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CHAPTER 1 INTRODUCTION

One of the most polarizing and divisive endeavors in the field of conservation
biology is the restoration and management of large carnivores. Specifically, gray wolves
(Canis lupus) and their reestablishment pursuant to the Endangered Species Act of 1973
(ESA), after a successful government campaign that eliminated them throughout the
United States. With the recovery of the Rocky Mountain and Great Lakes populations of
gray wolves, the attention of conservation biologists is now on the struggling Mexican
gray wolf (C. l. baileyi) population in the southwest United States. The Mexican gray
wolf was on the brink of extinction by the time it was protected in 1978 under the ESA
when the subspecies survived only in captivity. After a successful captive breeding
program, Mexican wolves were reintroduced into Arizona in 1998.
After 13 years of managing the Mexican wolf recovery program, the U.S. Fish
and Wildlife Service estimates that 58 Mexican wolves occur in Arizona and New
Mexico. The daunting issues that federal biologists struggle with in regard to recovering
the Mexican wolf include genetic management of an inbred population of wolves, local
ranchers angry over wolves depredating cattle, incidents of wolf poaching that jeopardize
an already fragile extant wolf population, and maintaining relationships with tribal
governments. The latter is of particular importance due to the location of two Apache
reservations adjacent to the wolf recovery area in Arizona. The Fort Apache Indian
Reservation, homeland to the White Mountain Apache Tribe, covers roughly 1.6 million
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acres directly adjacent to the wolf recovery area. Wolf packs occur on the reservation and
are monitored by tribal biologists. The White Mountain Apache Tribe is currently a
partner in the program but struggles financially in keeping their wolf program whole. The
San Carlos Apache Reservation covers approximately 1.7 million acres, south of Fort
Apache, an area that could potentially be important to wolf recovery. As of 2011, the San
Carlos Apache Tribe has not changed its opposition to the wolf recovery program and
continues to request that wolves be removed from the reservation. Both Apache tribes are
concerned with the numbers of wolves occupying their reservation and with cattle
depredations.
The wolf has been the most studied of all wildlife species. No wolf studies,
however, have been conducted on the Fort Apache Indian Reservation since reintroduced
wolves dispersed onto the reservation shortly after their release in 1998. This research
represents the first wolf study to solely concentrate on wolves occupying the reservation
and taking into account indigenous cultural values. In light of the interdisciplinary
principles of conservation biology, my Mexican wolf project combines non-invasive
genetic sampling techniques, state of the art conservation genetics, and ethnography to
answer key questions about Mexican wolves within Apache culture. I also provide
taxonomic and historical review as well as a literature review of traditional ecological
knowledge studies that relate to endangered species.
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CHAPTER 2 PRESENT STUDY

Taxonomy and Historical Review of Gray Wolves in Arizona
No life history studies of a scientific nature were conducted before wolves were
extirpated in Arizona but ecological information is scattered throughout publications and
unpublished reports. I synthesized information regarding fossil records, taxonomy,
genetics, historical distribution, habitat, and diet of gray wolves in Arizona. I included
information about other subspecies of C. lupus that once inhabited Arizona with a focus
on C. l. baileyi. I used information from records of wolves inhabiting Arizona rather than
derived inferences from what we know about wolves in the Rocky Mountains and
Alaska. My objective was to provide a comprehensive view of the taxonomy, genetics,
historical distribution, and other important biological and ecological information of
wolves throughout state of Arizona.
Gray wolves were present in the southwest since at least the late Pleistocene. C. l.
baileyi located far to the south in North America demonstrates a unique genotype that
suggests an early invasion of wolves into North America. Early taxonomic classifications
of gray wolves recognized three subspecies of wolves in Arizona: C. l. youngi as the most
northerly wolf in Arizona, C. l. mogollonensis in central Arizona, and C. l. baileyi
southern Arizona. Both morphometric and genetic evidence support the distinctiveness of
C. l. baileyi. Historical records of wolves included the Chiricahua, Huachuca, Dos
Cabezas, Peloncillo, Winchester, Rincon, Whetsone, Galiuro, Pinaleno, Santa Catalina,
Santa Rita, Dragoon, Mule, Patagonia, Canelo Hills, Atascosa-Pajarito, and Baboquivera
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mountains in southern Arizona and scattered locations from the Mogollon Mountains
northwest to the Grand Canyon in central and northern Arizona. Historically, the primary
native prey of Mexican gray wolves in southeastern Arizona and Mexico was deer
(Odocoileus hemionus, O. virginianus, O. v. couesi). Collared peccary (Tayassu tajacu),
antelope (Antilocapra americana), bighorn sheep (Ovis canadensis nelsoni), rodents, and
bird species were also thought to have been native prey of Mexican wolves. Wolves in
northern Arizona most likely preyed upon similar species as well as native elk (Cervus
elaphus merriami). Because Mexican wolves were previously distributed throughout the
Sky Island mountain ranges of southeastern Arizona, wildlife managers and biologists
engaged with recovering the Mexican gray wolf in the southwest should investigate areas
in southeastern Arizona as potential reintroduction sites.

Abundance of Mexican Wolves on the Fort Apache Indian Reservation
Estimating the size of wild populations plays a central role in managing and
conserving rare and endangered species. Noninvasive genetic sampling methods are
increasingly being used to survey wildlife populations. Because scat is an easily collected
animal by-product, fecal samples are the most commonly used sources of DNA for
estimating abundance of rare wildlife species. Estimates of population size of endangered
species are possible through microsatellite analyses of DNA obtained from scat samples,
which deduce the number of unique genotypes in the population. Monitoring the
abundance of Mexican wolves on the Fort Apache Indian Reservation is a critical
component of the White Mountain Apache Tribe’s wolf management program. My
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overall goal for this study was to use non-invasive genetic sampling in order to obtain an
estimate of the minimum number of Mexican wolves inhabiting the Fort Apache Indian
Reservation.
I sampled the eastern portion of the Fort Apache Indian Reservation from June 19
to August 8 in 2008 and from May 6 to June 19 in 2009. I used scat detection dogs to find
wolf (Canis lupus baileyi) scat on the Fort Apache Indian Reservation during 2008 and
2009. I hired members of the White Mountain and San Carlos Apache tribes as field
technicians, and who were trained as dog handlers and orienteers. My field crew and I
spent over two weeks at the Canine Conservation Program center outside of Tacoma,
Washington mastering dog-handler techniques. Handlers were trained to assist the dog to
find scat samples by being responsive to the dog’s behavior in conjunction with
topography, vegetation, and air (i.e., temperature, humidity, and wind speed) conditions.
The dog handler’s abilities are considered crucial to success since the handler assists the
dog in locating scats. For example, if the dog is searching for a lost scent, the handler can
compensate for any environment and microclimate conditions by moving the dog downwind and noticing where scent may have pooled since odor can rise or fall with shifting
humidity.
I collected 378 scat samples from June to August in 2008, and 180 scat samples
from May to June in 2009, for a total of 558 samples. I used two different techniques
(scraping and swabbing) for DNA extraction from scat samples. I used universal mammal
primers designed for identification of mammal species and nuclear microsatellite
genotyping to identify individual canid genotypes for my scat samples. Of the 558
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carnivore scat samples collected, 265 (47%) samples amplified and produced DNA
sequence data. Of the 265 samples that amplified, 197 (74%) were identified as being
from a carnivore species and 67 (24%) samples were identified as prey species (i.e., elk,
cattle, horse, deer, or turkey) at the genus level without knowing the identification of the
species that deposited the scat sample. The remaining 293 (53%) scat samples failed to
yield PCR-amplifiable DNA. No contamination was observed because I did not detect
any amplified PCR products in the negative controls (i.e., DNA extraction blanks and
PCR negatives). Of the 197 samples that were identified as a carnivore, 21 (11%) were
wolf, 111 (56%) were coyote, 10 (5%) were puma, 47 (24%) were bobcat, and 8 (4%)
were gray fox scats. Although other carnivore species were identified in my samples,
only those samples identified as wolf were used for allelic genotyping. Amplification
success for my study was 47% for mtDNA which is not unusual for studies attempting to
extract DNA from scat.
My population size estimate of the wolf population was 19 individuals (95% CI =
14 – 58; SE = 8.30) during 2008 and 2009. The dogs found a high number of non-target
scats (i.e., coyote, C. latrans, and bobcat, Lynx rufus, specifically) and low number of
wolf samples detected within my study. I used Pearson’s Chi-squared tests to evaluate the
performance of the handlers and detection dogs by comparing the number target scats
(i.e., wolf and puma) and non-targets or mesocarnivore scats (i.e., coyote, bobcat, and
gray fox). I found no differences between dog teams in 2008 (X2 = 1.50; df = 2; p = 0.47)
and no differences between dog teams in 2009 (X2 = 0.44; df = 1; p = 0.51). Dogs
respond to nonverbal cues from their handlers and thus, a handler pointing at or closely
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investigating scat from a non-target species may be inadvertently prompting the dog to
find the non-target species. The use of scat detection dogs has several advantages over
human observation to find scat. One advantage is the ability for dogs to find scats that
were cryptically deposited (i.e., off roads and trails) that would not likely be found by a
field observer. Caution should be used however when deciding to use scat detection dogs.

Identifying Prey Remains in Carnivore Scats
Systematic studies of gray wolf diet were not conducted prior to their extirpation
from Arizona in the early 1900s, although the dependence of wolves on large ungulates is
well documented. Previous diet studies of reintroduced Mexican gray wolves used fecal
samples to assess wolf diet relying on scat diameter to distinguish between wolf and other
sympatric carnivore scat. My study used DNA analyses to distinguish between carnivore
scats collected on the Fort Apache Indian Reservation where reintroduced Mexican
wolves occur with sympatric carnivore species. My primary objectives were to use DNA
analyses to obtain an accurate assessment of Mexican wolf diet and, compare prey
remains in Mexican gray wolf scat with prey remains in two other sympatric carnivore
species (coyote, C. latrans, and puma, Puma concolor).
Scat samples identified as wolf, coyote, or puma from their DNA sequences were
subsequently dissected for prey remains (i.e., bone and cartilage fragments from
mammalian prey). All scats contained zero to four bone and/or cartilage remains, I used
all bone or cartilage pieces from each scat. To extract DNA from bone samples, I
pulverized bone samples with a SPEX SamplePrep Freezer/Mill 6770 cryogenic grinder.
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I used universal primer PCR assays to identify prey items. I analyzed a total of 89 bone
and cartilage fragments including 25 from wolf scats, 16 from puma scats, and 48 from
coyote scats. I identified three mammalian species in the scats of Mexican wolves in my
study area, which included Rocky Mountain elk (Cervus elaphus), mule deer (Odocoileus
hemionus), and coyote. I identified three mammalian species in the scats of puma
including elk, mule deer, and gray fox (Urocyon inereoargenteus), also one bird species,
turkey (Meleagris gallopavo). Prey remains found in coyote scats were numerous and
included ground squirrels (Spermophilus sp.), mountain vole (Microtus montanus), longtailed vole (Microtus lonicaudus), desert cottontail (Sylvilagus auduboni), red squirrel
(Tamiasciurus hudsonicus), horse (Equus ferus), domestic cattle (Bos taurus), elk, and
coyote. I calculated percent biomass using the regression equations y = 0.0148x + 0.135
for wolf and coyote prey remains and y = 0.035x + 1.98 for puma prey remains. Percent
biomass of prey items consumed by Mexican wolves included 89% for elk, 8% for mule
deer, and 3% for coyote. Percent biomass of prey items consumed by pumas was 80% for
elk, 12% for mule deer, 4% for turkey, and 4% for fox. Percent biomass of prey items
consumed by coyotes was 39% for horse, 26% for elk, 26% for cattle, 4% for bear, 3%
for coyote, and approximately 3% for small mammals Previous studies that relied upon
diameter measurements of scat to identify wolf scats, reported small to medium sized
mammals in scats of Mexican wolves, which was similar to what we found in in our
coyotes diets (e.g., cottontail rabbits, red squirrels, and ground squirrels). Future diet
studies of large carnivores, from scats, should include DNA analyses to identify the
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depositor of the scat, because traditional criterion of size of scats is likely to have a high
error rate.

Cultural Significance of the Wolf to the Western Apache
Conflicts between the Western Apaches and Euro-Americans escalated when
Anglo settlers and prospectors began to intrude upon the domain of the Western Apache
after the Gadsden Purchase was ratified in 1853. Similar to the fate of the wolf in
Arizona, the Apache people were treated with extreme prejudice by the federal
government. The cattle industry has become an important to the White Mountain and San
Carlos tribes since the 1930s. The White Mountain Apache Tribe partnered with state and
federal governments in the Mexican wolf recovery program. In contrast to the White
Mountain Apache Tribe, the San Carlos Apache Tribe did not support wolf recovery in
part because of concerns over potential conflict between reintroduced Mexican wolves
and cattle on the Reservation. To most non-Native people, opposition to restoring a
displaced species of wildlife by a Native American tribe would seem inconsistent with
what they have come to believe about the Indian relationship with the environment. The
purpose of my research was to investigate the cultural significance of the wolf within
Western Apache culture taking into account traditional, contemporary, and gender-based
perspectives. I included people associated with the cattle industry and some who were not
associated with cattle. My specific objectives were to examine whether Apache
consultants that I interviewed had a shared belief system about the wolf, were opposed to
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having the wolf reintroduced, and whether traditional ecological knowledge about the
wolf lives on in the Apache culture.
I used well-established, mixed methods including cultural consensus analysis
developed by cultural anthropologists to collect and analyze cultural information about
the wolf in Apache society. Sampling included a method known as referral sampling, also
termed chain-referral, respondent-driven, or snow-ball sampling. I interviewed 32 tribal
consultants who included members of elder’s council, teachers, cultural directors, council
members, community leaders, and others that were identified as having knowledge of the
cultural and/or knowledge of the wolf. My interviews were semi-structured meaning that
both open- and closed-ended questions were used. The semi-structured interview
approach helped to establish a rapport with the tribal consultants, and allowed people to
talk about the subject freely rather than simply answer questions. My interview questions
were divided into two parts. The first part was concerned with how the wolf is viewed in
Apache culture both traditionally (pre-European contact) and contemporarily. The second
part was concerned with wolf management, with what tribal consultants knew about the
wolf recovery program, and their attitudes about wolf reintroduction. I used a mixed
method approach of both quantitative and qualitative analyses. Quantitative modeling
was used on the closed-ended questions in order to obtain levels of agreements for the
entire group of people interviewed as well as levels of agreement within groups. I
summarized the open-ended questions which reflected traditional ecological knowledge
about the wolf and compared the results with information about the wolf in published
literature.
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My study showed evidence of shared knowledge about the wolf within Western
Apache culture. My data fit the consensus model based upon the large ratio between the
first and second eigenvalues. The mean competency score was 0.76 (N = 17; SD = 0.22)
for the traditional group which was only slightly higher (t = 1.98; df = 16; p = 0.07) as
compared to 0.65 (N = 32; SD = 0.27)for the overall group. No differences existed
between the overall and cattle groups (t = -1.17; df = 12; p = 0.27). Four out of 28
questions deviated from the overall answer key. The Apache consultants’ descriptions of
the wolf’s traditional role in their culture, and how they view the wolf today provided
valuable insight. Apache consultants also provided interesting cultural information and
ecological knowledge about the wolf that correlates well with Western scientific
information.
Negative view points about the wolf reintroduction expressed by tribal consultants
may reveal cultural changes that reflect a relatively new importance of cattle. The cattle
industry is currently an important aspect of Western Apache culture and thus, any impact
on the cattle associations is often met with anger by some. Negative statements about
wolves occurring on the reservation stemmed also from a lack of understanding as to why
the wolf was reintroduced back into the southwest after the federal government tried so
hard to exterminate the species. One tribal consultant expressed the notion that interviews
should have been conducted prior to the wolves being released so that resource managers
could better understand life on the reservations.
Three recommendations for Federal resource managers have been derived from
the results of this study. First, ethnography is a powerful tool and should be used to
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collect information about species so that proper dialogue can occur between different
cultures. Tribal members might be engaged and trained to interview their tribal elders so
that traditional information that has only been orally transmitted from one generation to
the next is not lost. Second, federal managers should spend more time learning about
tribal cultures and traditions by working closely with elder’s councils so that federal
managers can learn about cultural norms as well as species of interest. This study, for
example, revealed culturally appropriate times of the year to talk about the natural world
and the wolf. Having this type of cultural knowledge is invaluable to researchers outside
of the culture. Third, tribal traditional ecological knowledge should be recognized and
respected as scientific knowledge gained through generations of observation and
knowledge transfer. Traditional ecological knowledge is equivalent to western science in
its usefulness and insight but differs in its approach. According to, elders have knowledge
attained over multiple generations that could likely save us many years of learning if we
will listen.
This study supports the use of two culturally divergent perspectives, i.e., Native
American and non-Native American, to achieve a more harmonious and effective
management of wolves on the Fort Apache Indian and San Carlos Apache reservations. A
possible outcome of my study would be an improved dialogue to overcome cultural
barriers that have precluded trust and cooperation with the wolf reintroduction program.
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Traditional Ecological Knowledge in Conservation Biology
The term traditional ecological knowledge has been used to describe the
knowledge held by indigenous cultures about their immediate environment and the
cultural practices that build on that information. I presented an overview of traditional
ecological knowledge, its relationship to western science, examples of convergences with
western science, challenges with using it, and its legal bases. Within this overview, my
ultimate objective was to present how traditional ecological knowledge has enhanced the
field of conservation biology but also the challenges of collecting and incorporating it
with western science. Published literature on the subject of traditional ecological
knowledge is vast and extends globally with the majority of case studies from Canada,
Australia, South America, and Asia. I, therefore, chose to focus on literature from North
America that involves Native American and Alaskan Native people and studies that
addressed threatened and endangered species across taxon.
Traditional Ecological Knowledge is an academic term and is far from new. The
use of the term is now commonplace in the discourse concerning natural resource
management across the North American Arctic and Subarctic. The concept of traditional
ecological knowledge is not a panacea and thus no universally accepted definition exists
for traditional ecological knowledge. Indigenous people throughout the world have and
have always had “science,” defined as a body of practical empirical knowledge of their
environment because without it, a society could not survive. Traditional ecological
knowledge has in it a foundation that includes a process of environmental learning in
order to survive and then passing learned knowledge to the next generation. The study of
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traditional ecological knowledge has its roots in cultural anthropology. Research in
traditional ecological knowledge as it related to management of fisheries resources dates
to the early 1970s but came into widespread use only in the early 1980s. Increasingly, the
published scientific literature and convening of conferences reflects the growing
awareness that there is a legitimate file of environmental expertise know as traditional
ecological knowledge. In 2000, the journal Ecological Applications produced an invited
feature focused on traditional ecological knowledge, ecosystem science, and
environmental management.
Local biological knowledge, collected and sampled over these early centuries,
informed the early development of modern biology. During the 18th century, for
example, Carl Linnaeus referenced and relied upon Rumphius's work, and also
corresponded with other people all around the world when developing the biological
classification scheme that now underlies the arrangement of much of the accumulated
knowledge of the biological sciences.
Indigenous people have a considerable body of empirically derived knowledge
about the natural world in combination with philosophical approach that is quite different
from that found in any western philosophical tradition. The two bodies of knowledge can
thus be thought of as two different epistemologies. Similarities exist however.
Observation of an ecological pattern, for example, is the starting point of the scientific
method in the field of ecology as well as in indigenous knowledge systems. The depth of
indigenous knowledge rooted in long inhabitation of a particular place offers lessons that
can benefit scientists. For example, the detailed observations of caribou (Rangifer
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tarandus) was preserved in Inuit oral traditions and corroborated by scientific written
records. Convergence of traditional ecological knowledge and western science suggests
that there may be areas in which traditional ecological knowledge can contribute insights,
possibly new concepts and/or connections between species unknown to, or unrecognized
by western ecologists. Laws and policies regarding Native Americans articulate the need
to seek out information from indigenous peoples and include the Alaska National Interest
Lands Conservation Act, Marine Mammal Protection Act, Endangered Species Act,
Executive Order 13175 titled Consultation and Coordination with Indian Tribal
Governments, and Secretarial Order 3206.
Traditional ecological knowledge is a young term used to describe something
ancient and offers ecological information and insight relevant to ecological management
and research that cannot be obtained from other sources. Traditional ecological
knowledge parallels the scientific discipline of ecology because both traditional
ecological knowledge and western science share observation and description of the
empirical world. Traditional ecological knowledge is conceptually holistic, however, in
that indigenous knowledge systems consider the biotic and abiotic as being connected
and thus it does not compartmentalized like western science. Many examples of holistic
approaches that consider ecological relationships exist in western science such as
community ecology, macroecology, and ecosystem management. Collecting traditional
ecological knowledge has challenges and limitations. Language and cultural norms can
prevent traditional ecological knowledge from being collected. English terms such as
“spirits”, “sacred”, and “prayer” are inadequate to translate the actual meaning of the
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concepts in Indigenous cultures. Using traditional ecological knowledge allows a
mutually beneficial relationship to be created between conservation biologists and local
people.
Professionals in applied ecology and resource management fields have been slow
to embrace traditional ecological knowledge. Traditional ecological knowledge and
western science represent parallel, potentially complementary knowledge systems. Rather
than trying to “integrate” traditional ecological knowledge into science, traditional
ecological knowledge could also be thought of as a parallel science. The incorporation of
traditional ecological knowledge may enhance Western society’s appreciation of the
cultures that hold the ecological knowledge about a specific species which could result in
less controversy and more mutual respect. An obvious benefit of using local knowledge is
that involvement provides a sense of work and pride which may be instrumental in
fostering great responsibility to the recourse.

Historical Predator Control Efforts of Carnivores in Arizona
European settlement in Arizona began to increase around 1860 after lands known
as the 1854 Gadsden Purchase were purchased from Mexico south of the Gila River.
Arizona rangelands were soon overstocked with cattle and sheep and livestock producers
declared war on the predators that were preying upon their stock. Beginning in the late
1890s, complaints from all over the county began to increase about depredations of
wolves (Canis lupus), coyotes (C. latrans), and other predatory animals on livestock with
the majority of complaints coming from in the west. In 1893, the Territorial Bounty Act
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was passed by the Arizona–New Mexico Territorial Legislature, allowing a bounty to be
paid on stock-killing predators including wolves, grizzly bears (Ursus arctos), black
bears (U. americanus), jaguars (Panthera onca), mountain lions (Puma concolor),
bobcats (Lynx rufus), and coyotes. Congress created the Predatory Animal Rodent
Control (PARC) program within the U.S. Bureau of Biological Survey in 1914
responsible for eliminating wolves, prairie dogs and other animals injurious to agriculture
and livestock. From 1900 to 1963, all resident and emigrating wolves from Mexico were
exterminated in Arizona. No factual record exists as to official estimates of wolf numbers
in Arizona before and at the outset of the predator control program although one estimate
for Arizona was 240 wolves in 1916. I summarized historical wolf locations in the state
of Arizona and analyzed data within PARC annual reports on the number of wolves and
other carnivore species being killed yearly from 1914 to 1964. My objectives were to
provide an historical perspective of wolves throughout Arizona, provide an assessment of
their historical abundance, and document a possible mesocarnivore release. I conducted
an extensive literature search of published and unpublished documents. I also searched
the Mammal Networked Information System (MaNIS) data base for museum specimen
locations and wolf information in Arizona.
Between 1917 and 1964, 506 wolves, 117,601 coyotes, 2,608 mountain lions,
1,327 bears, 19,797 bobcats, and 21 jaguars were killed by PARC agents, bounty hunters,
and ranchers as reported in U.S. Bureau of Biological Survey Annual Reports in Arizona.
I calculated a cost per unit effort from the numbers of wolves destroyed each year per
yearly expenditures and used the mean of 8% per year. Using Excel, I used a hypothetical
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population of 240 beginning in 1916 following Ligon (1916) with an 8% cost per unit per
year, wolves went functional extinct by 1964. The relationship between the numbers of
coyotes and wolves destroyed was investigated using Pearson correlation coefficient.
There was a negative correlation between the numbers of wolves and coyotes destroyed
in Arizona between 1917 and 1964 (r = -0.40; N = 46; p = 0.01) suggesting a moderate
population response to exploitation competition between the two predators.
Wolves and other carnivore species were destroyed in Arizona and in other parts
of the southwest based on economics due to perceived extreme losses of livestock. The
numbers of wolves inhabiting Arizona before the genesis of PARC will never be known.
Many animals that died from being poisoned may have not been detected and thus not
reported. Interestingly, the carnivores that were extirpated in Arizona because of
exploitation were grizzly bears, jaguars, and wolves. These three carnivores may have
simply occurred in low numbers in Arizona as compared to black bears, mountain lions,
bobcats, and coyotes. Because I found a negative correlation between the numbers of
wolves and coyotes destroyed in Arizona between 1917 and 1964, thus suggests a
moderate population response to exploitation competition between the two predators. My
analyses of the numbers of wolves and coyotes destroyed during a 46-year period suggest
a possible mesopredator release of coyotes with the extirpation of the wolf in Arizona.

