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ABSTRACT

During a 4-year monitoring investigation of a mammalian community in a tropical dry forest in central México,
we photo-captured southern spotted skunks (Spilogale angustifrons) following gray foxes (Urocyon ciner-
eoargenteus) in 5 occasions. We were interested in disentangling why spotted skunks moved behind with gray
foxes. Our objective was to determine activity patterns and distribution of sympatric gray foxes and southern
spotted skunks, explore the frequency and timing of their co-occurrences, and infer about the circumstances of
this previously unreported association. Camera trapping took place in Mount Tepetroja, within Tehuacan-
Cuicatlan biosphere reserve. From 1 May 2013 thru 30 April 2017, with sampling effort of 18,282 trap-days, we
obtained 1089 fox records and 21 skunk records; 5 of these records were of a skunk following a fox. Foxes were
crepuscular and nocturnal and skunks nocturnal. Peak activity for foxes was p = 23:17 h (95% CI = 23:01 to
23:32, r = 0.559), whereas for skunks p = 1:36 h (95% CI = 00:46 to 02:26, r = 0.876). Our results suggested
that skunk activity peak was subordinated to fox activity. We inferred that spotted skunks follow gray foxes
maybe as an opportunistic behavior to facilitate mitigation of predation risk and enhance foraging.

RESUMEN

Durante una investigacién de monitoreo de una comunidad de mamiferos silvestres en una selva tropical ca-
ducifolia en el centro de México que duré 4 anos, obtuvimos 5 registros de foto-trampeo de zorrillo manchado
(Spilogale angustifrons) siguiendo a la zorra gris (Urocyon cinereoargenteus). Nuestro interés fue esclarecer por qué
los zorrillos manchados siguen e las zorras grises, debido a la falta de estudios sobre interacciones
interespecificas entre estas dos especies. Nuestro objetivo fue determinar los patrones de actividad y distribucién
de zorras grises y zorrillos machados en simpatria en una reserva natural, explorar la frecuencia y el horario de
su co-ocurrencia, e inferir acerca de las circunstancias de esta asociacién interespecifica que no ha sido reportada
antes. El fototrampeo se llevé a cabo en el Cerro Tepetroja que estd localizado dentro de la reserva de la biosfera
Tehuacan-Cuicatldn. Del 1 mayo 2013 al 30 abril 2017, con un esfuerzo total de muestreo de 18,282 dias-
trampa, obtuvimos 1089 registros de zorra gris y 21 de zorrillo manchado, de los cuales en 5 se registraron a las
dos especies. Como se esperaba, las zorras grises fueron principalmente crepusculares y nocturnas y los zorrillos
fueron principalmente nocturnos. La mayor actividad para las zorras fue p = 23:17 h (IC 95% = 23:01 a 23:32,
r = 0.559), mientras que para los zorrillos p = 1:36 h (IC 95% = 00:46 a 02:26, r = 0.876). Nuestros resultados
sugirieron que la actividad cumbre de los zorrillos estuvo subordinada a la de las zorras. Inferimos que los
zorrillos manchados van siguiendo a las zorras grises probablemente como un comportamiento oportunista para
facilitar la mitigacién del riesgo de depredacién y optimizar la provisién de alimento.

1. Introduction

attributes and behavioral mechanisms which mitigate the pressures of
intraguild competition and predation (Polis et al., 1989, Hunter and

