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    A competitive ecological guild forms when 
a group of biologically similar species have 
overlapping niches, sharing limiting resources 
(MacKenzie et al. 2006, Freeman 2011). Dom-
inant, typically larger guild members can 
adversely affect subordinate, typically smaller 
members through interference competition 
(Case and Gilpin 1974). Interference compe-
tition consists of predation, harassment, or 
spatial exclusion of subordinate species by 
dominant species (Case and Gilpin 1974, 
Cypher et al. 2001). Intraguild predation is an 

extreme mechanism of interference competi-
tion in which subordinate species are killed 
or excluded from habitats with abundant 
resources and must balance risk with access 
to resources (Polis et al. 1989, Heithaus 2001). 
Areas with higher risk of predation can lead 
to increased antipredator behavior in sub -
ordinate species, such as vigilance and changes 
in temporal or spatial foraging (Hall et al. 
2013, Wang et al. 2015). Rather than avoiding 
a site altogether, subordinate species may 
avoid sites for some period following a visit 
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      ABSTRACT.—The federally endangered and California State–threatened San Joaquin kit fox (Vulpes macrotis mutica) 
forms an ecological guild with coyotes (Canis latrans), red foxes (V. vulpes), gray foxes (Urocyon cinereoargenteus), and 
domestic dogs (C. familiaris) in the city of Bakersfield, California, USA. Where these species are sympatric in natural 
environments, interference competition occurs, resulting in spatiotemporal avoidance or changes in behavior to avoid 
conflict. We analyzed camera survey data from 2015 to 2019 from 111 1-km2 grid cells throughout Bakersfield to inves-
tigate spatial associations between San Joaquin kit foxes and canid competitors, as well as differences in temporal 
activity of kit foxes in the presence of a canid competitor. We found that kit foxes typically did not occur with other 
canids on a daily, yearly, or 5-year scale. In cells where other canids were immediately present, kit foxes altered their 
temporal activity to avoid other canids by appearing 3 h later and exhibited less variance in the amount of time spent at 
a camera trap. Thus, although kit foxes share the urban habitat with multiple larger competitors, they likely use spatial 
and temporal partitioning to reduce risk and facilitate coexistence. 
 