Conclusion
One of the most powerful indicators of human impact on the biosphere is loss of
biodiversity. The field of conservation biology emerged in the 1980s as a response by the
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scientific community to the biodiversity crisis throughout the world and thus has been
referred to as a mission-oriented discipline. Conservation biology’s foundation is in
ecology however it is a heterogeneous discipline in that it also combines the principles of
population biology, genetics, natural resource management, social sciences, and
philosophy. Understanding the ecology and population dynamics of key species in
particular ecosystems needs to be multidisciplinary due to the complexity and magnitude
of the problem. E. O. Wilson used the term “consilience” and argued that sound
environmental policy can only be formed at the juncture of ethics, social science, and
biology. Consilience, or the unity of knowledge, literally means a “jumping together” of
knowledge by the linking of facts and fact-based theory across disciplines to create a
common groundwork of explanation. My research could be considered a model within
the field of conservation biology that reflects the convergence of biological and social
sciences.
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APPENDIX A
HISTORICAL AND TAXONOMIC REVIEW OF GRAY WOLVES IN ARIZONA
(The following paper was prepared to submit to a peer-reviewed journal)

ABSTRACT
All resident wolves (Canis lupus), including at least two subspecies of gray wolf,
were exterminated in Arizona roughly between 1930 and 1964. I synthesized information
regarding fossil records, taxonomy, genetics, historical distribution, habitat, and diet of
gray wolves in Arizona. Gray wolves were present in the southwest since at least the late
Pleistocene. Early taxonomic classifications of gray wolves recognized three subspecies
of wolves in Arizona: C. l. youngi as the most northerly wolf in Arizona, C. l.
mogollonensis in central Arizona, and C. l. baileyi southern Arizona. Both morphometric
and genetic evidence support the distinctiveness of C. l. baileyi. Historical records of
wolves included the Chiricahua, Huachuca, Dos Cabezas, Peloncillo, Winchester,
Rincon, Whetsone, Galiuro, Pinaleno, Santa Catalina, Santa Rita, Dragoon, Mule,
Patagonia, Canelo Hills, Atascosa-Pajarito, and Baboquivera mountains in southern
Arizona and scattered locations from the Mogollon Mountains northwest to the Grand
Canyon in central and northern Arizona. Historically the primary native prey of Mexican
gray wolves in southeastern Arizona and Mexico was deer (Odocoileus hemionus, O.
virginianus, O. v. couesi). Collared peccary (Tayassu tajacu), antelope (Antilocapra
americana), bighorn sheep (Ovis canadensis nelsoni), rodents, and bird species were also
thought to have been native prey of Mexican wolves. Wolves in northern Arizona most
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likely preyed upon similar species as well as native elk (Cervus elaphus merriami).
Because Mexican wolves were previously distributed throughout the Sky Island mountain
ranges of southeastern Arizona, wildlife managers and biologists engaged with
recovering the Mexican gray wolf in the southwest should investigate areas in
southeastern Arizona as potential reintroduction sites.

INTRODUCTION
As Euro-Americans began inhabiting the western portion of North America in the
1800s, European history began repeating itself in that gray wolves (Canis lupus) were
systematically eliminated (Young and Goldman 1944, Brown 1983). All resident wolves,
including at least two subspecies of gray wolf, were exterminated in Arizona roughly
between 1930 and 1964 (Goldman 1937, Gish 1977, Brown 1983) and fewer than fifty
wolves were believed to inhabit Mexico by 1978 (McBride 1980). The passage of the
Endangered Species Act (ESA) in 1973 marked the beginning of Federal efforts to
prevent the extinction of gray wolves in the United States (U.S. Fish and Wildlife Service
2010). Gray wolves were designated as endangered species under the ESA in 1978
throughout its range in the coterminous United States and Mexico (U.S. Fish and Wildlife
Service 1978). The Mexican gray wolf (C. l. baileyi) subspecies was recognized,
however, it became subsumed into the species-level listing of all gray wolves in the lower
48-States (U.S. Fish and Wildlife Service 2010).
Preservation of the Mexican gray wolf was immediately reliant on the inception
of a captive breeding program since wolves were extinct in the southwest United States

83

and only a few wolves remained in Mexico. Five Mexican wolves were captured in
Durango and Chihuahua, Mexico between 1977 and 1980 (McBride 1980, Parsons and
Nicholopous 1995). The captive five wolves (four males and on pregnant female) were
transferred to the Arizona-Sonora Desert Museum in Tucson, Arizona, to establish a
captive breeding program. The only female of the captive litter died four days after birth
and thus, the two wild-caught males and one female were bred and produced offspring in
captivity (Parsons and Nicholopous 1995). Eleven Mexican wolves from the captive
breeding program were released back into Arizona in 1998 with subsequent releases over
a five year period (U.S. Fish and Wildlife Service 2010). An estimated 58 Mexican
wolves occur in Arizona and New Mexico as of 2011 (U.S. Fish and Wildlife Service
2011). A Recovery Team has been convened to revise the 1982 Mexican Wolf Recovery
Plan, which recommended maintaining a captive breeding program to re-establish a
viable, self-sustaining population of at least 100 Mexican wolves within its historical
range (U.S. Fish and Wildlife Service 1982).
No life history studies of a scientific nature were conducted before wolves were
extirpated in Arizona (Brown 1983) but ecological information is scattered throughout
publications and unpublished reports. Here, I provided a synthesis of information
regarding genetics, taxonomy, historical distribution, habitat, and diet of wolves in
Arizona. I provided information about the fossil record as it related to wolves inhabiting
Arizona and Mexico. I included information about other subspecies of C. lupus that once
inhabited Arizona with a focus on C. l. baileyi. I used information from records of wolves
inhabiting Arizona rather than derived inferences from what we know about wolves in
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the Rocky Mountains and Alaska. My objective was to provide a comprehensive view of
the taxonomy, genetics, historical distribution, and other important biological and
ecological information of wolves throughout state of Arizona.

Fossil Record of Canis lupus
Wolves (Canis sp.) were present in the southwest since at least the late
Pleistocene (Brown 1983) and their remains have been represented in the fossil record in
Arizona (Lindsay and Tessman 1974). The earliest named wolf species in North America
was C. prescolatrans which occurred in the late Pliocene to early Pleistocene, now
known from Arizona and other states (Kurtén 1968, Nowak 1979, Kurtén and Anderson
1980). The dire wolf (C. dirus) was the most common Canid fossil in North America and
was apparently a dramatic event in the evolutionary history of Canis (Kurtén 1968,
Nowak 2003). The dire wolf disappeared approximately 8,000 years ago in association
with the extinction of other North American megafauna species in the late Pleistocene.
With the extinction of C. dirus, the entire archaic New World lineage of wolves ended,
and C. lupus was the only large and widespread species of wild Canis remaining
(Nowark 2003). A widely accepted hypothesis regarding the lineage of modern wolves in
North American was that wolves crossed into Eurasia and evolved into C. lupus we know
it today, and then reinvaded the New World (Nowak 1995, 2003, Chambers et al., in
review). The distribution of the Canis species, and associated subspecies, suggested that
the reinvasion occurred in several waves, perhaps corresponding to the opening of
passages across the Bering Sea or through the glacial ice (Nowak 2003). The most
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distinct wolves were found at the periphery of the range; for example, C. l. baileyi far to
the south in North America demonstrates a unique genotype suggesting an early invasion
of wolves into North America (Wayne et al. 1992, Vilá el al. 1999, Nowak 2003,
Chambers et al., in review).

Taxonomic Classification
The gray wolf, Canis lupus, is a member of the dog family (Canidae; Order
Carnivora). The genus Canis also includes the red wolf (C. rufus), coyote (C. latrans),
several species of jackal (C. aureus, C mesomelas, C adustus), dingo (C. dingo), and the
domestic dog (C. familiaris). Twenty-four subspecies of gray wolves were originally
described in North America (Hall and Kelson 1959); five of these subspecies occurred in
the southwestern United States and Mexico. In a subsequent reclassification of North
American wolves, Nowak (1995) proposed reducing the number of recognized
subspecies from 24 to 5, recognizing C. l. arctos (arctic wolf), C l. lycaon (eastern timber
wolf), C. l. nubilus (great plains wolf), C. l. occidentalis (Rocky Mountain wolf), and C.
l. baileyi (Mexican wolf).
Early nomenclature of gray wolves in Arizona appears to have been circuitous.
Early publications called wolves from Arizona such names as the timber wolf, lobo of the
Mexicans, grizzled wolf, dusky wolf (Coues and Yarrow 1875, Sitgreaves 1853),
American wolf (Hinton 1878), Mogollon Mountain wolf (Goldman 1937), Great Plains
wolf, buffalo wolf (Housholder 1968), loafer wolf, Mexican wolf, and lobos (Gish 1977).
Coues (1867a) stated that the family Canidae is represented by two species of wolves in
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Arizona, however Coues may have been referring to the wolf and coyote. Coues (1867b)
classified gray wolves in northern Arizona as Canis occidentalis (Rich.), var. griseoalbus based on their grayish-white appearance. Rasmussen (1941) described the gray
wolf of the Kaibab Plateau as Canis nubilus nubilus (Say). Allen (1895) referenced the
gray wolf in southern Arizona’s Cochise, Pima, Graham, and Apache counties as Canis
lupus mexicanus (Linn.). Goldman (1937) described the Mogollon Mountain wolf (C. l.
mogollonensis) as occurring in the Mogollon Plateau region of central Arizona. The
Mexican wolf was described by Nelson and Goldman (1929) as Canis nubilus baileyi,
with a type locality identified in Chihuahua, Mexico until Goldman (1937) reclassified
the Mexican wolf as Canis lupus baileyi (Chambers et al., in review).
Taxonomic classifications of gray wolves by Young and Goldman (1944)
recognized three subspecies of wolves in Arizona: C. l. youngi as the most northerly wolf
in Arizona, C. l. mogollonensis in central Arizona, and C. l. baileyi southern Arizona.
Hoffmeister (1968) reported two groups of wolves in Arizona: C. l. baileyi in southern
Arizona and a large wolf to the north for which the name C. l. mogollonensis and C. l.
youngi may apply. Based on cranial measurements, Hoffmeister (1986) concluded that C.
l. youngi and C. l. mogollonensis to be inseparable and thus references C. l. youngi as the
wolf formerly inhabiting central and northern Arizona. Bogan and Mehlop’s (1983)
examined skulls of 253 adult specimens of C. lupus around the southwest and found
among males, C. l. mogollonensis occupied an intermediate position between C. l. baileyi
and C. l. youngi but females of C. l. mogollonensis were phenetically closer to specimens
of C. l. youngi. Bogan and Mehlop (1983) referred C. l. mogollonensis to C. l. baileyi but
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acknowledged that C. l. mogollonensis was in some respects transitional between C. l.
baileyi and C. l. youngi which is also consistent how Goldman (1937) description of C. l.
mogollonensi. Contrary to Bogan and Mehlop (1983), Nowak (1995) referred to C. l.
mogollonensis as C. l. nubilus which also included C. l. youngi.
The most current agreement therefore is that the range of C. l. mogollonensis in
Arizona was a transition zone where C. l. baileyi intergraded with a more northern C.
lupus, which is consistent with the limited available genetic data from historical
specimens (Chambers et al., in review, Leonard et al. 2005, Nowak 2003). The
subspecies of C. lupus that inhabited northern Arizona was either C. l. mogollonensis
and/or C. l. youngi but both populations formerly referred to as those subspecies are now
considered extirpated (Chambers et al., in review). C. l. baileyi is the subspecies that
survived extirpation and currently occupies areas of east-central Arizona and west-central
New Mexico where it was reintroduced in 1998 after a successful captive breeding
program.

Genetic Distinctiveness of Canis lupus baileyi
Both morphometric and genetic evidence support the distinctiveness of C. l.
baileyi (Garcia-Moreno et al. 1996, Hedrick et al. 1997, Vilá el al. 1999, Nowak 2003,
Chambers et al., in review). Molecular genetic analyses provide evidence that the
Mexican wolf has distinct genetic attributes not found in other gray wolves (Wayne et al.
1992; Garcia-Moreno et al. 1996, Vilá el al. 1999, also see Nowak 2003). Wayne et al.
(1992) examined mitochondrial DNA variability among twenty-six populations of wolves
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from throughout their geographical range and found haplotype W14 only in Mexican
wolves. A single most parsimonious phylogenetic tree of gray wolf genotypes, based on
analysis of mitochondrial DNA restriction-site data of twenty-one distinct restriction
enzymes, showed genotype W14 from four specimens collected in the Sierra Madre
Mountains in Mexico to be closely related to certain samples from Europe (Wayne et al.
1992). The origin of the distinct genetic traits and morphological features of the Mexican
wolf is uncertain, but it is hypothesized that C. l. baileyi represents one of the earliest
waves of migration of the gray wolf onto the North American continent (Wayne and Vilá
2003). Another possible explanation is based on the knowledge that morphological
differences are not necessarily indicative of long periods of geographic isolation and may
only indicate intense natural selection on particular physical features (Wayne et al. 1992).
García-Moreno et al. (1996) compared allele frequencies of 10 microsatellite loci
in Mexican wolves with those found in a sample of 42 domestic dogs, 151 northern gray
wolves, and 142 coyotes to determine the distinctiveness of the three Mexican wolf
lineages. They analyzed pairwise genetic distance measures and reported that the three
captive populations of Mexican gray wolves were closely related to each other and
distinct from domestic dogs and northern gray wolves. Results of this work found each
Mexican wolf lineage has some unique alleles (in addition to shared alleles) that
differentiate them from domestic dogs, other gray wolves, and coyotes. The authors reemphasize that as a group, the Mexican subspecies is a genetically distinct population of
North American gray wolf.
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Vilá el al. (1999) assessed the genetic variability and relationships of gray wolves
throughout the world (which included six Mexican wolf samples) based on control region
sequences. They found a single haplotype shared by six individuals of C. l. baileyi was
unique and was more similar to certain Eurasian wolves than to other North American C.
lupus. These phylogenetic analyses suggested that C. l. baileyi may represent an early
invasion of North America by Eurasian wolves, before the arrival of C. lupus with other
haplotypes (Vilá el al. 1999). Wayne et al. (1992) also suggested that the Mexican wolf
sequence may be derived from an early invasion of wolves into North America (Vilá el
al. 1999).
Leonard et al. (2005) examined 34 historical wolf specimens including eight C. l.
baileyi, six C. l. youngi, sixteen C. l. nubilus, and four C. l. labradorius. The authors
found shared haplotypes between specimens of C. l. nubilus and C. l. youngi and between
specimens of C. l. baileyi from Arizona and C. l. nubilus from Colorado. Leonard et al.
(2005) documented a southern clade of gray wolves which included C. l. baileyi. In the
eight historical Mexican wolves, four haplotypes were observed; of which, four
individuals had haplotype lu33 found previously in extant captive breeding Mexican
wolves, two individuals had two unique haplotypes (lu47 and lu60), and two individuals
had a ubiquitous North American gray wolf haplotype (lu32). Haplotypes lu33, lu47, and
lu60 were found only in samples of current and historical Mexican wolves only lu33
remains in modern Mexican wolves (Chambers et al., in review). An historical C. l.
baileyi sample from Chihuahua, Mexico exhibited an mtDNA haplotype (lu60) that is
otherwise known only from coyotes and thus, Leonard et al. (2005) assumed some
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interspecific hybridization. The presence of the ubiquitous North American gray wolf
haplotype (lu32) in two historical Mexican wolf specimens, however, suggested that
some gene flow existed across the recognized limit of the subspecies (Leonard et al.
2005:15).
Hedrick et al. (2000) compared major histocompatibility complex (MHC) in
Mexican wolves and related canids. The MHC is one of the most important genetic
systems for infectious disease resistance in vertebrates (Hill 2001, Hedrick and Kim
2000). Hedrick et al. (2000) reported one Mexican wolf allele in the Aragón lineage was
shared with other gray wolves. Mexican wolves did not share alleles with red wolves
according to Hedrick et al. (2000).
All extant Mexican wolves originated from seven founding wolves from three
lineages (Ghost Ranch, Aragón, and Certified) founded between 1959 and 1980 (Hedrick
et al. 1997). The Ghost Ranch lineage was founded by a male wolf captured unharmed on
the Bob Kane Ranch in Peck Canyon, Tumacacori Mountains of southern Arizona in
1959, and a female puppy caught near Yecora, Sonora in 1961 (Hedrick et al. 1997); both
were brought to the Arizona-Sonora Desert Museum and a captive breeding program was
started. The Aragón lineage was founded from individuals obtained from the Chapultapec
Zoo in Mexico City and maintained at the San Juan de Aragón Zoo; the origin of these
wolves from the wild is unknown. The Certified lineage consisted of six wild-caught
Mexican wolves (i.e., five males and one pregnant female) captured in the Mexican states
of Durango and Chihuahua from 1972 – 1980 and placed in captivity in the United
States; only three of these wolves were used as founders because of relatedness (Hedrick
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et al. 1997). Inbreeding coefficients of the three Mexican wolf lineages range from 0.184
to 0.608 (Hedrick et al. 1997, vonHoldt et al.’s 2007).
Hailer and Leonard (2008) used mtDNA control region and Y-chromosome
haplotypes to assess potential reproductive isolation among Mexican wolves, red wolves,
and coyotes. Evidence of introgression of a coyote mitochondrial haplotype was
identified in a historical Mexican wolf but this lineage is not present in the extant
population. No introgression was identified in the historical paternal lineages of Mexican
wolf. None of the maternally or paternally inherited lineages in the Mexican wolf captive
breeding program appear to have hybrid origin according to Hailer and Leonard (2008).
vonHoldt et al.’s 2011 analyses of single nucleiotide polymorphic SNP data from 10
Mexican wolves, from the captive breeding program, indicated the distinctness of the
subspecies. Chambers et al. (in review) suggests, however, that vonHoldt et al.’s 2011
SNP data results may have been due to the founder effect in establishing the captive
Mexican wolf population.

Physical Appearance
Goldman (1944) describes C. l. baileyi as being the smallest gray wolf subspecies
in North America with a smaller skull and more slender rostrum. Adult Mexican wolves
weigh 23-41 kg (50-90 lbs) with a length of 1.5-1.8 m (5-6 ft) and height at shoulder of
63-81 cm (25-32 in) (Young and Goldman 1944, Brown 1983). Coloration of C. l. baileyi
was described as a grizzled mixture of pinkish-buff, tawny-buff, or cinnamon-buff and
dark pelage (Goldman 1944). A skin from Helvetia in southern Arizona was described as
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unusually rufous in color and one wolf specimen collected east of Parker Canyon,
Huachuca Mountains was described as an unusual mixture of black and gray with black
predominating (Goldman 1944). Solid black or white Mexican wolves do not exist as
seen in other North American gray wolves (U.S. Fish and Wildlife Service 2010).
Cranial measurements of wolves from the White Mountains area (type locality of
C. l. mogollonensis) were reported as being larger than C. l baileyi in southern Arizona
and resembled C. l. youngi from Utah and Nevada (Hoffmeiser 1986). Annual reports by
the Bureau of Biological Survey distinguished between the “big wolves” in White
Mountains of Arizona and the wolves coming into the United States from Mexico (U.S.
Bureau of Biological Survey 1919). References to wolves in central and northern Arizona
include statements that wolves were “large” and “light colored” or “almost white” (U.S.
Bureau of Biological Survey 1919, Brown 1983). Coues (1867a) stated that several
specimens from Fort Whipple near Prescott, Arizona were grayish-white and appearing
almost white from a distance (Coues 1867a). Descriptions of a wolf killed on the Aguila
Range in west-central Arizona included “big white wolf” and “the Aguila White Wolf”
(U.S. Bureau of Biological Survey 1924, Gilham 1945). Brown (1983) referenced a large,
light-colored wolf collected from the Kaibab National Forest circa 1914.

Historical Distribution
Written records of wolves in Arizona date back to the 1800s albeit affirmation of
wolves inhabiting portions of Arizona dates back thousands of years as evident the wolf’s
cultural role in Native American traditions. The Akimel O’odham’s (Pima) oral history
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contends the wolf or shee’e refers to the wolf as “the gray wolf of the Primería Alta,” a
reference to the upper lands of the Pima Indians (Rea 1998). The wolf in Western Apache
culture is known as either ba’cho or ma’cho depending upon Apache dialect and appears
in several traditional stories (Goodwin 1994). To the Navajo, the wolf is known as
Ma’iitsoh, or Big Trotter, and is considered an integral part of Navajo mythology and
tribal tradition (Pavlik 2000). The Hopi have a kachina (or katsina) known as Kweo, the
white wolf (Colton 1949) and the wolf appears in several traditional Havasupai stories
(Smithson and Euler 1994).
Historical records depict wolves as scattered throughout areas in the Mogollon
northwest to the Grand Canyon. Records from 1853 to 1898 by military personal and
early explorers documented the presence of wolves in central and northern Arizona
(Sitgreaves 1853, Kennerly 1856, Möllhausen 1858, Coues 1867, Hinton 1878,
Dellenbaugh 1908, Whipple 1941). Coues (1867b) stated that wolves were generally
distributed throughout the Arizona Territory and common around Fort Whipple, located
near Prescott. Hoffmeisser (1986) reported wolves less abundant in the mountainous
areas of northern Arizona. The wolf was absent from Merriam’s (1890) annotated list of
mammals of the San Francisco Mountain Plateau in Arizona. Hoffmeiser (1986)
referenced E.W. Nelson’s notes of 1909 reporting that gray wolves were extremely scarce
in the North Kaibab forest. Rasumussen (1941) describes C. nubilus nubilus (Say) as a
timber wolf which no longer occupied the Grand Canyon National Park and was
extirpated from the Kaibab Plateau. The last wolf taken in the north Kaibab area was on
the Paria Plateau in 1928 according to Brown (1983). The most western location of a
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known wolf was a male taken in the vicinity of Truxton (Mohave County) in 1921
(Young and Goldman 1944).
The majority of historical records of Mexican wolves north of the U.S.-Mexico
border occur in the southeast portion of Arizona. Wolves were reported throughout the
Chiricahua, Huachuca, Dos Cabezas, Peloncillo, Winchester, Rincon, Whetsone, Galiuro,
Pinaleno, Santa Catalina, Santa Rita, Dragoon, Mule, Patagonia, Canelo Hills, AtascosaPajarito, and Baboquivera mountains (see Appendix A). Way (1960) reported wolves
being numerous in the Santa Rita Mountains. Wolves were reported in areas between
mountain ranges such as at the south end of the Sulfur Springs Valley (Tyler 1881,
Bartlett 1854) and in areas around Fort Bowie, Douglas, Canelo, Arivaca, Helvetia, Ruby
and southwest of Tucson. Wolves were also reported near the Santa Cruz River south of
Tumacacori in 1849 (Powell 1931), at Fort Buchanan on Sonoita Creek 10 miles north of
Patagonia in 1857 (Serven 1965), and along the International Boundary between the San
Bernardino and San Pedro valleys in 1880 (Powell 1931). Young and Goldman (1944)
provided a detailed description of wolf travel corridors or runways around the Canelo
Hills and Patagonia Mountain area in southeastern Arizona where wolves traveled north
out of Mexico crossing the San Rafael Valley. Bartlett (1854) called wolves abundant on
the plains and valleys of southeastern Arizona, however, this reference may not have
distinguished between Mexican wolves and coyotes (Davis 1982).
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Habitat
At one time, wolves occurred over much of Arizona except for desert areas
(Hoffmeister 1986). Mexican wolves were associated with montane woodlands
characterized by sparsely-to densely-forested mountainous terrain and adjacent grassland
habitat found at elevations of 1219-1524 meters (4,000-5,000 feet) (Brown 1983).
According to historical records, Mexican wolves were known to occupy foothills
characterized by evergreen oak (Quercus spp.) or pinyon (Pinus edulus) and juniper
(Juniperus spp.) and higher elevation pine (Pinus spp.) and mixed conifer forests. These
areas were described as madrean evergreen woodlands, Rocky Mountain (petran) and
madrean montane conifer forests, and Rocky Mountain (petran) subalpine coniferous
forests (Brown 1984). From historical records, wolves in northern Arizona appeared to be
associated with pinyon-juniper woodlands, ponderosa pine (Pinus ponderosa), mixedconfer (Abies concolor, Pseudotsuga menziesii, Pinus flexilis, and/or Picea pungens), and
spruce-fir (Pinus aristrata and/or Picia englemannii) at elevations ranges from 12203353 meters (4,000-11,000 feet). Brown (1984) describes these areas as coniferous
forests and woodlands and Rocky Mountain (petran) subalpine coniferous forests. Factors
making these habitats attractive to Mexican wolves likely included an abundance of
ungulate prey (McBride 1980), availability of water, and the presence of hiding cover and
suitable den sites (U.S. Fish and Wildlife Service 2010).
Wolves used riparian corridors, roads and/or trails, washes, game trails, and other
“easy” routes referred to as travel circuits or runways (Young and Goldman 1944, Brown
1983, Hoffmeister 1986). Young and Goldman (1944) detail an extensive wolf runway in
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1917 along the Arizona-Mexico border totaling 70 miles that wolves traversed every nine
days. Brown (1983) describes a wolf runway in Madrean evergreen woodland in the
Pajarita Mountains in southern Arizona.
Wolf dens were described as natural cavities or washed-out hollows on south
slopes of rocky ridges (Bailey 1907) and ground burrows excavated in slopes where
rocks function to support a roof and entrance tunnel (U.S. Fish and Wildlife Service
1982). One den site was reported as being on the side of a mountain in brush thickets in
the Huachuca Mountains (U.S. Bureau of Biological Survey 1942), similar to a
description by McBride (1980) who stated that dens were well hidden in oak brush.
Bailey (1907) and McBride (1980) describe a well-worn trail near den sites. Dens were
well excavated and litter sizes ranged from three to nine with an average of five
(McBride 1980).

