of the currently accessible locations. Authors of
this report could work with WPS staff to identify 2-3 suitable locations for these re-routed sections.
B4.

Increase communication of requirements for visitors to
a) stay on official trails
b) keep dogs leashed and clean up after pets
c) not feed wildlife
Off-leash dogs, and dogs and humans on unofficial trails are particularly problematic for wildlife.
Communications on these matters could include explanation of the wildlife-related reasons for these
rules. Parks personnel are best positioned to determine how to achieve the highest level of
compliance.
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B5.
Schedule park activities, both day-to-day activities and special events, to minimize
human disturbance of wildlife. This includes:
a) continued closure of park trails, including bike trails, at night, perhaps with expanded
closure hours
b) avoiding noise- and disturbance-causing activities throughout the park, and particularly
in the undeveloped areas in the park (e.g., trail runs) in the late evening, night, and
early morning hours.
Closure of trails in especially valuable habitat (e.g., South Canyon and North trails) in early
morning and evening hours could be considered if Parks managers think this is workable.
B6.
Ensure operations in the park, including those of lessees, do not degrade wildlife
habitat. Activities in the seminary area, which is near the center of the park, have the potential to
cause diverse and serious disturbance to wildlife in large portions of the park. State Parks should
actively ensure that its activities, as well as those of its lessees, do not negatively affect wildlife. Of
particular concern are practices related to nighttime human activities, food waste management, pest
control, landscape maintenance, noise, and night lighting. These should all be conducted in ways
that do not negatively affect wildlife or degrade habitat quality in the park. If no official policies on
wildlife-friendly practices with respect to these activities exist, they should be developed as soon as
possible. Similar considerations apply to park maintenance activities. For example, mechanical leafblowing of trails produces extreme noise in interior areas of the park, and should be avoided. Trail
brushing should be managed so that rare plant species are not damaged.
B7.
Control invasive species. Non-native invasive plant species can substantially degrade
native habitat quality, and several invasives are rapidly increasing in St. Edward State Park (Stokes
et al. 2014, 2017; Lopez and Stokes 2016). Control of these species, particularly the shade-tolerant
and potentially system-transforming species (English ivy, English holly, cherry laurel, and
Portuguese laurel), should be pursued immediately to minimize their impact and to achieve control
as quickly and as cost-effectively as possible. As of 2020, State Parks has controlled large holly and
laurel in some parts of the park using an injected herbicide technique. This effort is commendable,
and the technique appears to have been effective in the areas where it has been pursued. This effort
should be extended to the whole park.
English ivy appears to be spreading particularly rapidly in many areas of the park. Spread of this
species dramatically reduces biodiversity, and control is urgently needed. The ivy invasion is
especially serious near the lake shore and at several forest sites along trails. Control of ivy in those
areas should be a top management priority.
C. Habitat connectivity
Long-term persistence of some species at St. Edward State Park absolutely depends on movement
of individuals to the park from habitats elsewhere. At present, wildlife movement appears to be
occurring in de facto corridors. It is essential that those corridors be maintained, and, if possible,
enhanced. Particularly important are connections that allow access to the Sammamish Slough
(Inglewood Golf Course and the Lake Washington lakeshore).
Recommendations:
C1.
Maintain wildlife movement from the park to Inglewood Golf Course. Park managers
should work with King County, City of Kenmore, Northshore School District, and Inglewood Golf
Club to ensure that wildlife passage is facilitated at this critically important linkage between St.
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Edward and the Inglewood Golf Club. At the least, this would mean 1) maintaining the current
wildlife-porous southern boundary of the golf course and 2) protection of greenspace (e.g., through
acquisition or conservation easement) of the undeveloped property between the golf course and St.
Edward Park. Additional measures that could amplify the value of this corridor include: increasing
the porosity of the golf course’s south border fence, barrier fencing on the west side of Juanita
Drive near Arrowhead Drive to reduce wildlife road mortality, forest restoration (e.g., invasive
species removal) on the undeveloped property between the park and the golf course, and
establishing more native forest conditions on a wildlife travel route through the golf course to the
Sammamish Slough.
C2.
Improve wildlife movement potential along the shore of Lake Washington and the
Sammamish Slough. Our inventory of the lakeshore between St. Edward and the Sammamish
Slough discovered multiple locations with tall fences extending from well inland to the shore, as
well as several short sections of hardscape development on the shore that are likely barriers to
animal travel. We recommend an education effort directed at lakeshore property owners to
encourage them to modify their fencing and other barriers to make the shore more conducive to
wildlife movement. In places where intensive lakeshore development would be difficult to alter,
options for alternative routes for wildlife travel (e.g., inland of the lakeshore) should be
investigated. In light of the need for further investigation of animal movement along the lakeshore,
including some of these landowners in the information gathering effort (e.g., by posting wildlife
cameras on their property), may engage them with the effort to improve conditions along the shore
for wildlife. Conversations with the local public over the past year about our research suggest that
some residents may be interested in participating.
C3.
Plan for wildlife connectivity at a regional scale. Wildlife connectivity at a regional
scale—eastward along the Sammamish Slough (e.g., Squires Landing, Wayne property, etc.) and
