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Coyotes (Canis latrans) associating with badgers (Taxidea taxus) appeared to hunt Uinta 
ground squirrels (Spermophilus armatus) more effectively than lone coyotes. Coyotes with 
badgers consumed prey at higher rates (P = 0.09) and had an expanded habitat base and 
lower locomotion costs. Badgers with coyotes spent more time below ground and active (P 
= 0.02), and probably had decreased locomotion and excavation costs. Overall, prey vul- 
nerability appeared to increase when both carnivores hunted in partnership. Complementary 
morphological adaptations and predatory strategies, interspecific tolerance, and behavioral 
flexibility allowed them to form temporary hunting associations. The following ecological 
circumstances may have increased the likelihood of this interaction in our study area: 
relatively high densities of predators and prey; relatively long-lived predator populations; 
a vegetative structure that impeded solitary hunting by coyotes; a high connectivity of prey 
burrows that decreased hunting success of badgers; an absence of interaction with humans; 
a stressful physical environment. 
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In most models, predator guilds are struc- 
tured by competition for resources (Hair- 
ston et al., 1960; Rosenzweig, 1966; Schoe- 
ner, 1983). However, Native American 
folklore includes tales of badger-coyote 
(Taxidea taxus-Canis latrans) hunting as- 
sociations (Dobie, 1950; Goodwin, 1939; 
Ramsey, 1977), and early settlers, natural- 
ists, and scientists also reported such as- 
sociations (Aughey, 1884; Dobie, 1950; 
Hawkins, 1907; Seton, 1929). Recent sci- 
entific reports of this association are scant 
and based on few observations (Cahalane, 
1950; Robinson and Cummings, 1947; 
Young and Jackson, 1951). We have ob- 
served many such associations on the Na- 
tional Elk Refuge in northwestern Wyo- 
ming. 

The badger is an 8-kg mustelid, morpho- 
logically specialized for digging after prey. 
Ground-dwelling sciurids escape predators 

in long, deep, or interconnected tunnels 
(King, 1984; Slade and Balph, 1974; Strom- 
berg, 1975). Badgers trap them in dead-end 
tunnels by excavating soil (Lampe, 1976; 
Minta, 1990). On the National Elk Refuge, 
Uinta ground squirrels (Spermophilus ar- 
matus) were semicolonial with many inter- 
connected tunnels. Badgers minimized es- 
cape of ground squirrels by plugging burrows 
and running back and forth to induce the 
squirrel to remain below ground (Knopf and 
Balph, 1969; Lampe, 1976; Minta, 1990). 

The coyote, a 13-kg canid, captures ro- 
dents by pouncing and chasing; therefore, 
ground squirrels are accessible only while 
above ground. Coyotes ambush squirrels 
grazing too far from tunnel entrances. In our 
study area, brush interfered with coyote 
search, pursuit, and capture. A coyote as- 
sociating with a hunting badger waited near- 
by for the badger to flush squirrels from 
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their burrows. A squirrel detecting the coy- 
ote sentinel might remain below, giving the 
badger continued opportunity to capture it. 

If these associations were mutualistic, 
overall benefits will increase relative to costs 
for both participants. If commensalistic, net 
benefits will increase relatively for one par- 
ticipant, but not change for the other. If 
parasitic, net benefits will increase relatively 
for one participant and decrease for the oth- 
er, compared to solitary hunting. 

MATERIALS AND METHODS 

The observations were part of a 3-year study 
(1982-1985) of the ecology of badgers on the 
National Elk Refuge (Minta, 1990). Most obser- 
vations were within a 30-km2 area of flat to steep 
rolling topography (mean elev. = 2,050 m) closed 
to the public. The climate was markedly seasonal 
with long, cold winters. The mean annual tem- 
perature was 0*C (Minta, 1990) and the mean 
annual snowfall was 3 m, which accounts for ca. 
60% of the 61.5-cm average precipitation. The 
plant community was dominated by mixtures of 
low brush (big sagebrush, Artemesia, and rab- 
bitbrush, Chrysothamnus) and various endemic 
and introduced grasses that supported high den- 
sities of a single rodent herbivore, the Uinta 
ground squirrel. 

Unita ground squirrels accounted for the ma- 
jority of the badger's annual prey biomass (Min- 
ta, 1990) and of the coyote's seasonal prey bio- 
mass from May through July (Weaver, 1977). 
They hibernated below ground from August to 
April. Camenzind (1978) estimated a minimum 
pre-whelping coyote density of0.5/km2 and post- 
whelping density of 1.5/km2 in this area in 1971- 
1973. Post-dispersal density of badgers in au- 
tumn was a minimum of 2/km2 in 1984 (Minta 
and Mangel, 1989). 

