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Abstract
Predator dynamics and other community-level interactions more than 
200 years ago within California’s Central Valley would likely have been 
emphatically different with grizzly bears and wolves as an important 
part of the landscape. With the advent of European settlement of Cali-
fornia, the ecosystem was drastically altered. The removal of wolves 
and grizzly bears from the Central Valley may have had a negative ef-
fect on the San Joaquin kit fox. Cascading effects with negative results 
like the ones described here are likely commonplace when top-down 
ecosystems are altered by human activities.
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The interspecific interactions between 
mammalian carnivores are typically 
limited to interference competition and 
predation (Cypher and Spencer 1998; 
Palomares and Caro 1999). These in-
teractions have important implications 
on carnivore competition (Linnell and 
Strand 2000). For example, spotted hy-
enas (Crocuta crocuta) kill golden jack-
als (Canis aureus) and brown hyenas 
(Hyaena brunnea) when competing for 
resources (Palomares and Caro 1999). 
Spotted hyenas and lions (Panthera leo) 
limit the density of African wild dogs 
(Lycaon pictus) through interference 
competition (Creel and Creel 1996). 
These types of interspecific interac-
tions are common within communities 
of North America, Africa, and Europe, 
although the behavioral factors of these 
interactions are poorly understood (Pal-
omares and Caro 1999).

Comparatively, interspecific coop-
erative hunting and other beneficial 
associations between mammalian car-
nivores are just as poorly understood 
(Packer and Ruttan 1988). A notable 
example includes hunting associations 
between badgers (Taxidea taxus) and 
coyotes (Canis latrans; Hawkins 1907, 
Cahalane 1950). Badgers and coyotes 
have been observed on many occasions 
helping each other prey upon ground 
squirrels (Spermophilus spp.; Kiliaan 
et al. 1991; Minta et al. 1992). Hunting 
methods include a double rushing of a 
squirrel colony, where confused squir-
rels are easily captured by both the coy-
ote and the badger, and opportunistic 
capturing of escaping squirrels by the 
coyote as the badger excavates the bur-
row, akin to the coyote using the badger 
as a hunting tool. In the last instance, 
the benefit to the badger is not immedi-
ately obvious. Perhaps having an alert 
predator in the area provides warning 
of approaching danger, or squirrels, 
sensing a coyote outside of the burrow, 
may choose to remain underground and 
eventually become prey for the badger. 

However, coyote-badger associations 
are most likely phoretic rather than a 
form of social symbiosis (Kiliaan et al. 
1991). Cooperative or opportunistic for-
aging between badgers and swift foxes 
(Vulpes velox) have also been recorded 
(Ausband and Ausband 2006).

Other interspecific associations 
between mammalian carnivores have 
been described elsewhere. In one case, 
a Tibetan fox (V. ferrilata) closely fol-
lowed the movements of a brown bear 
(Ursus arctos) that was excavating pikas 
(Ochotona curzoniae; Harris and Loggers 
2004). The fox directly benefited from 
the bear’s activities by capturing pikas 
disturbed but not captured by the bear. 
Przewalski (1883) recorded a similar sit-
uation whereby four Tibetan foxes were 
observed searching for rodents near a 
bear excavating a burrow complex.

At other times fox-bear interactions 
suggest scavenging behavior on the part 
of the fox. Red foxes (V. vulpes) have 
been observed patiently waiting for an 
opportunity to partake in feeding on 
carrion when a brown bear was already 
present at the carcass (Murie 1987). In 
another instance, a red fox found a bear 
cache and relocated a portion of it to a 
new cache nearby. Eventually a brown 
bear arrived at the original cache and 
ate a part of it, then followed the fox’s 
scent to the newly hidden cache and ate 
what was left (Murie 1987). Arctic foxes 
(V. lagopus) are known to follow polar 
bears (U. maritimus) on pack ice and 
wolves (C. lupus) on the mainland to 
scavenge remains of kills (Chesemore 
1968).