Diet Assessments
Systematic studies of gray wolf diet were not conducted before their extirpation
from Arizona in the early 1960s (Brown 1983). Leopold (1959) and McBride (1980)
hypothesized that historically the primary native prey of Mexican gray wolves in
southeastern Arizona and Mexico was deer (Odocoileus hemionus, O. virginianus, O. v.
couesi). Collared peccary (Tayassu tajacu), antelope (Antilocapra americana), bighorn
sheep (Ovis canadensis nelsoni), rodents, and bird species were also thought to have been
native prey of Mexican wolves (Leopold 1959, McBride 1980, Brown 1983, U.S. Fish
and Wildlife Service 1982, 2010). Wolves in northern Arizona most likely preyed upon
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similar species as well as native elk (Cervus elaphus merriami) described from specimens
collected from the Mogollon Rim area, White Mountains, Prieto Plateau, and Black River
(Nelson 1902). Wolves also preyed upon domestic livestock as cattle and sheep were
becoming a prolific industry beginning in the late 1800s (Cameron 1929, Brown 1983).
Early assessments of Mexican wolf diet were based on field observations and
stomach analyses (Young and Goldman 1944, Brown 1983). Domestic cow, sheep, goat,
and horse were found in stomach contents of wolves killed by PARC hunters (Ligon
1916, Brown 1983). Similar items were found in stomach contents of wolves examined in
Mexico from 1958-1968 and in scat contents (McBride 1980). Reed et al. (2006) and
Merkle et al. (2009) analyzed the diet of reintroduced Mexican wolves from scats and
found elk, deer, and cow (Bos taurus) as the dominant prey items. Carrera et al. (2008)
compared diets of Mexican wolves with coyote (C. latrans) diet in Arizona and New
Mexico and found similar results. These studies used reference species to identify prey
remains in scat.

DISCUSSION
The scientific community continues to struggle to reach consensus on how
variation among gray wolves in North America should be described (Brewster and Fritts
1995), primarily because the concept of subspecies is more subjective than that of species
(Frankham et al. 2002). No scientific consensus on what constitutes a subspecies exists
(Chambers et al., in review), and definitions of subspecies are a source of considerable
disagreement among taxonomists (Haig et al., 2006). Difficulty in grouping wolves into
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subspecies categories arises due to the ability of gray wolves to move significant
distances across the landscape. During these movements, dispersing wolves may come
into contact with near or distant wolf populations, potentially resulting in high rates of
gene flow between population and limited genetic differentiation among populations
(Wayne et al. 1992, Vilá el al. 1999). This was certainly the case historically with wolves
inhabiting east central Arizona were wolves from northern Arizona and southern Arizona
overlapped.
Consensus exists on the taxonomic validity of C. l. baileyi, but controversy
remains on the historical boundary of the subspecies (Chambers et al., in review). The
geographic ranges of C. l. baileyi and other subspecies of C. lupus may never have been
definite or stationary boundaries (Chambers et al., in review). Given the fact that
haplotypes were found to be shared by Mexican wolves and wolves further north,
Nowak’s (2003) boundary line depicting the range of C. l. baileyi as southern Arizona
and the range of C. l. nubilus in central and northern Arizona is rational. Bogan and
Mehlhop (1983), however, recommended that C. l. mogollonensis be synonymous with
C. l. baileyi for the Mogollon Plateau and southern Arizona. The exact affinities of these
wolves may never be known because of the limited samples available (Bogan and
Mehlhop 1983) Agreement on the exact taxonomic designation for wolves inhabiting
central and northern Arizona could be resolved with further genetic analyses of additional
museum specimens however. Genetic analyses of museum specimens of C. l.
mogollonensis would be extremely useful if shared haplotypes existed between C.
mogollonensis and C. nubilus and/or between C. mogollonensis and C. l. baileyi lending
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further support for genetic rescue for the current inbred population of C. l. baileyi (see
Kalinowski et al. 1999). Adverse genetic consequences can be alleviated by increasing
gene flow among population fragments by re-establishing populations in areas where
they have become extirpated (Frankham et al. 2002). Results published by Leonard et al.
(2005) suggest that Mexican wolves could be introduced to a wider area of the southwest
to mimic past distribution or intergradation.
The historical range of Mexican wolves included southeastern Arizona and
Mexico pursuant to the historical records. The 1998 release site for the Mexican wolf
recovery program was chosen as the Mogollon Rim area in east central Arizona, an area
that may have been part of the transition zone between C. l. baileyi and a northern gray
wolf. The decision to release Mexican wolves within this area was based on the large
amounts of public lands, wilderness areas, and prey (i.e., Rocky Mountain elk, Cervus
elephus). Reestablishing C. l. baileyi into this area was a recommendation in the recovery
plan which stated that wolf releases should be considered only in large tracts of public
lands (U.S. Fish and Wildlife Service 1982). Reintroduced Mexican wolves currently
occur in east-central Arizona (as well as west-central New Mexico), an area historically
hypothesized to be the transition zone of C. l. baileyi and a more northern gray wolf.
Nowak (1995) suggested that extirpation of the more northern wolves in Arizona could
have facilitated the dispersal of C. l. baileyi from Mexico to areas formerly occupied by
other subspecies. According to Frankham et al. (2002), translocated individuals should
come from populations most likely to the best adapted to the reintroduced habitat which
is frequently the geographic closest extant population. Establishing C. l. baileyi in east
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central Arizona was therefore rational given that the subspecies of gray wolf that
historically existed in the Mogollon Rim area (i.e., C. l. mogollonensis and/or C. nubilus)
is extinct and C. l. baileyi is the closest extant subspecies
Mexican wolves were previously distributed throughout the Sky Island mountain
ranges of southeastern Arizona according to historical records. Currently the recovery
program does not include this area, but because wolves are able to travel long distances
and can have large territories, many of the border locations where wolves were recently
sighted in southeastern Arizona could represent wolves that ranged into Mexico and
portions of southwestern New Mexico. Wildlife managers and biologists engaged with
recovering wolves in the southwest should investigate areas in southeastern Arizona as
potential reintroduction sites.
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APPENDIX B
NON-INVASIVE GENETIC SAMPLING TO ASSESS ABUNDANCE OF
MEXICAN WOLVES ON THE FORT APACHE INDIAN RESERVATION
(The following paper was prepared to submit to a peer-reviewed journal)

ABSTRACT
Noninvasive genetic sampling methods are increasingly being used to survey
wildlife populations. Because scat is an easily collected animal by-product, fecal samples
are the most commonly used sources of DNA for estimating abundance of rare wildlife
species. Estimates of population size of endangered species are possible through
microsatellite analyses from scat which deduce the number of unique genotypes in the
population. A novel method for obtaining a relatively unbiased sample of scats and over a
large area to improve the accuracy of non-invasive surveys is the use of scat dogs. I used
scat detection dogs to find wolf (Canis lupus baileyi) scat on the Fort Apache Indian
Reservation during 2008 and 2009. My objectives were to use scat detection dogs to
collect scat from wolf and puma, use these scats to perform DNA analyses for species
identification and, perform individual identification for all wolf scats. I used two different
techniques (scraping and swabbing) for DNA extraction from scat samples. I used
universal mammal primers designed specifically for identification of mammals to identify
species and nuclear microsatellite genotyping to identify individual genotypes for my scat
samples. I used program GENALEX to detect occurrences and reoccurrences of
genotypes and MARK using a closed-population model in order to assess a minimum
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number of wolves on the reservation. My population size estimate of the wolf population
was 19 individuals (95% CI = 13.92 – 57.77; SE = 8.30) during 2008 and 2009. The dogs
found a high number of non-target scats (i.e., coyote, C. latrans, and bobcat, Lynx rufus,
specifically) and low number of wolf samples detected within my study. I used Pearson’s
Chi-squared tests to evaluate the performance of the handlers and detection dogs to
compare the number target scats (i.e., wolf and puma) and non-targets or mesocarnivore
scats (i.e., coyote, bobcat, and gray fox). I found no differences between dog teams in
2008 (X2 = 1.50; df = 2; p = 0.47) and no differences between dog teams in 2009 (X2 =
0.44; df = 1; p = 0.51). Dogs respond to nonverbal cues from their handlers and thus, a
handler pointing at or closely investigating scat from a non-target species may be
inadvertently prompting the dog to find the non-target species. Caution should be used
when deciding to use scat detection dogs.

INTRODUCTION
Estimating the size of wild populations plays a central role in managing and
conserving rare and endangered species (Miller et al. 2005). Noninvasive genetic
sampling methods are increasingly being used to survey wildlife populations (Waits
2004). The refinement of noninvasive genetic techniques is providing valuable new
approaches for studying populations of threatened and endangered species (Adams et al.
2003). The advancement of genetic techniques has made it possible to capture DNA
remotely from an individual, rather than from the individual itself (Taberlet et al. 1999).
Because scat is an easily collected animal by-product, fecal samples are the most
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commonly used noninvasive DNA sources for estimating abundance of rare wildlife
species (Waits 2004). Collecting scat to identify individuals and estimate population
numbers was first used on coyotes, Canis latrans (Kohn et al. 1999) and has since been
used in several studies of gray wolves, C. lupus (Lucchini et al. 2002, Creel et al. 2003,
Valière et al. 2003, Beckmann 2006, Marucco et al. 2008, Rutledge et al. 2009, Stenglein
et al. 2010, Wasser et al. 2011). Non-invasive genetic scat sampling was recently used to
estimate Mexican gray wolf (C. l. baileyi) abundance, a subspecies of gray wolf, on nontribal lands in Arizona (Cariappa 2010).
Population size estimations of endangered species are possible through
microsatellite analyses from scat which deduce the number of unique genotypes in the
population (Kohn et al 1999). Microsatellites, or simple sequences repeats, consist of
short tandem repeat DNA sequences, such as the AC or GT sequence repeated 10 times
or more. Microsatellites typically show variable number of repeats and high
heterozygosities in populations making them highly informative genetic markers
(Frankham et al. 2002). The development of microsatellite DNA loci in the domestic dog
has benefitted wolf conservation genetic studies (see Ostrander et al. 1993, Gottelli et al.
1994, Roy et al. 1994, Garcia-Moreno et al. 1996, Forbs and Boyd 1996, 1997). Distinct
microsatellite genotypes obtained from scat have been used for population estimates of
gray wolves in Yellowstone National Park (Forbes and Boyd 1997, Creel et al. 2003,
Beckmann 2006), population fluctuations in European gray wolves in the Italian
Apennines (Luccini et al. 2002, Marucco et al. 2008), and abundance of Mexican gray
wolves in Arizona (Cariappa 2010).
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Obtaining adequate sample sizes that are also unbiased are critical elements to
consider in the design of studies attempting to estimate the size of a wildlife population
(White et al. 1982). Sampling for scat is often heavily biased toward carnivores that
spend time on roads (Lukacs 2005). One method for obtaining a relatively unbiased
sample of scats and over a large area to improve the accuracy of non-invasive surveys is
the use of conservation detection (or scent) dogs (Reed et al. 2011). The use of domestic
dogs in wildlife biology is not a new concept (see Zwickel 1980); however, recent
applications have expanded both the scope and sophistication of their contributions
particularly through scent detection work (Browne et al. 2006). In the last few years,
detection dogs have been used to systematically search for scats from roughly two dozen
carnivore species from species within the canid, ursid, felid, and mustelid families
(MacKay et al. 2008). Dogs have been trained to detect scats of gray wolves (Beckmann
2006, Wasser et al. 2011) , San Joaquin kit foxes (Vulpes macrotis mutica, Smith et al.
2003, Smith et al. 2005, Smith et al. 2006), gray fox (Urocyon sp., Boydston 2005), puma
(Puma concolor, Beckman 2006), bobcat (Lynx rufus, Harrison 2006, Long et al. 2007),
black bear and grizzly bear (Ursus americanus, U. arctos, Wasser et al. 2004; Long et al.
2007), black-footed ferret (Mustela nigripes, Dean 1979, Reindl-Thompson et al. 2006),
and fishers (Martes pennant, Long et al. 2007). Scat collection by detection dogs have
advantages over researchers relying on visual detection because some carnivore species
may deposit their scat less conspicuously than others (Wasser et al. 2004). Additionally,
the sample collection abilities of scat detection dogs, and amount of area a detection dog
can survey, have made them popular in wildlife population estimate studies (MacKay et
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al. 2008).
A variety of techniques including howling and track surveys, visual observations,
remote trail cameras, and radio-telemetry are used by State, Federal, and Tribal biologists
to obtain yearly population estimates of reintroduced Mexican gray wolves inhabiting
Arizona and New Mexico (U.S. Fish and Wildlife Service 2005). Howling and track
surveys are often imprecise and the use of remote trail cameras can be limited depending
upon placement of the camera. The conventional technique of radio-telemetry is a good
method to estimate overall population size (see Ballard et al. 1987) but involves live
trapping which is logistically difficult, expensive (Ruell and Crooks 2007), and can be
lethal (U.S. Fish and Wildlife 2010).
Monitoring the abundance of Mexican wolves on the Fort Apache Indian
Reservation is a critical component of the White Mountain Apache Tribe’s wolf
management program (Westfall 2000). The White Mountain Apache Tribe is considered
a crucial partner in the wolf reintroduction program. The White Mountain Apache Tribe’s
Wildlife and Outdoor Recreation Department is concerned however, about the number of
wolves on the reservation depredating their cattle and influencing Rocky Mountain elk
(Cervus elaphus) distributions (J. Caid, pers. comm., 2006). My overall goal for this
study was to use non-invasive genetic sampling in order to obtain an estimate of the
minimum number of Mexican wolves inhabiting the Fort Apache Indian Reservation..
The specific objectives were to use scat detection dogs to collect scat from wolf and
puma, use these scats to perform DNA analyses for species identification and, perform
individual identification for all wolf scats. I conducted an ad hoc assessment of the
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performance of the scat dogs and handlers used for my study. I provide
recommendations for the use of scat dogs for non-invasive genetic sampling.

METHODS
Study Area
The Fort Apache Indian Reservation is homeland to the White Mountain Apache
Tribe and encompasses 647,498 hectares (roughly 1.6 million acres) of east-central
Arizona. Elevations range from approximately 800 meters (2,600 feet) in the Salt River
Canyon to roughly 3,350 meters (11,000 feet) on Mount Baldy. The Reservation
encompasses mixed conifer forests in the higher elevations and semi-desert grasslands in
the lower elevations characterized the area, with ponderosa pine (Pinus ponderosa)
forests dominating other areas of the reservation. The White Mountain Apache Tribe is a
federally recognized tribe by the U.S. government and has aboriginal rights, sovereign
authority, and institutional capacity to self-manage the lands and resources within the
reservation, the self-sustaining homeland of Ndee (the Apache people).
I surveyed the eastern portion of the Reservation but avoided sacred regions that
are open to Tribal members only (e.g., areas around Mount Baldy). Areas where I
surveyed were dominated by mixed conifer and ponderosa pine (Pinus ponderosa) forests
with high elevation grasslands. Mixed-conifer forests on the Reservation are between
2,440 and 3,050 meters (8,000 to 10,000 feet) in elevation. Southwestern mixed-conifer
forests are among the most complex forest type described, exhibiting great variation in
tree composition (Dick et al. 1995). Over-story tree species these forests include

116

Douglas-fir (Pseudotsuga menziesii), ponderosa pine, quaking aspen (Populas
tremuloides) and a variety of other montane tree and shrub species.

Sampling Design
I sampled the eastern portion of the Fort Apache Indian Reservation from June 19
to August 8 in 2008 and from May 6 to June 19 in 2009. I used trained domestic dogs (C.
familiaris) to search for wolf (and puma) scats, a technique that has been proven to be
successful in previous carnivore studies (see Wasser et al. 2004, Smith et al. 2005,
MacKay et al. 2008). Scenting techniques similar to those for narcotics, bomb, and search
and rescue work were used to train the detection dogs (Wasser et al. 2004). Domestic
dogs can be trained to find scat of a particular species or a number of species (MacKay et
al. 2008). Scat dogs were contracted through the University of Washington’s
Conservation Canine Program (CCP). The CCP evaluates and selects dogs for scat
detection based on their temperament, strong object orientation, and play drive. The
majority of dogs trained at the CCP were rescue dogs from shelters of mixed breed.
According to the CCP, detection of a target sample is motivated by the anticipated reward
of a play object (Wasser et al. 2004). Training dogs included introducing the dog to the
scent of a scat, hiding scat samples of a particular species, and given the command “find
it.” Scat samples from Mexican wolves held in captivity in Arizona were used to train the
dogs. Dogs were trained to find wolf and puma scat. Puma scat was needed to perform
analyses of diet comparisons (see Appendix B). Dogs were not trained to find coyote (C.
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latrans) or other mesocarnivore scat because the abundance of mesocarnivore species
scat in the field often leads to a dog only finding these scats rather than wolf and puma.
I hired members of the White Mountain and San Carlos Apache tribes as field
technicians who were trained as dog handlers and orienteers. My field crew and I spent
over two weeks at the CCP canine center outside of Tacoma, Washington mastering doghandler techniques. Handlers were trained to assist the dog find scat samples by being
constantly responsive to the dog’s behavior in conjunction with topography, vegetation,
and air (i.e., temperature, humidity, and wind speed) conditions. The dog handler’s
abilities are considered crucial to success since the handler assists the dog in locating
scats. For example, if the dog is searching for a lost scent, the handler can compensate for
any environment and microclimate conditions by moving the dog down-wind and
noticing where scent may have pooled since odor can rise or fall with shifting humidity.
I concentrated survey efforts on the eastern portion of the reservation where
wolves were known to occur. I divided the eastern portion of the Fort Apache Indian
Reservation into 25, 9 km x 9 km grid cells following Wasser et al. (2004). Because I was
on sovereign tribal lands, I avoided culturally sensitive areas (e.g., portions of the
Reservation open to tribal members only such as areas around Mount Baldy). During
2008, I sampled all 25 grid cells but reduced the number of grid cells to 16 in 2009
because of limited resources and also to concentrate efforts on areas where wolves were
occurring on the reservation (J. Caid, pers. comm., 2009). Dog teams surveyed each grid
three times during the field season in different areas of grid. Within designated grid cells,
transects were chosen based on likelihood of finding wolf scat (i.e., where wolves had
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been encountered previously, and near known past den sites). Although the tribe was
monitoring two radio-collared wolves within two packs, I did not rely on this information
solely in order to have unbiased survey efforts as we were attempting to survey for
previously detected and undetected wolves. I did, however discuss the locations of wolf
packs with tribal biologists. Areas that were not known to be occupied by a wolf pack
were also surveyed based upon the Tribe’s interest in finding unknown wolves or wolf
packs.
I used three dog teams in 2008 and two teams in 2009. Detection dog teams
consisted of the scat detection dog, a dog handler, and an orienteer. One experienced dog
handler from the CCP was part of my crew and acted as the dog handler for one dog in
both 2008 and 2009. Orienteers chose a given transect based upon topography and
likelihood of finding wolf scat after receiving a rough estimate of potential wolf
territories in the area. Orienteers also provided transect direction and assured that surveys
were conducted off road as well as on roads. Transects formed a loop and every attempt
was made to maximize area covered. All transects were conducted with the dog off-leash
to maximize the area covered and dogs always remained in sight of their handler. Each
dog team walked between five to six hours from approximately 0500 to 1100 each survey
day so surveys were conducted in cool temperatures so that the dogs would not become
overheated. Dog teams traveled an average of approximately 9 km per day depending
upon topography and the amount of scat that was located (i.e., the more scat that was
collected, the less area covered because of collection time for the scat and data). Handlers
and orienteers carried known wolf scat samples in case no target scats were located
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within a period of an hour so that the dog remained motivated. Once the dog found an
alleged target scat (i.e., wolf or puma), the dog would sit and the handler would reward
the dog with a toy. Orienteers then collected the scat and the following information on
data sheets: time of day, UTM coordinates of the scat, elevation, condition of the scat, if
the scat was on a road or off road, behavior of the dog, if the dog was rewarded or not
based upon the confidence of the handler, and weather conditions (see Figure B.1). Scats
were placed in a paper bag and then into a sealable plastic bag and labeled with a unique
number. I added silica desiccant beads in an approximate 4:1 beads:scat ratio if scat
samples were moist. I transported samples to a freezer the day of collection and then to
the Culver Conservation Genetics Laboratory at the University of Arizona, for long-term
storage at -20o C.

DNA Extraction for Carnivore Identification
I used two different techniques for obtaining fecal material and performing
subsequent DNA extraction from scat samples. For the first technique, I scraped the
surface of each fecal sample with a sterile razorblade and collected between 0.1 mg – 0.3
mg of fecal matter for DNA extraction. I scraped only the surfaces of fecal samples
(based on the appearance and texture) that were likely to possess sloughed epithelial cells
from the predator’s intestine to minimize potential amplification (i.e., contamination) of
prey DNA. I used QIAamp DNA Stool MiniKits (QIAGEN, Inc.,Valencia, CA, USA)
and followed the manufacturer’s protocol for DNA extraction and purification of the
scraped fecal matter with modifications. To maximize DNA concentration in the final
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eluate, I incorporated the following changes from the manufacturer’s protocol: (1) lysed
samples were incubated at 70°C for 30 min instead of the 10 min recommended in the
manufacturer’s protocol; (2) centrifuge time was doubled after the inhibitEx tablet was
added and suspended; (3) incubation time for the lysis step was increased to one hour
and; (4) the final elution of DNA step was repeated twice (i.e., 75 µl of the elution buffer
each time) with a final mixing of the eluate, yielding approximately 150 µl of DNA
following Naidu at al. (2011).
The second technique involved a swabbing technique (see Rutledge et al 2009,
Wasser et al. 2011). Cotton applicators were saturated with PBS buffer and used to swab
the surface of individual scat samples. The swab stick was cut and placed in labeled 2 ml
tubes with 300 µl of ATL buffer (QIAGEN, Inc.) with 33 µl proteinase K (QIAGEN,
Inc.), and incubated at 70°C for one hour. I added 33 µl of proteinase K and incubated at
70°C overnight. The swab was removed and 366 µl of AL (QIAGEN, Inc.) buffer added,
vortexed, and incubated 70°C for one hour. I added 266 µl of ethanol and mixed by
inverting. I used a DNeasy tissue kit (QIAGEN, Inc.) for DNA extraction and purification
following manufacturer’s protocol.
I used universal Polymerase Chemical Reaction (PCR) primers (mcb398 and
mcb869) designed specifically for identification of mammals (Verma & Singh 2003) to
amplify a region approximately 472 base-pairs long. I performed each PCR
amplification in a 20 µl reaction volume with the following final concentration: 12.3 µl of
H20; 2.0 µl of 10x PCR Buffer (QIAGEN, Inc.); 0.8 µl of MgCl2 (QIAGEN, Inc.); 0.4 µl
dNTPs (QIAGEN, Inc.); 1.0 µl 0.05 % BSA (Sigma-Aldrich, St. Louis, MO, USA); 0.1
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µl of Taq DNA Polymerase (QIAGEN, Inc.); 0.5 µl each of forward and reverse primers;
and 2-4 µl of template DNA. The PCR conditions for consisted of initial denaturation at
95 °C for 10 min, followed by 35 cycles of denaturation at 95 °C for 45 sec, annealing at
51 °C for 1 min, extension at 72 °C for 2 min, and a final extension step at 72 °C for 10
min. I performed all PCRs in a Mastercycler PCR machine (Eppendorf, Westbury, NY).
All resulting PCR products were cleaned with ExoSAP-IT (USB Corporation, Cleveland,
OH, USA) and sequenced on a 3730 Automated DNA Analyzer (Applied Biosystems,
Foster City, CA, USA) at the University of Arizona Genetics Core
(http://uagc.arl.arizona.edu/). Cytochrome b sequences amplified from scat samples were
then compared to sequences in the GenBank database (Benson et al. 2005) by program
BLAST (Altschul et al. 1990) run remotely from the National Center for Biotechnology
information (NCBI), to identify species for each sample. I identified species by selecting
the first hits for each query sequence with an E-value cutoff of 0.0 and maximum identity
of 95 percent or higher. All DNA extractions and post-PCR analyses where conducted in
separate laboratories to prevent contamination following Naidu et al. (2011).