In the research design, a badger-coyote asso- 
ciation was a sampling unit. Sampling was con- 
fined to those of 42 badgers with implanted ra- 
diotransmitters that interacted with coyotes. With 
random sampling, observations of experimental 
(sampling) units would be independent, but our 
observations were not. We believe that the mo- 
bility of coyotes and telemetered badgers over 
four annual cycles (26 months of field time) may 
have approached randomized sampling. There- 
fore, descriptive statistics will be followed by 
qualified inferential statistics. Test of two pro- 

portions as Poisson variates follows Fleiss (1981); 
t-test for unequal sample sizes follows Menden- 
hall and Scheaffer (1973) after satisfying Bart- 
lett's test for homogeneity of variances at P = 
0.05 level; the Kolmogorov-Smirnov test follows 
the computation of Siegel (1956). 

Badgers and coyotes were considered to be 
hunting in association when either's attention 
was focused on the other's activity with apparent 
intent to hunt ground squirrels. Intent was de- 
fined to be the first initiation by either of a pred- 
atory sequence (Lampe, 1976 for badgers; Wells 
and Bekoff, 1982 for coyotes). After the first 
predatory action, the association was considered 
ongoing if the members of the pair were in prox- 
imity and seemed to respond to each others' ac- 
tivities, including solitary behaviors (e.g., rest- 
ing, dozing, rolling). The association ended when 
the badger remained below ground or repelled 
the coyote, or when the coyote lost interest. 

We used two types of indices of the associa- 
tion's costs and benefits to each species: first we 
compared rates of prey capture and activity bud- 
gets of each species hunting alone and hunting 
in an association. Then we recorded each species' 
response to the other's presence assuming that 
behavior that initiates or maintains the associ- 
ation is evidence that the net outcome for the 
behaving animal is neutral or positive, while be- 
havior that tends to avoid or terminate the as- 
sociation is evidence that the net outcome is neg- 
ative. 

RESULTS 

A coyote's available hunting habitat in- 
creased greatly while hunting with badgers. 
Relative to open habitat, within brushy 
habitat (with higher densities of squirrels- 
Minta, 1990) far more coyotes hunted with 
badgers than hunted alone. Associated coy- 
otes saved energy and (possibly) time via 
decreased searching, stalking, and chasing. 
They mostly waited for the opportunity to 
quickly scramble and capture a squirrel. 

During the several weeks following the 
emergence of juvenile squirrels in June, 
badgers sought out burrows containing 
squirrel litters (Knopf and Balph, 1969; 
Minta, 1990; J. O. Murie, in litt.) and as- 
sociated coyotes captured many more squir- 
rels. Associated coyotes captured more prey 
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than solitary coyotes; 26 solitary coyotes 
observed for 41.3 h, (I= 1.59 h, SD = 1.15) 
captured 0.55 squirrels/h compared to 71 
coyotes hunting with badgers observed for 
86.6 h (X = 1.22 h, SD = 0.87) capturing 
0.74 squirrels/h, a 34% increase in capture 
rate. If we assume these associations rep- 
resent a random sample of hunting epi- 
sodes, then a conservative test of the two 
capture rates marginally supports the hy- 
pothesis of increased capture rates (Z = 1.34, 
P = 0.09, one-tailed). 

Predation rates of badgers could not be 
similarly assessed because squirrels mostly 
were caught and eaten below ground. How- 
ever, badgers hunting alone spent far more 
time aboveground than badgers hunting with 
coyotes. Seven solitary badgers resurfaced 
61% more often during 74 excavations than 
the same seven badgers associated with coy- 
otes during 31 excavations. If we assume 
that these excavations and associations are 
a random sample of hunting episodes, then 
there is a difference in the number of re- 
surfacings per excavation (t = 2.43, d.f = 
103, P = 0.02, two-tailed). We interpret the 
increased time below ground as a direct ben- 
efit if that time was spent in consumption, 
or a decrease in costs if that time was spent 
more efficiently pursuing prey. Compari- 
sons of older, more skilled badgers versus 
younger, less efficient badgers supports this 
interpretation. Younger badgers resurfaced 
more often to check nearby tunnels and dug 
more exploratory holes (Minta, 1990). In 
addition, coyotes clearly did not inhibit 
badgers from surfacing (see below). Soil ex- 
cavation is costly (Lampe, 1976), so small 
decreases in digging would save substantial 
energy. Additional potential benefits are 
discussed below. 

The duration of partnerships was ex- 
tremely variable. We timed 214 associa- 
tions totaling 184.4 h (X = 0.86 h, SD = 
1.09). There are disproportionately more 
short and long associations than expected 
from a random process (Fig. 1) for several 
reasons; female badgers in natal den areas 
always, and females with mobile offspring 
frequently, rebuffed coyotes. Male badgers 

attentive to females during the breeding sea- 
son sometimes suddenly rebuffed coyotes. 