Spotted skunks (Spilogale spp.) and gray foxes (Urocyon ciner- Caro, 2008, Di Bitetti et al., 2010). In the mammalian carnivore guild,
eoargenteus) may occur as sympatric species due to morphological body size is considered the most influential factor to determine species
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coexistence, and ecological overlap between species is reduced sub-
stantially when morphology is related to foraging behavior and prey-
handling capabilities (Simberloff and Dayan, 1991). In México, 4 spe-
cies of spotted skunk are present; the southern spotted skunk (S. an-
gustifrons) occurs from central México thru Costa Rica and weights
between 0.2 and 0.8kg, about 6 times less than U. cinereoargenteus,
which weights between 1.5 and 5 kg (Wozencraft, 2005; Dragoo, 2009;
Aranda-Sanchez, 2012; Helgen et al., 2016). Gray foxes and spotted
skunks are generalist and opportunistic mesocarnivores that share
omnivorousness, predators, locomotion types, and habitat use (Fritzell,
1987; Hunter and Caro, 2008; Dragoo, 2009). Fox and skunk diets vary
in relation to seasonality, and a large proportion consist on animal
material such as rodents, birds, eggs, lizards, snakes, insects, and small
invertebrates (Fritzell and Haroldson, 1982; Cantii-Salazar et al., 2005;
Dragoo, 2009). Due to partitioning according to prey mass, the bulk of a
fox diet consists mainly of vertebrates, whereas invertebrates constitute
the bulk of a skunk diet (Simberloff and Dayan, 1991). Gray foxes are
mainly crepuscular and nocturnal and during the day seek resting sites
with dense understory (Fritzell and Haroldson, 1982; Fritzell, 1987). In
contrast, spotted skunks are nocturnal and during the day rest in un-
derground burrows and dens that may or may not be shared with other
conspecifics (Verts et al., 2001; Lesmeister et al., 2008; Dragoo, 2009).

Several factors relating to the social structure and behavior of gray
foxes and spotted skunks remain unclear due to their secretive habits,
and scientific information about their interspecific interactions is in-
complete (Fritzell and Haroldson, 1982; Dragoo, 2009). Solitary spotted
skunks have been photo-captured in other studies but no observations
of a spotted skunk following a gray fox have been registered in photo-
captures in México (Botello et al., 2013; Hidalgo-Mihart et al., 2014;
Gonzalez et al., 2016) or elsewhere (Helgen et al., 2016). In contrast,
interactions between Urocyon and Spilogale have been studied thor-
oughly for a diminutive and endangered relative of the gray fox, the
island fox (U. littoralis santacruzae), and the island spotted skunk (S.
gracilis amphiala) on the 250 km? Santa Cruz Island, in California, U. S.
A. (Crooks, 1994; Crooks and Van Vuren, 1995; Roemer et al., 2002;
Jones et al., 2008). Skunks (0.50-0.62 kg) and foxes (1.9-2.0kg) con-
sumed mostly deer mice (Peromyscus maniculatus) and insects, but dif-
ferences in body size suggested that island fox was the dominant
competitor (Crooks, 1994; Crooks and Van Vuren, 1995). Also, island
skunks were never observed to be active during daylight hours, whereas
island foxes were active throughout the diel (Crooks and Van Vuren,
1995). S. gracilis amphiala was rare on Santa Cruz Island when U. lit-
toralis santacruzae was abundant (Crooks, 1994; Crooks and Van Vuren,
1995), but island skunks suddenly increased from rarity to abundance
when the island fox population declined dramatically, suggesting the
release of skunks from competition imposed by foxes (Crooks and
Soule, 1999; Roemer et al., 2002; Jones et al., 2008). Noteworthy,
differences in body size between gray foxes and southern spotted
skunks in central México are much larger than those between island
foxes and island spotted skunks on Santa Cruz Island.

In the present study, we were interested in disentangling why
southern spotted skunks followed gray foxes in central México, a be-
havior registered with the use of camera traps during the monitoring of
a mammalian community in a tropical dry forest within Tehuacan-
Cuicatlan biosphere reserve (RBTC, acronym in Spanish). Our goal was
to determine activity patterns and distribution of sympatric gray foxes
and southern spotted skunks, explore the frequency and timing of their
co-occurrences, and understand the circumstances of this interspecific
association. We expected that (i) gray foxes would be crepuscular and
nocturnal and show a bimodal pattern, (ii) spotted skunks would be
nocturnal and show an unimodal pattern, and (iii) synchrony between
gray foxes and spotted skunks would occur during the nocturnal period.
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2. Materials and methods
2.1. Study area