      RESUMEN.—El zorro kit de San Joaquín (Vulpes macrotis mutica), que se encuentra en la lista federal de especies 
en peligro de extinción y como especie amenazada en el estado de California, forma un gremio ecológico con los coy-
otes (Canis latrans), los zorros rojos (V. vulpes), los zorros grises (Urocyon cinereoargenteus) y los perros domésticos 
(C. familiaris) en la ciudad de Bakersfield, California, EE.UU. La competencia por interferencia ocurre entre estas 
especies, donde son simpátricas en ambientes naturales, lo que resulta en la evasión espacio-temporal o en cambios 
en el comportamiento para evitar conflictos. Analizamos los datos registrados por una cámara trampa de 2015–2019 
de 111 parcelas de muestreo de 1 km2 en todo Bakersfield, para investigar las asociaciones de espacio entre los zorros 
kit de San Joaquín y sus competidores cánidos, así como las diferencias en la actividad temporal de los zorros kit en 
presencia de un competidor cánido. Descubrimos que los zorros kit normalmente no se encontraron con otros 
cánidos en una escala diaria, anual o de 5 años. En las parcelas de muestreo donde otros cánidos estuvieron pre-
sentes, los zorros kit alteraron su actividad temporal para evitarlos, al aparecer 3 horas más tarde y exhibieron menos 
variación en la cantidad de tiempo que pasaron en una cámara trampa. Por lo tanto, aunque los zorros kit comparten 
el hábitat urbano con múltiples competidores de mayor tamaño, es probable que utilicen la división espacial y tempo-
ral para reducir el riesgo y facilitar la coexistencia.
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by a more dominant species, and such tempo-
ral partitioning may facilitate coexistence 
(White et al. 1994, Moll et al. 2018). 
    San Joaquin kit foxes (Vulpes macrotis 
mutica; hereafter kit fox) are endemic to the 
San Joaquin Valley of central California and 
are federally endangered and California State 
threatened, primarily because of habitat loss 
and degradation due to human development 
(Williams et al. 1998, Cypher et al. 2001, 
Cypher 2003). In natural environments, kit 
foxes are subject to interference competition 
from coyotes (Canis latrans), red foxes (V. 
vulpes), and gray foxes (Urocyon cinereoar-
genteus) due to overlap in habitat use, activity 
patterns, and diet (Cypher 2003, Macdonald 
2009). Interference competition between canid 
species is facilitated with the use of scent 
marking and vocal and visual interspecific 
communications (Cypher 2003). Coyotes dom-
inate over foxes due to their larger size, and in 
many locations they are the primary predator 
of foxes; however, coyotes do not typically 
consume fox kills, suggesting intraguild com-
petition rather than sustenance as the likely 
cause of predation (Ralls and White 1995, 
Kitchen et al. 1999, Cypher et al. 2001, Farias 
et al. 2005). Because of their smaller stature, 
kit foxes are also occasionally killed by larger 
red foxes, which will enter and use kit fox 
dens (Ralls and White 1995, Williams et al. 
1998, Cypher et al. 2001, Clark et al. 2005). 
    Kit foxes persist in some urban areas in the 
San Joaquin Valley, including in the city of 
Bakersfield, California (Williams et al. 1998, 
Cypher et al. 2013). Kit foxes are uniquely 
sympatric with coyotes, red foxes, and gray 
foxes within the city boundary (Cypher 2010), 
with red foxes being the only nonnative 
species of the guild in the region (Lewis et al. 
1999). Domestic dogs (C. familiaris) are an 
additional canid species occurring in Bakers-
field and may also participate in interference 
competition with wild canids. Free-roaming 
dogs can include free-ranging pet dogs, as 
well as semiferal dogs that rely partly on 
humans for resources (Moodie 1995). Free-
roaming dogs tend to congregate where an -
thropogenic food is abundant (e.g., garbage 
dumps, accessible trash cans, and dumpsters; 
Macdonald and Carr 1995, Baker et al. 2010). 
Coyotes will regularly kill dogs, causing free-
roaming dogs to avoid areas where coyotes 
are present (Quinn 1997, Crooks and Soulé 

1999). Likewise, dogs have killed red foxes 
and kit foxes, and foxes may avoid areas 
where free-roaming dogs are present (Harris 
1981, Cypher 2010). 
    Urban areas can provide animals with 
shelter in human-built structures, permanent 
water sources, and abundant anthropogenic 
food sources including refuse, food intention-
ally left out for animals, and planted fruits 
and vegetables (Harrison 1997, Fuller et al. 
2010). Since opportunistic species such as 
coyotes and foxes appear in greater abundance 
within heavily human-populated areas, rapid 
ecological and behavioral adaptations are 
observed (Ditchkoff et al. 2006, Fuller et al. 
2010, Moll et al. 2018). For instance, coyotes, 
red foxes, and gray foxes found in or near 
urban areas have shifted from cathemeral 
activity patterns observed in natural areas to 
largely nocturnal activities in response to 
increased human activity during the day, 
which may lead to increased temporal over-
lap and conflict between competitors (Harri-
son 1997, McClennen et al. 2001, Moll et al. 
2018). 
    Recently, some urban populations of kit 
foxes have been negatively affected by sarcop-
tic mange, a highly contagious skin infestation 
caused by the canis variety of skin mite, Sar-
coptes scabiei (Pence and Ueckermann 2002, 
Cypher et al. 2017); however, the kit fox popu-
lation in the city of Bakersfield has constituted 
one of the largest populations and, as such, 
has been a central focus of kit fox research 
over the past 20 years (Cypher and Van Horn 
Job 2012). Previous studies on urban competi-
tion have focused on competitors from differ-
ent taxonomic families or on intraguild groups 
consisting of a few species. The purpose of our 
study was to determine whether kit foxes uti-
lize spatiotemporal partitioning with multiple 
larger competitors as a mechanism of coexis-
tence within the urban environment. Using 
5 years of remote camera data from an annual 
week-long, city-wide survey from 2015 to 
2019, we investigated associations and differ-
ences in spatiotemporal activity of kit foxes in 
relation to other canids within 1-km2 grid cells 
on daily, annual, and 5-year scales. Due to the 
territorial tendencies of larger canids to kill 
smaller species, we first predicted that kit 
foxes and other canids would rarely co-occur 
at camera traps within the same day or year. If 
kit foxes did occur with other canids within 
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the same day, we further predicted that kit 
foxes would avoid other canids by delaying visi-
tation to a camera trap when another canid was 
present and spend less time at the camera. 
 

