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ABSTRACT--Fire events have increased in scale and severity due to hotter, drier conditions 

brought on by climate change and fire suppression. Extreme fire events can be detrimental to 

forest specialists, especially populations at the edge of the species range, where conditions can 

vary from those within the core of the range. The San Bernardino flying squirrel (Glaucomys 

oregonensis californicus) is the southernmost subspecies of Humboldt’s flying squirrel and 

occurs only in the San Bernardino Mountains of southern California after apparent extirpation 

from the nearby San Jacinto Mountains. We used non-invasive methods to assess how fire 

affects flying squirrel occupancy. We surveyed for flying squirrels in burned and unburned areas 

of the San Bernardino Mountains, and measured habitat features to construct occupancy models. 

Our top models indicated that flying squirrels occupy lower burn severities but could still occur 

at higher burn severities if canopy cover remained intact, forest duff remained deep, and tree 

mortality remained low, especially on steeper slopes. Our study illustrates the ability of San 

Bernardino flying squirrels, and the potential for other flying squirrels, to survive major fire 

events and maintain their role in the forest ecosystem. Such results are especially important for 

species management and understanding how parts of an ecosystem can react as fire frequency 

and severity increases.

1. INTRODUCTION--Anthropogenic influences such as urban development, habitat 

fragmentation and climate change have impacted forest-dwelling species worldwide. Climate 

change has a wide range of effects, including decreases in precipitation (Kelly and Goulden 

2008, Trenberth et al. 2007, Hayhoe et al. 2004), and increases in temperature (Bonfils et al. 

2008a, 2008b, Cayan et al. 2008), which can cause shifts in species’ ranges (Parmesan and Yohe 

2003, Parmesan 2006).  Populations at the periphery of the species’ range can provide insight 
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into how populations under different conditions may react as climatic conditions continue to 

change (Hampe and Petit 2005, Gigliotti et al. 2017). These same peripheral populations, 

especially those that are isolated, are often at the greatest risk of extirpation from environmental 

changes brought on by climate change (Aitken et al. 2008, Pearson et al. 2009). When a 

changing environment is paired with a disturbance event, such as a wildfire, results can be 

catastrophic for vulnerable populations (Koprowski et al. 2005). Historically, fires across the 

United States burned more frequently and at lower intensities and played a key role in 

maintaining forest ecosystems (Brown and Smith 2000). Over the past century wildfire 

suppression has become a common forestry practice and has led to a number of negative effects 

for forest health and wildlife (Czech et al. 2000, Bentz and Woodard 1988, Wilsen et al. 1995). 

Modern wildfires in the United States tend to burn with a greater severity and scale due to the 

hotter, drier conditions caused by climate change (Westerling et al. 2006), fire suppression, and 

accumulated fuels (Westerling et al. 2006), leading to increased animal mortality (Koprowski et 

al. 2006) and degradation of habitat (Fisher and Wilkinson 2005). Species that depend on mature

forests, such as the Humboldt’s flying squirrel (Glaucomys oregonensis), are often most 

negatively affected by fire and climate change due to the alteration and long recovery time of the

forest ecosystems upon which squirrels depend (Carey 1995, Lehmkuhl et al. 2006, Smith 2007, 

Waters and Zabel 1995).

The San Bernardino flying squirrel (G. oregonensis californicus) is the southernmost 

subspecies of Humboldt’s flying squirrel. The historical range of the subspecies included high 

elevation forests of the San Bernardino and San Jacinto mountains in Southern California 

(Grinnell 190, 1933). However, the San Bernardino flying squirrel is currently only found in the 

San Bernardino Mountains and is believed to have been extirpated from the San Jacinto 
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Mountains, as studies of owl pellets did not detect squirrels (Stephenson and Calcorone 1999) 

and the last confirmed sighting occurring in the 1990s (Federal Register 2016). The nearest 

conspecific population of Humboldt’s flying squirrels is 241 km away in the Sierra Nevada 

Mountains, California (Butler et al. 1991). The isolation of this subspecies paired with the drier 

habitat conditions in the San Bernardino Mountains makes the San Bernardino flying squirrel 

vulnerable to population decline from the effects of climate change and forest fires. Climate 

change is likely to reduce the available habitat in the San Bernardino Mountains (U.S. Global 

Change Research Program 2009) and produce hotter, drier conditions that can negatively affect 

truffle growth that the squirrels rely on for food (Smith 2007) and increase the risk of forest fires.

