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ABSTRACT 

 

In many regions across the United States, the apex canid and felid predators have been extirpated. 
Mesopredator release has resulted in medium-sized canids and felids, such as coyotes, shifting to 
occupy the apex predator role. Due to trophic cascade, it is essential to understand the habitat needs 
of these new apex predators to conserve the ecological roles that they fulfill. I investigated the 
relationship between coyote habitat use and several environmental and recreational factors. The 
environmental factors included were tree density, average diameter at breast height, percent native 
tree species, and canopy density. The recreational factors included were human recreation intensity 
and dog recreation intensity. I used trail cameras and vegetation surveys to capture coyote habitat 
use and the other factors tested. The nine trail cameras were operational for 194 and a total of 
11,305 pictures were included in the analysis. Three of the six factors tested were significant in 
the generalized linear mixed effects model. Tree density was significant and had a negative 
correlation with coyote observations. Human recreation intensity and dog recreation intensity were 
both significant; however, human intensity was negatively correlated with coyote observations 
while dog intensity was positively correlated with coyote observations.  
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INTRODUCTION 

 

The United States spends billions of dollars every year to combat invasive species. Of the 

approximately 50,000 nonnative species in the United States, 4,300 are considered invasive, and 

these invasive species are responsible for 400 species being listed as endangered through the 

Endangered Species Act (“FAQs - Invasive Species - U.S. Fish and Wildlife Service” 2012). 

However, the idea of the “novel ecosystem” has recently emerged in the invasive species literature. 

The novel ecosystem concept focuses on managing ecosystems with a specific purpose in mind, 

such as mitigating climate change, rather than returning the system to its original state (Hobbs et 

al. 2009). Hobbs et al. (2009) suggests three possible management decisions based on whether or 

not restoration to a historical state is possible: 1) restoration to historical state, 2) restoration of 

key system structures and functions, and 3) acceptance of a novel system.  

Novel ecosystems are characterized by new combinations of species, the possibility of 

changes in ecosystem functioning, and human drivers (Hobbs et al. 2006). In Tilden Regional 

Park, located in the San Francisco Bay Area, Eucalyptus trees were imported and planted as timber 

plantations between 1905 and 1920. However, the lumber was of low quality and therefore held 

little economic value. This resulted in the plantations being abandoned and the Eucalyptus trees 

spreading to create the mosaic of Oak-Bay woodland and Eucalyptus forests that is evident today 

(Nicoles). There are not significant differences in species richness and diversity between the native 

Oak-Bay and Eucalyptus habitats; however, there are significant differences in species 

compositions (Sax 2002).   

Despite the negative impacts of invasive species on many native species, it is possible for 

native wildlife to adapt to novel ecosystems. Elk and white-tailed deer activity is higher in areas 

invaded by spotted knapweed because knapweed contains a similar energy and protein content to 

native forage, but it is more easily acquired during the winter months (Wright and Kelsey 1997). 

Some cases in which native wildlife would not benefit from an exotic species, include if the 

richness and diversity of native plants decreased because of an invasion which would result in a 

reduction of habitat and resources for native vertebrates (Steidl et al. 2013). Furthermore, the 

changes in habitat and resource availability can cascade and alter predator-prey interactions. For 

example, cheatgrass is a non-native plant that grows more densely than does its native counterpart 
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which limits movement of species such as side-blotched lizards and deer mice which makes 

foraging and fleeing predators difficult (Litt and Pearson 2013).  

Preserving predator-prey interactions and other important ecological functions is 

imperative to overall ecosystem health. Coyotes serve several important ecological functions. They 

exert a regulatory effect on both prey species and other mesopredators. In areas where hunting is 

prohibited, such as wildland-urban interfaces, coyotes and other natural predators may be the 

primary, or even only control on herbivore pest species such as deer and squirrels (Jones et al. 

2016). As a result of trophic cascade, bird diversity is higher when coyotes are present because 

populations of mesopredators such as domestic cats, raccoons, and possums that prey on birds are 

lower (Crooks and Soulé 1999). Unfortunately, coyotes are sensitive to habitat fragmentation. 

Therefore, if a habitat type is not suitable habitat for coyotes, then there will be a decreased 

probability of occurrence and less coyotes will be detected in the habitat type (Crooks 2002). 