Swift foxes and red foxes have also 
benefited from scavenging wolf kills 
(Cypher 2003). Many swift foxes have 
been killed due to scavenging carcasses 
poisoned to control coyotes and wolves 
(Bunker 1940). The scavenging behavior 
of the swift fox may indicate an evolved 
relationship with wolves and grizzly 
bears in that swift foxes directly benefit 
from carrion left behind by these two 
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larger carnivores. The post-glacial and 
historic distribution of the grizzly bear 
overlapped that of the swift fox, allow-
ing for this relationship to occur (Jon-
kel 1987, Schwartz et al. 2003). Here, I 
hypothesize that the San Joaquin kit 
fox (V. macrotis mutica) may have had a 
beneficial associative relationship with 
the California grizzly bear (U. a. colusus) 
and the California gray wolf (C. l. fur-
longi) in pre-European California.

Early descriptions of the pre-Eu-
ropean Central Valley of California 
include large expanses of native Cali-
fornia prairie with areas of alkali sink 
habitats; vernal pools and swales; and 
regions of tule marshes and lakes, ripar-
ian forests, and river systems (Preston 
1981; Schoenherr 1992; Barbour et al. 
1997). Within the native California prai-
rie were large herds of tule elk (Cervus 
elaphus nannodes), pronghorn (Antilo-
capra americana), and perhaps mule deer 
(Odocoileus hemionus; Schmidt 1991, 
Schoenherr 1992; Clark 2004; Wilbur 
2004). Although the proposed “Seren-
geti” description of North America has 
been called into question (Kay 1998), 
California may have been a minor ex-
ception (Holing 1988). Large herds of 
ungulates supported the California 
condor (Gymnogyps californianus) and 
larger carnivores, including wolves and 
grizzly bears (Schoenherr 1992; Wilbur 
2004).

Predator-prey dynamics and other 
community-level interactions more 
than 200 years ago would likely have 
been emphatically different with grizzly 
bears and wolves as an important part 
of the landscape. Wolves were present 
in the Central Valley until the 1800s, and 
although their population demograph-
ics were unknown, they were probably 
extirpated from all parts of California 
by the mid-1920s (Schmidt 1991; Beidle-
man 2006). Wolves and grizzly bears 
may have competed for ungulate prey 
(Kuzyk et al. 2001), and abandoned or 

cached kills were probably a major food 
source for other animals including Cali-
fornia condors (Wilmers et al. 2003; Wil-
bur 2004).

The California grizzly was a chapar-
ral and grassland bear, and commonly 
over-wintered at elevations well below 
the snow line (Grinnell 1938; Hall 1939; 
Schoenherr 1992; Storer and Tevis 1996; 
Snyder 2003). The San Joaquin kit fox 
also inhabited these same grasslands of 
the Central Valley (Grinnell et al. 1937; 
Kelly et al. 2005). Schoenherr (1992) 
wrote that the California grizzly may 
have been generally unsuccessful in 
capturing tule elk and pronghorn; how-
ever, Schwartz et al. (2003) stated that 
grizzly bears are effective predators, 
and various large ungulates, including 
elk calves, are important seasonal food 
items. It is likely that the San Joaquin kit 
fox was able to benefit from the kills of 
wolves and grizzly bears as the swift fox 
did. Grizzly bears may have also exca-
vated the burrowing systems of ground 
squirrels, with kit foxes capturing es-
caped squirrels, similar to the Tibetan 
fox-brown bear dynamic.

However, with the advent of Euro-
pean settlement of California’s Central 
Valley, the ecosystem was drastically al-
tered. By 1875, pronghorn were rare in 
the Central Valley, and tule elk were re-
duced to 145 animals by 1904 (Schoen-
herr 1992). The last of the wolves were 
trapped in the Providence Mountains in 
1922 and in Lassen County in 1924 (Grin-
nell et al. 1937; Ingles 1963; Schoenherr 
1992). The last grizzly bear was killed 
in 1922 (Grinnell et al. 1937; Schoenherr 
1992). The impact of the extirpation of 
the grizzly bear and the wolf on the na-
tive California prairie is speculative at 
best (Schmidt 1991). The interactions 
between the large ungulates, grizzly 
bears, wolves, coyotes, and kit foxes 
will most likely remain unknown, as re-
searchers are only able to tentatively hy-
pothesize how the ecosystem dynamics 
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of a pre-European California landscape 
functioned.