The San Bernardino Mountains already experience a number of fire events each year, and as 

conditions become more arid, fire frequency and intensity are expected to increase (Yoon et al. 

2015).

Our objectives were to identify habitat features needed for flying squirrel occupancy and 

investigate the effects of fire on occupancy of the San Bernardino flying squirrel. Our results will

increase the knowledge of how peripheral populations can respond to large scale fire events in 

their ecosystem and provide insight on habitat features that should be managed during post-post 

fire restoration. 

2. MATERIALS AND METHODS

2.1. Study Area--Our study area was located in the San Bernardino Mountains in 

Southern California, USA. The San Bernardino Mountains are a forested sky island that reach an

elevation of 3,502 m. Vegetation at the lowest elevations consists of chaparral and evergreen oak

(Quercus) woodlands, which transition into mixed conifer-oak (Pinophyta-Quercus) forests at 
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higher elevations. Notable fauna found in the San Bernardino mountains include California 

spotted owl (Strix occidentalis occidentalis), western gray squirrel (Sciurus griseus), gray fox 

(Urocyon cinereoargenteus), bobcat (Lynx rufus), black bear (Ursus americanus), mountain lion 

(Puma concolor), and mule deer (Odocoileus hemionus). This mountain range receives highly 

seasonal precipitation, mostly November-March (Kelly and Goulden 2008), that allows these 

high elevation forests to grow. Even with this increased precipitation, these montane forests are 

susceptible to wildfire events. 

We established 2 study areas, one affected by a recent fire event and the second in a 

nearby unburned location. Elevation within these areas ranged from 1413 m to 1716 m. The 

forest within these areas were mixed conifer and oak mainly consisting of white fir (Abies 

concolor) , Jeffry pine (Pinus jeffreyi), and black oak (Quercus kelloggii). The fire impacted site,

referred to as the burned study area, was located just west of Lake Arrowhead and was the site of

2007 Grass Valley fire that burned 366 ha, much of which was San Bernardino flying squirrel 

habitat (Cohen and Stratton 2008). Burn severities and tree mortality data, which were collected 

one-year post-fire, were obtained from the U.S. Forest Service San Bernardino Ranger District. 

The Grass Valley fire fragmented the landscape with forest patches ranging from unburned to 

high burn severity. Following the fire event, USDA burn severity classifications were calculated 

across the study area (Parson et al. 2010). These categories range from 1-4 and are: unburned-

very low (1), low (2), moderate (3), and severe (4). Category 1 is categorized by almost all 

surface organics (soil, woody debris, surface roots, etc.) remaining intact with little to no 

charring, vegetation remaining green, and tree canopies are unaltered. Category 2 consists of 

most surface organics remaining recognizable with light black or brown charring, vegetation 

remaining green, and tree canopies may show minor scorching. In Category 3 up to 80% of 
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surface organics are consumed leaving black charring and gray ash, vegetation becoming brown 

from scorching, and canopy foliage is scorched but not completely consumed. Category 4 is the 

most severe with almost all surface organics destroyed with heavy charring and more ash, almost

no vegetation remaining, and canopy foliage is completely consumed. We also categorized tree 

mortality, or the percent of vegetation killed by fire, across the study area into categories from 1-

7 (1=0%, 2=1-10%, 3=10-25%, 4=25-50%, 5=50-75%, 6=75-90%, 7=>90%). The second site 

was established approximately 2 km away in an unburned patch of forest (classified as burn 

severity and tree mortality 0) south of California State Route 173 and east of Grass Valley Road, 

which had similar elevation and forest structure as the first site. 

We used ArcMap (2015, v10.3.1, ESRI, Redlands, California) to create stratified random 

sampling sites in each study area to determine where flying squirrels were found and to sample a 

proportional number sites in each burn severity. Within the burned area, we created 115 random 

sampling sites that were stratified across different burn severities (30 unburned-very low, 35 low 

burn, 35 moderate burn, 15 high burn). Within the unburned study area, we created 30 random 

sampling sites. Surveys for flying squirrels across both study areas occurred 4 times from June-

October 2014 and 5 times from May-October 2015.