METHODS 

Study Area 

    Bakersfield is located in western Kern 
County and is characterized by heavy urbani -
zation with natural vegetation on 25%–30% of 
its boundary, including saltbush (Atriplex spp.) 
scrub, grassland, and riparian areas (Cypher 
2010). The city encompasses a variety of urban 
land uses, including residential and commer-
cial developments, recreational areas, pre-
served green spaces, industrial centers, agri-
culture, and campuses. The Kern River runs 
through the middle of the city and is accessi-
ble to the public. Due to water being diverted 
for agricultural purposes, only portions of the 
river contain water year-round within the city 

(Shigley 2010). Vegetation within Bakersfield 
consists primarily of a mix of planted native 
and nonnative ornamental trees, shrubs, and 
flowering plants. A number of free-roaming 
dogs inhabit the city, with approximately 6700 
dogs reported as stray intakes in Kern County 
in 2019 (Kern County Animal Services 2019). 

Field Methods 

    We conducted annual surveys from 2015 to 
2019 to monitor the urban kit fox population 
in Bakersfield and used these data to investi-
gate kit fox spatiotemporal activity in relation 
to canid competitors. We set one camera in 
each of 111 randomly selected 1-km2 grid cells 
located throughout the 368-km2 city, thus cov-
ering approximately 30% of the city (Fig. 1). 
We selected the cell size such that the average 
kit fox home range of 1.72 km2 (Frost 2005) 
potentially included 2 cells, thus optimizing 
detection of kit foxes. Within cells, we selected 
camera locations that were accessible and 
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    Fig. 1. Distribution of 111 1-km2 grid cells used to monitor San Joaquin kit foxes (Vulpes macrotis mutica) in Bakers-
field, California, from 2015 to 2019.



minimized potential theft. With a few excep-
tions due to human disturbance, camera loca-
tions remained consistent over the 5-year 
sampling period. Because 97.1% of kit foxes 
are typically detected at camera traps within 
6 nights (Westall and Cypher 2017), we ran 
cameras for one week in midsummer outside 
of canid breeding and whelping season which 
might affect activity (Macdonald 2009). We 
programmed Cuddeback Black Flash E3 or 
C3 digital trail cameras (Cuddeback, Green 
Bay, Wisconsin, USA) to the highest sensitiv-
ity. We programmed the cameras to capture 
one image during the daylight hours after a 
15-s delay and 2 images at night as fast as 
possible, triggered by motion sensors. We 
secured the cameras to t-posts, fences, or vege-
tation using zip ties at a height and angle 
appropriate for capturing images of kit foxes 
and other canid species. Excessive vegetation 
was removed within 2 m of camera setup to 
minimize unnecessary triggers and provide a 
clear view of the target. We baited camera 
traps with a punctured 5.5-oz can of wet cat 
food staked approximately 2 m in front of the 
camera with 30-cm nails. We added several 
drops of Carman’s Canine Call carnivore scent 
lure to the can and surrounding vegetation 
(Minnesota Trapline Products, Inc., Pennock, 
Minnesota, USA). Canids can detect this scent 
lure from up to 1.6 km away (Westall and 
Cypher 2017). 
    We reviewed images captured by the cam-
eras each year and recorded species and mini-
mum number of individuals. Unless animals 
could be distinguished as different individu-
als (by size, sex, markings, or tags affixed to 
individuals during other projects), we counted 
multiple appearances of a species on a camera 
during a given session as the same individual 
because of the territoriality tendencies of 
canids. We reviewed photographs from cam-
era traps where kit foxes, coyotes, red foxes, 
gray foxes, or dogs occurred, and recorded 
the number of cells and days these species 
visited. For each survey night on cameras 
where our target species occurred, we used 
the image date and time stamps to calculate 
the minutes elapsed between sunset and first 
appearances by the canid and also the con -
secutive minutes that kit foxes spent at a 
camera trap. If a kit fox was not detected for 
more than 10 min, time calculation ceased 
with the last kit fox image, which marked the 