beyond—will be necessary to maintain wildlife at St. Edward Park. Planning for wildlife passage at
the regional scale, which could include the process outlined in Section A above, should seek to
maintain connectivity among the various remaining areas of habitat in the Northshore region. This
effort should include King County, Washington Dept. of Fish and Wildlife, Northshore cities, and
others. As an initial step, a GIS analysis of existing and protected habitats, barriers, and potential
bottlenecks should be undertaken to identify critical locations for connectivity. University partners
could assist with this analysis.
C4.
Facilitate wildlife-friendly road crossings of roads passing through the park. Roads are
a major threat to many wildlife species, both as a barrier to movement and as a novel mortality
threat. Nonetheless, in order to persist in St. Edward, many species will need to cross roads. State
Parks should review all roads within and bordering St. Edward State Park for possible changes to
design and management (speed limits, signage, etc.) to make them more wildlife friendly. Culverts
crossing under roads, which are often small diameter and capped with grates, should also be
reviewed for accommodation of wildlife movement. Public education around matters of wildlifesafe driving may also help reduce road mortality. These should occur in the fall, which appears to
be the season of greatest movement of most native species.
D. Conditions in developed areas surrounding the park
Even if habitat conditions are favorable within a park, conditions and activities in the area
surrounding the park (the matrix) can reduce the value of the park as a habitat for wildlife.
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Examples of habitat degrading conditions in the matrix include: automobile traffic, domestic
animals, pesticide use and rodent control, garbage and food waste, night lighting, and noise. Nonnative animals often thrive under such conditions, while many native species, particularly those
most threatened by urbanization, do not. Efforts to minimize these conditions in areas around St.
Edward Park will improve the capacity of the park to support native wildlife.
Recommendations:
D1.
Educate local business operators. State Parks should seek to engage businesses near the
park (e.g., along Juanita Drive) to educate them on their wildlife impacts and encourage them to
adopt wildlife friendly practices in their landscaping, management of food waste, pesticide use,
rodent control, and storm water management. This could include educating them about
opportunities to seek green certification, such as Salmon-Safe Certification (Salmon-Safe 2019).
D2.
Educate local residents. Engagement of the local public around the park’s wildlife could
result in improved conditions in the matrix. Particularly important is education around wildlifefriendly landscaping and fencing, controlling domestic animals (especially cats and dogs), securing
of food waste, low impact rodent control, and minimizing of night lighting and noise.
D3.
Coordinate with public works and transportation departments of cities of Kenmore and
Kirkland to implement wildlife friendly fencing, landscaping, street design, speed limits, and
stormwater management in locations near St. Edward Park.
E. Other management recommendations
In addition to these habitat-related management recommendations, we also recommend:
E1.
Additional research. There is still much that is not known about wildlife in St. Edward
State Park, and additional research on many topics is needed to inform management that will
effectively conserve wildlife and the park’s ecosystems. See Research Needed section below.
E2.
Establishment of a wildlife conservation advisory committee for the park. A committee
with members drawn from State Parks staff, local governments, conservation groups, the local
community, and academia could help in refining and implementing many of the recommendations
presented here. Such a group would bring diverse expertise to bear on wildlife conservation in St.
Edward, and at the same time provide the broad perspective necessary to address aspects of St.
Edward wildlife conservation that extend beyond the boundaries of the park. This group could also
contribute to activities suggested in recommendations A1 and C3 above.
E3.
Ongoing wildlife monitoring. As wildlife management practices are implemented, it will
be important to know whether these measures are effective or if changes are needed. Therefore,
monitoring of wildlife in the park should be ongoing. Particularly useful will be monitoring of
animals we provisionally consider habitat indicator species: bobcat, Douglas squirrel, and mountain
beaver (positive indicators) and domestic cat and rat (negative indicators). This can be
accomplished with a camera trap approach, using our results as a baseline. Participation by
university faculty and students, with assistance from local K-12 students, Wilderness Awareness
School, and local community members can facilitate this process. This may also be an effective
mechanism for engaging the community in wildlife conservation in the park.
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RESEARCH NEEDED
The results of our study demonstrate the feasibility of a camera trap research methodology in St.
Edward Park, and provide an initial description of the park’s mammalian diversity and, activity. The
fact that the study continued to make new discoveries in the year since our 2019 report suggests that
continuation and expansion of the study can produce new and useful information, including possible
documentation of additional species not presently known to exist at the park. With additional
camera sites, and controlling for site and camera differences, we can use camera data to test diverse
hypotheses to provide insights that can inform management for effective wildlife conservation in
the park. Research topics of particular importance include:
More complete characterization of the biodiversity in the park.
More comprehensive information on the presence and status of mammal species, both those already
detected, and those that appear to be rare or missing, is needed. Of special interest are several
species that are present but appear to be rare: flying squirrel, a potentially important fungal
disperser and prey species; Townsend’s chipmunk; and long-tailed weasel. Species that we have not
observed that are potentially present and detectable by camera trap include mink, spotted skunk, and