Individual Identification through Allelic Genotyping
I used nuclear microsatellite genotyping to identify individual genotypes for my
scat samples. For the genotyping assay, I used eight microsatellite loci (D101, D102,
D103, D104, D105, D107, D108, D110) chosen from the domestic dog genetic linkage
map (Francisco et al. 1996). The PCR amplification was performed in a 20 µl reaction
volume with the following final concentration: 2.55 µl of H20; 1.0 µl of 10x PCR Buffer
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(QIAGEN Inc.); 1.0 µl of MgCl2 (QIAGEN Inc.); 0.2 µl dNTPs (QIAGEN Inc.); 0.5 µl
0.05 % BSA (Sigma-Aldrich, St. Louis, MO, USA); 0.5 µl of Taq DNA Polymerase
(QIAGEN Inc.); 0.25 µl of M13 tailed forward primer and 1.0 µl of reverse primers; 1.0
µl of fluorescently labeled M13 primer, and 2 µl of template DNA. The PCR conditions
for PCR analyses consisted of initial denaturation at 94 °C for 10 minutes and 94 °C for
15 seconds, annealing at 58 °C for 45 seconds, initial extension at 72 °C for 1 minute
followed by 40 cycles, and final extension at 60 °C for 30 minutes. Contamination
precautions followed Naidu (2011). I performed all PCRs in a Mastercycler PCR
machine (Eppendorf, Westbury, NY). The PCR products were submitted to the
University of Arizona Genetic Core (UAGC) for fragment analyses via electrophoresis.
On an Applied Biosystems automated DNA sequencer.

Analyses
I used the program GENALEX version 6.1 (Peakall and Smouse 2005) to detect
occurrences and reoccurrences of genotypes in order to assess a minimum number of
wolves. I estimated the probability of identity following Cariappa (2010). I calculated
encounter histories for each unique genotype which represented an individual wolf and
used program MARK version 6.1(White and Burnham 1999) to estimate N-hat (i.e.,
population parameter). I used a closed-population model and set p (capture probability)
equal to c (recapture probability) or p(.) = c(.) which was a parsimonious model given my
data set. I used Pearson’s Chi-square to compare the performance of the handlers and
dogs based upon experience and number of target and non-target scat samples found.
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RESULTS
I collected 378 scat samples from June to August in 2008, and 180 scat samples
from May to June in 2009, for a total of 558 samples. Of the 558 carnivore scat samples
collected, 265 (47%) samples amplified and produced DNA sequence data. Of the 265
samples that amplified, 197 (74%) were identified as being from a carnivore species and
67 (24%) samples were identified as prey species (i.e., elk, cattle, horse, deer, or turkey)
at the genus level without knowing the identification of the species that deposited the scat
sample. Four insect remains amplified but were not included as prey items in my data set.
The remaining 293 (53%) scat samples failed to yield PCR-amplifiable DNA. No
contamination was observed because I did not detect any amplified PCR products in the
negative controls (i.e., DNA extraction blanks and PCR negatives). Of the 197 samples
that were identified as a carnivore, 21 (11%) were wolf, 111 (56%) were coyote, 10 (5%)
were puma, 47 (24%) were bobcat, and 8 (4%) were gray fox scats. Although other
carnivore species were identified in my samples, only those samples identified as wolf
were used for allelic genotyping.
Of the eight canid microsatellite loci that I tested, my wolf samples amplified at
three loci (D101, D108, D110). Of the 21 wolf samples, six samples failed completely for
microsatellite DNA assays and 15 (71%) successfully amplified for at least one of the
three loci. Of 15 samples, eight (53%) amplified at two loci and six (40%) amplified at
only one locus. Only one sample (7%) amplified at all three loci. Because of the low
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sample size of wolf samples, I combined both of my 2008 and 2009 sampling years and
considered them one population.
I used program GENALEX and detected the occurrence of 14 unique wolf
genotypes. Mean observed heterozygosity was 0.73 (N = 25; SE = 0.176). The estimated
probability of identity (PID = 0.001) and the probability of identity for siblings (PIDsib =
0.08) at all three loci (Figure B.1) were similar to other population studies (see Waits et
al. 2001). My closed-population model p(.) = c(.) estimated an N-hat of 19 (95% CI =14
– 58; SE = 8.30, Delta AIC = 0).

Evaluation of Detection Dogs and Handlers
Because of the high number of non-target scats (i.e., coyote and bobcat
specifically) and low number of wolf samples detected within my study, I used the
number of target scats (i.e., wolf and puma) and non-targets or mesocarnivore scats (i.e.,
coyote, bobcat, and gray fox), the dog’s prior experience finding wolves and pumas, and
the prior experience of the handler to evaluate the performance of the detection dogs. My
results are summarized in Table B.1. I used Pearson’s Chi-square to compare experienced
handlers paired with experienced dogs with two newly trained handlers (one paired with
an experienced dog and one paired with a newly trained dog) by the number of target and
non-target scat samples found in 2008. I performed the same analyses for the dog teams
in 2009 which consisted of two experienced handlers and two experienced scat dogs. I
found no differences between the dog teams in 2008 (X2 = 1.50; df = 2; p = 0.47) and no
differences between dog teams in 2009 (X2 = 0.44; df = 1; p = 0.51). Dog #2 was used
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both in 2008 and 2009 and found 7 target and 57 non-target scats in 2008 and 14 target
and 39 non-target scats in 2009. I compared dog #2’s performance between years. I found
evidence of a difference in the performance of the dog used in both sampling years with
regard to the number of target and non-target samples between 2008 and 2009 (X2 = 4.72;
df = 1; p = 0.03) possibly indicating that dog #2 located more target scats than non-target
scats in 2009 as compared to 2008.

DISCUSSION
I estimated a minimum number of Mexican wolves occurring on the Fort Apache
Indian Reservation during 2008 and 2009 to be 14 individuals. Although program MARK
provided an estimate of 19 individual wolves, 13 wolves is the minimum number of
wolves and a more conservative estimate given my small sample size and only two
recaptures in my dataset. The DNA samples became depleted after numerous attempts to
produce identifiable genotypes and thus, my results include only three microsatellite loci.
With only two recaptures detected, my encounter histories were not robust. My mean
observed heterozygosity was 0.73 as compared to García-Moreno et al. (1996) who
reported mean observed heterozygosity of 0.50 for Mexican wolves. Although allele
dropout causes reduction in heterozygosity, my estimate does not seem to be reduced
compared to other estimates, but may probably not be highly accurate given my small
sample size.
My assessment of the minimum number of Mexican wolves was relatively
consistent with tribal biologist’s estimates during the same time period. The tribal
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biologists rely primarily on capturing and radio-collaring wolves to estimate the number
of wolves on the reservation, and on howling and track surveys, visual observations, and
remote trail cameras. Tribal biologist reported a low number of wolves (i.e., under 15
individuals) on the reservation during 2008 and 2009, however, that estimate has been
argued has being relatively low (J. Caid, pers. comm., 2012). Cariappa (2010) reported an
estimate of 13 individual Mexican wolves directly east of my study within an area of
2,500 km2, roughly the same area size that I surveyed which was approximately 2,025
km2. The objective of the U.S. Fish and Wildlife Service’s Mexican Wolf Recovery Plan
was to re-establish 100 wolves in Arizona and New Mexico pursuant to the1982 recovery
plan for the subspecies (U.S. Fish and Wildlife Service 1982, 2000). The agency made no
reference to the numbers of wolves that should occur on the Fort Apache Indian
Reservation in order to respect tribal sovereignty. In 2000, the Tribe developed a
Mexican Wolf Management Plan with objectives for numbers of wolves and protocols for
monitoring and depredations. The initial goal of the White Mountain Apache Tribe’s
wolf management program was to return the Mexican wolf to the Reservation, adding to
biological diversity and returning a historical and culturally significant species to the
landscape. Initially the Tribe agreed to allow up to 15 Mexican wolves to enter the
Reservation from the adjacent 1998 release sites. According to the White Mountain
Apache Tribe’s Mexican Wolf Management Plan, the Tribe will manage for a maximum
of 30 wolves or 6 packs. Should the number of wolves exceed 30, the Tribe will then
decide whether to allow the additional wolves to remain on the Reservation or have
wolves removed (Westfall 2000). My estimate 14 as being the minimum number of
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wolves during 2008 and 2009 provides the Tribe with additional information for their
wolf management program. In turn, the Tribe’s wolf management is enhancing the
federal government’s wolf recovery program.
Amplification success for my study was 47% for mtDNA which is not unusual for
studies attempting to extract DNA from scat. Cariappa (2010) reported 13 samples out of
478 scats collected amplified for wolf for 10 microsatellite markers in a study in eastcentral Arizona, directly east of my study area. Naidu et al. (2010) experienced better
amplification rates (i.e., 65% for mtDNA and 40% for nDNA) for puma scats collected in
southwestern Arizona. Many factors could degrade DNA in scat samples exposed to the
environment. McKelvey et al. (2006) stated that low-quality DNA may be damaged due
to exposure to moisture, heat, and ultraviolet (UV) radiation. Damage to DNA strands
from UV light occurs through oxidation (Ribeiro et al. 2008). According to the Center for
Disease Control (2012), UV index is based on latitude, day of year, time of day, total
ozone in the atmosphere, and predicted cloud conditions, and elevation. My study site
was at a higher altitude than other scat collection studies. The average elevation where I
collected scats 2402 meters (7881 feet) and thus UV light degrading DNA in scat samples
may have been a factor. I also surveyed in the summer (June through July) months in
which monsoon rains occur in this study area which also could affect the amount and
quality of DNA from scat samples. I recommend future scat studies in high elevation
areas of Arizona be conducted in winter months preferably when snow is present.
Several authors have suggested that DNA amplification rates for scat may vary by
season and species (MacKay et al. 2008, Heinemeyer et al. 2008). Although DNA
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amplification rates for both mtDNA and nDNA may differ by species, success rates may
also vary by the location of the study. I summarized DNA amplification rates reported
from published studies that used DNA analyses of carnivore scats as well as the location
of the study (Table B.2). Studies that collected scat in colder climates such in Canada
(e.g., Rutledge et al. 2009, Wasser et al. 2004) and extreme northern United States (e.g.,
McKelvey et al. 2006) reported DNA-amplification rates higher than might be expected
possibly because scats were fresh and cold temperatures aided preservation of DNA.
According to Rutledge et al. (2009), field observations indicated that 20 samples
collected in their study site in Ontario were frozen quickly upon being deposited and
would not have thawed throughout the day due to extremely cold conditions and thus,
rendering all samples with PCR-Amplifiable DNA.
The use of scat detection dogs has several advantages over human observation to
find scat. One advantage is the ability for dogs to find scats that were cryptically
deposited (i.e., off roads and trails) that would not likely be found by a field observer. I
made every attempt to survey off roads equally to surveys on roads. No human trails
exist on the reservation. I found 52% (N = 11) of wolf scats on or next to unpaved roads
and 48% (N = 10) of wolf scats completely off road. Wasser et al. (2004) reported finding
more scat samples off roads and trails than on roads and trails. Detection dogs thus have
the advantage of finding cryptic scat located off roads resulting in an unbiased sampling
scheme. Another advantage is the distance that scat dogs can cover. Scat dogs can
efficiently survey large, remote areas in a wide variety of landscapes (MacKay et al.
2008).
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According to MacKay et al. (2008) however, even highly effective scat detection
dogs may exhibit behavioral or performance problems and many such issues may be
rooted partially or entirely in handler error. My study used two experienced handlers and
two newly trained handlers who spent over two weeks at the CCP training center in 2008
and two experienced handlers in 2009. Four different but well trained detection dogs
were used. My evaluation of dogs and handlers found no differences between newly
trained and experienced handlers and between experienced and nearly trained scat dogs.
However, both experienced and newly trained handlers rewarded dogs, at some point, on
non-target species. Based upon my dataset, dogs were rewarded 65 times in 2008 and 39
times in 2009 for non-target (i.e., coyote and bobcat) scat species by both experienced
and newly trained handlers. If the handler erroneously reinforces the dog on scats from
non-target species, the dog is effectively being trained to search for the non-target. This
obviously can be especially problematic in survey areas where scats from target species
are morphologically similar and less abundant to those from sympatric, non-target species
(MacKay et al. 2008). Dogs respond to nonverbal cues from their handlers (Szetei et al.
2003) and thus, a handler pointing at or closely investigating scat from a non-target
species may be inadvertently prompting the dog to find the non-target species (MacKay
2008). This was mostly likely the case with my study because coyote and Mexican wolf
scat are often indistinguishable and handlers were most likely confused and incidentally
rewarded the scat dogs for non-target scats.
Sixteen percent of my samples were target scat species (i.e., wolf or puma) while
84% were non-target scats (i.e., coyote, bobcat, or gray fox). Other studies that utilized
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scat detection dogs also experienced some errors in that non-targets were detected albeit
at a lesser proportion compared to my study. For example, Wasser et al. (2011) reported
11% of scats presumed to be to be wolf were actually coyote. Harrison (2006) reported
that, of scats found using detection dogs that were supposed to be bobcat, 8% were
coyote and 3% were kit fox. During comparable species differentiation tests, 7% were
identified as non-bobcat by dogs trained to identify bobcat scats (Harrison 2006). Smith
et al. (2003), whose target species was kit fox, found dogs were less accurate at ignoring
red fox scats in experimental trials where kit fox scat was absent resulting in a 33%
incorrect identification. Smith et al. (2003) reported that all dogs were 100% accurate at
identifying kit fox scats where red fox scats were not present which indicates dogs were
able to focus on the target species when a similar, sympatric species was absent. These
studies emphasize the need for researchers planning on utilizing scat detection dogs to be
extremely aware of the issue dogs searching for non-targets scats.
Extreme scat rarity may present methodological challenges as detection dogs can
become bored or unmotivated if worked for many hours without location scats and
receiving positive reinforcement (MacKay et al. 2008). The low number of wolf scats
detected by detection dogs in my study most likely was a function of a low number of my
target species (i.e., wolves) and an enormously high abundance of other species
depositing scat (e.g., coyotes, bobcats, and gray fox). Smith et al. (2003) found that dogs
were more likely to err if scats of the target species were not present. In the field, dogs
may become frustrated when scats of the target species are not present and may instead
locate non-target species in order to get their reward. Being aware of this, handlers and
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orienteers in my study carried known wolf scat samples in case no target scats were
located within a period of an hour and thus the dog was rewarded on the known scat
sample in order to remain motivated. Further, I made every effort was made to keep the
detection dogs focused on wolf (or puma) scats so that the dogs did not focus attention on
non-target scats (i.e., coyote) including the following: (1) setting up drills each evening
where known wolf scats were hidden and rewarding dogs once the training sample was
found; (2) spending one day per week surveying an area where wolves were not present
and giving the dog a commend to “leave it” if the dog became interested in a scat that
was obviously not from a wolf; (3) carrying known wolf scat in small containers and
hiding it while surveying so that the dog was reinforced by a reward and; (4) assuring that
the dogs had constant positive reinforcement. More emphases however may be needed on
negative reinforcement. Smith et al. (2003) trained scat doges to ignore scats that were
species other than their target scats by giving the dog a voice and leash correction if the
dog sniffed at the non-target scat. The use of negative feedback may be an important
component especially when target scat samples are in low numbers as could have been
the case with my study. One suggestion would be to use an electric shock collar and
having the dog experience a low level, harmless negative feedback during training
seasons against non-target scats (K. DeMatteo, pers. comm., 2010). Because the CCP
utilized bark collars at their facility, this suggestion could also be an option.
While scat detection dogs have proven effective in temperate (Long et al. 2007),
montane (Wasser et al. 2004), and arctic boreal forested areas (Wasser et al. 2010), desert
areas and high elevation areas may limit their applicability in some cases (MacKay et al.
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2008). Efforts were made in my study to compensate for the Arizona climate including
allowing the dogs to acclimate to the Arizona environment conditions (e.g., high
elevation, low humidity, and high daytime temperatures) for several weeks before
conducting scat surveys. The dogs also had plenty of time to rest in between survey
transects. According to MacKay et al. (2008), scat detection dogs used in sunny, hot
climates can cause dogs to experience high panting rates resulting in reduced olfactory
performance. For example, Smith et al. (2003) attributed one scat detection dog’s
relatively low detection rate for kit fox scats in California’s Carrizo Plain National
Monument to elevated panting levels. To remedy this problem, my surveys were
conducted between 0500 and 1100 when temperatures were relatively cool (i.e., average
temperature during surveys was 20.4o C (68.7o F) in 2008 and 17.8o C (64.0o F) in 2009).
Surveying early in the day thus maximized the chances of the dogs finding wolf scat
based on higher humidity, cool temperatures, and low wind speeds.
Cariappa (2010) suggested that managers of the Mexican wolf recovery program
could use scat collection as a technique to monitor the species’ abundance. One
recommendation based on my study would be to collect scat in the winter months when
cold temperatures and possible snow may preserve the DNA in scat samples. Caution
should be used when deciding to use scat detection dogs however. Based upon my
experience with scat detection dogs, the advantages in using this survey methodology
include the following: (1) the ability to collect large amounts of scat samples per dog
team; (2) their ability to cover large, remote areas; (3) their ability to locate cryptically
deposited scats and; (4) scat dogs have been found to discriminate between species.

133

Weaknesses in using detection dogs for scat surveys exist and based upon my study,
include the following: (1) low abundance of the target species possibly frustrating
detection dogs; (2) confusion with handlers identifying scats because target and nontarget scats are morphological similar; (3) the immediate need for DNA analysis for
species confirmation so that problems with non-targets scat species do not go undetected
and/or continue throughout the sampling period; (4) the substantial time and financial
requirement needed for training handlers; (5) a considerable expense for the use of the
dogs. For example, my costs for contracting with the CCP for three dog teams and a CCP
handler in 2008 and two dog teams and a CCP handler in 2009 was approximately
$47,600.00. Post-collection verification of species is essential according to Harrison
(2006) and MacKay et al. (2008) to guard against non-target scat samples creating a
sampling problem. More research into quantifying the performance of detection dogs and
handlers is need for future studies, especially within the arid southwest.
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Table B.1. Results of target and non-target scats found by experienced handlers, newly
trained handlers, experienced dogs, and one newly trained dog in 2008 and experienced
handlers with experienced scat dogs in 2009.

3 Dog Teams
Experienced
handler;
experienced dog1
Newly trained
handler;
experienced dog2
Newly trained
handler; newly
trained dog3
Total

2008
Target

NonTarget

Total

2 Dog Teams

6

42

48

7

57

64

Experienced
handler;
experienced dog4
Experienced
handler;
experienced dog2

0

10

11

13

110

123

X2 = 1.50; df = 2; p = 0.47

Total

2009
Target

NonTarget

Total

4

17

21

14

39

53

18

56

74

X2 = 0.44; df = 1; p = 0.51

* Target species were the scat species that the dogs were trained to find (i.e., either
Mexican wolf or puma).
** Non-Target species which dogs were not trained to find and included coyote, bobcat,
and gray fox.
1
Dog#1
2
Dog#2
3
Dog#3
4
Dog#4
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Table B.2. Amplification success rates for mitochondrial DNA (mtDNA) and nuclear
DNA (nDNA) in scat sampling studies within North America for carnivore species
including the current study.
Species
Gray wolf
Grizzly bear and
black bear
Canada Lynx

mtDNA nDNA Study Area
NR
93% Chapleau Crown Game
Preserve, Ontario
93%
73% Yellowhead Ecosystem,
Alberta

Citation
Rutledge et al. 2009
Wasser et al. 2004

NR

Washington State, Minnesota

McKelvey et al. 2006

Coyote

97%;
94%
79%

73%

Kohn et al. 1999

San Joaquin kit fox

76%

79%
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Figure B.1. Data form.
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Figure B.2. The estimated improvement of PID and PID sib as additional microsatellite
markers were used on Mexican wolf fecal samples collected during sampling periods
2008 and 2009. When all 3 markers were scored, estimated PID = 1.5E-03 and PIDsib =
8.3E-02.
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APPENDIX C
GENETIC ANALYSIS OF SCATS TO IDENTIFY PREY REMAINS IN SCATS
OF MEXICAN WOLVES AND TWO SYMPATRIC CARNIVORES
(The following paper was prepared to submit to a peer-reviewed journal)

ABSTRACT
Previous diet studies of reintroduced Mexican gray wolves (Canis lupus baileyi)
used fecal samples to assess wolf diet relying on scat diameter to distinguish between
wolf and other sympatric carnivore scat. My study used DNA analyses to distinguish
between carnivore scats collected on the Fort Apache Indian Reservation where
reintroduced Mexican wolves occur with sympatric carnivore species. My primary
objectives were use DNA analyses to obtain an accurate assessment of diet of Mexican
wolves and, compare prey remains in Mexican gray wolf scat with prey remains in two
other sympatric carnivore species (coyote, C. latrans, and puma, Puma concolor). I used
universal primer PCR assays targeting two non-overlapping regions of the mammalian
mitochondrial cytochrome b gene to identify and distinguish scats of wolves, coyotes,
and puma. I used two DNA extraction methods (i.e., scraping and swabbing). Out of 117
scat samples that were both scraped and swabbed, the amplification rate was 39% for
scats that were swabbed and 16% for scats that were scraped. There was convincing
evidence that swabbing scats improved amplification success (X2 = 15.5; df = 1; p =
0.01). I used DNA analyses to identify prey species from bone and cartilage fragments
recovered from the carnivore scats. I collected 558 carnivore scats during 2008 and 2009.
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I identified three mammalian species in the scats of Mexican wolves in my study area,
which included Rocky Mountain elk (Cervus elaphus), mule deer (Odocoileus hemionus),
and coyote. I identified three mammalian species in the scats of puma including elk, mule
deer, and gray fox (Urocyon inereoargenteus), also one bird species, turkey (Meleagris
gallopavo). Prey remains found in coyote scats were numerous and included ground
squirrels (Spermophilus sp.), mountain vole (Microtus montanus), long-tailed vole
(Microtus lonicaudus), desert cottontail (Sylvilagus auduboni), red squirrel (Tamiasciurus
hudsonicus), horse (Equus ferus), domestic cattle (Bos taurus), elk, and coyote. I
calculated percent biomass using the regression equations y = 0.0148x + 0.135 for wolf
and coyote prey remains and y = 0.035x + 1.98 for puma prey remains. Percent biomass
of prey items consumed by Mexican wolves included 89% for elk, 8% for mule deer, and
3% for coyote (see Table C.1). Percent biomass of prey items consumed by pumas was
80% for elk, 12% for mule deer, 4% for turkey, and 4% for fox (see Table C.2). Percent
biomass of prey items consumed by coyotes was 39% for horse, 26% for elk, 26% for
cattle, 4% for bear, 3% for coyote, and approximately 3% for small mammals. Previous
studies that relied upon diameter measurements reported small to medium sized
mammals in scats of Mexican wolves, which was similar to what we found in scats of
coyotes (e.g., cottontail rabbits, red squirrels, and ground squirrels). Future diet studies of
large carnivores should include DNA analyses to identify the depositor of the scat,
because traditional criterion of size of scats is likely to have a high error rate.
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INTRODUCTION
Systematic studies of gray wolf (Canis lupus) diet were not conducted prior to
their extirpation from Arizona in the early 1900s (Brown 1983), although the dependence
of wolves on large ungulates is well documented (see Mech and Peterson 2003). Five
Mexican wolves (C. l. baileyi), a gray wolf subspecies, captured in Mexico in the 1970s
and 1980s became the source of a successful captive breeding program which led to
wolves being released back into Arizona in 1998. The Mexican wolf reintroduction
continues to be controversial because wolves are known to prey upon domestic cattle
(U.S. Fish and Wildlife Service 2010). Livestock depredation by Mexican wolves has led
to lethal actions against wolves; for example, the White Mountain Apache Tribe removed
an entire pack of wolves (i.e., 10 wolves) from the reservation because of numerous cattle
depredations in 2006 (U.S. Fish and Wildlife Service 2006). Cattle have become an
important source of income to the White Mountain Apache Tribe as well as becoming
part of the Apache culture to some extent (see Chavis 1993; Basso 1983; Getty 1962,
1963; Pavlik 1999). Concerns over how wolves are influencing elk distribution are also a
concern to the White Mountain Apache Tribe because of the Tribe’s lucrative trophy elk
hunting program (D. Parker, pers. comm., 2011). Knowledge of wolf diet is thus critical
not only in an ecological context but also in terms of economics and conservation (Ciucci
et al. 1996), particularly in light of state and federal agencies attempting to recover the
endangered Mexican wolf.
Analysis of prey remains in feces is widely used to assess carnivore diets (Putman
1984). Previous diet studies of reintroduced Mexican wolves have used fecal samples to
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assess diet relying upon scat diameter to distinguish between wolf and other sympatric
carnivore scat. Studies by Reed et al. (2006), Carrera et al. (2008), and Merkle et al.
(2009) for example, used scat diameter criteria to distinguish wolf scat from other
sympatric carnivore species such as coyotes (C. latrans). Reed (2004) and Reed et al.
(2004) used DNA analyses to differentiate between wolf and sympatric coyotes and
concluded that diameter and mass values were unsatisfactory for identifying Mexican
wolf scats. Discriminant analyses indicated that diameter and mass of scats offered the
best results for accurately classifying coyote scats (86%) but provided relatively low
accuracy for classifying Mexican wolf scats (65%). Because Mexican wolves are the
smallest subspecies of North American wolves, identification of Mexican wolf scats
could easily be confused with those of sympatric coyotes (Reed et al. 2004). Results of
previous Mexican wolf diet studies that relied upon scat diameter to identify wolf scats
from coyote and reference specimens, instead of DNA analyses, to determine species of
prey are questionable.
My study used DNA analyses of carnivore scats to identify the species that
deposited the scat and the diet components contained within the scats. The scat samples
were collected on the Fort Apache Indian Reservation in east-central Arizona, an area
where reintroduced Mexican wolves occur with several sympatric carnivore species. The
overall goal of my study was to investigate the diets of wolves and other sympatric
carnivores on behalf of the White Mountain Apache Tribe. My specific objectives were
to use DNA analyses to obtain an accurate species identification for each scat sample;
perform a diet assessment for all scat samples from wolf, puma (Puma concolor), and

150

coyote; assess prey species consumed by reintroduced Mexican gray wolves as compared
to other sympatric carnivore species and; assess the frequency and biomass of cattle
consumed by wolves on the reservation as compared to other sympatric carnivores. Here,
I present my findings and support for the use of conservation genetic techniques
performed on fecal DNA to identify sympatric carnivores and to document prey species
in their diet.