2.2. Hair-tube Sampling--We used hair sampling tubes to act as hair snares at all 

established sampling sites in both study areas to assess the occupancy of San Bernardino flying 

squirrels (Suckling 1978, Scotts and Craig 1988, Lindenmayer 1999). We constructed hair tubes 

from 30 cm long x 10 cm diameter piece of PVC pipe. We attached duct tape (3M Company, 

Maplewood, Minnesota) to wooden blocks located at the ends of the tubes to snag hair samples 

from any animal of appropriate size that entered. We baited hair tubes with whole shell peanuts 

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127



and peanut butter placed in a hardware cloth basket at the center of each tube. We placed 2 tubes 

at each site, one at a height 1-5 m in a tree closest to the randomly selected site on a branch 

parallel to the ground (depending on tree height and branch availability) and the second on the 

ground near the base of the tree. 

A survey was defined as the time between visits to a site to remove tape. We collected 

hair samples on average every of 30.8 days (SD= ±8.3) over a total of 137 days in 2014 and 164 

days in 2015. Upon removal, we placed pieces of tape containing hair in labeled plastic bags 

with the interior coated in talcum powder to minimize adhesion to the bag. We discarded any 

tape that did not contain hair and recorded it as no detection. After we collected hair samples, we

replaced tape and bait in each hair tube.

We placed tape containing hair samples in a xylene (Crown, Packaging Service Co., Inc., 

Pearland, Texas) bath under a fume hood for approximately 5 minutes to dissolve the tape’s 

adhesive and removed the hair. We mounted clean and dried hair samples on microscope slides 

with mineral oil. We used a compound light microscope (Nikon Eclipse E200, Nikon 

Corporation, Minato, Tokyo, Japan) at 40x magnification to view the mounted hair samples. We 

examined medulla and cortex characteristics of each hair (Teerink 1991) and compared to 

reference hair samples obtained from the University of Arizona Mammal Collection to identify 

species of origin, with a focus on identifying samples from the San Bernardino flying squirrel. In

some cases, species could not be determined from medulla and cortex characteristics alone, so 

we examined scale patterns on the outer cuticle of hair. We obtained scale patterns by coating 

microscope slides in a thin layer of 10-20% gelatin solution and allowing the solution to dry. We 

moistened hair samples, pressed them into the gelatin on the coated slides, and removed hairs 
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when dry to reveal an impression of the scale pattern, which we compared to reference samples 

(Teerink 1991).

2.3. Camera Traps--We randomly selected a subset of hair tube sites at which to install 

remote sensor camera traps (Bushnell 8 MP Trophy camera, model no. 119436C, Bushnell 

Corporation, Overland Park, Kansas) and stratified these across burn severity with different sites 

receiving cameras each year. In 2014 we deployed a total of 53 cameras, 41 of which were 

placed in the burned area (unburned-very low=13, low=12, moderate=12, high=4) and 12 in the 

unburned area. In 2015 we deployed a total of 59 cameras with 46 in the burned area (unburned-

very low=10, low=14, moderate=16, high=6) and 13 across the unburned area. We placed the 

cameras in trees focused on the tree hair tube. If no appropriate site to place a camera in a tree 

existed, we focused on a feature that could be used by flying squirrels as a launch site or landing 

platform such as a log or snag. We checked camera traps at the same intervals as the hair tubes, 

at which time we removed the memory card, and replaced it with a blank card. A camera survey 

was on the same time scale as hair tubes, with a survey being the time between visits to the site. 

We analyzed photos and recorded any species detected and the date of detection with an 

emphasis on identifying photos of flying squirrels.