Aside from habitat fragmentation, coyotes can also be displaced by recreation. In Orange 

County, coyotes are spatially and temporally displaced by recreation in a nature reserve. The 

spatial shift was due to human recreation, while the temporal shift was due to dog recreation 

(George and Crooks 2006). Although, there have been studies of recreation effects on coyotes that 

found neutral or even positive effects (Larson et al. 2016). Positive effects could be due to 

habituation to humans. To habituated wildlife, humans can be viewed as a low-effort food source 

(George and Crooks 2006). 

The objective of this study was to determine whether selectively thinning Eucalyptus trees 

was meeting the Wildfire Hazard Reduction, Resource Management Plan’s objectives. The plan 

was implemented by East Bay Parks after the Fish Ranch Road fire (1970) and the Tunnel Road 

Fire (1991) (Nicoles). The plan involves reducing wildfire risk through fuel breaks along the 

boundaries of parks and selectively thinning Eucalyptus trees. One of the objectives stated in the 

plan is to maintain habitat and ecological function. Since coyotes perform several important 

ecological functions, it is imperative that their habitat be conserved.     
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METHODS 

 

Study site   

 

 Tilden Regional Park encompasses 2,079 acres of land and is managed by the East Bay 

Regional Park District (“Tilden Regional Park” n.d.). It is located in Contra Costa County which 

has a Mediterranean climate (Sax 2002). The land was purchased by East Bay Parks in 1983 from 

East Bay Municipal Utilities District. Previously, it was part of a protected watershed with minimal 

management. Before Eucalyptus was introduced, grazing was the only management technique 

used.  

 The landscape is mostly two habitat types: Oak-Bay woodland and Eucalyptus forest. Oak-

Bay woodland primarily consists of Coast live oak (Quercus agrifolia) and California bay laurel 

(Umbellularia californica) with a sparse understory. The vegetation species composition of the 

understory varies based on the amount of light that penetrates the canopy. Species such as poison 

oak and woodfern are common in areas with closed canopies whereas California Blackberry, salal, 

and starflower are common in areas where more light penetrates to the ground (LSA 2009).  

 The Eucalyptus habitat is predominantly Bluegum Eucalyptus (Eucalyptus globulus), 

which were originally planted as plantations between 1905 and 1920 but were subsequently 

abandoned (Nicoles). The understory is primarily non-native although Toyon (Heteromeles 

arbutifolia) and Coyote Brush (Baccharis pilularis) do occur. During the duration of the study, 

fuel reduction treatments were being conducted throughout the park in accordance with the 

Wildfire Hazard Reduction, Resource Management Plan, including selectively thinning 

Eucalyptus trees. Therefore, I divided Tilden into three habitat types of interest: 1) Oak-Bay 

woodland, 2) thinned Eucalyptus, and 3) unthinned Eucalyptus.  

 

Study organism 

 

 Coyotes (Canis latrans) are an adaptable species that are common from 8N (Panama) to 

70N (Alaska) (IUCN 2008). Coyotes can live 10-14 years and grow to a size of 76-100 cm and 

weight of 8-20 kg. They are either ‘residents’ that defend territory or ‘transients’ that have nomadic 

tendencies (Hinton et al. 2015). Residents tend to live as breeding pairs and the size of their 
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territory is limited by their ability to defend it. Because transient coyotes tend to wander, they ‘use’ 

more habitat than residents do. Coyotes are omnivorous, opportunistic feeders, and their diet can 

include small mammals, birds, reptiles, large invertebrates, carrion, and even some plant matter.  

 

Trail cameras 

 

To identify the three habitat types of interest, I used GIS files and management records 

from East Bay Regional Park District. To select possible study sites, I used a random point 

generator in ArcGIS (2016) based on two criteria: 1) must be located in one of the three habitat 

types of interest and 2) must be within 15m of a trail. The trail criterion was included to increase 

accessibility for data retrieval. To maximize the chance of wildlife detection, I placed the nine 

Moultrie 880i Gen2 cameras at each site within one meter from the ground on trees that were 

located next to the trail. I directed the field of view of the camera down the trail to maximize the 

amount of time that the animal was within view of the camera and therefore increase the chance 

that the camera’s motion sensor would be triggered. The trail cameras were installed the last week 

of May 2016 and remained in the field until the May 2017. During this time, I checked the cameras 

every two to four weeks to switch out the memory cards for blank cards. I reviewed the pictures 

from the memory cards and recorded the date, timestamp, temperature, species, and number of 

animals in each picture in an excel spreadsheet.  