Our investigation was performed in the locality of Ejido San José
Axuxco, Municipality of San José Miahuatldn, southeastern State of
Puebla, México. The study area borders south with the State of Oaxaca.
Monitoring was participative and the presence of civil authorities from
Ejido San José Axuxco and the principal investigator were mandatory to
fulfill field work. Sampling took place in Mount Tepetroja, with peak on
the geographical coordinates of latitude 18° 13’ 52.2” N and longitude
—97° 12’ 26.3” W, altitude 1400 m asl, located within Tehuacan-
Cuicatldn biosphere reserve, and within protected common lands.
Throughout the study, the reserve authorities in Tehuacdn, Puebla,
were informed about field work, and we followed their guidelines.
Vegetation in Mount Tepetroja was tropical dry forest with columnar
cacti of genera Cephalocereus, Myrtillocactus, Neobuxbaumia and
Pachycereus as main physiognomic dominants (Rzedowski, 1978;
Valiente Banuet et al., 2000), and trees and bushes mainly of genera
Bursera, Castela, Ceiba, Ficus, Fouqueria, Parkinsonia and Ziziphus
(Rzedowski, 1978; Valiente-Banuet et al., 2000). Mount Tepetroja fos-
ters populations of endangered species of tropical xerophytic plants
such as red tetecho (Neobuxbaumia tetetzo), Tehuacan ocotillo (Fou-
queria purpusii), and elephant foot (Beaucarnea gracilis; SEMARNAT,
2010). Climate is semiarid with rainy season during summer from May
to October, annual precipitation of 300 mm, and annual mean tem-
perature of 22 °C (Davila et al., 2002). There is no substantial variation
in sunset and sunrise timing between the wet and dry seasons in our
study area; differences are of approximately 25min. The sun rises
around 6:00 h and sets around 19:20 h.

2.2. Camera trapping

Our sampling units consisted of stations composed of 1 digital
camera trap (LTL Acorn 6210, Little Acorn Outdoors, Green Bay,
Wisconsin, U. S. A.), were separated by lineal distances of 500 m be-
tween stations, and were placed along the ridgeline of Mount Tepetroja
and along a dry creek ravine, in places were the intersection of 2-3
wildlife trails with mammalian scats and footprints were detected.
Cameras were tied to columnar cacti or trees at 20-40 cm from the
ground. Cameras were activated by a passive detector of infrared light
(PIR) sensor when presence of animals was detected. We programmed
cameras to operate the 24 h of the day, take a 12 megapixel picture and
a 20 s video followed by an inactive delay of 30 s, and print the date and
hour of capture according to the natural diel (i.e. not using the daylight
savings of the summer schedule). We did not use lures or attractants.
Time to first trigger was 0.8 s for the photograph and 3 s for the video.
Cameras were visited every 5-8 weeks to replace batteries and 8 MB
secure digital high capacity (SDHC) memory cards. Eleventh stations
were established in April 2013 (Farias et al., 2015) and another 3 sta-
tions were placed during year 2014 and started to operate on March,
July, and August, respectively. The last station was placed during June
2015. We analyzed data captured by camera traps from 1 May 2013 to
30 April 2017. During this 4-year period, operating stations at any one
time varied from 8 to 15 stations due to battery depletion, camera
malfunction, camera destruction by a feral calf (Bos taurus), and lost
cameras. Sampling effort was estimated by adding the total number of
days (1 day = 24 h) that every station worked during the 4-year sam-
pling period, and units were expressed as trap-days, where 1 trap-day
was represented by 1 station working during the 24 h of 1 day (Meek
et al., 2014).

2.3. Skunk and gray fox records

Mammal species were identified according to Aranda-Sanchez
(2012), and for each species we determined the number of photo-
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captures in each station every day (1 day = 24h) during the 4-year
sampling period. We categorized photo-captures by rainy (May—Oc-
tober) or dry season (November-March). Records of spotted skunks
included solitary individuals, or a skunk following a fox. We defined
“following” as instances where, at the same camera station, a spotted
skunk was recorded in the same picture behind a gray fox, or a spotted
skunk was recorded in the video that was captured immediately after a
picture of a gray fox was captured. Records of gray foxes included so-
litary individuals, 2 to 4 foxes, a fox followed by a skunk, or a fox with
prey. Except for images in which we could identify 2 or more distinct
individuals, we considered images of conspecifics as: (a) 1 record if they
were captured within 1 h, or (b) different records if they were captured
in periods > 1h. We used the date and hour of the first image per
record.