striped skunk.
In the coming year, we will continue camera trap sampling for a more complete survey of
the park’s wildlife. Sampling of habitat types that have not been sampled sufficiently—wetland,
lakeshore, and interior upland forest—will contribute to a more robust picture of the mammalian
fauna of the park. We will design sampling to allow more definitive characterization of seldom
detected species (e.g., flying squirrel, Townsend’s chipmunk, and long-tailed weasel).
We will also continue opportunistic sighting of non-mammalian species of conservation
interest. These include northern red-legged frog, phantom orchid, leafless wintergreen, and clasping
twisted stalk, as well as species that may be present but have not been recorded, such as grand fir
and Sitka spruce. The status of rare and missing species, the habitat conditions they require, and the
status of those conditions in St. Edward Park are important topics of conservation significance
worthy of further study. In particular, thorough surveys of plants and amphibians in the park are
needed. The many previously undocumented plant species that we observed opportunistically
suggests that a botanical survey may discover a substantial number of new plant species in the park.
Habitat connectivity and animal movement
Beyond characterization of species presence and absence, several aspects of urban wildlife ecology
are in need of investigation to inform park management for effective conservation of the park’s
wildlife. A critical topic is habitat connectivity and wildlife movement. We will continue to
characterize wildlife movement into and out of the park through camera trap locations on the north
and south sides of the park and along the lakeshore. However, information is also needed to
determine the level of wildlife use and movement in areas well beyond park boundaries. Possible
corridors include private residential property, and we hope to implement a citizen science effort to
provide data from those locations. In addition, information on animal movement barriers and
bottlenecks throughout the Northshore region is needed, and should be the subject of a GIS analysis.
Roads present potentially serious barriers and mortality threats to wildlife, and more detailed
characterization of wildlife road crossing activity and road hazards is needed. Animal use of the
lakeshore for movement and the status of lakeshore and lakeshore barriers outside the park at
various times of year (as lake level varies) are also important topics for research.
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Wildlife impacts of human disturbance
We expect to analyze our camera trap data (existing and future) to provide a more in-depth
characterization of the wildlife impacts of human activities in the park. How does the presence of
humans affect wildlife distribution and activity? What kinds of activities and in what locations have
greatest impact on wildlife? How do special events in interior habitats (e.g., trail running events)
affect wildlife? We expect to pursue these questions, for example, by establishing camera sites in
interior areas of the park that are less subject to human activity (wildlife trails without frequent
human use) for comparison with interior sites along more heavily used unofficial trails. Greater
understanding of human disturbance impacts can better inform park management to protect wildlife.
Nocturnality of predators
A shift to greater nocturnality among predators potentially has important ecological effects (Wang
et al. 2015, Gaynor et al. 2018, Smith et al. 2018), such as changing predator diets, reducing
predation pressure on diurnal prey, and increasing predation on nocturnal species. The importance
of such changes at St. Edward is not known. Additional data on wildlife occurrences in different
locations within St. Edward will help us better characterize timing of predator activity and
ecological impacts of changes in time of predator activity. Comparison of predator activity times at
St. Edward with those of a nearby but less urban site could aid in understanding the degree to which
human disturbance has shifted predator activity toward nighttime hours at St. Edward.
Impacts of non-native species
All six of the non-native mammals we have documented in St. Edward Park could have negative
effects on native species and ecosystems of the park. Two species appear to have the potential to be
especially problematic: Virginia opossum, a generalist mesopredator, and eastern gray squirrel, a
potential competitor with Douglas squirrel and Townsend’s chipmunk. Review of scientific
literature on these species and their ecological impacts is a first step in assessing the potential for
impacts at St. Edward Park. In the future, diet studies of these two species would be useful in
determining their possible impacts. If serious impacts on native wildlife are established, possible
mitigation strategies should be investigated.
Impacts of mushroom harvesting in the park
In fall and spring, we observed numerous people collecting mushrooms in the park, some of whom
were gathering substantial quantities (e.g., grocery bags full) along official trails as well as off-trail.
A key element of native old-growth PNW forest is an abundance of fungal species, and St. Edward
appears to host high fungal abundance and diversity. This fungal diversity may be partly responsible
for the high diversity of other taxa in the park. For example, flying squirrel and Douglas squirrel
rely heavily on fungus and may benefit from management that promotes proliferation of fungi
(Johnston et al. 2019). Two of the newly documented plants (phantom orchid and leafless
wintergreen) are also fungus-dependent. The impacts to fungal abundance and diversity of the
harvest of mushrooms by park visitors are unknown, and should be investigated. In the absence of
information on impacts of the harvesting, management should seek to prevent this activity.
Use of official park trails by wildlife
We have not deployed cameras on official park trails. However, we expect that wildlife may make
use of these trails, perhaps to a great extent. To more fully characterize mammal species, and their
activity and movement patterns in the park, camera traps monitoring wildlife use on official trails
would be a useful addition to our study.
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Figures:
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Table