cutoff for a new encounter. We used sunset 
(United States Naval Observatory 2019) as 
our reference time due to the nocturnal 
nature of our target species. 

Spatial Analyses 

    To determine whether there were associa-
tions among the occurrences of kit foxes and 
other canid species, we used two-way contin-
gency tables to compare the number of days 
with and without visits by kit foxes to the 
number of days with and without visits by 
both kit foxes and at least one other canid 
within each survey year and across all survey 
years combined (Gotelli and Ellison 2013). 
Data were heteroscedastic in an F test for 
equal variances (all P values < 0.001; Gotelli 
and Ellison 2013); thus, we used Kruskal–
Wallis tests to determine whether there was a 
difference between the median number of 
days that each camera trap was visited by only 
kit foxes and the median number of days a 
camera trap was visited by kit foxes and at 
least one other canid for each survey year and 
across all survey years combined. 

Temporal Analyses 

    In instances where both kit foxes and other 
canids occurred, we tested for differences in 
the timing of visits by kit foxes in relation to 
other canids for all survey nights collectively 
using one-way analysis of variance and Tukey’s 
honestly significant difference tests to compare 
the mean time to appearance (minutes from 
sunset to first kit fox appearances) on nights 
when (1) only kit foxes visited, (2) both kit foxes 
and other canids visited but kit fox appeared 
first, and (3) both kit foxes and other canids vis-
ited but other canids appeared first (Gotelli 
and Ellison 2013). We then compared the 
median time (number of consecutive minutes) 
that kit foxes spent at camera traps in each of 
the 3 scenarios using a Kruskal–Wallis test, as 
these data were heteroscedastic in a Bartlett’s 
test for equal variances (Gotelli and Ellison 
2013). To reduce bias from the strong influence 
humans have on the activity of pet dogs, we 
excluded dogs that appeared to be restricted-
ranging pets—based on their visiting camera 
traps during daylight or having a collar or 
leash—from the finer-scaled temporal analysis 
(Moodie 1995). All statistical tests were run in 
Minitab 19 statistical software and significance 
was determined by an a value of 0.05. 
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RESULTS 

    Over the 5-year sampling period, we com-
pleted 545 week-long camera surveys for a 
total of 3806 survey days, completing 735 to 
775 survey days within each year. The number 
of encounters, cells, and days in which focal 
species were detected in images was highest 
for kit foxes, followed by dogs, red foxes, gray 
foxes, and then coyotes (Table 1, Figs. 2, 3, 4). 
Although 2015 had the lowest number of sur-
vey days, this year had the highest number of 
kit fox encounters (33% of the total kit fox 
encounters) and the highest number of cells 
(25% of the total cells) and days (33% of the 
total days) in which kit foxes occurred across 
all survey years (Table 2). Kit fox encounters 

declined annually through 2019, which had 
763 survey days and 10% of the total number 
of kit fox encounters, as well as 7% of the total 
cells and 9% of the total days in which kit 
foxes occurred across all survey years (Table 2, 
Figs. 2, 3, 4). Overall, there was a 69% de -
crease in kit fox encounters over the 5-year 
sampling period (Table 2). 
    For any given cell or day each year, kit 
foxes occurred alone more frequently than 
they did with any other canid, occurring 
alone in 30% of the total cells and 17% of the 
total days across all years (Table 3). Less fre-
quently, kit foxes occurred with dogs in 5% 
of cells and <1% of days across all years, 
then with coyotes and gray foxes in 1% of 
cells and <1% of days across all years, fol-
lowed by red foxes in <1% of cells and days 
across all years (Table 3). Kit foxes occurred 
with 2 other canid species, gray fox and dog, 
at one camera trap in 2016, but they did not 
occur on the same day (Table 3). Due to low 
occurrences of other canids compared to kit 
foxes, we grouped coyote, red fox, gray fox, 
and dogs into a combined category for sub-
sequent analysis. 