 

Vegetation surveys  

 

 To gather landscape factor data, I conducted vegetation surveys on all nine study sites on 

October 8th and 9th, 2016. Each study site consisted of a 15x15m square with the camera as the 

center. I used a half meter quadrat placed 15m from the camera to estimate ground cover based on 

vegetation functional groups. Four quadrats per plot were sampled in each of the cardinal 

directions. I used a spherical densiometer to take four canopy density measurements per site while 

standing one meter in front of the camera and facing North, South, East, and West. The four canopy 

density readings were averaged to give a single canopy density measurement per site. I used a 

diameter tape to measure the diameter at breast height (dbh) of every tree over three inches in 
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diameter contained within the 15x15m study site. Each tree within the square was identified to 

species and tree density was calculated based on the number of trees in each site.  

 

Data analysis  

 

 To compare the coyote events between habitat types, I calculated the number of coyote 

observations per camera trap day at each site. Repeated captures of an individual during a short 

time span (less than two minutes) were removed from the dataset to prevent artificially inflated 

observation values. Total camera trap days was defined as the total number of days that a trail 

camera was operational. I checked the normality of the residuals of a linear model in R with coyote 

observations as the dependent variable. Because the residuals were not normally distributed, I used 

a sine transformation and then performed a generalized linear mixed effects model in R with ‘site’ 

as the fixed effect (R 2014).  

 The random effects used in the generalized linear mixed effects model were the 

environmental and recreational factors. I used tree density, canopy density, and average diameter 

at breast height as random effects in the mixed model. I also included percent native tree species 

as a proxy for the categorical variable of habitat type. I used two recreational factors as random 

effects. The first was human recreation. I normalized the total number of humans seen at a camera 

site by dividing by camera trap day (Figure A5). I used the same normalization method with the 

total number of dogs seen at a camera (Figure A6). In total, I tested six variables, in addition to the 

fixed variable ‘site’, for relation to coyote observations.  

 

RESULTS 

 

Study sites 

 

 Using data from the vegetation surveys, I found that the study sites were similar to each 

other in certain aspects but quite stratified in others (Table 1). I found that the mean overall tree 

density was 0.045 trees per square meter and mean overall tree dbh was 13.22 inches. The tree 

density varied over all three habitat types (Figure A1). Both the least and most dense sites were 

thinned Eucalyptus sites. Canopy density also varied over all three habitat types (Figure A2). All 
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of the Oak-Bay sites had lower average diameters at breast height than all of the treated Eucalyptus 

sites (Figure A3). The most common tree species with in the study sites was Coast Live Oak while 

the least common tree species was California Bay Laurel. The distribution of the Oak-Bay sites 

coincided with the EBRPD vegetation files that I was provided. However, on three of the 

Eucalyptus sites, over half of the trees were Coast Live Oak or California Bay Laurel (Figure A4). 

 
Table 1. Vegetation survey data. PrcntNative is a proxy for the categorical variable tree species. Dog is the number 
of dogs observed at a site normalized by the number of days the camera was functional. Rec is the number of humans 
observed at a site normalized by the number of days the camera was functional.   
 
Site Observations TreeDensity  PrcntNative AvgDBH Dog Rec CanopyDensity 

Te_1 1.33 0.004 0 11 2 78 0.667 

Te_2 0.42 0.031 1 13.29 18 76 0.839 

Te_3 0.96 0.1 0.67 15.47 4 9 0.784 

Te_4 1 0.053 0 19.31 23 74 0.704 

E_1 1.07 0.02 0 26.36 21 50 0.623 

E_2 0 0.089 0.75 7.98 20 103 0.693 

Ob_1 0.94 0.02 1 7.08 1 10 0.888 

Ob_2 1 0.058 1 8.67 208 75 0.808 

Ob_3 1.2 0.031 1 9.83 134 36 0.693 

 

Trail cameras 

 

In total, the nine trail cameras were operational for 194 camera days. The cameras at sites Ob_1 

and Ob_3 malfunctioned during the study period and were replaced. The camera at site Ob_2 

malfunctioned, but was fixed in the field and remained operational. During the 194 camera days, 

11,305 pictures were taken. Coyotes triggered cameras at eight of the nine trail camera sites 

within the pictures reviewed (Figure 1). The captures were almost exclusively a lone coyote or a 

pair of coyotes. In total, there were 120 captures of coyotes with a total of 130 coyotes. The site 

with the highest rate of coyote observations was Te_1 (thinned Eucalyputs). The site with the 
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least number of coyote captures was E_2 (Eucalyptus). 