Appendix 3

Sample photographs of all reliably identified (“certain” or “probable”) mammal
species recorded by St. Edward study camera traps
A1.1
A1.2
A1.3
A1.4
A1.5
A1.6
A1.7
A1.8
A1.9
A1.10
A1.11
A1.12
A1.13
A1.14
A1.15
A1.16
A1.17
A1.18
A1.19
A1.20
A1.21
A1.22
A1.23

Bobcat, site 2
Bobcat, site 2
Coyote, site 21
Coyote, site 25
Raccoon, site 1
Raccoon, site 18
River otter, site 5
River otter, site 5
Long-tailed weasel, site 18
Virginia opossum, site 2
Domestic dog, site 14
Domestic cat, site 17
Black-tailed deer, site 8
Douglas squirrel, site 2
Townsend’s chipmunk, site 30
Flying squirrel, site 22
North American beaver, site 5a
Mountain beaver, site 3
Deer mouse, site 3
Eastern gray squirrel, site 24
Eastern gray squirrel, site 16
Eastern cottontail rabbit, site 6a
Non-native rat (Rattus), site 18

Bird species opportunistically observed during study
A2.1

Bird species opportunistically observed in St. Edward State Park
during camera trap study.

Study personnel
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Appendix 1. Figures A1.1 – A1.20. Sample photographs of all reliably identified (“certain” or
“probable”) mammal species recorded by St. Edward study camera traps

Figure A1.1. Bobcat on log 10 m above creek at site 2, May 28, 2019.

Figure A1.2. Bobcat at site 2, June 4, 2020
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Figure A1.3 Coyote on user trail at site 21, April 7, 2019.