2.4. Activity patterns

Sample size of spotted skunks was insufficient to compare between
seasons or among years; therefore, we pooled data for the 4-year
period. For each species, we constructed rose diagrams for circular data
to illustrate the daily activity patterns using the frequency of in-
dependent records for each hour, with the software Oriana 4 (Kovach,
2011). The frequency was represented by the area of the wedge, and we
used 24 intervals of 15°, each representing 1 h. We estimated the mean
vector (), the length of the mean vector (r), and the 95% confidence
interval of the mean vector. The mean vector was an indicator of the
peak of activity. The length of the mean vector ranged from O to 1, and
a larger r value indicated that the observations were clustered more
closely around the mean than a smaller one (Kovach, 2011).

3. Results
3.1. Skunk following fox records

With a total sampling effort of 18,282 trap-days we obtained 1084
records of gray foxes, 16 records of spotted skunks, and 5 records where
a skunk followed a gray fox. Therefore, the sum of 16 records of solitary
skunks with 5 records of a skunk that followed a gray fox was 21 re-
cords, and the sum of 1084 records of gray foxes with 5 records of a
skunk that followed a gray fox was 1089 (Table 1, Fig. 1). We were
unable to use spotted skunk coat patterns to discriminate between in-
dividuals because in every one of the 5 records of a spotted skunk
following a gray fox, the skunk was in movement.

The five records in which a southern spotted skunk was photo-
captured following a gray fox occurred during dry season, from January
to April, on 3 contiguous camera stations (Table 2, Fig. 2). The first
record was taken on January 2014 when a gray fox was photo-captured
in a picture and 7 s later a spotted skunk was photo-captured in a video
running in the same place and direction. In year 2016, a gray fox was
photo-captured in a picture and 9s later a spotted skunk was photo-
captured in a video hopping in the same place and direction. The last 3
records occurred on the same camera station. In year 2016, on two
different events one month apart, a gray fox was followed by a skunk

Table 1

Record frequency, recording rate (per 100 trap-days), and proportion of stations
with detection for gray foxes (Urocyon cinereoargenteus) and southern spotted
skunks (Spilogale angustifrons) in Mount Tepetroja, Tehuacan-Cuicatlan bio-
sphere reserve, México, from 1 May 2013 to 30 April 2017.

Record Recording rate  Proportion of stations
frequency with detections
Gray fox 1089 5.96 1.00 (n = 15)
Spotted skunk 21 0.12 047 (n=7)
Spotted skunk 5 0.03 0.20 (n = 3)

follows gray fox
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and both were photo-captured in the same picture. One year later, on
March 2017, a gray fox was photo-captured in a picture and 7 s later a
spotted skunk was photo-captured in a video hopping in the same place
and direction.

3.2. Activity patterns

Gray foxes were mainly crepuscular and nocturnal, showed a mean
vector 43 min before midnight (u = 23:17 h, 95% CI = 23:01 to 23:32)
and a length of mean vector r = 0.559. In contrast, skunks were mainly
nocturnal with a mean vector 96 min after midnight (u = 1:36 h, 95%
CI = 00:46 to 02:26) and a length of mean vector r = 0.876 (Fig. 1).
Gray foxes and skunks showed unimodal activity patterns and their
synchrony occurred during the nocturnal period. The 95% confidence
intervals of the main vectors (i) did not overlap between the activity
patterns of the two mesocarnivores. Thus, the active period of spotted
skunks showed synchrony with the active period of gray foxes, but the
mean activity of skunks occurred after the mean activity of foxes
(Fig. 1).

4. Discussion and conclusions
4.1. Skunk following fox records

Our work is the first published evidence of a short-term association
between the southern spotted skunk and the gray fox. The behavior had
not been registered in México before, but this fact may be explained
because sampling efforts from previous studies were not maintained for
long-term monitoring of the same locality for more than two years, thus
lowering the chances to register this kind of observation (Botello et al.,
2013; Hidalgo-Mihart et al., 2014; Gonzalez et al., 2016). According to
Tobler et al. (2008), length of sampling effort is the factor that best
enhances probabilities to detect missing or rare species. Also, previous
to camera-trap instrumentation in research protocols, ecological studies
on mephitids would not commonly obtain information about associa-
tions with gray foxes or other mammals present in the study area
(Cervantes et al., 2002; Neiswenter and Dowler, 2007), or information
about interspecific interactions different to predation (Lesmeister et al.,
2010).