STUDY AREA
The Fort Apache Indian Reservation encompasses 647,498 hectares
(approximately 1.6 million acres) of east-central Arizona. Elevations range from
approximately 800 meters (2,600 feet) in the Salt River Canyon to roughly 3,350 meters
(11,000 feet) on Mount Baldy. I surveyed the eastern portion of the Reservation which
was dominated by mixed conifer and ponderosa pine (Pinus ponderosa) forests with high
elevation grasslands. Mixed-conifer forests on the Reservation are between 2,440 and
3,050 meters (8,000 to 10,000 feet) in elevation. Southwestern mixed-conifer forests are
among the most complex forest type described, exhibiting great variation in tree
composition (Dick et al. 1995). Over-story tree species these forests include Douglas-fir
(Pseudotsuga menziesii), ponderosa pine, quaking aspen (Populas tremuloides) and a
variety of other montane tree and shrub species.
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METHODS
I collected 378 scat samples from June-August in 2008 and 180 scat samples from
May-July in 2009, on the Fort Apache Indian Reservation for a total of 558 samples. I
used scat detection dogs as discussed in Appendix B. Each sample was stored in a paper
bag and then sealed into a plastic bag and labeled. Silica desiccant beads were added in
an approximate 4:1 beads: scat ratio if scat samples were moist. Scat samples were frozen
the day of collection and then transferred to the Culver Conservation Genetics Laboratory
at the University of Arizona for long-term storage at -20o C. All DNA extractions and
post-PCR analyses where conducted in separate laboratories to prevent contamination
following Naidu et al. (2011).

Carnivore Species Identification
I used two different techniques for obtaining fecal material and performing
subsequent DNA extraction from scat samples. For the first technique, I scraped the
surface of each fecal sample with a sterile razorblade and collected between 0.1 mg – 0.3
mg of fecal matter for DNA extraction. I scraped only the surfaces of fecal samples
(based on the appearance and texture) that were likely to possess sloughed epithelial cells
from the predator’s intestine to minimize potential amplification (i.e., contamination) of
prey DNA. I used QIAamp DNA Stool MiniKits (QIAGEN Inc., Valencia, CA, USA)
and followed the manufacturer’s protocol for DNA extraction and purification of the
scraped fecal matter with modifications. To maximize DNA concentration in the final
eluate, I incorporated the following changes from the manufacturer’s protocol: (1) lysed
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samples were incubated at 70°C for 30 min instead of the 10 min recommended in the
manufacturer’s protocol; (2) centrifuge time was doubled after the InhibitEx tablet was
added and suspended; (3) incubation time for the lysis step was increased to one hour
and; (4) the final elution of DNA step was repeated twice (i.e.,75 µl of the elution buffer
each time) with a final mixing of the eluate, yielding approximately 150 µl of DNA
following Naidu at al. (2011).
The second technique involved a swabbing (see Rutledge et al. 2009, Wasser et
al. 2011). Cotton applicators were saturated with PBS buffer and used to swab the surface
of individual scat samples. The swab stick was cut and placed in labeled 2 ml tubes with
300 µl of ATL buffer (QIAGEN Inc.) with 33 µl proteinase K (QIAGEN Inc.) and
incubated at 70°C for one hour. I added 33 µl of proteinase K and incubated at 70°C
overnight. The swab was removed and 366 µl of AL (QIAGEN Inc.) buffer added,
vortexed, and incubated 70°C for one hour. I added 266 µl of ethanol and mixed by
inverting. I used a DNeasy tissue kit (QIAGEN Inc.) for DNA extraction and purification
following manufacturer’s protocol.
I used universal Polymerase Chemical Reaction (PCR) primers (mcb398 and
mcb869) designed specifically for identification of mammals (Verma & Singh 2003) and
amplified a region approximately 472 base-pairs long. I performed each PCR
amplification in a 20 µl reaction volume with the following final concentration: 12.3 µl of
H20; 2.0 µl of 10x PCR Buffer (QIAGEN Inc.); 0.8 µl of MgCl2 (QIAGEN Inc.); 0.4 µl
dNTPs (QIAGEN Inc.); 1.0 µl 0.05 % BSA (Sigma-Aldrich, St. Louis, MO, USA); 0.1 µl
of Taq DNA Polymerase (QIAGEN Inc.); 0.5 µl each of forward and reverse primers;
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and 4 µl of template DNA. The PCR conditions consisted of initial denaturation at 95 °C
for 10 min, followed by 35 cycles of denaturation at 95 °C for 45 sec, annealing at 51 °C
for 1 min, extension at 72 °C for 2 min, and a final extension step at 72 °C for 10 min. I
performed all PCRs in a Mastercycler PCR machine (Eppendorf, Westbury, NY). All
resulting PCR products were cleaned with ExoSAP-IT (USB Corporation, Cleveland,
OH, USA) and sequenced on a 3730 Automated DNA Analyzer (Applied Biosystems,
Foster City, CA, USA) at the University of Arizona Genetics Core
(http://uagc.arl.arizona.edu/). Cytochrome b sequences amplified from scat samples were
then compared to sequences in the GenBank database (Benson et al. 2005) by program
BLAST (Altschul et al. 1990), run remotely from the National Center for Biotechnology
information (NCBI), to identify species for each sample. I identified species by selecting
the first hits for each query sequence with an E-value cutoff of 0.0 and maximum identity
of 95 percent or higher.

Prey Remains Identification
Scat samples identified as wolf, coyote, or puma from their DNA sequences were
subsequently dissected for prey remains (i.e., bone and cartilage fragments from
mammalian prey). All scats contained zero to four bone and/or cartilage remains
therefore I used all bone or cartilage pieces from each scat. I analyzed a total of 89 bone
and cartilage fragments including 25 from wolf scats, 16 from puma scats, and 48 from
coyote scats. I washed the surface of each bone sample with double distilled, UVirradiated water. Bone and tissue fragments were dried at 56°C in a sterilized incubator.
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Because not all wolf scats contained bone or tissue fragments, combined with the low
sample size of wolf scats (n = 21), I used QIAamp DNA Stool MiniKit (Qiagen) for
extractions on a portion of the scat matrix for all wolf samples with the hope of
amplifying any small tissue from a prey item such as muscle or hair folicle.
To extract DNA from bone samples, I pulverized bone samples with a SPEX
SamplePrep Freezer/Mill 6770 cryogenic grinder (Spex CertiPrep, Metuchen, NJ, USA).
Liquid nitrogen was used to freeze samples allowing them to become brittle. Pulverizing
bone samples took approximately 3 to 5 minutes and cartilage samples required between
5 to 10 minutes to become brittle enough to pulverize. Holding tubes, and the pulverizing
magnet, were thoroughly cleaned between samples with a 10% bleach solution and DNAOFF decontaminating solution (Takara Bio Inc., Madison, WI, USA), then rinsed with
deionized, double-filtered water to avoid cross contamination. I decalcified bone samples
by adding 1.8 ml of EDTA (0.5 M (pH 8.0), molecular grade (Promega, Madison, WI,
USA) to 0.2 - 0.3 gram of bone powder in a 2 ml centrifuge tube. I incubated each tube
on a rocking-platform for 12 hours in a refrigerator at 4°C. Every 24 hours, I centrifuged
the samples to pellet the bone powder and replaced the EDTA with fresh 0.5 M solution.
I repeated this process three times to ensure adequate decalcification. I centrifuged the
samples at high-speed (approximately 13,000 g) and washed the bone powder three times
in 1.0 ml of deionized ultra-filtered (i.e., PCR grade) water, allowing an incubation
period of one hour between each wash. The cleaned bone powder was then resuspended
in 1.8 ml of deionized ultra-filtered water. These washes were performed to remove any
residual EDTA from the bone powder. I used QIAamp Blood and Tissue Kits (QIAGEN
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Inc.) and followed the manufacturer’s protocol to extract DNA from bone and cartilage
samples. To maximize dissolution of samples, I doubled quantities of buffers ATL,
proteinase K and AL (provided in the kit) and ethanol. I performed PCR amplifications,
DNA sequencing, and species identification for each sample as previously described for
the predator scat sample identification.

Analyses
Biomass frequencies were calculated by dividing the biomass of each prey type
by the total prey biomass for each carnivore species (see Farrell et al. 2000). I calculated
percent biomass of prey items identified in wolf and coyote scats and used the regression
equation y = 0.0148x + 0.135 (where x = prey weight) following Jethva and Jhala (2004).
This calculation was used instead of Weaver (1993) because Jethva and Jhalo’s (2004)
feeding trials more accurately accounted for both large and small prey items. The
regression equation y = 0.035x + 1.98 was used for biomass of prey items identified in
puma scat following Ackerman et al. (1984). I also expressed prey items identified in
scats as frequency of occurrence by species.
I compared the amplification rates between the two extraction methods, i.e.,
scraped versus swabbed, to determine if one method produced better amplification rates.
Because not all scats were scraped and/or swabbed, I used a subset of 117 scat samples
used for both methods to compare the techniques. I used the null hypothesis that there
would be no difference in amplification rates between scraping and swabbing scats and
employed a Chi-Squared test.

156

RESULTS
Of the 558 carnivore scat samples collected, 265 (47%) samples amplified and
produced DNA sequence data. Of the 265 samples that amplified, 197 (74%) were
identified as being from a carnivore species and 67 (24%) samples were identified as prey
species (i.e., elk, cattle, horse, deer, or turkey) at the genus level without knowing the
species identification of the predator depositor of the scat sample. Four (2%) insect
remains that amplified were not included as prey items in my data set. The remaining 293
scat samples (53%) failed to yield PCR-amplifiable DNA. No contamination was
observed because I did not detect any amplified PCR products in the negative controls
(i.e., DNA extraction blanks and PCR negatives). Out of 117 scat samples that were both
scrapped and swabbed, the amplification rate was 39% for scats that were swabbed and
16% for scats that were scraped Convincing evidence existed (X2 = 15.5; df = 1; p = 0.01)
that there was a difference in the two techniques regarding amplification success.
I identified 21 wolf, 111 coyote, 10 puma, 7 black bear (Ursus americanus), 47
bobcat (Lynx rufus), and 8 gray fox (Urocyon inereoargenteus) scats. These numbers do
not represent individuals but the number depositors. Only wolf, coyote, and puma were
used for diet analyses. I analyzed 25 bone fragments within eight wolf scats, 16
fragments within 10 puma scats, and 71 fragments within 37 coyote scats which was a
subset of the 111 coyote scats. I identified three mammalian species in the scats of
Mexican wolves in my study area, which were Rocky Mountain elk (Cervus elaphus),
mule deer (Odocoileus hemionus), and coyote. I identified four prey species in the scats
of puma which were elk, mule deer, gray fox, and turkey (Meleagris gallopavo). Prey
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remains found in coyote scats were numerous and included ground squirrels
(Spermophilus sp.), mountain vole (Microtus montanus), long-tailed vole (Microtus
lonicaudus), desert cottontail (Sylvilagus auduboni), red squirrel (Tamiasciurus
hudsonicus), horse (Equus ferus), domestic cattle (Bos taurus), elk, black bear, and
coyote. Percent biomass of prey items consumed by Mexican wolves included 89% for
elk, 8% for mule deer, and 3% for coyote (see Table C.1). Percent biomass of prey items
consumed by pumas was 80% for elk, 12% for mule deer, 4% for turkey, and 4% for fox
(see Table C.2). Percent biomass of prey items consumed by coyotes was 39% for horse,
26% for elk, 26% for cattle, 4% for bear, 3% for coyote, and approximately 3% for small
mammals (see Table C.3). Most predator and prey PCR products yielded DNA sequences
that matched reference mammalian species’ haplotypes deposited in GenBank. All
matches returned with an E-value of 0.0 and a maximum identity of 95 – 99%. I only
used those samples that met the stringency criteria of E-value = 0 and maximum identity
of 95 percent and above in my analyses. In my study, the amplification rate for 89 bone
and cartilage fragments was 74%.

DISCUSSION
The amplification success for my study was just below 50% which is not unusual
for studies attempting to extract DNA from scat. My amplification rate of 49% may have
been due to environmental factors occurring in Arizona; namely, low humidity, many
days of sunlight and monsoonal rains. Very few samples were considered “fresh” when
collected. Ultraviolet (UV) light (i.e., sunlight) and rain are two factors known to degrade
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DNA in the field (Lindahl 1993). Due to DNA degradation, 51% of samples collected did
not yield PCR-amplifiable DNA and I don’t know how many additional wolf samples
may have been contained in these samples. Thus, the low number of wolf samples
identified may have been due to DNA degradation caused by monsoon rains and sunlight
(i.e., UV light) in the field (Lindahl 1993). The swabbing method to extract DNA from
scats produced a higher amplification success rate than the technique of scraping.
Swabbing the mucosal surface of scats rather than scrapping also lessened the amount of
times prey items were amplified versus the depositor of the scat. The technique of
swabbing scat samples to extract DNA, for scat depositor identification, is therefore
recommended.
In contrast, the high success in identification of prey remains (tissue and bone
fragments) is possibly due to the preservation of DNA in bones (Götherström et al. 2002)
complemented with the protection offered by scat material to the prey remains against
direct exposure to moisture and sunlight. However, 26% failure of bone fragments may
have been due to mistaking non-organic (i.e., small stones) fragments for bone material.
Another possible factor is the inhibition of downstream PCR analyses by residual EDTA
in the bone samples. Although care was taken in washing the bone samples, any
remaining EDTA may have hindered PCR amplification of the DNA of interest.
The Freezer Mill increased the speed at which samples could be processed. Naidu
et al. (in review) found no difference in amplification success rates from the method of
mortar and pestle versus the Freezer/ Mill suggesting that either method could be used.
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This is important because of the high price of the Spex Freezer Mill (i.e., $5,000) may not
be in the budget of many labs.
Reed et al. (2004) used diameter criterion of scats and found 14% of scats
deposited by coyotes were classified incorrectly as Mexican wolf and 35% of Mexican
wolf scats were incorrectly classified as coyote scats. I also observed that the majority of
canid scat samples were of similar size and thus could have been either Mexican wolf or
coyote. Further, even the technique of scat detection dogs was imperfect for finding and
identifying Mexican wolf scats in the field (see Appendix B). Traditional methods of
identifying scats by size and shape are inconsistent and unreliable because body size can
vary greatly within species, and an individual can leave scats in a broad range of sizes
(Farrell et al. 2000). Also identifying scats by odor can be inconsistent because Reed et
al. (2004) found a low accuracy (65%) for classifying Mexican wolf scats.. Previous diet
studies that used traditional identification methods may have misrepresented the diets of
both Mexican gray wolves and coyotes in the southwest. The traditional method of
morphological identification of prey items can also result in high error rate (Farrell et al.
2000) because coyote and wolf scats are often indistinguishable (Weaver and Fritts
1979). Although a disadvantage of genetic analysis is that of being time consuming and
moderately expensive (i.e., DNA extractions, PCR setup, gel electrophoresis, and final
sequencing), DNA analyses offer a high level of accuracy and precision (Naidu et al., in
review). Future diet studies of large carnivores should include DNA analyses to identify
the depositor of the scat because even degraded DNA yields no results instead of false
answers (Farrell et al. 2000).
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Reed et al. (2006), Carrera et al. (2008), and Merkle et al. (2009) reported small to
medium sized mammals in scats of Mexican wolves similar to what I found in scats of
coyotes (e.g., lagomorphs, red squirrel, and ground squirrel). These researchers did not
use DNA testing of scats and relied upon diameter criterion to identify Mexican wolf
scats and thus their results could be questionable. I found no small mammal species in my
wolf scats albeit my sample size was small (i.e., 21 wolf scats). Although wolves usually
feed on large mammals, they also occasionally take birds and small mammals (Mech
1970:178). Brown (1988:134) reported only one occurrence of a rodent in scats and one
occurrence of a skunk in stomach contents of Mexican wolves in Mexico. Small to
medium sized prey items are more frequently consumed by coyotes according to Gese
(2004) which was consistent with my results of prey items found in coyote scats that I
collected and verified as coyote.
My data suggest that wolves are preying primarily on elk although my sample
size of wolf scats was small. I did not identify domestic cattle as a wolf prey item in my
study, however, these results should be considered with caution because of the small
sample size of wolf scats analyzed. Additionally, wolves may not be preying on as much
cattle as speculated by tribal managers. I identified coyote as a prey item in two separate
wolf scats. Reports of wolves killing coyotes are common (Seton 1929; Young and
Goldman 1944; Munro 1947; Stenlund 1955; Carbyn 1982; Paquet 1991; Thurber et al.
1992; Peterson 1995). Berger and Gese (2007) reported overall mortality of coyotes
resulting from wolf predation was low, but wolves were responsible for 56% of transient
coyote deaths (N =5). Ballard et al. (2003:267) reported that in general, wolf-killed
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coyotes are not consumed, but rather left with fatal wounds. Prey items of puma were
similar to that of wolves with the exception of detecting turkey in puma scat. Prey items
found in coyote scats were diverse ranging from feral horse to voles. A large number of
feral horses exist on the reservation and thus, coyotes could be scavenging upon horse
carcasses. Cattle and elk were also found in the coyote scats. Gese (2004) reported that
small mammals such as voles and ground squirrels were principle small mammal food
items for coyotes in Yellowstone National Park. Black bear was also detected in one
coyote scat which most likely represented a coyote scavenging on a bear carcass. The
presence of coyote within coyote scats could represent infanticide because I collected scat
samples in the summer when adult coyotes were rearing their pups. Camenzind (1978)
reported occurrence of infanticide by intruding females among coyotes.
Although I calculated percent biomass and frequency of occurrence of prey items
in wolf, puma, and coyote scats, these results should be interpreted with caution.
Quantification of undigested remains in scats does not necessarily correspond to the
relative amount of prey consumed (Ciucci et al. 1996). Mech (1970) suggested that
frequency of occurrence data might over represent the mass of relatively smaller animals
consumed compared with larger animals because smaller animals such as rodents have a
higher surface to volume ratio. Smaller prey may also be over represented in terms of
actual prey mass consumed because carnivores may consume the entire animal and thus,
more bone fragments are detected. Weaver (1993) reported that larger prey consisted of
more digestible matter than smaller prey, which could result in frequency data
inaccurately representing prey consumed. The method I used to calculate biomass from
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linear regression models developed through feeding trials was reported to be an
acceptable method based upon Ciucci et al. (1996) who compared several methods for
assessing diet in wolf scats. Ciucci et al. (1996) suggested however that interpretation of
results would be greatly enhanced by comparing results obtained with two or more
methods.
Traditional methods of identifying scats by size, shape, or smell are unreliable
because body size can vary greatly within species and an individual can leave scats in
broad range of sizes (Farrell et al. 2000). Coyotes and wolves were sympatric in my study
site and scats of either species were not easily distinguishable from one another. The use
of molecular genetic techniques should be the standard for any future Mexican wolf diet
study that uses scat collected in the field.
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Table C.1. Frequency of occurrence (%) and percent biomass of prey items found in
eight wolf scats collected during the summer of 2008 and 2009. Regression
equation y = 0.0148x + 0.135 following Jethva and Jhala (2004) was used to
estimate biomass.

Prey Item
Elk
Mule deer
Coyote
TOTAL

Mass of
prey (kg)
191.0
125.0
15.0

Kg/scat
2.96
1.99
0.36

Number of
prey items
7
1
2
10

% Frequency
of occurrence
70%
10%
20%
100%

Biomass
(kg)
20.73
1.99
0.71
23.43

% Biomass
89%
8%
3%
100%
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Table C.2. Frequency of occurrence (%) and percent biomass of prey items found in 10
puma scats collected during the summer of 2008 and 2009. Regression equation y =
0.035x + 1.98 following Ackerman et al. (1984) was used to calculate biomass.

Prey Item
Elk
Mule deer
Turkey
Fox
TOTAL

Mass of
prey (kg)
191.0
125.0
6.0
5.0

Kg/scat
8.67
6.36
2.19
2.16

Number of
prey items
5
1
1
1
8

% Frequency
of occurrence
63%
13%
13%
13%
100%

Biomass
(kg)
43.33
6.36
2.19
2.16
17.23

% Biomass
80%
12%
4%
4%
100%
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Table C.3. Frequency of occurrence (%) and percent biomass of prey items found in 37
coyote scats collected during the summer of 2008 and 2009. Regression equation y =
0.0148x + 0.135 following Jethva and Jhala (2004) was used to calculate biomass.