Figure 1. Coyote observations by site. E is Eucalyptus. Ob is Oak-Bay. Te is thinned Eucalyptus. 

 

 Habitat factors  

 

 Three of the habitat factors tested were statistically significant using a significance value 

of 0.05. Higher tree density corresponded with an increase in coyote use (GLMER, Pr(>|z|) 

0.0007). Recreation intensity resulted in differing coyote capture frequencies (GLMER, Pr(>|z|) 

0.0003). Dog intensity also resulted in different capture frequencies (GLMER, Pr(>|z|) 0.007). 

Percent native trees, average dbh, and canopy density were not statistically significant (GLMER).  

 

DISCUSSION 

 

Coyote habitat use is correlated to one environmental and two recreational factors out of 

the variables that I tested. Human recreation negatively affected coyote habitat use, and dog 

recreation positively affected coyote habitat use. Of the environmental factors tested, there was a 

decrease in occurrence of coyotes with higher density of trees and no difference in occurrence of 

coyotes with higher percentage of native tree species. These results supported my expectations of 

coyotes preferentially using habitats with lower density of trees and lower intensity of human 

recreation.  
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Tree density and diameter at breast height 

 

Tree density as a significant predictor of coyote habitat use suggests that coyotes prefer 

habitat similar to their historical habitat. Historically, coyotes were found in prairies and other 

similar open spaces (Kamler et al. 2005). Recently, coyote home ranges have included urban areas 

and land used for agriculture. Tree Dbh as a nonsignificant predictor of coyote habitat use suggests 

that coyotes have no preference for younger or older stands of trees. Again, these results are 

possibly biased because all of the trail cameras were placed on trails which coyotes might use to 

travel through unsuitable habitats; however, in Los Angeles, coyotes use corridors as habitat more 

often than for traveling (Tigas et al. 2002). In conclusion, selectively thinning trees benefits 

coyotes through the creation of preferred habitat. 

 

Recreation intensity 

 

Sites with a higher human recreation intensity were less likely to be used by coyotes, which 

suggests that coyotes avoid trails in Tilden that are used more intensively by humans. There was a 

negative correlation with the human intensity metric and the number of coyotes captured, which 

supports the current consensus in the literature. Within the literature review conducted by Larson 

et al. (2016), eighty-one percent of the papers addressing the effects of recreation on Canids had 

significant negative results. If coyotes are avoiding an area with high recreation intensity, this area 

could have lower bird diversity and higher populations of small mammals and other 

mesocarnivores as long as those species aren’t as susceptible to human recreation as coyotes are 

(Crooks and Soulé 1999).  

 

Dog intensity  

 

Dog intensity was significant and positively correlated with coyote observations. This indicates 

that sites with a higher intensity of dogs per camera day also had a higher rate of coyote 

observations. This result is not supported by the current literature. Using relative abundances of 

scats, Lenth et al. (2008), found a clear, negative relation between dogs and native carnivores. In 

contrast, Reed and Merenlender (2011) found no relation between dogs and the species richness 
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and abundance of native carnivores. Instead, they attributed the differences in species abundance 

between protected areas and public areas to the number of human visitors. It is possible that there 

could be a confounding factor involved that was not identified in my study. 

 

Tree species 

 

Tree species as a nonsignificant predictor of coyote habitat use suggests that coyotes have 

adapted to the novel ecosystem within Tilden. During the study period, coyotes were just as likely 

to be found in Oak-Bay habitat as Eucalyptus habitat. Despite the changes in tree species 

composition, the static diversity of species within Tilden has allowed coyotes to continue to use 

the areas with Eucalyptus and to continue regulating other animal populations (Sax 2002). It is 

also possible that because all trail cameras were placed along trails, they failed to document a 

significant amount of coyote habitat use that occurred away from the trails in the Eucalyptus or 

the Oak-Bay habitat. From the data that I have collected, coyotes have adapted to Eucalyptus as a 

novel ecosystem in the East Bay hills.  