Spatial Analyses 

    We found one association between the 
number of days kit foxes occurred alone and 
the number of days kit foxes occurred with 
other canids in 2018 (c2 = 4.922, df = 1, P = 
0.027), with no associations in the remaining 
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    Fig. 2. Total number of encounters for San Joaquin kit fox (Vulpes macrotis mutica), domestic dog (Canis familiaris), 
red fox (V. vulpes), gray fox (Urocyon cinereoargenteus), and coyote (C. latrans) each year during a week-long, city-wide 
camera survey with n = 604 target species encounters in Bakersfield, California, from 2015 to 2019.

    TABLE 1. Total number of encounters (Enc.) as well as 
the number of grid cells in which, and survey days on 
which, each canid species occurred during an annual 
week-long, city-wide camera survey in Bakersfield, Cali-
fornia, from 2015 to 2019. SJKF = San Joaquin kit fox 
(Vulpes macrotis mutica), dog = domestic dog (Canis 
familiaris), RF = red fox (V. vulpes), GF = gray fox (Uro-
cyon cinereoargenteus), Coy = coyote (C. latrans). Sample 
size (n) is given in the last line of the table.  
Species                          Enc.                 Cells                 Days  
SJKF                              394                   205                   690 
Dog                                150                     80                   170 
RF                                    25                     15                     38 
GF                                   19                     18                     31 
Coy                                  16                     10                     19 
Sample size (n)              604                   545                 3806  



tests (c2 values range from 0.002 to 3.058, all 
df = 1, all P values > 0.05). The number of 
days that camera traps were visited by only 
kit foxes was higher than the number of days 
that camera traps were visited by both kit 
foxes and other canids in all tests (H values 
range from 11.6 to 99.22, all df = 1, all P val-
ues < 0.001). We observed a similar trend in 
mean days visited by kit foxes relative to that 
of other canids, with a decrease in days vis-
ited by kit foxes over the 5-year sampling 
period (Fig. 5). 

Temporal Analyses 

    We found that kit foxes delayed visiting 
camera traps on nights when other canids 
appeared first but not on nights when only kit 
foxes occurred or nights when both kit foxes 
and other canids occurred but the kit fox 
appeared first (F2, 556 = 4.82, P = 0.008; 
Tukey HSD: P ≤ 0.05; Fig. 6). Mean time to 
appearance for kit foxes was 3 h (492 min) 
later on nights when other canids appeared 
first and 2 h (178 min) earlier on nights when 
other canids occurred but did not appear first 
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    Fig. 3. Total number of grid cells in which San Joaquin kit fox (Vulpes macrotis mutica), domestic dog (Canis familiaris), 
red fox (V. vulpes), gray fox (Urocyon cinereoargenteus), and coyote (C. latrans) occurred each year during a week-long, 
city-wide camera survey of n = 105 to 111 cells, depending on the year, in Bakersfield, California, from 2015 to 2019.

    Fig. 4. Total number of days in which San Joaquin kit fox (Vulpes macrotis mutica), domestic dog (Canis familiaris), red 
fox (V. vulpes), gray fox (Urocyon cinereoargenteus), and coyote (C. latrans) occurred each year during a week-long, city-
wide camera survey of n = 735 to 775 survey days, depending on the year, in Bakersfield, California, from 2015 to 2019.
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when compared to appearances on nights 
when only kit foxes visited, which occurred 
5 h (300 min) after sunset (Fig. 6). We did not 
find differences between the median time that 
kit foxes spent at cameras traps in any of the 

3 scenarios (H = 1.12, df = 2, P = 0.571); 
however, variances in consecutive minutes 
that a kit fox spent at a camera trap between 
the 3 scenarios were heteroscedastic (B = 
27.02, df = 2, P < 0.001; Fig. 7). Kit foxes 
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    Fig. 5. Mean number of days (with 95% confidence interval bars) that camera traps were visited by only San Joaquin 
kit foxes (Vulpes macrotis mutica) (lines) or by kit foxes and coyotes (Canis latrans), red foxes (V. vulpes), gray foxes (Uro-
cyon cinereoargenteus), or domestic dogs (C. familiaris) (circles) each year from 2015 to 2019, as well as for all years 
combined, during an annual survey consisting of n = 735 to 775 days, depending on the year, in Bakersfield, California.