Predator-driven ecosystems of the 
past may have been much different 
than the systems of today (Kay 1998). 
When top predators are removed from 
an ecosystem, as occurred in California, 
a mesopredator release may take place; 
that is, other predators from lower tro-
phic levels increase in numbers and an 
ecological shift ensues on the landscape 
(Soulé et al. 1988; Crooks and Soulé 
1999). A direct effect of this release is 
that the demographic success of these 
mesopredator species can be devas-
tating for less adaptable, rarer species 
(Garrott et al. 1993). For example, the 
removal of the grizzly bear and wolf 
from the Greater Yellowstone Ecosys-
tem has allowed a cascading effect of 
ecological events that led to a popula-
tion explosion of the moose (Alces alces) 
during the past 150 years (Berger et al. 
2001). The moose subsequently altered 
the riparian vegetation structure (by 
ungulate herbivory), and as a result, a 
reduction of avian neotropical migrants 
was observed in the impacted riparian 
communities (Berger et al. 2001).

The removal of wolves and grizzly 
bears from the Central Valley of Cali-
fornia may have had a similar negative 
effect on the San Joaquin kit fox. First, 
with the demise of two top predators, 
the coyote population likely would 
have increased (Goldman 1930; Schoen-
herr 1992, Cohn 1998). Second, with the 
rapid loss of native grassland habitat 
due to agriculture and development 
and the additive pressure of an increas-
ing coyote population, the San Joaquin 
kit fox experienced a drastic population 
decrease, so that by 1970, they were 
nearing extinction.

Today, coyotes are the main preda-
tor of the San Joaquin kit fox (Ralls and 
White 1995; Cypher and Spencer 1998). 
This was most likely not the case when 
wolves occupied the Central Valley. Oth-

er researchers have shown that coyotes 
and wolves usually cannot tolerate each 
other where their home ranges overlap 
and competitive exclusion of coyotes 
by wolves occurs (Carbyn 1982; Cohn 
1998). However, this is not always the 
case, especially when food sources are 
not limited (Paquet 1991; 1992). In con-
trast, California wolves probably did 
not interact with the San Joaquin kit fox 
directly. However, kit foxes benefited 
from wolf presence in two ways: (1) kit 
foxes likely received supplemental food 
resources from wolf caches and scav-
enged wolf kills (Wilmers et al. 2003), 
and (2) competitive interactions between 
kit foxes and coyotes were reduced due 
to the antagonistic interactions between 
wolves and coyotes (Fuller and Keith 
1981). However, interference competi-
tion and predation between kit foxes 
and coyotes occurred often enough for 
kit foxes to evolve spatial partitioning 
mechanisms to avoid coyotes, like the 
use of year-round denning systems. 
Today, with wolves removed from the 
Central Valley ecosystem, coyote popu-
lations increased significantly, adding a 
confounding competitive pressure on 
the San Joaquin kit fox (Cohn 1998; Nel-
son et al. 2007).

Cascading effects like the ones de-
scribed here are most likely common-
place where top-down ecosystems are 
drastically altered by anthropogenic-
sourced activities. This is especially 
true if beneficial associative relation-
ships co-evolved among carnivore spe-
cies. San Joaquin kit fox declines may 
have begun much sooner than previ-
ously believed. Other species, besides 
the kit fox, may have also experienced 
negative ecological impacts with the 
removal of top predators. For example, 
California is significant geographically 
in regard to the Pacific Flyway (Bellrose 
1980). With coyotes kept at low num-
bers by wolves, a lower predation level 
on many species of ducks and geese 
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by coyotes may have occurred (Gold-
man 1930). California was no doubt a 
much different place 200 years ago, and 
current conservation measures are 
necessary to preserve what biodiversity 
is left.
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