We could locate badgers (and accompa- 
nying coyotes) via telemetry at distances be- 
yond their sensory ranges, but coyotes 
readily ended an association upon detecting 
us. We judged our influence to be the cause 
of breakup when, immediately before a 
breakup, a coyote's attention shifted from 
coordinating complex predatory tasks with 
the badger and it oriented toward us (these 
occasions are noted on Fig. 1). Thus, we 
expect the duration of associations in which 
the observer was likely detected (X = 0.54 
h, SD = 0.77, n = 127) to be less than those 
that we did not break up (X = 1.32 h, SD 
= 1.31, n = 87; Fig. 1). If we assume that 
these associations represent a random sam- 
ple of hunting episodes, then we reject the 
null hypothesis and conclude that unde- 
tected associations persist longer (Kolmo- 
gorov-Smirnov, x2 = 27.67, P < 0.0001, 
d.f = 2). 

The greater the portion of time the badger 
spent actively hunting (searching, explora- 
tory digging, excavating), the longer an un- 
disturbed association endured. Badgers 
usually ended the association by not re- 
emerging from a burrow; they rarely did so 
by agonistic behavior. The coyotes' posture 
and behavior, correlated with telemetry 
from the badger, suggested that coyotes 
could hear badger activity below ground. 
After badger activity apparently ceased, 
coyotes usually left within 0.5 h. Because 
some coyotes had uniquely identifiable 
markings, we occasionally observed recur- 
ring associations over periods of weeks. Per- 
centage of coyotes hunting with a badger 
were: single coyotes, 90.6% of recorded ep- 
isodes; coyote pairs, 8.8%; trios, 0.7%. 

A coyote and badger were typically within 
10 m while hunting within a set of burrows 
and within 50 m while searching for squir- 
rels aboveground and moving between bur- 
row systems. Coyotes were extremely alert 
and focused their attention over a wider vi- 
sual and auditory range than did badgers. 
Coyotes encouraged badgers to move and 
search by mock pursuit and by scrambling 
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FIG. 1.--Frequency distribution of timed observations of badger-coyote hunting associations. Du- 

ration of associations are grouped into 10-min intervals (midpoint) except the first interval, which is 
0 to 5 min, and the last interval, which is 300-410 min. We categorized observations as "detected" 
when a member of an association exhibited behavior indicating awareness of the observer's presence. 
Otherwise, the observation was classified as "undetected." 

around a specific site; by leading or by so- 
liciting play (e.g., play-bow, play-dance, face- 
pawing-Bekoff, 1974). 

The short-legged badgers prop their head 
and body for long-range scanning. By this 
and other indices, badgers reduced long- 
range scanning during the associations. As- 
sociated badgers may have benefited from 
the coyotes' wider-ranging vigilance and in- 
formation gathering capacities. The excep- 
tion was "double-rushing," an occasional, 
apparently spontaneous tactic. In dense 
patches of squirrels, the badger and coyote 
would simultaneously rush the area, scat- 
tering squirrels so they were more easily 
caught aboveground or trapped in a shallow 
or unconnected tunnel. 

Young and weak badgers can fall prey to 

a group of coyotes (Rathbun et al., 1980), 
but the virtual immunity from mutual pre- 
dation among adults of both species may 
preadapt these two species to the rapid and 
radical behavioral transitions necessary for 
the hunting associations. Both predators 
preying on a single species in our area may 
have eased learning-effective interaction and 
enhanced predatory effectiveness. 

The badgers' behavior indicated the as- 
sociation with coyotes was either neutral or 
positive for them. Associated badgers often 
tolerated coyotes within 1 m and physical 
contact was seen about once every 2 h of 
observation. Most contact was inadvertent 
or brief, but there were at least 36 episodes 
of sustained nasal-nasal contact, or body 
contact while resting near each other or dur- 
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ing activity or play initiation by the coyote. 
Badgers and coyotes played together longer 
than 10 s four times. Food was never shared, 
though coyotes took captured squirrels from 
badgers six times; five times from lactating 
females. Badgers almost always consumed 
prey without surfacing (Lampe, 1976; Min- 
ta, 1990); however, the five females provid- 
ing for a natal den each lost a squirrel to a 
coyote that induced her to drop it or snatched 
it from her mouth. The absence of direct 
contention eliminated immediate physical 
competition and agonism. 

DISCUSSION 

From trophic equivalence and strict car- 
nivory we expect severe competitive inter- 
action-the opposite of mutualism (Hair- 
ston et al., 1960; Rosenzweig, 1966; 
Schoener, 1983). Thus, individual interac- 
tions within a hunting association would 
likely be manifested as commensalism or 
parasitism. Our direct and indirect evidence 
of net benefits and costs for two interacting 
predators are limited because badgers usu- 
ally hunted below ground where they could 
not be observed. However, coyotes and 
badgers have complementary morphologi- 
cal adaptations and predatory strategies for 
combined pursuit of ground-dwelling squir- 
rels, and the association benefits at least one, 
perhaps both, species. 