    Fig. 6. Mean number of minutes (with 95% confidence interval bars) to first San Joaquin kit fox (Vulpes macrotis 
mutica) appearances at camera traps following sunset during an annual camera survey in Bakersfield, California, from 
2015 to 2019. The dash represents nights when only kit foxes occurred (n = 549); the diamond represents nights when 
both kit foxes and other canids (coyotes [Canis latrans], red foxes [V. vulpes], gray foxes [Urocyon cinereoargenteus], or 
domestic dogs [C. familiaris] occurred, but the kit fox appeared on camera first (n = 4); and the triangle represents 
nights when both kit foxes and other canids occurred, but the other canid appeared on camera first (n = 6).



exhibited greater variation in the amount of 
time spent at a camera trap on nights when 
both kit foxes and other canids occurred but 
the kit fox appeared first (s² = 89.58), fol-
lowed by nights when kit foxes were the only 
canid visitor (s² = 10.13). Kit foxes exhibited 
the lowest variation in time spent at a camera 
trap on nights when both kit foxes and other 
canids occurred, but the other canid appeared 
first, with kit foxes spending up to 2 min at a 
camera trap (s² = 0.30). 
 

DISCUSSION 

    Kit foxes primarily did not occur or were 
not associated with other canids on days 
across all years collectively and within most 
years, suggesting spatial partitioning among 
kit foxes and other canids in Bakersfield. 
Our results are consistent with our predic-
tion that kit foxes would rarely occur with 
other canids at the same camera trap within 
the same day and year, and they further show 
that kit foxes rarely occur with other canids 
within a 5-year span. Past studies in urban 
areas have found that red foxes prefer sub-
urbs (<20 houses/ha), gray foxes prefer urban 
edges or heavily vegetated areas, and coyotes 
prefer suburbs or more natural habitat within 
cities (Gosselink et al. 2003, Gehrt et al. 

2009, Lesmeister et al. 2015). Kit foxes are 
commonly observed denning in man-made 
structures throughout Bakersfield (Cypher and 
Van Horn Job 2012), and kit fox occupancy in 
the city may be driven by a selection for 
campus-type land use, such as manicured 
school and church grounds, as urban habitat 
(Deatherage et al. 2021). Campuses may pro-
vide kit foxes with protection from larger 
predators like coyotes with the use of security 
fencing (Deatherage et al. 2021). In the Great 
Basin Desert of western Utah, USA, desert kit 
foxes (V. m. arsipus) in urban areas also for-
aged and denned near highly developed areas 
that afforded protection from coyotes (Koz -
lowski et al. 2008). 
    On a finer spatial scale, in instances where 
kit foxes and other canids did co-occur, the 
presence of another canid did not discourage 
the use of that area by kit foxes on the same 
night unless the other canid arrived first, in 
which case kit foxes appeared later and showed 
reduced variance in the time spent in the area. 
These results also align with our prediction that 
other canids would discourage a kit fox from 
approaching bait. Studies involving other canid 
guilds have demonstrated similar patterns of 
temporal avoidance as a means of minimizing 
competition. In northeastern Argentina, pam-
pas foxes (Lycalopex gymnocercus) reduced 
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    Fig. 7. Mean consecutive minutes (with 95% confidence interval bars) in which a San Joaquin kit fox (Vulpes macrotis 
mutica) appeared on camera traps during an annual camera survey in Bakersfield, California, from 2015 to 2019. The 
dash represents nights when only kit foxes occurred (n = 549); the diamond represents nights when both kit foxes and 
other canids (coyotes [Canis latrans], red foxes [V. vulpes], gray foxes [Urocyon cinereoargenteus], or domestic dogs [C. 
familiaris]) occurred, but the kit fox appeared on camera first (n = 4); and the triangle represents nights when both kit 
foxes and other canids occurred, but the other canid appeared on camera first.