Possibly, at least 4 individual skunks were photo-captured per-
forming the behavior during the 4-year of our monitoring. The first
record was taken on January 2014, and we assumed this was the first
individual skunk exhibiting the fox following behavior. The second
record was taken almost two years after the first record, on February
2016, and we inferred as unlikely that we had photo-captured the same
individual of 2014, so we assumed this case as the second individual
skunk which followed a fox. The third and fourth of our records might
have higher chances to belong to the same individual because these two
records were taken 30 days apart, on March and April 2016, and in the
same camera station (AX08, Table 2); therefore, we assumed this two
records belonged to the third individual skunk detected following a fox.
The fifth record was taken eleven months after the fourth record, on
March 2017, and we assumed this was the fourth individual skunk
performing the behavior. Lesmeister et al. (2010) reported low survival
rates for a population of S. putorius in which 58% of study animals died
over the course of the study mainly due to predation; mean annual
survival for 33 radio-tracked individuals was 0.354 and mean survival
after capture was 169 days (range 5-496 days). Lesmeister et al. (2010)
study offers insight into the low probability of an individual skunk
surviving for more than 6 months in the wild.

Although we found the 5 records of skunk following fox within 3
adjacent stations, we deny the possibility that this behavior belonged to
just one or two rare acting spotted skunks and that the interesting be-
havior should not be attributed to the S. angustifrons population in our
study area. The camera stations setup of our study was based on the
average home range size of mesocarnivore species. We assumed that the
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(a) Gray fox

06:00 p.m.

(b) Southern spotted skunk
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Fig. 1. Activity patterns of (a) gray foxes (Urocyon cinereoargenteus, n = 1089) and (b) southern spotted skunks (Spilogale angustifrons, n = 21) in Mount Tepetroja,
Tehuacan-Cuicatldn biosphere reserve, México, from May 2013 to April 2017. The direction of the mean vectors and the 95% confidence intervals are indicated. The

sun rises around 6:00 a.m. and sets around 7:20 p.m.

lineal distance of 500 m between stations would allow the inclusion of
one camera station in one home range, in the best scenario. U. ciner-
eoargenteus is a monogamous species, individuals remain solitary for the
majority of the year, have an average home range size of 2.1 km?, and
use only small portions of this range each day (Fritzell and Haroldson,
1982). Home range size for Spilogale spp. is smaller than for U. ciner-
eoargenteus. In a population of S. putorius, home range was dependent
on gender and season, and was bigger for males during the breeding
season in spring (Lesmeister et al., 2009). For autumn, winter, spring,
and summer, females of S. putorius maintained average home ranges of
65ha, 71 ha, 135ha, and 54 ha, respectively, in contrast with 76 ha,
175 ha, 866 ha, and 142 ha for males (Lesmeister et al., 2009).
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4.2. Activity patterns and distribution

As expected, gray foxes were mainly crepuscular and nocturnal,
spotted skunks were mainly nocturnal, and synchrony between them
occurred during the nocturnal period, in Mount Tepetroja, central
México (Fig. 1). The peaks of activity of skunks and foxes were 139 min
apart; gray fox peak of activity occurred before midnight and skunk
peak occurred after midnight. Probably, activity peaks did not overlap
because skunks might be subordinated to gray foxes. In addition to this
argument, skunk records were not as widely distributed in the study
area compared to gray fox records (Fig. 2). Other studies indicated that
occurrence of spotted skunks was noticeably higher in vegetation types
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Fig. 2. (a) Location of Mount Tepetroja (black star) in relation to the limits of the Tehuacdn-Cuicatlan biospehere reserve (RBTC), and the states of Puebla and
Oaxaca in México. (b) Location of 15 camera-trap stations (AX) in Mount Tepetroja. Records of presence of gray foxes (circles), spotted skunks (triangles), and a
spotted skunk following a gray fox (stars) are indicated for each camera-trap station.