2.4. Habitat Measurements--At each random sampling site, we established a 10m radius 

plot around the tree bearing the hair tube, in which we measured vegetation and environmental 

features. In each plot, we measured the diameter at breast height (DBH; cm) of all living woody 

plants and categorized each as shrub (<10 cm DBH), or tree (>10 cm DBH; Doumas and 

Koprowski 2013). We recorded the species and number of woody plants within each category, 
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distance (m), and bearing from the center tree. We assessed canopy connectivity by counting the 

number of tree canopies adjoining the canopy of the center tree (Sterling et al. 2013). We 

recorded the number (density), genus, and size of dead trees (logs and snags >2 m long and 20 

cm in diameter; Doumas and Koprowski 2013) that fell within, or partially in the plot. For all 

woody plants, living and dead, a snag class was assigned from 0-4, with 0 representing living 

plants and 4 representing highly decayed stumps (Doumas and Koprowski 2013). At 5 m and 10 

m intervals from the center of the plot we measured canopy density, understory density, litter 

depth, and duff depth in each of the four cardinal directions. We use a spherical densiometer and 

the Strickler method (Strickler 1959) to measure canopy density. We used a cover pole (2.5 cm x

200 cm) marked in 10 cm increments to measure understory density (Griffith and Youtie 1988). 

We recorded the highest obscured 10 cm band and recorded any vegetation taller than the pole as

>2 m. We measured duff and litter by excavating a small hole until the mineral soil layer was 

reached and measured depth of each layer. We calculated 4 additional habitat characteristics in 

ArcMap using data acquired from United States Geological Survey (USGS). We used the 

National Hydrography Dataset (U.S. Geological survey, 2013, National Hydrography 

Geodatabase, accessed 25 Jan 2018) and the near tool in ArcMap to calculate distance to the 

nearest water course for each site. We also used the national Digital Elevation Model (U.S. 

Geological Survey, 2013, USGS NED n35w118 1/3 arc-second 2013 1x1 degree ArcGrid, 

accessed 25 Jan 2018) to determine the elevation for each site. We used ArcMap and the 

elevation model to calculate the slope and aspect for each site. 

2.5. Data Analysis-- We used the unmarked package (Fiske and Chandler 2011) in 

program R (R core team 2017) to determine occupancy and detection rates of flying squirrels. 
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We used a multi-step approach (Gray and Steidl 2015) to determine if fire affected flying 

squirrel occupancy. We created 4 categories of related occupancy variables and constructed 

occupancy models to eliminate extraneous variables. The terrain category included the variables 

elevation, slope, aspect, and study area. The forest floor category included mean litter depth, 

mean duff depth, and distance to water. The species composition category included the number 

of tree species, mean snag class, percent of trees that were in genus Quercus, percent of trees that

were conifers, and percent of trees of other species. The forest structure category included mean 

DBH, tree density, canopy connectivity, mean understory density, mean canopy cover, mean log 

length, mean log diameter, and log density. We also used the detection covariates days since the 

first survey began, the month surveyed, the length of the survey period, if a camera was present 

during the survey, and the year the survey occurred (2014 or 2015). We selected a top model that

only contained influential covariates (P<0.05 based on a Z test) for each category. All remaining 

detection and occupancy covariates were combined and a final model with only influential 

covariates was selected (P<0.05 based on a Z test). We added the fire dependent variables of tree

mortality and burn severity to this final model and ranked them using Akaike’s Information 

Criterion (AIC) values. 

3. Results--We detected flying squirrels a total of 357 times at a total of 76 (52.41%) of 

the total 145 sites. Within each burn severity the total number of detections and the percentage of

sites flying squirrels were detected at decreased as burn severity increased (Fig. 1). In 2014, 

flying squirrels were detected at 12 sites by both camera traps and hair tubes, at 5 sites by just 

camera traps, and at 32 sites by just hair tubes. Of the hair tube detections, 7 sites had cameras, 

but 6 were not focused on the hair tube and one did not have a camera for the session with a hair 
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tube detection. In 2015, using both the hair tubes and cameras 30 sites detected flying squirrels, 6

with just camera detections, and 37 sites with just hair tube detections (none of which were 

paired with a camera trap). 

Figure 1—Detections across burn severities

The percentage of sites with San Bernardino flying squirrel detections (A) and the total number 

of San Bernardino flying squirrel detections (B) across all surveyed burn severities for surveys in

the San Bernardino Mountains in 2014 and 2015. Burn severity 0 represents the unburned study 

area with the remaining 4 burn severities located in the burned study area: unburned-very low 

(1), low (2), moderate (3), and severe (4).

The top terrain model included the variables elevation, slope, and study area (Table 1). 