Prey Item
Horse
Elk
Cattle
Bear
Coyote
Squirrel
Vole
Lagomorph
TOTAL

Mass of
prey (kg)
385.0
191.0
385.0
110.0
15.0
0.2
0.2
0.9

Kg/scat
5.83
2.96
5.83
1.76
0.36
0.14
0.14
0.15

Number of
prey items
3
4
2
1
4
4
2
1
21

% Frequency
of occurrence
14%
19%
10%
4%
19%
19%
10%
5%
100%

Biomass
(kg)
17.50
11.85
11.66
1.76
1.43
0.55
0.28
0.15
45.18

% Biomass
39%
26%
26%
4%
3%
1%
1%
<1%
100%
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APPENDIX D
CULTURAL SIGNIFICANCE OF BA’CHO, MA’CHO (WOLF) TO THE
WESTERN APACHE IN ARIZONA
(The following paper was prepared to submit to a peer-reviewed journal)

ABSTRACT
The cattle industry has become an important to the White Mountain and San
Carlos tribes since the 1930s. The White Mountain Apache Tribe partnered with state and
federal governments in the Mexican wolf recovery program but the San Carlos Apache
Tribe did not support wolf recovery on their Reservation. The purpose of my research
was to investigate the cultural significance of the wolf within Western Apache culture
taking into account traditional, contemporary, and gender-based perspectives. I included
people associated with the cattle industry and some who were not associated with cattle.
My specific objectives were to examine whether Apache consultants that I interviewed
had a shared belief system about the wolf, were opposed to having the wolf reintroduced,
and whether traditional ecological knowledge about the wolf lives on in the Apache
culture. I used well-established, mixed methods including cultural consensus analysis
developed by cultural anthropologists to collect and analyze cultural information about
the wolf in Apache society. I interviewed 32 tribal consultants who included members of
elder’s council, teachers, cultural directors, council members, community leaders, and
others who were identified as having knowledge of the cultural and/or knowledge of the
wolf. The result of the consensus analysis was a large ratio between the first and the
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second eigenvalues indicating the data adequately fit the consensus model. The mean
competency score was 0.76 for the traditional group (N = 17; SD = 0.22), which was
higher (t = 1.98; df = 16; p = 0.07) than the overall group (0.65; N = 32; SD = 0.27). No
differences in competency scores existed between the overall and cattle groups (t = -1.17;
df = 12; p = 0.27). Four out of 28 questions did not fit the culturally correct answer key.
The Apache consultants’ descriptions of the wolf’s traditional role in their culture, and
how they view the wolf today provided valuable insight. Apache consultants also
provided interesting cultural information and ecological knowledge about the wolf that
correlates well with Western scientific information. A possible outcome of my study
would be an improved dialogue to overcome cultural barriers that have precluded trust
and cooperation with the wolf reintroduction program.

INTRODUCTION
Prior to European colonization, the gray wolf (Canis lupus) had a congenial
relationship with Native Americans in that wolves were respected and in some
indigenous cultures hunted (Lopez 1978, Boitani 1995, Pierotti 2010). When Europeans
colonized North America, they brought with them their cultures and traditions which
included the worst attitudes toward wolves (Boitani 1995). Studies by Johnson (1974)
and More (1978) suggest that negative attitudes toward the wolf may be strongly related
to hostile depictions of this animal in various myths, children’s stories, and literature.
Few places in the world had the wolf been in so much conflict with the Euro-American
dominant land-use then in the southwest United States (Brown 1983).
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Conflicts between wolves and Euro-Americans began to heighten in the 1800s as
human settlement intensified in the region and wolf depredation of livestock increased
(U.S. Fish and Wildlife Service 2010). Congress created the Predatory Animal Rodent
Control (PARC) program within the U.S. Bureau of Biological Survey in 1914 which
was responsible for eliminating wolves, prairie dogs and other animals that were
perceived to be injurious to agriculture and livestock (Brown 1983:43, Ashcroft 2010).
Based on government annual reports, agents working for PARC hunted and trapped
wolves throughout Arizona including on Native American Indian reservations (e.g.,
Tohono O’odham Nation, Fort Apache, and San Carlos Apache). Within a 50-year
period, the federal predator extermination campaign of poisoning, hunting, and trapping,
along with habitat alteration from agriculture and livestock operations led to the near
extinction of the gray wolf in the Southwest by the mid-1900s (Brown 1983). Gray
wolves were considered extirpated from Arizona by 1963 and the Mexican subspecies (C.
l. baileyi) survived only in captivity by the late 1970s. All gray wolf subspecies were
listed as endangered under the Endangered Species Act of 1973 (ESA) in the coterminous
United States in 1978. The campaign to eliminate wolves in the southwest required more
than fifty years and millions of dollars, an effort almost as great as that devoted to
neutralizing the Western Apache (Brown 1983).
Conflicts between the Western Apaches and Euro-Americans escalated when
Anglo settlers and prospectors began to intrude upon the domain of the Western Apache
after the Gadsden Purchase was ratified in 1853 (Spicer 1962). The term Western Apache
has been used in the anthropological and historical literature and is meant to include all
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those Apachean groups except the Chiricahua and Navajo who occupied Arizona in the
middle of the nineteenth century (Perry 1972, Goodwin 1935, Basso 1983). Goodwin
(1935) included the White Mountain Apache, Cibecue Apache, San Carlos Apache,
Southern Tonto Apache and Northern Tonto Apache in the term Western Apache based
on geographic location of their territories, relationship of custom, and speech. The eastcentral portion of Arizona north of the Gila River and south of Flagstaff was considered
the exclusive province of the Western Apaches for centuries (Welch and Riley 2001).
The Western Apache people traveled great distances for ceremonies, trading, hunting,
and plant gathering throughout Arizona. The Western Apache’s cultural landscape
encompass areas that reach well beyond the present day reservation borders, expanding
across the Four Corners region and southward into the lower Sonoran desert (Toupal and
Stoffle 2004). The phrase “cultural landscape” bestows a group’s shared knowledge,
values, beliefs, activities, and interactions on the physical landscape representing a longterm human-nature relationship of a cultural group (Greider and Garkovich 1994, Kelley
and Francis 1994, Toupal 2001). Relationships with biotic and abiotic features of the
world are embedded in stories, songs, and ceremonies and contribute to the fabric of the
Apache cultural landscape.
Similar to the fate of the wolf in Arizona, the Apache people were treated with
extreme prejudice by the federal government (Spicer 1962, Frazer 1885, Glick 2006), and
also by prospectors (see Woody 1962), miners, ranchers, and other civilians (Davis
1982). Throughout the 1850s, the federal government focused on the Chiracahua and
Western Apache who had become a major obstacle to Anglo settlement and mining in the
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southern Territories of Arizona and New Mexico (Bancroft 1889, Basso 1983). In 1874,
the Department of Interior embarked upon a “removal program” that had as its main
objective, the concentration of all Western Apache, Chiricahua, and Yavapai bands at
Old San Carlos, on the San Carlos Apache Reservation (Basso 1983, Cornell and GilSwedberg 1995). By 1878, some 5,000 Native American people were crowded at Old San
Carlos, many of them never before associated with each other and some mutually hostile
(Cornell and Gil-Swedberg 1995). The Apache bands were eventually allowed to leave
and what was known as the “Apache Wars” were over by 1890 (Basso 1983).
The federal government then turned its attention to the assimilation of the
Western Apache people into Anglo society (Basso 1983), and provided economic
development that would afford the Apaches with reliable and sufficient means of support
(Getty 1963). The Bureau of Indian Affairs, for example, promoted cattle-raising as
means of economic stability (Getty 1962). Beef cattle became an important source of
food after 1900 when several large herds were introduced onto the Fort Apache
Reservation by the federal government (Griffin et al. 1971:71). In 1918, the federal
government issued 400 cattle to 80 San Carlos Apache families and by 1931 the number
of cattle grew to approximately 20,000 head (Getty 1963). The San Carlos Tribal Council
approved the establishment of ten cattle associations with Articles of Incorporation and
Bylaws in 1938. The cattle industry has become an important source of income on the
Fort Apache and San Carlos reservations and a “cowboy ethos” as become part of
Apache culture to some extent (Chavis 1993, Basso 1983, Getty 1962, Getty 1963, Pavlik
1999).
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Current Situation
The Western Apache people today reside on a small fraction of their ancestor’s
landscape (Welch and Riley 2001). The present day Western Apache tribes include the
federally recognized White Mountain Apache, San Carlos Apache, Yavapai-Apache, and
Tonto-Apache (Griffin-Pierce 2000) who reside in the southwest on four separate
reservation lands. The tribes continue to struggle with conflicts involving the federal
government and laws that threaten their sovereignty. The ESA, for example, is the
broadest and most powerful law to provide protection for endangered species and their
habitats, but its implementation on Indian lands is often contentious (Wilkinson 1997).
The ESA is silent, however, as to regulation on Native American lands in the lower 48
states (Coggins and Modrcin 1979). Many tribes, the Western Apache included, view
enforcement of regulations under the ESA on tribal lands as a direct affront to tribal
sovereignty (Pavlik 199, Albert 2002). In the mid-1990s, tensions peaked between the
White Mountain Apache Tribe and the U.S. Fish and Wildlife Service when
implementation of the ESA began infringing on aboriginal rights of the tribe regarding
issues over critical habitat designations for threatened and endangered species such as the
Mexican spotted owl (Strix occidentalis lucida) and loach minnow (Tiaroga cobitis). On
April 25, 1994, the White Mountain Apache Tribe passed a tribal resolution opposing the
gross application of the ESA stating the implementation of the law on tribal lands was a
violation of the Tribe’s inherent sovereignty and a breach of the United States’ trust
responsibilities to the Tribe.
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In 1995, the White Mountain and San Carlos Apache tribes were advised by the
U.S. Fish and Wildlife Service of a proposal to reestablish a population of Mexican gray
wolves in east-central Arizona (Westfall 2000). The proposed release sites were
approximately 20 miles to the east of the Fort Apache Indian Reservation. On December
6, 1995, the White Mountain Apache Tribal Council adopted by a unanimous vote, a
resolution (#12-95-371) officially opposing the reintroduction of the Mexican wolf
(Pavlik 1999, Westfall 2000). The resolution expressed the Tribe’s concern that the
Mexican wolf reintroduction, and subsequent emigration of wolves onto the Fort Apache
Indian Reservation, home to the White Mountain Apache Tribe, could cause adverse
effects with game populations as well as livestock (Pavlik 1999). The U.S. Fish and
Wildlife Service negotiated for three years with the White Mountain Apache Tribal
Council, which resulted in a resolution (#08-98-184) endorsing limited reestablishment of
wolves on the Fort Apache Indian Reservation. The U.S. Fish and Wildlife Service
initially released 11 Mexican wolves east of the reservations in 1998. Within several
months of the release, wolves dispersed onto the Fort Apache Indian Reservation. In
2000, the Tribe’s Wildlife and Outdoor Recreation Department developed a wolf
management plan with the intent that the Tribe would take primary management
responsibility for any and all Mexican wolves that came onto the reservation. The initial
goal of the management plan was to return the Mexican wolf to the Reservation, adding
to biological diversity and returning a historical and culturally significant species to the
landscape (Westfall 2000). The Tribe’s long-term objective was to develop educational
and tourism benefits from the Mexican wolf program.
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In contrast to the White Mountain Apache Tribe, the San Carlos Apache Tribe did
not support wolf recovery in part because of concerns over potential conflict between
reintroduced Mexican wolves and cattle on the Reservation (San Carlos Apache Tribe
2005). Wolves have killed cattle on San Carlos since the original release (U.S. Fish and
Wildlife Service 2005). Cattle ranching provide an important source of income for many
families on the San Carlos Apache Reservation. One issue associated with reservation
ranching is that cattle are allowed to breed and give birth throughout the year. The fact
that no established calving season exists serves to complicate the effort to control
possible wolf depredations (Pavlik 1999). In 2002, the San Carlos Apache Tribal Council
reaffirmed their opposition to the wolf recovery program by passing a resolution (#NOV02-165) stating that the Council viewed the situation with the wolf as detrimental to the
Apache people and land of the San Carlos Apache Tribe.
To most non-Native people, opposition to restoring a displaced species of wildlife
by a Native American tribe would seem inconsistent with what they have come to believe
about the Indian relationship with the environment. The opposition of the Apache tribes
to the wolf program indeed stands in sharp contrast to the highly publicized position of
the Nez Perce tribe in Idaho and their support for the reintroduction of the Yellowstone
wolf (Ohlson 2005 Pavlik 1999). The wolf is an integral part of the history and culture of
the Nez Perce, or Nimpipuu, Nez Perce for “the people” (Ohlson 2005). For the Nez
Perce, the return of the wolf is manifestation of the Tribe’s spirituality, culture, and
history (Ohlson 2005). North America’s indigenous people were familiar with wolves,
and many regarded them as spiritually powerful and intelligent animals (Fritts et al. 2003,
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Lopez 1978). Wolves were of great cultural and spiritual significance to the Comanche,
Shoshone, Black-feet, Lakota, and Coast Salish, (Shlesier 1987, Marshall 1995, Barsh
1997, Pierotti 2010), as well as the Cheyenne, Sioux, and Pawnee (Lopez 1978).
According to Native American tribes of the western plains, wolves sometimes talked to
people and warned them of the presence of enemies (Fritts et al. 2003, Mails 1974).

References to the Wolf in Apache Culture
Published references to wolves in Western Apache culture are scant (Pavlik
1999). Burbank (1990), for example, devotes an entire book to the near extinction of the
wolf in the southwest referencing Navajo, Zuni, and Pueblo people and their relationship
to wolves but without any mention of Western Apache cultural views. Goodwin (1945,
1994) references the wolf, as well as mountain lion, and Gáán (Apache mountain spirits),
in songs used in a deer hunting ceremony in Apache culture and noted that Gáán, the
wolf, and mountain lion possess power over deer. Prayers associated the wolf to
successful deer hunting according to Buskirk (1908). Insight into a possible link between
the wolf and success in hunting is illustrated in the example of a quiver made from wolf
skin (Ferg 1996). Mountain lion skin was favored as quiver material, but skins from
wolves and other animals also were used (Basso 1971, Mails 1974). Opler (1941) made
reference to an Apache woman who contracted “wolf sickness” as a result of pulling a
wolf by its foot. Sickness related to a particular wildlife species is common when a
person’s actions are immoral or erroneous. Goodwin (1994) also described a story of a
wolf offering a ceremony and special aid to someone. The wolf howl was used for
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communication when Mexican enemies were present, and wolf calls were simulated at
times to maintain contact within a scattered group of people (Opler 1941, Mails 1974).

Purpose and Objectives
The paucity of information in published works challenges non-Indian people to
fully understand the wolf’s cultural significance to the Western Apache and raises the
question of whether the wolf was considered culturally significant in Apache society. If it
was, why is there opposition to wolves being reestablished in the southwest? If the
Mexican wolf recovery is to involve the Apache tribes, then it is important to hear
directly from the Apache people about their philosophy of the natural world, how the
wolf is viewed within their culture, and their indigenous knowledge about the wolf.
According to Basso (1996), indigenous views of nature will remain inaccessible unless
we are prepared to sit down and listen to what native consultants have to say.
The purpose of my research was to investigate the cultural significance of the
wolf within Western Apache culture taking into account traditional, contemporary, and
gender-based perspectives. I also included people associated with the cattle industry and
some who were not associated with cattle. My specific objectives were to examine
whether Apache consultants that I interviewed had a shared belief system about the wolf,
were opposed to having the wolf reintroduced, and whether traditional ecological
knowledge about the wolf lives on in the Apache culture. My specific objectives were to
examine whether my Apache consultants had a shared belief system about the wolf, were
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opposed to having the wolf reintroduced, and whether traditional ecological knowledge
about the wolf lives on in the Apache culture.

METHODS
I used well-established methods developed by cultural anthropologists to collect
and analyze cultural information about the wolf in Apache society. Following Grant and
Miller (2004), I define “culture” to denote what people learn and know in order to behave
practically and appropriately in a given society. Culture, more specifically, can be
thought of as shared beliefs, values, and norms about a particular knowledge domain
(Toupal 2003), in this case the wolf. I used an ethnographic approach for this research.
Ethnography refers to descriptive accounts of culture and consists of the processes and
products of research that document what people know, feel, and do in a way that situates
those phenomena at specific times in history of individual lives, including pertinent
global events and processes (Handwerker 2001). According to LeCompte and Schensul
(1999), scientific ethnographic research is conducted in field settings where the
researcher enters as an “invited guest” to learn about a particular subject.

Sampling Strategy
The sampling strategy for this study was based on small sample theory following
Arnold (1970) who discussed how dimensional sampling can be used as a technique for
small numbers of key informants. Comparatively small ethnographic samples (i.e., 20) of
key informants are sufficient to obtain confidence that members of a culture agree on the
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array of items or symbols that constitute a body of cultural knowledge (Arnold 1970,
Romney et al. 1986). The goal of dimensional sampling is to provide a framework for
drawing a purposive sample representative of the universe that one wishes to generalize.
Laying out the dimensions of variability within the universe protects against bias within
the sample (Toupal 2001).
Key informants are people who know their culture, are recognized as
knowledgeable about the area of investigation, and are willing to share their knowledge
(Bernard 2006). According to Bernard (2006), key informants are people with whom you
can talk to easily, who understand the information you need, and who are glad to give it
to you or get it for you. Bernard (2006:196) also used the term “specialized informants”
who are people who have particular competence in some cultural domain. The term
“informant,” however, can cause anxiety for some people, especially within the Native
American community due to a negative presumption of the word “informant” (Rinkevich,
2010, pers. obs.). Alternatives to “informant” include interviewee, traditional practitioner,
cultural expert, tribal scholar and/or tribal consultant. I used tribal consultant after Basso
(1996) as the term for the people I interviewed because “consultant” simply means an
advisor or a person who provides expert information, in this case, cultural and historical
information about the wolf in Apache society.
Based upon this small sample strategy, I attempted to interview 32 (16 men and
16 women) tribal consultants who were equally represented by people categorized as
traditional or contemporary, and associated with cattle or not associated with cattle. All
traditional tribal consultants, for example, were members of an elder’s council, medicine
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men or women, and/or participated as Crown Dancers (Gaan) in cultural ceremonies. I
categorized all other key informants as contemporary. Age could not have been used to
distinguish between traditional and contemporary because some tribal members who
were Crown Dancers and/or medicine men were relatively young (i.e., under the age of
40 years-old). Tribal consultants were asked if they were associated with cattle or not
during the interview. Gender also was part of my framework.
Sampling included a method known as referral sampling, also termed chainreferral, respondent-driven, or snow-ball sampling (Bernard 2006:192). Referral
sampling is a standard technique that identifies key informants beginning with seed
sources who are familiar with the subject under investigation (Toupal 2001). These
individuals identify other people who also are familiar with the area of investigation
whom then are contacted for participation, and are again asked to suggest other key
informants. An exhaustive sampling frame can be constructed with a small amount of
informants through this technique (Bernard 2006). To select informants according to a
random sampling procedure would defeat the purpose of most ethnographers, which is
finding people who know about the aspects of the culture that one wants to investigate
(Handwerker 2001, Toupal 2001).

Data Collection
I arranged interviews through tribal contacts who knew potential consultants who
would be knowledgeable about Apache culture and the wolf. My interviews were semistructured with both open- and closed-ended questions (see Figure D.1). The semi-
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structured interview approach helped to establish a rapport with the tribal consultants,
and allowed people to talk about the subject freely rather than simply answer questions
(Huntington 2000, Toupal 2001). A participant disclosure form was given to each tribal
consultant that reaffirmed the purpose of the study and confirmed that participants’
identities would be kept confidential. Interviews were recorded on a portable digital
recorder when tribal consultant granted permission; all but two people agreed to be
recorded. The purpose for the recorder was to ensure accurate conveyance of their stories.
My interview questions were divided into two parts. The first part was concerned
with how the wolf is viewed in Apache culture both traditionally (pre-European contact)
and contemporarily. The second part was concerned with wolf management, with what
tribal consultants knew about the wolf recovery program, and their attitudes about wolf
reintroduction. Interviews were conducted during March of 2010, and between December
2010 and April 2011. Interviews were conducted during the winter month based on
cultural customs. Spring, summer, and fall months before prior to first frost, for example,
are considered culturally inappropriate times for tribal consultants to tell stories and share
information about the natural world. All interviews were face-to-face and held on site
with an Apache interpreter present at the majority of the interviews.

Data Analyses
I used a mixed method approach of both quantitative and qualitative analyses.
Quantitative modeling was used on the closed-ended questions in order to obtain levels of
agreements for the entire group of people interviewed as well as levels of agreement
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within groups. I summarized the open-ended questions which reflected traditional
ecological knowledge about the wolf and compared the results with information about the
wolf in published literature.
Quantitative Analyses – I used cultural consensus analyses to analyze the level
of concurrence about the wolf. Developed by Romney et al. (1986), consensus analysis is
both a theory and a method (Weller 2007, Romney 1987 et al. 1999, Borgatti and Halgin
2011). Consensus analysis specifies the conditions under which agreement among people
can be an indicator of shared knowledge (Borgatti and Halgin 2011) and that informants
recognize certain cultural truths not known previously to the investigator (Miller et al.
2004). As a method, consensus analysis provides a way of conceptualizing and coping
with individual variability. One particular advantage of cultural consensus analysis is that
a small sample size (i.e., 4-20) can be used to obtain reliable results (Romney et al. 1986,
Grant and Miller 2004, Kim et al. 2008). These methods have been found useful in a
wide variety of settings, across multiple disciplines, to investigate medical, educational,
social issues (Romney et al. 1986, Batchelder et al. 1997, Caulkins and Hyatt 1999, Garro
2000, Weller and Baer 2001, Kim et al. 2008), and ecological knowledge (Shafto and
Coley 2003, Borgatti and Halgin 2011). Cultural consensus analyses are well suited for
application in environmental and natural resource anthropology (Miller et al. 2004).
These methods were used to investigate the ecological knowledge base of a local
community regarding a marine environmental within the Solomon Islands near Papua
New Guinea (Grant and Miller 2004). In a cross-cultural investigation of scientists and
local Hawaiian island fishermen, Miller et al. (2004) found the fishermen had a more in-
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depth body of knowledge of the yellowfin tuna (Thunnus albacares) fishery than
scientists. Toupal (2001, 2003) used cultural consensus analyses to examine landscape
perceptions of four groups concerned with management planning of the Baboquivari
Wilderness in southern Arizona.
In order to use cultural consensus analyses, three assumptions must be met. First,
answers to interview questions need to be provided individually by each informant and
not in groups, i.e., consensus methods are not appropriate for group interviews. Second,
the questions should all be on a single topic and at the same level of difficulty. Third,
cultural consensus analyses are applicable only if there is a single set of answers to the
questions, i.e., there must be a high level of consistency or agreement among informants
(Romney et al. 1986, Weller 2007).
I used UCINET software (Borgatti et al. 2002) on my closed-ended questions to
analyze whether cultural consensus existed among the tribal consultants about the wolf.
The results output includes; (1) a correlation matrix, (2) competence scores for each
respondent, and (3) an answer key that represents an aggregation of all responses.
Cultural competence scores are a function of the level of agreement among individuals
and defined as the proportion of the cultural questions for which the correct answer, or
normative cultural belief, is known (Romney et al. 1986). The competence scores are not
assumed to be some “truth” but rather a representation of agreement or culturally shared
knowledge among the informants in the sample (Romney 1999). I used one-sample t-tests
to assess the level of agreement or shared knowledge of the Traditional, Contemporary,
Cattle, and No Cattle groups with the overall group. I used Z-tests to compare the level of
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agreement within groups (i.e., Cattle to No Cattle and Traditional to Contemporary) (see
Romney 1999). I used Pearson Chi-square tests to investigate differences between groups
if any questions deviated from the overall answer key. To evaluate any concerns
regarding small sample size (Toupal 2001), I calculated effect size following Kramer and
Rosenthal (1999). I interpreted the size of p-values following Ramsey and Schafer
(2002).
Qualitative Analyses – Data from open-ended questions were used to compile
thick descriptions of human-nature relationships and shared knowledge of the wolf.
Geertz (1973) advocated the use of thick description in cultural anthropology because
cultural analyses are intrinsically incomplete. Toupal (2003), for example, described an
inadequate or “thin” description as, “Informants said the mountain is sacred to them.” A
more informative or “thick” description would be, “Informants explained that the
mountain is where they teach their children traditional knowledge, rituals, traditions, and
ceremonies that can only be taught at the mountain at certain times and by certain people,
consequently, without it, they lose their children.” I summarized information about the
wolf and the natural world that I felt would provide resource managers with a better
understanding of the Apache perspective. Traditional ecological knowledge about the
wolf was compared with published wolf literature.

RESULTS
The 32 people that I interviewed identified themselves as White Mountain
Apache, San Carlos Apache, Cibecue Apache, or Camp Verde Apache (Yavapai-
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Apache). Tribal consultants included members of elder’s council, teachers, cultural
directors, council members, community leaders, and others who were identified as having
knowledge of the cultural and/or knowledge of the wolf. Given the method of referral
sampling, I interviewed 22 males and 10 females. Gender was reported in the sampling
framework only to show a non-biased sample. One limitation of my sampling
methodology was difficulty in obtaining the target number of people in each category
(i.e., Traditional, Contemporary, Cattle, No Cattle) which was 4 in each category (Table
D.1). I was not, for example, able to interview any traditional women who were
associated with the cattle industry.