that provide cover, structural characteristics, and complexity that re-
duce risk of predation (Cervantes et al., 2002; Lesmeister et al., 2009).
However, camera-trap stations in our study area were placed within the
same vegetation type, tropical dry forest. As well, other factors such as
presence of potential competitors and/or predators might be considered
to explain spatio-temporal segregation of spotted skunks in Mount Te-
petroja (Di Bitetti et al., 2010). Thus, provided that in future studies we
analyze specific attributes of vegetation understory in the study area,
we would only be able to infer that temporal and spatial segregation
between skunks and foxes were behaviors that added up to allow spe-
cies coexistence (Hunter and Caro, 2008; Di Bitetti et al., 2010).
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4.3. Insights on coexistence

We propose that spotted skunks follow gray foxes because this be-
havior may be an interspecific association between the two meso-
carnivores that benefits skunks, the subordinate species (Stensland
et al., 2003, Mattisson et al., 2011). In our study area, the differences in
body size between gray foxes and spotted skunks may permit not only
their coexistence, but also short-term and opportunistic interactions
during the active periods of both species (Simberloff and Dayan, 1991;
Stensland et al., 2003). Due to the six-fold differences in their body
sizes, similarities in locomotion and activity patterns may not imply
strong competition; instead, terrestrial and arboreal capabilities may
allow spotted skunks to move along in close proximity to gray foxes.
According to Simberloff and Dayan (1991), differences in foraging
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Table 2

Date and timing (hour:minute:second) of photo-detection and geographical
location (decimal degrees) of the 5 records in which a southern spotted skunk
(Spilogale angustifrons) followed a gray fox (Urocyon cinereoargenteus) in Mount
Tepetroja, Tehuacén-Cuicatlan biosphere reserve, México, from 1 May 2013 to
30 April 2017.

Date of Timing of Timing of Camera- Location of camera-

photo- gray fox skunk trap station  trap station

detection detection detection

30 Jan 2014 21:22:03 21:22:10 AX07 18.20208 N
—97.25773 W

13 Feb 2016  04:47:44 04:47:53 AX09 18.20001 N
—97.24737 W

14 Mar 2016  02:02:41 02:02:41 AX08 18.20269 N

13 Apr 2016  00:29:38 00:29:38 AX08 —97.25322 W

28 Mar 2017  01:30:00 01:30:07 AX08

behavior between Mephitidae and Canidae likely reduce the potential
for interference or exploitative competition. Possibly, spotted skunks in
our study area accompany gray foxes to facilitate mitigation of pre-
datory risk and therefore enhance foraging (Stensland et al., 2003;
Hunter and Caro, 2008). Spotted skunks might benefit from the asso-
ciation by reducing their vulnerability to common predators when in
close proximity with gray foxes (Stensland et al., 2003; Mattisson et al.,
2011). Within mammalian carnivores, coyotes (Canis latrans) and
badgers (Taxidea taxus) have been observed to form interspecific
hunting-associations to enhance predatory effectiveness on a common
prey (Minta et al., 1992), and wolverines (Gulo gulo) appear to benefit
from coexistence with lynx (Lynx rufus) through increased scavenging
opportunities (Mattisson et al., 2011; Khalil et al., 2014).

In contrast with interactions between island foxes and island spotted
skunks where the skunk is limited by the fox, our results may be in-
terpreted as an association where gray foxes tolerate the close proxi-
mity of southern spotted skunks, although gray foxes receive no benefit
(Stensland et al., 2003). Temporary tolerance has been documented
between conspecifics of solitary and territorial felids (Elbroch and
Quigley, 2017), as well as between competing heterospecifics
(Stensland et al., 2003; Lopez-Bao et al., 2016). But the temporal as-
sociation between gray foxes and skunks is different from tolerance
because apparently skunks do not benefit as scavengers or co-feeders,
no agonistic encounters between gray foxes and spotted skunks have
been documented, and the big differences in body size between them
suggest competition attenuation (Stensland et al., 2003). Co-occurrence
of gray foxes and spotted skunks does not seem to be a hunting-asso-
ciation where both species are benefited through partnerships of com-
plex and coordinated predatory tasks (Minta et al., 1992). Thus, the
short-term association of a dyad consisting of a gray fox and a spotted
skunk may be a non-agonistic mechanism of competition and coex-
istence, where the skunk appears to be benefited but the gray fox might
not.
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