Figure A1.4 Coyotes walking in creek bed at site 25, May 24, 2020.
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Figure A1.5. Raccoon in creek bed at site 1, June 5, 2018.

Figure A1.6. Raccoons in creek bed at site 18, June 2, 2019.
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Figure A1.7. River otter on beach at site 5, April 14, 2019.

Figure A1.8. River otters coming ashore on beach at site 5, Mar. 25, 2019.
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Figure A1.9. Long-tailed weasel running on log across creek at site 18, May 28, 2019.

Figure A1.10. Virginia opossum on log 10 m above creek at site 2, October 27, 2018.
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Figure A1.11. Domestic dog running through brush at site 14, June 4, 2019.

Figure A1.12. Domestic cat on user trail at site 17, 3:24 AM, May 5 ,2019.
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Figure A1.13. Black-tailed deer on user trail at site 8, April 8, 2019.

Figure A1.14. Douglas squirrel climbing a branch on log at site 2, May 19, 2018.
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Figure A.15. Townsend’s chipmunk (Neotamias townsendii) at site 30, June 13, 2020.

Figure A.16. Flying squirrel (Glaucomys spp.) at site 22, Jan. 1, 2020.
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Figure A1.17. North American beaver on beach at site 5a, May 10, 2020.

Figure A1.18. Mountain beaver in creek bed at site 3, October 29, 2018.
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Figure A1.19. Deer mouse (Peromyscus spp.) in creek bed at site 3, June 2, 2019.

Figure A1.20. Eastern gray squirrel at site 24, May 18, 2019.
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Figure 21. Three eastern gray squirrels at site 16, August 12, 2019

Figure A1.22. Eastern cottontail rabbit standing on user trail at site 6a, May 25, 2020.
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Figure A1.23. Non-native rat (Rattus spp.) crossing creek on log at site 18, June 13, 2019.
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Appendix 2
Table A2.1. Bird species opportunistically observed1 in St. Edward State Park during camera trap
study. * indicates species also recorded by camera trap and reliably identifiable (“probable” or “certain”);
see Table 4). Observations since first-year report (June 15, 2019 – June 30, 2020) highlighted.
Species
Great blue heron Ardea herodias*
Barred owl Strix varia*
Great horned owl Bubo virginianus
Red-tailed hawk Buteo jamaicensis*
Cooper’s hawk Accipiter cooperii
Bald eagle Haliaeetus leucocephalus*
Osprey Pandion haliaetus
Belted kingfisher Megaceryle alcyon
Band-tailed pigeon Patagioenas fasciata*
Pileated woodpecker Dryocopus pileatus*
Northern flicker Colaptes auratus*
Hairy woodpecker Leuconotopicus villosus*
Downy woodpecker Picoides pubescens
Red-breasted sapsucker Sphyrapicus ruber*
Pacific wren Troglodytes pacificus*
Bewick’s wren Thryomanes bewickii
Black-capped chickadee Poecile atricapillus*
Chestnut-backed chickadee Poecile rufescens*
Golden-crowned kinglet Regulus satrapa
Ruby-crowned kinglet Regulus calendula *
Red-breasted nuthatch Sitta canadensis
Brown creeper Certhia americana*
Olive-sided flycatcher Contopus cooperi
Wilson’s warbler Cardellina pusilla
Swainson’s thrush Catharus ustulatus*
American robin Turdus migratorius*
Varied thrush Ixoreus naevius*
American crow Corvus brachyrhynchos*
Common raven Corvus corax
Steller’s jay Cyanocitta stelleri*
Purple finch Haemorhous purpureus
Spotted towhee Pipilo maculatus*
Song sparrow Melospiza melodia*
Dark-eyed junco Junco hyemalis*
Pine siskin Spinus pinus
Dipper Cinclus mexicanus
American coot Fulica americana
Canada goose Branta canadensis*
Trumpeter swan Cygnus buccinator
Common merganser Mergus merganser
Mallard duck Anas platyrhynchos*
Gadwall Mareca strepera*
Wood duck Aix sponsa
Bufflehead Bucephala albeola
Common goldeneye Bucephala clangula
Ring-necked duck Aythya collaris
Double-crested cormorant Phalacrocorax auritus
1
2