The top forest floor model contained mean duff depth (Table 1). The top forest composition 

model contained mean snag class (Table 1). The top forest structure model included mean 

canopy cover and mean log length (Table 1). The top detection model included the covariates 

days since the first survey began, the length of the survey period, if a camera was present during 

the survey, and the year the survey occurred (2014 or 2015). The overall top occupancy model 
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included the occupancy covariates mean canopy cover, mean duff depth, and slope. The 

detection covariates in the overall top model were days since the first survey began, the length of

the survey period, if a camera was present during the survey, and the year the survey occurred 

(2014 or 2015). Occupancy probability was found to increase with increasing slope, increased 

mean canopy cover, and deeper duff (Fig. 2). Detection probability increased the more days 

since the first survey had passed, during longer surveys, when a camera was present, and in 

2014. When fire variables were added and ranked using AIC (Table 2) the best fitted model 

contained just tree mortality, followed by the model containing tree mortality and burn severity, 

then the model with no burn covariates, and the model containing only burn severity was ranked 

lowest. Occupancy probability increased at lower tree mortalities (Fig. 2) and burn severities.

Figure 2—Occupancy probabilities for top variables
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Effect of mean tree mortality, slope, canopy cover, and mean duff depth on occupancy 

probability of the San Bernardino flying squirrel in the San Bernardino Mountains in southern 

California, USA, 2014-2015. Results are based on the top ranked model: p (days + survey length 

+ camera + year) Ψ (mean duff depth + slope + mean canopy cover+ tree mortality). 

Ψ=occupancy probability, p= detection probability

4. Discussion--Flying squirrels were detected across all burn severities, but most 

frequently in lower (1-3) burn severities. Detections in the high burn severities all occurred at 

sites within 100 m of occupied sites in lower burn severities, meaning high burn severity 

detections most likely represent temporary visits and not true occupancy. Other species of tree 

squirrel exhibit similar responses to fire, with species more likely to occupy lower burn 

severities, but persisting in higher burn severities if key resources remain intact (Leonard and 

Koprowkski 2010, Blount and Koprowski 2012, Doumas and Koprowski 2013, Gwinn and 

Koprowski 2016). 

Increased days since the first survey and the length of the survey period both increased 

the probability of detecting a flying squirrel. Days since the first survey likely improved 

detection as flying squirrels took time to acclimate to the presence of equipment and to identify 

hair tubes as a food source. Latency in initial flying squirrel detections has occurred during other 

camera surveys (Diggins et al. 2016). Increased length of survey periods allowed more time for 

the detection of animals. Detection probabilities were also greatly improved by the presence of a 

trail camera, especially when focused on the tree hair tube. Other studies have shown increased 

detection probability when multiple survey methods are used in tandem (Laurance 1992, Li et al.

2012). In some cases, debris such as dirt and hair from other species accumulated on the tape in 
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hair tubes making them less effective at collecting hair samples. When a camera was present, 

flying squirrels were still detected by cameras even when a hair sample was not left. Cameras 

also documented animals approaching hair tubes but not entering them. 

In the terrain category the variables elevation, slope, and study area were influential. In 

the San Bernardino Mountains, coniferous forests that flying squirrels occupy only occur at 

higher elevations (Grinnell 1908, 1933). However, occupancy increased with decreasing 

elevation. The most likely explanation for increased occupancy at lower elevations comes from 

the tendency of fire to burn uphill (Rothermel 1972), which would destroy more flying squirrel 

habitat at higher elevations. The 2009 Grass Valley fire started at 1,530 m, close to the mean 

elevation for the burned study area (1,595±75 m), resulting in more habitat destruction and 

higher burn severities at higher elevations. This is reflected in the mean elevation for sites with a 

flying squirrel detection (1,576±71 m) being lower than those without any detections (1,615±74 

m). Flying squirrel occupancy was found to increase on steeper slopes. The slope of an area, like 

elevation, can affect how wildfires burn, with fire being more likely to climb steep slopes and 

less likely to burn down steep slopes (Rothermel 1972, Weise and Biging 1996). Within the 

burned study area, the steepest slopes were located below the elevation where the fire started. 