Consensus Analyses
My study showed evidence of shared knowledge about the wolf within Western
Apache culture. Results of the consensus analyses for all 32 tribal consultants was a large
ratio between the first and the second eigenvalues indicating the data adequately fit the
consensus model (Table D.2). The first eigenvalue explains the majority of variability
among the informants while subsequent eigenvalues account for variability due to other
belief systems (Borgatti and Halgin 2011). Consensus analyses results for the groups
identified as Cattle, No Cattle, Traditional, and Contemporary also adequately fit the
consensus model indicating that shared knowledge exists within these groups. The
subgrouping Traditional/Cattle fit the consensus model, but suffered from a low sample
size (N = 3). Subgroupings Contemporary/Cattle (N=10) and Contemporary/No Cattle
(N=5) had weak eigenvalue ratios indicating a lack of fit to the consensus model.
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Because the subgrouping data suffered from low sample size or did not fit the consensus
analyses, these groupings were not analyzed further. Both males and females as separate
groups also fit the consensus model although no further comparisons of gender were
evaluated.
The mean competence score for the 32 consultants was 0.65 with the highest
score being 0.97 and the lowest -0.08 (Table D.3). The Traditional group had a greater
mean competence score (0.76) than the overall group as did the No Cattle (0.71). The
Cotemporary group’s mean was 0.57 and the Cattle group’s mean was 0.54. I found
suggestive, but inconclusive evidence of a difference between the Traditional and Overall
group’s mean competence scores (t = 1.98; df = 16; p = 0.07) and no differences between
the Contemporary, Cattle, and No Cattle to the Overall group (see Table D.4). I also
compared the Contemporary and Traditional groups and found convincing evidence of a
difference in competence score (Z = 2.28; df = 31; p = 0.02). No difference was found
when I compared the Cattle and No Cattle groups (Z=1.63; df = 31; p = 0.10).
According to the answer key generated by UCINET, the culturally correct
answers were all similar among the groups except for questions 7, 14, 20, and 22 (Table
D.5). Results of comparisons among groups for answered to questions 7, 14, 20, and 22
are summarized in Table 5.6. I found question 7 (Were there many wolves at one time?)
differed slightly between Cattle and No Cattle groups but was inconclusive. I found no
significant difference between the Traditional and Contemporary groups. I found no
significant difference in question 14 (Is the wolf associated with medicine?) between
Cattle and No Cattle groups or between the Traditional and Contemporary groups. I
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found no significant difference in question 20 (Have you taught anyone about the wolf?)
between Cattle and No Cattle groups but I found suggestive, but inconclusive difference
between the Traditional and Contemporary groups. I found no significant difference in
question 22 (Do you believe the federal government’s claim that wolves were no longer
present in the southwest?) between Cattle and No Cattle groups and no difference
between the Traditional and Contemporary groups. I found no inferential problems with
regard to effect sizes and significance levels and thus, my results did not violate Type I or
II errors pursuant to Kramer and Rosenthal (1999).

Qualitative Analyses
The Apache consultants’ descriptions of the wolf’s traditional role in their culture,
and how they view the wolf today provided valuable insight. Descriptions of humannature relationships provide qualitative data that gives life to the tables referenced in my
results. Apache consultants also provided interesting cultural information and ecological
knowledge about the wolf that correlates well with Western scientific information.
Wolf Description – The name of the wolf in the Apache language is different
between dialects and thus can either be ma’cho or ba’cho. All 32 consultants identified
the wolf by one of these names. Ten (31%) consultants, all from the Contemporary
group, described the wolf as powerful while three (9%) consultants described the wolf as
a malicious animal. Seven (22%) Traditional consultants described the wolf as a guide or
messenger traditionally and 14 (44%) stated that the wolf should be respected and left
alone. Four (13%) consultants from the Traditional group stated that the reintroduced
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wolf is from Mexico and that another wolf was present in Arizona that no longer exists.
The following is how consultants described the wolf:

“We know him as ba’cho. He was here before, and we Apaches learned to live
him them. The same way as all the other animals like the bear and mountain lion;
they are dangerous but the Apaches learned to live with them. And we learned
from them [wolves] too, by watching them. Long time ago, Apaches would want to
imitate the way wolves hunted, in packs, as in a team effort. The Apache people
tapped into everything in the natural world in order to obtain knowledge. We
learn from the animals. Long ago, people wanted to be like the wolf for ways of
hunting, to be stealth-like.”

“He is very powerful to us. They are a person in that they have blood like we do,
they breath air like we do, and their heart is pumping like our hearts pump. The
wolf is a serious person in the way he carries himself and the way he hunts
whereas the coyote and fox wait to scavenge.”

“He is a protector in a spiritual sense in that he comes to you and tells you of
perils or dangers. They [wolves] tell you when there is danger. The wolf is very
powerful and should be respected. In the traditional way, you don’t mess around
with dangerous animals, need to respect them and leave them alone.”
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“There is a difference between the modern wolf and the old wolf. The wolf that
they brought back was not the wolf that was originally here. The wolf that is here
is a relative to it. The one that was brought here was not the one that was here
before, that one is gone, wiped out for good. We’d like the one that was here
historically back.”

Wolf Habitat – The majority (81%) of Apache consultants stated that wolves
lived in the high elevation, mountainous areas. No specific mountain ranges were
identified where wolves historically occurred, and no Apache place names included
reference to the wolf. Consultants from all four groups provided descriptions of wolf
habitat, den sites, and travel corridors (i.e., runways). The following is how tribal
consultants described wolf habitat:

“The timber wolves lived on the other side of the Grand Canyon. What wolves we
Apaches had contact with might have been the desert wolf (in the warmer
areas).”

“Their den was a little hole, that’s where they had their babies. If the wolves had
pups, you could tell their den by the trail. They would go and drink water while
their babies were still in the den. If you find the trail, you’ll find their den. One of
the stories the cowboys told me was about the wolf foot path and that he followed
it and saw some of those little ones, traveling back and forth to the water.”
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“The wolves used to travel along the creeks. They are very smart, they would
follow the creeks, and follow the game.”

Wolf in Stories/Songs/Prayer – Five (16%) tribal consultants from the Traditional
and Contemporary groups stated that the wolf is not a central character in traditional
stories however, 10 (31%) consultants stated that many Apache stories and traditions
have been lost. Forty-four percent of the consultants representing all the groups stated
that more coyote stories exist than wolf stories. Tribal consultants mentioned
remembering their elders telling stories about the wolf but could not recount the exact
story to me. The following is how consultants talked about wolf stories, songs, and
prayer:

“When people would live in the wickiup, they would tell stories about the wolf.”

“They talk about coyote, but not wolf. In the old Apache legend, there are not
many stories about the wolf, but there are more stories about the coyote.”

“The songs about the wolves describe the way Apaches respected them. He plays
a part in our life, some of its funny and some of it’s serious. The wolf song that I
have heard a couple of times talks about him having power and how he’s
respected by the people. The songs describe certain mountains where he lives.”
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“We don’t pray to the animals, our prayers are so the animals will not harm us.
You pray to respect it and then it will respect you. If you pray, animals won’t hurt
you or your loved ones.”

Wolf Management –Twenty people (63%) interviewed stated that wolves eat
cattle. Eight (25%) consultants asked why the wolf was reintroduced back into the
southwest after the federal government tried so hard to exterminate the species. These
eight represented consultants represented all groups. One Apache consultant stated
information from my interviews would have been more beneficial if I would have been
conducting this study in the 1990s before the wolves were reintroduced. The following
are quoted from tribal consultants about the current reintroduction program on the
reservation:

“Back in the 40s, there were not many wolves. Coyotes were killing the cow
calves so they were trapping and poisoning coyotes but they outlawed it because
the poison was killing the eagle. But then they put the wolf back. That’s why we
had more cattle then, now. We used to have a lot of cattle because there were no
wolves, but know we don’t have that many because the wolf comes in and kills the
cattle. I don’t think the wolf is good for us around here”
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“I understand where the cattlemen come from but they have to understand that he
was here first. We must learn to live with them again. Just like use, the wolves
want to eat, and sometimes they eat cattle.”

“All wildlife should be respected. I don’t think they should kill them, there no
reason, they should respect them and leave them alone. The cattle associations
don’t understand that he was very important, and a lot of people won’t say it.”

“They were made by the creator to live on the land, like we are. Everything had a
purpose, and everything was respected. Some things have been lost from
generation to generation. We’ve lost our connection with the animals”

“There are benefits to the Apache people for having wolves back on the
reservation. Some people think there are benefits and some people think there are
no benefits. The wolf program employs tribal members and there are benefits to
the habitat, to the elk. But a lot of people are angry because the wolves kill
cattle.”

“Before the wolf was put back you should have been asking these questions and
you would have had better answers. If you guys would have done this in the
1990s, it would have been better. If you to reintroduce those animals, you should
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come up here and interview so they understand because a lot of people don’t
understand why the wolf was reintroduced.”

DISCUSSION
My study showed evidence of shared knowledge about the wolf within Western
Apache culture. Twenty-two of the 28 questions I asked had similar responses overall.
All 32 consultants identified the wolf with the Apache word ma’cho or ba’cho. The four
groups had similar competency scores providing evidence of shared knowledge about the
wolf existed. The Traditional group had more shared knowledge than did the overall
group and the other three groups but the results were inclusive. People considered to be
Traditional most likely have access to knowledge about the wolf that others do not. Age
was not a criterion for being considered Traditional because several Apache scholars
were practitioners under the age of 40 who were trained by their elders.
Although consensus was shown among the consultants I interviewed, some low
competency scores existed. According to Borgatti and Halgin (2011), people from the
same culture have differing access to that culture leads to some knowing more about
some domains than others. Many of my tribal consultants, however, were unable to
compartmentalize the wolf and thus, some interviews provided information about other
ecological information besides the wolf. This is not surprising given that indigenous
knowledge is conceptually holistic in that it considers all aspects of the environment (i.e.,
biotic and abiotic) as being connected and thus, it cannot be compartmentalized a specific
species as does western science (McGregor 2004, Pierotti 2010). A small number of
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interviews were conducted without the presence of my Apache interpreters due to
scheduling problems. Some consultants consequently may have been unwilling to share
their knowledge about the wolf and/or were uncomfortable talking to someone outside of
their culture. Another possibility is that in Apache culture, certain subjects are not
discussed out of respect. In other words, avoidance of a subject matter is a form of
respect (Basso 1973).
One particular advantage of cultural consensus analyses is that even a small
sample size can obtain reliable results (Kim et al. 2008). When the average level of
cultural competence of survey participants is found to be above 0.5, a researcher can be
certain with a sample size ranging from 4 to 30 that a high level of statistical confidence
is attained (Romney et al. 1986, Grant and Miller 2004). Out of the 32 tribal consultants
that I interviewed, 26 had competency scores well above 0.5 and only six had
competency scores under 0.5 (see Table D.3). Additionally, I found no inferential
problems with regard to effect sizes and significance levels on my analyses and thus,
sample size was not a problem with my research.
Additional shared knowledge was found among all groups from the qualitative
data. Tribal consultants from all groups, for example, made statements about hearing
more coyote stories within the culture as compared to wolf stories. Another common
theme was that there is not much about the wolf in Apache culture. This could reflect the
fact that the species has been absent from the landscape for several decades or that stories
and traditions have been lost through time and assimilation into Euro-American society.
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Tribal consultants from all groups stated that Apaches have lost their connection with
animals.
Finding no shared knowledge within the Contemporary/Cattle and
Contemporary/No Cattle subgroups could be a function of time. A study conducted
among the Salish Tribe in the early 1990s, for example, about the reintroduction of
wolves in northern Washington showed that people over sixty years of age had a
fondness for wolves and a connection to the predators. People between thirty and sixty
were indifferent but felt that wolves were potentially harmful, while people under thirty
feared wolves and said that they disliked these animals and would shoot them on sight
(Pierotti and Wildcat 1997).
Pavik (1999) suggested that Apache attitudes toward the wolf are explained in
part by the relatively minor role the wolf seems to play in tribal folklore. Results from
this study suggest otherwise and propose that the wolf was not unimportant within the
Apache culture pursuant to central themes existing such as the wolf being powerful,
representing a messenger, and needing to be respected. All animals in Apache culture
have power and many have a role in stories, songs, and everyday life (Opler 1941). Wolf
stories and songs exist within the Apache cultural but are not as prolific in their stories,
songs, jokes, and metaphors as the coyote. Forty-four percent of Apache consultants said
that there were more coyote stories than wolf stories. One reason could be that wolves
existed in Arizona in relatively low numbers as compared to mountain lions (Puma
concolor), coyotes (C. latrans), and black bears (Ursus americanus). Another reason
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could be that the wolf has been missing from the landscape for roughly the last 60 years
and thus information has been lost.
The consultants provided traditional ecological knowledge about wolf habitat and
ecology. Several consultants associated wolf den sites with trails and water sources
reflecting data in the published literature. According to Bailey (1907) wolf dens were
described as natural cavities or washed-out hollows on south slopes of rocky ridges and
ground burrows excavated in slopes where rocks function to support a roof and entrance
tunnel (U.S. Fish and Wildlife Service 1982). According to McBride (1980) and Bailey
(1907), wolf tracks create well-worn trails near the den site. One consultant described
travel corridors and wolf “runways” as being riparian areas consistent with published
literature. According to Young and Goldman (1944), Brown (1983), and Hoffmeister
(1986), wolves traveled along riparian corridors, roads and/or trails, washes, game trails,
and other “easy” routes referred to as travel circuits or runways.
Apache consultants made a close association between wolves and mountain lions
which is also consistent with the literature. Bednarz (1988) hypothesized that wolves and
mountain lions interacted historically due to their overlapping habitats and shared prey
source of mule deer. The potential for competition between wolves and lions exists in
areas where spatial overlap is extensive and prey selection patterns are similar (Kunkel et
al. 1999), although differences in hunting behavior and prey vulnerability to wolves
versus mountain lions have been observed (Husseman et al. 2003). The difference in
hunting behavior between wolves and mountain lions is the subject of an Apache story
titled “Wolf and Mountain Lion Hunt Together” (Goodwin 1994).

201

Traditional ecological knowledge regarding wolf taxonomy was quite interesting
in that several consultants described another subspecies of gray wolf in Arizona that
differed from the Mexican wolf. Published literature confirms the historical occurrence of
more than one gray wolf subspecies in Arizona. Young and Goldman (1944) recognized
three subspecies of wolves in Arizona including C. l. youngi as the most northerly wolf in
Arizona, C. l. mogollonensis in central Arizona, and C. l. baileyi in southern Arizona.
Hoffmeister (1986:465) reported two groups of wolves in Arizona including C. l. baileyi
in southern Arizona and a large wolf to the north for which the names C. l. mogollonensis
and C. l. youngi may apply. Agreement on the exact taxonomic designation for wolves
inhabiting central and northern Arizona will not be resolved until genetic analyses of
museum specimens occur however.
Negative view points about the wolf reintroduction expressed by tribal consultants
may reveal cultural changes that reflect a relatively new importance of cattle. The cattle
industry is currently an important aspect of Western Apache culture (see Pavlik 1999)
and thus, any impact on the cattle associations is often met with anger by some. Negative
statements about wolves occurring on the reservation stemmed also from a lack of
understanding as to why the wolf was reintroduced back into the southwest after the
federal government tried so hard to exterminate the species. One tribal consultant
expressed the notion that interviews should have been conducted prior to the wolves
being released so that resource managers could better understand life on the reservations.
Many tribal consultants stated that much of their traditional culture has been lost
in the last 150 years due to policies of the Euro-American society. The tribal consultants I
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interviewed lamented about losing traditional practices such as songs, stories, and
ceremonies. Traditional stories, for example, provide context for empirical observations
of the natural world as well as serving as models for how children and adults are to
behave in tribal society (Cajete 2000, Pierotti 2010). During the invasion of North
America by Europeans, indigenous peoples who were removed from their ancestral lands
experienced a loss of a sense of place, which has been reinforced with relocations,
assimilation, and even termination (Churchill 1995). Evangelical missionary efforts
opposed indigenous languages, for example, the San Carlos Apache people were
forbidden to speak their native language and practice culturally traditional ceremonies
(Griffin-Pierce 2000). Efforts are being made, however, to revitalize old practices and
traditions in Apache culture (L. Henry, pers. comm., 2011).
Understanding the ecology and population dynamics of key species in particular
ecosystems and how to properly enact conservation efforts needs to be multidisciplinary
as suggested by Soulé (1985). The need to find integration between social and biological
sciences has been discussed in detail by Wilson (1998) who used the term “consilience”
arguing that sound environmental policy can only be formed at the juncture of ethics,
social science, and biology. Such a merger could draw indigenous peoples into a dialogue
that could generate a truly integrated understanding of complex ecological processes and
concepts. According to Lertzman (2010) that traditional ecological knowledge and
western science represent parallel, potentially complementary knowledge systems.
Three recommendations for federal resource managers have been derived from
the results of this study. First, ethnography is a powerful tool and should be used to
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collect information about species so that proper dialogue can occur between different
cultures. Evidence from my study suggests that federal resource managers should engage
traditional consultants (i.e., members of elder’s councils and/or community leaders).
Additionally, tribal members could be trained to interview their tribal elders so that
traditional information that has only been orally transmitted from one generation to the
next is not lost. Second, federal managers should spend more time learning about tribal
cultures and traditions by working closely with elder’s councils so that federal managers
can learn about cultural norms as well as species of interest. This study, for example,
revealed culturally appropriate times of the year to talk about the natural world and the
wolf. Having this type of cultural knowledge is invaluable to researchers outside of the
culture. Third, tribal traditional ecological knowledge should be recognized and respected
as scientific knowledge gained through generations of observation and knowledge
transfer. Traditional ecological knowledge is equivalent to western science in its
usefulness and insight but differs in its approach (Pierotti 2010). According to Cajete
(2000), elders have knowledge attained over multiple generations that could likely save
us many years of learning if we will listen.
This study supports the use of two culturally divergent perspectives, i.e., Native
American and non-Native American, to achieve a more harmonious and effective
management of wolves on the Fort Apache Indian and San Carlos Apache reservations. A
possible outcome of this approach is improved dialogue to overcome cultural barriers that
have precluded trust and cooperation with the wolf reintroduction program. Federal and
state biologists recognize cultural differences at a gross level, but management responses
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based on this level of knowledge have been inadequate (Toupal 2001) which was evident
in the lack of coordination with the Apache tribes during the initial releases of Mexican
wolves. The dichotomous approach to management that considers nature and culture
independent of each other prevents federal biologists from addressing diverse cultural
concerns affectively (Toupal 2003). According to Basso (1996), the Western Apache
understand their land in ways that standard ecological approaches would overlook (Basso
1996). In the Western Apache language, for example, the word ni means both land and
mind, that is, country and way of thinking (Welch and Riley 2001). The inseparability of
land and thought, geography and memory, and of place and wisdom by many Native
American tribes (Welch and Riley 2001) is not often recognized by non-Natives. The
difficulty of considering diverse cultural values adequately is understandable when one
considers the highly divergent perceptions of nature held by Euro-Americans and Indian
people (Toupal 2001:58). Indigenous knowledge and philosophy is inherently
interdisciplinary because it links the human and nonhuman (Pierotti 2010). In asking
questions about the wolf, I learned much about the Apache culture in general. Native
people speak with the voice of cultural experience, however, an intimate understanding of
native reality an outsider can never hope to achieve (Booth 2003).
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Table D.1. Actual number of consultants interviewed within each category of the
sampling framework.

Not Associated with Cattle
Associated with Cattle
Contemporary TOTAL
Traditional Contemporary Traditional
Female
Male
TOTAL

7
7
14

1
4
5

0
3
3

2
8
10

10
22
32
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Table D.2. Results of cultural consensus analyses model by group and by subgroup.
Groups

All (N=32)
Traditional (N=17)
Contemporary (N=15)
Cattle (N=13)
No Cattle (N=19)
Subgroups
Traditional/Cattle (N=3)
Traditional/No Cattle (N=14)
Contemporary/Cattle (N=10)
Contemporary/No Cattle (N=5)

1st Largest
Eigenvalue

2nd Largest
Eigenvalue

15.73
10.51
5.66
5.63
10.61

3.20
1.61
1.66
1.73
2.16

Ratio of
Largest to
Next
4.91
6.53
3.42
3.25
4.91

1.57
9.15
4.21
1.61

0.00
1.54
1.45
12.88

100.0
5.95
2.99
0.13

Results of
Model Fit
Consensus
Consensus
Consensus
Consensus
Consensus
Consensus
Consensus
No Consensus
No Consensus
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Table D.3. Competence scores of each consultant from consensus analysis for all groups.
All
0.79
0.21
0.50
0.78
0.64
0.08
0.97
0.68
0.36
0.81
0.77
0.77
0.63
0.96
0.96
0.88
0.57
0.84
0.86
0.91
0.82
0.64
0.07
0.64
0.80
0.04
0.85
0.63
0.38
0.74
0.40
0.86
N = 32
Mean = 0.65
SD = 0.27

Traditional
0.79
0.43
0.83
0.56
0.66
0.84
0.77
0.77
0.99
0.99
0.86
0.83
0.87
0.95
0.82
0.10
0.79

Contemporary
0.34
0.04
1.00
0.45
0.65
0.73
0.69
0.57
0.16
0.77
0.63
0.44
0.71
0.57
0.73

Cattle
0.79
0.70
0.02
0.66
0.89
0.71
0.10
0.53
0.02
0.88
0.60
0.83
0.45

No Cattle
0.19
0.46
0.83
0.59
0.62
0.35
0.81
0.78
0.78
0.96
0.96
0.85
0.86
0.94
0.88
0.64
0.78
0.36
0.89

N = 17
Mean = 0.76
SD = 0.22

N = 15
Mean = 0.57
SD = 0.25

N = 13
Mean = 0.54
SD = 0.33

N = 19
Mean = 0.71
SD = 0.23
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Table D.4. Results of one-sample t-tests comparing competency scores of groups to the
overall group with the mean competency score of 0.65.

Group
Traditional

N1
17

Mean2 SD3
0.76
0.22

Contemporary 15

0.57

0.25

Cattle

13

0.54

0.34

No Cattle

19

0.71

0.23

95% CI4
0.642 –
0.870
0.428 –
0.703
0.339 –
0.744
0.603 –
0.824

df5
16

r6
0.44

p-value
0.07

-1.32

14

0.33

0.21

-1.17

12

0.32

0.27

1.2

18

0.27

0.24

t-test
1.98

1

sample size
sample mean;
3
standard deviation;
4
95% confidence interval;
5
degrees of freedom;
2

6

effect size using

following Kramer and Rosenthal (1999).

219

Table D.5. Culturally correct answers by groups to closed-ended questions. Questions 7,
14, 20, and 22 (donated with an *) differed among the groups.
Closed-ended Questions

ALL

1. The wolf in Apache is ba’cho
or ma’cho.
2. The wolf is described as
powerful.
3. Is the wolf connected to other
animals, plants, or places?
4. Wolves live in the mountains.
6. Has he always been there?
7. Were there many wolves at
one time?*
11. Is there wolf power that can
be used?
12. Are there wolf stories?
13. Is the wolf associated with
prayers?
14. Is there wolf medicine?*
15. Are there wolf songs?
16. Is the wolf used when
hunting?
18. Is there knowledge about the
wolf that only men or women can
know about?
19. How did you learn about the
wolf (relative)?
20. Have you taught anyone
about the wolf?*
21. Are you familiar with the
wolf reintroduction program?
22. Do you believe the federal
government’s claim that wolves
were extirpated?*
24. Is it important to have wolves
on the Reservation?
26. Are there disadvantages to
having the wolf back on the
reservation?
27. Are there any situations when
it is okay to kill a wolf?

Yes

Traditional Contemporary Cattle No
Cattle
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes
DK

Yes
Yes
Yes

Yes
Yes
DK

Yes
Yes
DK

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

No
Yes
Yes

Yes
Yes
Yes

No
Yes
Yes

No
Yes
Yes

Yes
Yes
Yes

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No
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Table D.6. Results of comparisons among groups for answered to questions 7, 14, 20,
22, that differed between groups.
Question
#
7
7
14
14
20
20
22
22
1

Comparison
Cattle/No Cattle
Traditional/Contemporary
Cattle/No Cattle
Traditional/Contemporary
Cattle/No Cattle
Traditional/Contemporary
Cattle/No Cattle
Traditional/Contemporary

Calculated using

X2

df

p-value

6.20
2.49
5.71
4.44
0.95
3.20
1.26
0.81

2
2
2
2
2
2
2
2

0.05
0.29
0.06
0.11
0.66
0.07
0.53
0.67

following Kramer and Rosenthal (1999).