Observer2

Mode
Certainty of
of detection species ID

DS
Seen
DS
Seen, heard
DS
Seen, heard
DS, NS
Seen
DS, NS
Seen
DS, AM
Seen, heard
DS, AM
Seen, heard
DS, AM, NS
Seen
DS
Heard
DS, AM, NS Seen, heard
DS, NS
Seen, heard
DS
Seen, heard
DS
Seen
DS
Seen
DS, NS
Seen, heard
DS
Seen, heard
DS, AM
Seen, heard
DS
Seen, heard
DS
Seen
DS
Seen
DS
Heard
DS
Seen
DS
Heard
DS, AM
Seen
DS, NS
Heard, seen
DS, NS, AM Seen, heard
DS, AM
Seen, heard
DS
Seen, heard
DS, NS
Seen, heard
DS
Seen, heard
DS
Seen
DS, AM
Seen, heard
DS, AM, NS Seen, heard
DS, AM
Seen, heard
DS
Seen
DS, KL,SK,NB
Seen
DS, AM
Seen
DS, AM
Seen
DS, NS
Seen
DS, NS
Seen
DS, AM, NS
Seen
DS, AM
Seen
DS
Seen
DS, AM
Seen
DS, AM
Seen
DS, AM
Seen
DS
Seen

Certain
Certain
Certain
Certain
Probable
Certain
Certain
Certain
Probable
Certain
Certain
Certain
Certain
Certain
Certain
Probable
Certain
Certain
Certain
Certain
Certain
Certain
Probable
Certain
Certain
Certain
Certain
Certain
Certain
Certain
Probable
Certain
Certain
Certain
Certain
Certain
Certain
Certain
Certain
Certain
Certain
Certain
Probable
Certain
Probable
Certain
Probable

Location
Lakeshore
Many locations
Seminary Tr., Arrowhead Tr.
S. Canyon trail
Edge of play area
Lakeshore, North Tr., upper S. Ridge
North Tr.
Lakeshore
North Tr., S. Ridge Tr.
Many locations
Many locations
Many locations
North Tr.
North Tr., S Ridge Tr., Lakeshore
North Tr., S. Canyon Tr.
Beach Tr., SE Edge
Many locations
Beach Tr.
North Tr., SE Edge, S. Canyon Tr.
200 m W of site 16
North Tr., S. Ridge Tr.
North Tr., Seminary Tr., SE Edge
North Tr.
S. Canyon Tr., North Tr.
Many locations
Many locations
Many locations
Many locations
S. of Holmes Pt Rd, S. Canyon Tr.
Many locations
North Tr.
Many locations
Many locations
Many locations
Beach Tr.
Lakeshore/beach
On lake < 20 m of shore
On lake, < 20 m of shore
On lake, < 10 m of shore
On lake, < 10 m of shore
Beach, on lake <10 m of shore
On lake, < 10 m of shore
On lake < 20 m of shore
On lake < 10 m of shore
On lake, < 10 m of shore
On lake < 10 m of shore
On lake, < 20 m of shore

All species identified with a high degree of reliability.
DS: David Stokes, NS: Nathan Samuelson, AM: Amy McKendry, NB: Noah Bomar, KL: Kevin Le, SK: Shannon Krull
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Appendix 3

Study personnel:
David Stokes, PhD. Spring 2018 – Spring 2020
Professor, Ecology and Conservation Biology
School of Interdisciplinary Arts and Sciences
University of Washington Bothell
18115 Campus Way NE
Box 358530
Bothell, WA 98011-8246 USA
phone: (425) 352-3665
email: dstokes@uw.edu

Nikolaus Burns, Spring 2018
Undergraduate student/graduatte
Environmental Studies
University of Washington Bothell, graduated June 2018
Nathan Samuelson, Fall 2018 – Fall 2019
Undergraduate student/graduate
Environmental Studies
University of Washington Bothell, graduated Dec. 2019
Kevin Le, Winter – Winter - Summer 2020
Undergraduate student/graduate
Biology
University of Washington Bothell, graduated June 2020
Hector Esquivel, Winter – Fall 2020
Undergraduate student/graduate
Biology
University of Washington Bothell, graduated June 2020
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