their activity at times when a more dominant 
competitor, the crab-eating fox (Cerdocyon 
thous), was highly active (Di Bitetti et al. 2009). 
In central India, Indian foxes (V. bengalensis) 
reduced their visitation rates to food stations, 
spent less time at the food, and increased their 
vigilant behavior when a dog was visible; how-
ever, the presence of dog odors had little effect 
on fox activity (Vanak et al. 2009). Similarly, in 
Israel, the presence of jackals (Canis aureus) 
prevented red foxes from visiting food stations, 
yet jackal odors had little effect on behavior 
(Scheinin et al. 2006). Because there is a trade-
off between predator avoidance, foraging effi-
ciency, and overall fitness, a more immediate 
predator presence may be required to produce 
a discernable effect on perceived risk to the 
subordinate species (Haswell et al. 2018). This 
was observable in our results, as kit foxes only 
altered activity in response to another canid 
having already arrived at the camera station. 
    Our camera surveys detected mostly kit 
foxes, followed by dogs. Kit foxes apparently 
occur in higher abundances in urban areas 
than in nonurban habitats (B.L. Cypher unpub -
lished data) due to their generalist forging and 
habitat requirements, ability to utilize anthro-
pogenic structures, modest space requirements, 
small size, and minimal conflict with humans 
(Cypher 2010). Dogs also persist in close prox-
imity to human development due to their 
dependence on anthropogenic food sources 
(Vanak and Gompper 2009) and are abundant 
in urban areas. Therefore, sign of dog pres-
ence such as odor may not be novel or threat-
ening to kit foxes (Vanak et al. 2009), allowing 
kit foxes and dogs to be detected in higher 
numbers in our study. Additionally, canids may 
only be capable of coexistence with one other 
canid species at any given time (Lesmeister et 
al. 2015), which is consistent with our study 
in which kit foxes occurred alone more fre-
quently than with another canid, followed by 
occurrences only with dogs. 
    The sizable decrease in kit fox encounters 
over the course of our study presumably 
demonstrates the negative impact of sarcoptic 
mange in the Bakersfield population, which 
was first noted in 2013 and is 100% fatal in 
untreated kit foxes (Cypher et al. 2017). Sar-
coptic mange affects over 100 mammalian 
species, including humans (Pence and Ueck-
ermann 2002), although the mite is highly 
variable and often host restricted (Rasero et 

al. 2010, Rudd et al. 2020). Mite varieties that 
affect kit foxes may also affect other canids, 
although kit foxes in Bakersfield may be more 
at risk due to the high densities at which they 
occur within the city (Rudd et al. 2020). Sar-
coptic mange could further impact intra guild 
dynamics that depend on species densities 
(Case and Gilpin 1974). At lower kit fox den-
sities due to mange, spatiotemporal overlap 
with other canids may be reduced, and kit 
foxes may not need to rely as heavily on par -
titioning space and time with larger competi-
tors. Conversely, at higher kit fox densities, in 
areas or time periods where mange is not 
prevalent, kit foxes might overlap more with 
other canids and may need to rely more on 
such partitioning for coexistence. 
    Our study demonstrated that kit foxes in 
an urban environment reduce risk from sym-
patric, larger intraguild competitors through 
spatial and temporal partitioning. Understand-
ing behavioral dynamics within canid guilds in 
urban areas can aid conservation strategies for 
kit fox areas affected by urbanization. Conser-
vation efforts such as discouraging kit foxes 
from urban construction projects and locat-
ing and managing mitigation or refuge lands 
should consider the presence and abundance 
of larger competitors. Conserving the kit fox 
population in Bakersfield would help to encour-
age and maintain the number of remaining 
populations and individuals of this endangered 
species (Cypher 2010). 
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