 

Limitations 

 

This study was mainly limited in both temporal and geographical scale. Even though data 

was collected for almost a year, only three months of data was used in the analysis due to time 

constraints. As a result, I can only apply my results to the summer months which was when the 

data used in the analysis was collected. Additionally, these three months of data were collected 

during the breeding season when coyotes have been previously documented selecting open habitat 

for dens (Kamler et al. 2005). This could have resulted in a bias towards lower tree density. During 

data collection, the weather drastically changed in Tilden Park. When the cameras were set up, 

California was in a severe drought. During the last few months of data collection, the area had 

received as much rain as the annual average for the past several years. Additionally, the grant that 

I received was enough to purchase eleven cameras. Nine cameras were installed in the field, but 

two were held in reserve if any of the cameras malfunctioned. This amounted to one camera per 

every 231 acres in Tilden.  
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 The other species present in the study area could have been a confounding factor in this 

study. Coyotes will fight off and possibly kill other mesopredators such as foxes and domestic 

cats, but mountain lions, which were documented twice during the study, could have affected 

which areas in Tilden coyotes were using (Koehler and Hornocker 1991, Levi and Wilmers 2012).  

Furthermore, the life history of coyotes in the region could have affected the results. 

Coyotes are either transients or residents. Since transients do not defend a home range, they tend 

to use habitat that is not the most suitable for coyotes. If there are enough resident coyotes, then 

any transient coyotes will have to use habitat that is less suitable. This could bias the results of this 

study so it seems that coyotes have less of a preference when in reality it is social interactions that 

are resulting in coyotes using less suitable habitats (Kamler et al. 2005).  

 

Future directions 

 

 To build off of this study, I could include all of the data that was collected and complete 

the analysis again. This would allow me to compare the results and to be able to apply my results 

to more than just the summer months. I could also compare between drought months and non-

drought months to see if there was a relation to precipitation. To separate possible effects of life 

history, coyotes in the area could be fitted with radio collars and tracked or a fur snare and genetic 

analysis could be used to identify individual coyotes to determine whether or not they are 

defending a home range or wandering through the park. Additionally, it would be useful to 

complete a similar study in other parks either in the Bay Area or possibly in other states to compare 

results and see if they are specific to Tilden Park or part of a general trend. Including other species 

such as deer, bobcats, and foxes for this particular area would give a better picture of the overall 

ecosystem health in the native areas and the novel ecosystem.  

 

Conclusions 

 

Coyotes have adapted to the novel ecosystem introduced by humans in Tilden Regional 

Park. Further human involvement in the form of selectively thinning Eucalyptus trees has created 

suitable coyote habitat. Thus, the Wildfire Hazard Reduction, Resource Management Plan has met 

its objective of maintaining habitat and ecological function through the metrics used in this study. 
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Additionally, human recreation within the park is having a negative effect on coyotes. However, 

coyotes were “captured” at eight of nine sites which indicates that coyotes are able to use a wide 

range of habitat within Tilden.  

The findings from this study have particular importance to management. To create more 

coyote habitat, managers could decrease tree density to more closely resemble coyote’s historical 

habitat. If managing for bird diversity or to decrease herbivore pest species, park employees should 

consider managing to create more coyote habitat. 
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APPENDIX A: Vegetation Survey Results 

 

 
Figure A1. Tree density by site. Tree density has units of trees per square meter. E_1 and E_2 are unthinned 
Eucalyptus sites. Ob_1, 2, and 3 are Oak-Bay sites. Te_1, 2, 3, and 4 are thinned Eucalyptus sites.  
 

 

 

 

 

 
 
 
 
 
 
 
 
 

Figure A2. Canopy density by site. Canopy density was measured as a percent of sky coverage. 
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Figure A3. Average diameter at breast height by site. Average dbh has units of inches. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A4. Percent native tree species by site. Percent native tree species was used as a proxy for habitat type. 
Several of the sites that were labeled as Eucalyptus in the vegetation files consisted of fifty percent of more native tree 
species.  
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Figure A5. Intensity of human recreation by site. Human recreation was calculated as the total number of humans 
seen at a site divided by the total number of hours the camera was functional.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A6. Intensity of dog recreation by site. Dog recreation was calculated as the total number of dogs seen at a 
site divided by the total number of hours the camera was functional. 