This made it more difficult for the fire to spread into these steeper sites at elevations below 

where the fire resulting in less habitat damage and leaving more habitat for use by flying 

squirrels after the fire event. Occupancy probability increased in the unburned study area, likely 

because this area contains natural, undisturbed habitat. These results indicate that fire events do 

negatively affect flying squirrel occupancy, but even in intensely burned areas flying squirrels 

can occasionally persist if certain habitat features are retained.
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The occupancy variables included in top models correspond to habitat characteristics in 

lower burn severities (Parson et al. 2010). In the forest floor category, a deeper duff layer 

increased occupancy probability. Increased duff depth improves truffle growth that Humboldt’s 

flying squirrels rely on in other parts of their range (Gunther et al. 1983, Maser and Maser 1988, 

Hall 1991, Meyer et al. 2007). In the forest structure category increased mean canopy cover and 

longer mean log length both increased occupancy probability. Increased canopy cover can aid in 

navigating the forest canopy (Mowrey and Zasada 1984), reducing aerial depredation by 

providing cover and reducing glide distances (Carey 2000, Pyare and Longland 2002), and 

increasing truffle availability (Lehmkuhl et al. 2004). In the Cascade Range in Washington no 

flying squirrel detections were made below a minimum canopy cover threshold of 55% 

(Lehmkuhl et al. 2006). While our study had detections of flying squirrels with canopy cover as 

low as 25%, the mean canopy cover for all sites with detections was 68±2%. Mean log length 

could be influenced by unburned and low burn areas, where squirrels were detected more often, 

having taller trees resulting in longer logs when trees fall. Flying squirrels do forage on the 

ground so large logs may also provide good foraging sites, cover from predators, or  travel routes

(Carey 2000, Pyare and Longland 2002, Lehmkul et al. 2004, Meyer et al. 2007). In the species 

composition category occupancy probability increased at sites with lower mean snag class (i.e. a 

greater number of living trees). Lower burn severity sites had more live trees present which 

increase the number of available nesting and foraging sites for flying squirrels, as well as 

features such as canopy cover and duff depth (Carey 1995).  

Tree mortality and burn severity affected occupancy probability of flying squirrels. When

the fire variables were added to the top model that contained duff depth, canopy cover, and 

slope, model fit improved. Tree mortality appeared in both top ranked models, resulting in 
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increased occupancy probability at lower tree mortalities. Flying squirrels are an arboreal species

that rely on live trees (Smith 2007), so retaining live trees after a fire increases the occupancy 

probability. Burn severity affected occupancy to a lesser extent. Burn severity occurred in the 

second-best model with tree mortality, but the model containing only burn severity was ranked 

lower than the model containing no fire variables. While burn severity can affect occupancy, the 

habitat features that higher severity burns affect are not as important compared to the retention of

live trees. Several other studies have looked at the effects of fire on tree squirrel occupancy in 

isolated mountain ranges across the southwest United States. The Mount Graham red squirrel, a 

similarly isolated subspecies of tree squirrel, on occasion can also persist after fires but having 

live trees present increases this likelihood (Koprowski et al. 2006, Leonard and Koprowski 

2010). Abert’s squirrels (Sciurus aberti) are a species that is found in several isolated mountain 

ranges in the southwest and inhabit burned areas more often than other tree squirrel species 

(Gwinn and Koprowski 2017, Ketcham et al. 2017). Abert’s squirrels are less specialized (Dodd 

et al. 1998) than the San Bernardino flying squirrel and Mount Graham red squirrel so can utilize

more resources in burned areas (Gwinn and Koprowski 2017). Mexican fox squirrels (Sciurus 

nayaritensis) in the Chiricahua Mountains showed a higher use of moderately burned areas 

compared to low or high burns (Doumas and Koprowski 2012, 2013). These studies show 

species responses to fire can vary depending on their habitat needs, but in all cases, there was 

still some occupancy of burned areas, even by specialized species. This ability to persist in 

burned areas is likely to become important as climate change increases the chance of future fire 

events across the southwest.
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5. CONCLUSIONS--Our study suggests that while fire events can be detrimental to the San 

Bernardino flying squirrel, persistence is possible if important habitat features, such as an intact 

forest canopy, deep duff, and live trees remain. Other species can show a similar response and 

can persist in less damaged patches of habitat after a fire event (Bradstock et al. 2005). As 

climate change increases the likelihood of more intense fire events (Westerling et al. 2006), the 