Badger-coyote associations are only ob- 
served in certain circumstances. Thompson 
(1979) observed no interactions in two cen- 
tral-Oregon study areas, but ca. 45 inter- 
actions on Malheur National Wildlife Ref- 
uge in southeastern Oregon. The refuge study 
area was less disturbed, badger density was 
higher, and badgers were more observable 
(S. E. Thompson, pers. comm.). 

In our study area, squirrels lived semi- 
colonially at high densities. Their burrow 
connectivity (Stromberg, 1975) increased 
their escape routes. Tunnels dug by hunting 
badgers contributed to this connectivity. 
Moreover, the root structure of sagebrush 
inhibited rapid and efficient excavation, and 

the mixture and density of brush species 
decreased the effectiveness of solitary hunt- 
ing by coyotes. Consequently, fewer of the 
many squirrels present were vulnerable to 
a coyote or badger hunting alone than to a 
hunting pair. The relatively high densities 
of long-lived resident badgers and coyotes 
(Minta, 1990; Tzilkowski, 1979) increased 
chances of contact, tolerance, and pro- 
longed behavioral reinforcement necessary 
for joint hunting. 

Even if badger-coyote associations are 
common, they may go unnoticed. We often 
disrupted associations (Jordan and Burg- 
hardt, 1986). Our implanted badgers, and 
coyotes in general, were much more wary 
and secretive in the part of our study area 
where they were trapped, shot, or harassed. 
Coyote behavior and social organization are 
particularly sensitive to exploitation re- 
gimes and human disturbance (Andelt, 
1985; Bowen, 1981). Camenzind (1978; 
pers. comm.), Bekoffand Wells (1986; pers. 
comm.), and Weaver (1977; pers. comm.) 
rarely saw badger-coyote interactions on 
neighboring study sites where the coyotes 
were exploited and disturbed more (Tzil- 
kowski, 1979), and most observations were 
made in more open habitats or sagebrush- 
grassland and grassland where badger den- 
sities were lower. 

Are the coyote-badger hunting associa- 
tions mutualism, commensalism, or para- 
sitism? Associated badgers and coyotes dis- 
played reduced agonism and behaved in 
ways that maintained their association. 
Thus, our behavioral index suggests that the 
association had a positive outcome for both. 
Thompson (1982) generalized that organ- 
isms that have a high probability of en- 
counter, a low probability of antagonistic 
interactions (e.g., competition), and endure 
high levels of physical stress have a higher 
probability ofmutualism. Our subjects were 
in a stressful abiotic environment, with low 
diversity of terrestrial fauna, and high prob- 
ability of encounter due to prey distribution 
and population densities of predators and 
prey. Mutualisms also are more likely in 
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species with rich social behavior (Thomp- 
son, 1982), which the coyote has. 

The badger-coyote association probably 
is neither cooperation nor reciprocal altru- 
ism. Cooperation traditionally is restricted 
to the intraspecific level because each par- 
ticipant potentially shares genes. Conner 
(1986) introduced the term pseudo-reci- 
procity for interactions in which the return 
benefit for a beneficent act is a byproduct 
or incidental effect of egoistic behavior by 
the recipient of the beneficent act. We do 
not believe either reciprocal altruism or 
pseudo-reciprocity is applicable to the 
badgers and coyotes, because there was no 
investment (beneficent act performed) by 
either participant in the mutualism. All be- 
havior appeared to be directed toward in- 
dividual prey capture or facilitating inter- 
specific toleration. 

The associated badger and coyote were 
most likely expressing a nonevolved mu- 
tualism that took the form of a short-term, 
two-species social system that benefited 
both. The coyotes' association-initiating be- 
havior probably evolved as a result of their 
intraspecific social plasticity. Both species 
probably drew upon a behavioral repertoire 
evolved in the context of intraspecific in- 
teractions to establish a functional, if lim- 
ited, two-species social system. Learning 
could occur if each species is capable of as- 
sociating the other with prior hunting suc- 
cess (stimulus-stimulus paradigm- Bolles, 
1975). 

Alternatively, since we lacked critical data 
to firmly resolve the benefits received by 
badgers, the coyotes might have "parasit- 
ized" badgers (T. Schoener, pers. comm.). 
Similarly, if the net energetic impact on the 
badger was neutral instead of negative, the 
interaction was commensalism. In either 
case, the badger may have tolerated the coy- 
ote to avoid a greater cost of repelling it. 
However, if the coyotes were parasitizing 
the badgers, they would have imposed the 
association over the badgers' resistance, and 
the badgers could have ended the associa- 

tion by simply being inactive underground 
for a brief period (<0.5 h). 
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