San Bernardino flying squirrel is likely to be negatively affected but may continue to persist in 

its current but limited range. Our study outlines the need for live trees with an intact forest 

canopy and produce a deep duff layer to be retained especially in steeper terrain for the 

conservation of this subspecies. The ability of this subspecies to persist after fire events at the 

southernmost limits of the species range illustrates the potential for other isolated, forest 

specialists to adjust as environmental conditions are affected by climate change and the chance 

of wildfire increases. This persistence allows these flying squirrels to fulfill their role in the 

ecosystem and maintain the health of the remaining forest after a fire event.
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TABLE 1

Occupancy Category Variable Estimate SE Z value p-value
Terrain Intercept 8.14 1.49 5.47 <0.01

Elevation (m) <-0.01 <0.01 -5.60 <0.01
Slope (°) 0.09 0.03 3.67 <0.01
Burned Study Area -1.29 0.48 -2.69 <0.01
Aspect (°) <0.01 <0.01 0.05 0.90

Forest Floor Intercept -1.01 0.32 -3.13 <0.01
Mean Duff Depth (cm) 0.16 0.04 3.94 <0.01
Distance to Water (m) <-0.01 <0.01 -1.52 0.13
Mean Litter Depth (cm) 0.09 1.24 0.73 0.47

Species Composition Intercept 0.49 0.23 2.20 0.03
Mean Snag Class -0.93 0.36 -2.56 0.01
Number of Species 0.28 0.16 1.72 0.08
% Quercus -0.68 0.63 -1.07 0.28
% Other -0.72 0.98 -0.74 0.46
% Evergreen -9.67 13.30 -0.73 0.47

Forest Structure Intercept -3.56 0.67 -5.33 <0.01
Mean Canopy Cover (%) 0.06 <0.01 5.65 <0.01
Mean Log Length (m) 0.10 0.03 2.54 0.01
Mean Understory Density 
(cm)

<-0.01 0.01 -0.79 0.42

Mean DBH -0.01 0.02 -0.60 0.55
Mean Log Diameter (cm) -0.01 0.02 -0.59 0.55
Tree Density -0.02 0.04 -0.47 0.63
Canopy Connectivity 0.05 0.10 0.47 0.63
Log Density -0.03 0.11 -0.26 0.80

Detection Intercept 0.52 0.49 1.07 0.20
Survey Year <-0.01 <0.01 -8.08 <0.01
Days Since 1st Survey <0.01 <0.01 7.72 <0.01
Camera Present 1.28 0.19 6.67 <0.01
Survey Length 0.04 0.01 3.63 <0.01
Survey Month 0.11 0.07 1.67 0.09

The effect of variables on San Bernardino flying squirrel occupancy probability or detection 

probability. Occupancy variables were placed in categories to simplify analysis. The p-value is 

from best fitted model the variable occurred in. DBH=Diameter at Breast Height, SE=Standard 

Error
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TABLE 2 

Model Ka AICb Δ AICc wi
d Ψe Ψ SEf

p (days + plength + cam + year)
Ψ (mortality + slope + canopy cover + duff)

10 954.84 0.00 0.72 0.53 0.07

p (days + plength + cam+ year)
Ψ (mortality + severity + slope + canopy 
cover + duff)

11 956.85 2.01 0.26 0.52 0.08

p (days + plength + cam + year) 
Ψ (slope + canopy cover + duff)

9 962.66 7.83 0.01 0.52 0.07

p (days + plength + cam + year)
Ψ (severity + slope + canopy cover + duff)

10 964.06 9.22 <0.01 0.54 0.07

Ranking of top models to explain San Bernardino flying squirrel occupancy probability (Ψ) with 

and without fire occupancy variables. Detection probability (p) was the same for all models 

(0.51±0.04). Detection model parameters are as follows: days=number of days since first survey,

plength=length of survey, cam=if a camera was present at a site, and year=year surveyed. 

Occupancy model parameters are as follows: mortality=tree mortality, severity=burn severity, 

slope=slope, canopy cover= mean canopy cover, and duff=mean duff depth. 

aK=number of parameters
bAIC= Akaike’s Information Criterion
cΔ AIC= AIC relative to the most parsimonious model
dwi=AIC model weights
eΨ =occupancy probability
fΨ SE=standard error for occupancy probability
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