Effect
Size1
0.47
0.30
0.62
0.54
-0.22
0.40
0.24
0.81
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Figure D.1. Interview data form.
APACHE-WOLF ETHNOGRAPHIC INTERVIEW FORM
Interview Number (Recorder #):
Date:
Gender: M F
Affiliated with a Cattle Association: Y

Location:
N

(1) What do you call the wolf in Apache? Expand on name if appropriate.
(2) How would you describe the wolf?
(3) Is the wolf connected to other animals, plants, or places? If so, how would you describe the connections?
Yes
No
Don’t Know
Unable to Say
(4) Where does the wolf like to live?
(5) Are there other places the wolf can live?
Yes
No
Don’t Know
Unable to Say
(6) Has he always been there?
Yes
No
Don’t Know
Unable to Say
(7) Were there many wolves at one time?
Yes
No
Don’t Know
Unable to Say
(8) How would you describe the wolf’s habitat?
(9) What does the wolf eat?
(10) How does the wolf hunt?
(11) Is there wolf power that can be used?
Yes
No
Don’t Know
Unable to Say
(12) Are there wolf stories that you can tell me about?
Yes
No
Don’t Know
Unable to Say
(13) Is the wolf associated with prayers that you can tell me about?
Yes
No
Don’t Know
Unable to Say
(14) Is there wolf medicine that you can tell me about?
Yes
No
Don’t Know
Unable to Say
(15) Are there wolf songs that you can tell me about?
Yes
No
Don’t Know
Unable to Say
(16) Is the wolf used when hunting and can you tell me about it?
Yes
No
Don’t Know
Unable to Say
(17) Was the wolf used for anything else such as food or making things that you can tell me about?
Yes
No
Don’t Know
Unable to Say
(18) Is there knowledge about the wolf that only men or women can know about?
Yes
No
Don’t Know
Unable to Say
(19) How did you learn about the wolf?
(20) Have you taught anyone about the wolf? If so, who and what did you teach them?
Yes
No
Don’t Know
Unable to Say
II. Wolf Management
(21) Are you familiar with the wolf reintroduction program?
Yes
No
Don’t Know
Unable to Say
(22) Do you believe the federal government’s claim that wolves were no longer present in the southwest?
Yes
No
Don’t Know
Unable to Say
Please explain.
(23) Is there an Apache word for extinction?
Yes
No
Don’t Know
Unable to Say
(24) Is it important to have wolves on the Reservation?
Yes
No
Don’t Know
Unable to Say
(25) Are there benefits to having the wolf back on the reservation?
Yes
No
Don’t Know
Unable to Say
Please Explain.
(26) Are there disadvantages to having the wolf back on the reservation?
Yes
No
Don’t Know
Unable to Say
Please explain.
(27) Are there any situations when it is okay to kill a wolf?
(28) Is there anything else that you think I should know about the wolf?
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APPENDIX E
TRADITIONAL ECOLOGICAL KNOWLEDGE, ENDANGERED SPECIES,
AND CONSERVATION BIOLOGY: A REVIEW
(The following paper was prepared to submit to a peer-reviewed journal)

ABSTRACT
The term traditional ecological knowledge has been used to describe the
knowledge held by indigenous cultures about their immediate environment and the
cultural practices that build on that information. I present an overview of traditional
ecological knowledge, its relationship to western science, examples of convergences with
western science, challenges with using it, and its legal bases. Within this overview, my
ultimate objective was to present how traditional ecological knowledge has enhanced the
field of conservation biology but also the challenges of collecting and incorporating it
with western science. The study of traditional ecological knowledge has its roots in
cultural anthropology. Local biological knowledge, collected and sampled over these
early centuries, informed the early development of modern biology. Contemporary
naturalists and biologist also acknowledged the importance of traditional ecological
knowledge as it relates to western science. Western science and traditional ecological
knowledge are fundamentally based in different worldviews with their own philosophy,
institutions, and methods but similarities exist. Observation of an ecological pattern is the
starting point of the scientific method in the field of ecology as well as indigenous
knowledge. As a way of knowing, is based on an accumulation of empirical data
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resulting from patient observation of the natural world, its patterns, and interspecific
relationships among species of wildlife and plants. The depth of indigenous knowledge
rooted in long inhabitation of a particular place offers lessons that can benefit scientists.
Convergence of traditional ecological knowledge and western science suggests that there
may be areas in which traditional ecological knowledge can contribute insights, possibly
new concepts and/or connections between species unknown to, or unrecognized by
western ecologists. Laws and policies regarding Native Americans articulate the need to
seek out information from indigenous peoples. The use of traditional ecological
knowledge represents such an approach, with the potential to greatly augment existing
conservation programs and help shape new ones.

INTRODUCTION
One of the most powerful indicators of human impact on the biosphere is loss of
biodiversity. Natural resources have been the basis of trade and commerce by dominant
societies causing a loss of biodiversity which challenges the very bases of human life on
this planet (Westly 2003). According to Wilson (1985), we are witnessing the greatest
rate of extinction of species in the last 60 million years due to human intervention in the
biosphere. In 1973, the Endangered Species Act was passed in direct response to the loss
of biodiversity in the form of federal legislation designed to protect threatened and
endangered plant and wildlife species and the habitats for which they depend (National
Research Council 1995). The field of conservation biology emerged in the 1980s as a
response by the scientific community to the biodiversity crisis throughout the world and
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often referred to as a mission-oriented discipline (Soulé and Wilcox 1980). Conservation
biology’s foundation is in science, however, it is a heterogeneous discipline in that it also
combines the principles of ecology, population biology, genetics, natural resource
management, social sciences, and philosophy (Soulé 1995, Meffe and Carroll 1997).
Wilson (1998) highlighted the need to find integration between social and
biological sciences to address the magnitude and complexity of world’s environmental
problems. A model that could be considered a convergence of biological and social
sciences is the use of indigenous knowledge by conservation biologists (see Johannes
1989, Inglis 1993, Berkes 1999). Based on centuries of in situ sustainable existence,
indigenous peoples living close to their ecosystem for long periods of time have garnered
an enormous degree of descriptive and applied ecological knowledge (Plotkin and
Forsyth 1997). The term traditional ecological knowledge has been used to describe the
knowledge held by indigenous cultures about their immediate environment and the
cultural practices that build on that information (Menzies and Butler 2006).
Here, I present an overview of traditional ecological knowledge, its relationship to
western science, examples of convergences with western science, challenges with using
it, and its legal bases. Within this overview, my ultimate objective was to present how
traditional ecological knowledge has enhanced the field of conservation biology but also
the challenges of collecting and incorporating it with western science. Published literature
on the subject of traditional ecological knowledge is vast (see Inglis 1993, Berkes 1999,
Menzies 2006, Berkes et al. 2000, Huntington 2000, Nabhan 2000, Klubnikin et al. 2000,
Gadgil 2000, Pierotti and Wildcat 2000, Pierotti 2010) and extends globally with the
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majority of case studies from Canada, Australia, South America, and Asia (e.g.,
Fernadez-Gimenez 2000, Donovan and Puri 2004, Chambers and Fabricius 2007, Wehi
2009, Rist et al. 2010). I, therefore, chose to focus on literature from North America that
involved Native American and Alaskan Native people and studies that addressed
threatened and endangered species across taxon.

Tradition Ecological Knowledge
Traditional Ecological Knowledge is an academic term and is far from new. The
use of the term is now commonplace in the discourse concerning natural resource
management across the North American Arctic and Subarctic (Nadasdy 2003). A variety
of terms have been coined that are analogous to traditional ecological knowledge
including indigenous knowledge (Warren et al. 1995), local knowledge (Berkes 1999),
Native science (Cajete 2000), Aboriginal science (Aikenhead 2006). I used the term
traditional ecological knowledge because academically speaking, it is the term most
widely used in the literature (see Johannes 1989, Berkes 1999, Pierotti and Wildcat 2000,
Pierotti 2010). Traditional ecological knowledge would not be an axiom used in Native
American or other Indigenous culture however, but the concept would be simply
considered “knowledge” (S. Pilsk, pers. comm. 2012). This knowledge encompasses
practical and empirical aspects of understanding and is both information itself and a way
of knowing (Mailhot 1994, Pierotti 2010). Aboriginal people themselves will further
point out that traditional ecological knowledge is not so much knowledge as it is a “way
of life” (Nadasdy 2003).
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The concept of traditional ecological knowledge is not a panacea (Hunn 1993)
and thus no universally accepted definition exists for traditional ecological knowledge
(Berkes 1993, Johnson 1992). Importantly, traditional ecological knowledge is not a
uniform concept across indigenous peoples (Battiste and Henderson 2000). Traditional
ecological knowledge includes an intimate and detailed knowledge of plants, animals,
and natural phenomena, as well as the development and use of appropriate technologies
for hunting, fishing, trapping, agriculture, and forestry (Berkes 1993). One
characterization of traditional ecological knowledge is the sum of the data and ideas
acquired by a human group on its environment resulting from the group’s use and
occupation of a specific region over many generations (Mailhot 1994). Berkes et al.
(2000) describes traditional ecological knowledge as a cumulative body of knowledge,
practice, and belief, evolving by adaptive processes and handed down through
generations by cultural transmission, about the relationship of living beings (humans and
nonhumans) with one another and with their environment. Traditional ecological
knowledge is a useful construct that represents knowledge gathered from undertaking
several different pursuits such as hunting, medicinal collection, preparation for spiritual
ceremonies, or maintenance of a household economy. These pursuits are generalized
activities found in many traditional societies and characterize ways in which indigenous
people interact with the natural world. These interactions carried out over countless
generation are the genesis of traditional ecological knowledge (Drew 2005, Drew and
Henne 2006).
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Although the term traditional ecological knowledge is widely accepted, the axiom
is somewhat problematic (Lertzman 2010). The terms traditional and change, for
example, have been seen has contradictory concepts to non-indigenous people. According
to Pierotti (2010), however, the term traditional clearly implies that such knowledge and
related concepts have been in existence for a considerable length of time precisely
because of the ability to incorporate new observations and information which has kept
them fresh and relevant. Traditions are transmitted from one generation to the next
generations of people living in a local area and are the products of generations of
intelligent reflection tested in a rigorous laboratory of survival (Hunn 1993). The
standard epistemological account for traditional ecological knowledge is trial and error
over time (Greneir 1998) similar to western science’s adaptive management.
Prescriptions of traditional knowledge and practice are generally consistent with adaptive
management as an integrated method for resource and ecosystem management (Holling
1978). Traditions include a great sum of knowledge about local environments that include
plant and animal species, soils, weather, and a detailed map of the local topography. The
proximity of traditional users to natural resources confers an ability to observe ecological
patterns and processes (Berkes 1999, Pierotti 2010). The “data” collected using this
approach are basically an understanding of relationships between specific biological
entities such as plants and wildlife and among the biological and physical features such as
bodies of water and mountains (Pierotti 2010).
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Foundations of Traditional Ecological Knowledge
Indigenous people throughout the world have and have always had “science,”
defined as a body of practical empirical knowledge of their environment because without
it, a society could not survive (Cajete 2000, Nadasdy 2003). Traditional ecological
knowledge has in it a foundation that includes a process of environmental learning in
order to survive and then passing learned knowledge to the next generation. Indigenous
people who have been living for generations in a particular environment develop intimate
familiarity with the land. Knowledge and experience of the land and its flora and fauna is
gained through learning (Stoffle et al. 2003). Native peoples depended upon the animals
and plants of these environments for food, clothing, shelter, and companionship, and as a
result developed strong ties to the fish and land animals, the forests, the grasslands
(Pierotti and Wildcat 1999). As Native American peoples developed through
observations of their fellow beings, they noted that each species had characteristics that
set them apart from other species, and enhanced their chances of survival (Marshall
1995). The way for humans to survive and prosper was to pay careful attention, and learn
as much as possible about strengths and weakness of all the other organisms, so that they
could take them as food and avoid being taken by them as food. The body of knowledge
acquired through careful observations was passed on to others through detailed
conversations and stories, which had to be repeated constantly so that the knowledge
would be passed on to future generations (Pierotti and Wildcat 1997,1999; Pierotti 2010).
The study of traditional ecological knowledge has its roots in cultural
anthropology. Research in traditional ecological knowledge as it related to management
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of fisheries resources dates to the early 1970s (Wheeler and Craver 2005) but came into
widespread use only in the early 1980s (Berkes 1999). Increasingly, the published
scientific literature and convening of conferences reflects the growing awareness that
there is a legitimate file of environmental expertise know as traditional ecological
knowledge (Freeman 1995). In 2000, the journal Ecological Applications produced an
invited feature focused on traditional ecological knowledge, ecosystem science, and
environmental management (see Berkes et al. 2000; Huntington 2000, Nabhan 2000,
Klubnikin et al. 2000, Gadgil 2000, Pierotti and Wildcat 2000).

Traditional Ecological Knowledge Informing Modern Biology
Local biological knowledge, collected and sampled over these early centuries,
informed the early development of modern biology. During the 17th century, for
example, the German born botanist Georg Eberhard Rumphius benefited from local
biological knowledge in producing his catalogue, Herbarium Amboinense (Sillitoe 1998).
The catalogue covers more than 1,200 species of the plants, 930 with definite species
names, and another 140 identified to genus level from Indonesia but also China, Japan,
South Africa, Madagascar, South America, Mexico, Peru, and Brazil (Beekman 2003).
Rumphius’ index included the plant’s name, illustrations, description for nomenclature,
place, a discussion of the plant’s use to the local inhabitants, stories, folklore, and
religious practices. Rumphius’ nomenclature was based on original Indonesian
nomination and his ethnobotany was almost purely Indonesian (Beekman 2003). During
the 18th century, Carl Linnaeus referenced and relied upon Rumphius's work, and also
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corresponded with other people all around the world when developing the biological
classification scheme that now underlies the arrangement of much of the accumulated
knowledge of the biological sciences. All of Linnaeus’ voyages were mediated by
indigenous people (Koerner 1999).
Contemporary naturalists and biologist also acknowledged the importance of
traditional ecological knowledge as it relates to western science. C. Hart Merriam, for
example, was an amateur anthropologist who spent decades spent five to six months each
year traversing the country interviewing aged Native Americans and writing down
voluminous records of what they were still able to tell him. He remained a natural
historian recording the distribution of words as a means to ascertaining the precise
distribution of dialects, languages, tribes, families, and their beliefs and customs, similar
to the way he recorded the distribution of song sparrows, grizzly bears, and wolves in
order to delimit life zones (Kroeber 1955). Diamond (1966) documented the extensive
knowledge of the natural world by the New Guinean people as reflected in the local
names for plant and animal species. Diamond (1966) found that the Foré people of the
Eastern Highland Providence of New Guinea apply 110 different Foré names to the 120
different bird species. Of these 110 names, 93 correspond to bird species recognized by
western taxonomists (Diamond 1993).

Western Science
Although the field of conservation biology is multidisciplinary, its fundamentals
are grounded in science (Soulé 1985). Simpson (1964) concluded that attempts to define
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science would fill a whole library and that many definitions were contradictory but
ultimately settled on a definition that, science is an exploration of the material universe
that seeks natural, orderly relationships among observed phenomena and that is selftesting. Carey (1994) defined the scientific method as “a rigorous process whereby new
ideas about how some part of the natural world works are put to the test.” Science has a
number of objectives (Mayr 1982). Ayala (1968) describes these objectives as the
following: (1) science seeks to organize knowledge in a systematic way, endeavoring to
discover patterns of relationship among phenomena and processes; (2) science strives to
provide explanations for the occurrence of events; and (3) science proposes explanatory
hypotheses that must be testable, that is, accessible to the possibility of rejection.
There is no single, all-purpose scientific method (Romesburg 1981), although the
hypothetico-deductive (H-D) method is widely accepted (Romesburg 1991). The H-D
method employs three steps: (1) observation of an ecological pattern (i.e., induction); (2)
generating potential explanations (i.e., hypotheses testing) and predictions for the pattern
observed and; (3) experimentation (i.e., testing potential explanations by comparative,
correlative, or experimental manipulations). Wildlife science uses step one and two but
almost never step three (Romesburg 1981, Matter and Mannan 1989, Nudds and
Morrison 1991, Mayr 1997). Despite the apparent necessity of deduction in hypothesis
testing, the H-D method can be prone to error and ambiguity in ecology (Guthrey 2007)
and falsification is sometimes as difficult to provide as positive proof and thus is not
considered the only measure for obtaining scientific acceptability (Nadasdy 1993). When
used, the H-D method, however, has two advantages: first, it fits into the conviction that
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there is no absolute truth and that our conclusions and theories should continually be
tested and; second, is encourages the search for new observations and experiments to
refute new hypothesis (Mayr 1982).

Differences between Traditional Ecological Knowledge and Western Science
Western science and traditional ecological knowledge fundamentally are based in
different worldviews with their own philosophy, institutions, and methods (Lertzman
2010). Western scientific information is highly dynamic and is advancing rapidly. In
contrast, the body of data typical for indigenous knowledge is based on long-term
personal observations and elder’s memories, and thus changes very slowly (Krupnik and
Ray 2007). Indigenous residents also had to cope with and adapt to environmental
variability which may have occurred rapidly (Huntington 2002). Indigenous people have
a considerable body of empirically derived knowledge about the natural world in
combination with philosophical approach that is quite different from that found in any
western philosophical tradition (Mander 1991, Suzuki and Knudtson 1992, Barsh 2000,
Pierotti and Wildcat 2000, Pierotti 2010). The two bodies of knowledge can thus be
thought of as two different epistemologies. The term epistemology refers to the theory of
knowledge, that is, the study of the origins, limits, and meaning of knowledge (Lertzman
2010) and “how we know what we know” (see Landesman 1997, Audi 1998). Traditional
ecological knowledge, for example, consists not only of ‘ecological data’ but also
spirituality, values, normative rules, and cultural practices (Casimirri 2003). In contrast,
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western science has been detached from religion and spiritually beginning with the
Enlightenment movement in the 18th century (see Mayr 1982).
Traditional ecological knowledge is equivalent to Western Science in its
usefulness and insight but differs in its approach (Berkes 1999, Berkes et al. 2000, Barsh
2000, Pierotti 2010). Although overlap exists, the two systems of knowledge (i.e.,
traditional ecological knowledge and western science) comprise distinct knowledge
systems incorporating different methods and ways of knowing (Lertzman 2010). The
obvious difference is that traditional ecological knowledge is recorded and transmitted
though oral tradition (often through stories) while western science employs the written
works (Barnhardt and Kawagley 2005). Traditional ecological knowledge is rooted in
social context that views the world in terms of social and spiritual relations between all
life-forms. Western science tend to be hierarchically or organized and the environment is
reduced to conceptually discrete components that are managed separately (Johnson
1992). Ingold (1996) discusses the latter difference further by stating that Native peoples
do not subscribe to the dichotomy of nature and culture but view the world as an
integrated entity. One gets to know the forest, and the plants and animals that dwell
therein in the same way that one becomes familiar with other people, by spending time
with them, investing in one’s relationships with them the same qualities of care, feeling
and attention. Knowledge of the world is gained by moving about in it, exploring it,
attending to it, ever alert to the signs by which it is revealed. Native people do not
construct the environment but acquire skills to engage with the environment (Ingold
1996).
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Convergence of Traditional Ecological Knowledge and Western Science
Observation of an ecological pattern (i.e., induction) is the starting point of the
scientific method in the field of ecology (Romesburg 1981). An indigenous knowledge
system is usually drawn from local observations similar to the way western science uses
induction. Western science and indigenous ecological knowledge also are similar in that
both generate potential explanations and predictions for the pattern observed (i.e.,
deduction). Traditional knowledge, as a way of knowing, is based on an accumulation of
empirical data (Berkes et al. 2000) resulting from patient observation of the natural
world, its patterns (Pierotti 2010), and interspecific relationships among species of
wildlife and plants which mirrors western science. Nabhan (2000) reported on the oral
traditions of the O’odham and Comcáac oral traditions in the southwest United States
containing over 20 interspecific relationships encoded in their biosystematic lexicon. The
Comcáac, for example, had four species of desert plants referred to as “desert tortoise’s
forage” in their native language. Importantly, a key issue regarding conservation
management of the desert tortoise (Gopherus agassizii) had been providing protected
habitat with sufficiently diverse forage is available. Despite 60 years of incidental reports
on desert tortoise feeding behavior, stomach contents, and fecal pellet analysis,
knowledge of the species’ dietary needs of desert tortoise had remained fragmentary (Van
Devender and Schwalbe 1998). Further, the Comcáac associate an ephemeral legume to
the endangered Sonoran pronghorn (Antilocapra americana sonoriensis) calling the plant
“pronghorn - its wild bean.” The Comcáac have a name for a wild onion translated as
“desert bighorn eats it” in reference to a plant that desert bighorn sheep (Ovis canadensis
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mexicanus) were observed eating. These are tangible examples of how indigenous
ecological knowledge can be used to guide empirical or experimental studies to learn
more about plant-animal interactions. Additionally, indigenous experts that hold this type
of traditional ecological knowledge could inform endangered species recovery efforts and
habitat restoration planning (Nabhan 2000).
The depth of indigenous knowledge rooted in long inhabitation of a particular
place offers lessons that can benefit scientists (Barnhardt and Kawagley 2005). Ferguson
et al. (1998), for example, reported that detailed observations of caribou (Rangifer
tarandus) had been preserved in Inuit oral traditions and was corroborated by scientific
written records (Ferguson et al. 1998, Ferguson and Messier 1997). The written records
from the 1800s although limited spatially and temporally support Inuit knowledge that
South Baffin caribou populations follow a regular abundance and movement cycle over
periods of 60-80 years. Huntington (1998) interviewed Alaskan Natives in Point Lay,
Buckland, and Norton Bay gathering ecological information about beluga whales
(Delphinapterus leucas) including overall description of migratory patterns, local
movement, feeding behavior and prey patterns, predator avoidance, calving, bathymetry,
ecological interactions, human influences, and other information. The descriptions were
broadly in accordance with current scientific understanding although the overlap was not
complete. Huntington (1999) reported that the traditional ecological knowledge collected
provided more specifics on interactions with humans and anthropogenic influences such
as noise with regard to beluga whales than published scientific research (e.g., Frost and
Lowry 1990, Frost et al. 1993). Fraser et al. (2006) reported that traditional ecological
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knowledge revealed long-term trends on the viability of divergent of brook charr
(Salvelinus fantinalis) populations in the region that were not achievable with scientific
data. Gilchrist et al. (2005) reported that Inuit correctly identified aspects of Harlequin
Duck (Histrionicus histrionicus) including the species’ biology, including preferred
habitats and seasonal movements. Krupnik and Ray (2007) report detailed information
about Pacific walrus (Odobenus rosmarus divergens) migration patterns by local Yupik
hunters in Alaska. Walrus hunters had knowledge of walrus biology and ecology
including seasonal differences in distribution and abundance, separation of different
groupings, and two seasonal peaks of abundance around St. Lawrence Island (Krupnik
and Ray 2007:7).Convergence of traditional ecological knowledge and western science
suggests that there may be areas in which traditional ecological knowledge can contribute
insights, possibly new concepts and/or connections between species unknown to, or
unrecognized by western ecologists (Pierroti and Wildcat 2000). During a study of beluga
whales, for example, researchers confused over why belugas no long entered certain
rivers where told by indigenous people that it was because of beavers (Castor
canadensis). Beavers build dams in certain streams inhibiting salmon movements and
thus, belugas which feed on salmon, had ceased to use these rivers (Huntington and
Myrmin 1996). Convergence of traditional ecological knowledge and western science has
also proved to lead to better estimates of populations. Huntington (2000), for example,
reported Alaskan Native whaler’s knowledge of bowhead whale (Balaena mysticetus)
population numbers proved more accurate than scientists’ census estimates in 1977.
Combining the data from scientific census and Alaskan whaler’s traditional ecological
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knowledge of bowhead whales therefore provided the International Whaling Commission
with a robust population estimate.
Indigenous people in arctic communities who still rely on fish and wildlife as a
means of subsistence continue to recognize patterns of nature such as shifts in wildlife
populations. Inuit people from the community of Sanikiluaq, for example, reported
regional Common Eider (Somateria mollistima sedentaria) populations had recently
declined (Gilchrist et al. 2005). Inuit stated that extensive sea ice formed during the
winter of 1991-1992 and had limited the locations where eiders could feed in open water
resulting in their mass starvation. Although the ultimate cause of the severe winter ice
conditions was unknown to them, local Inuit knowledge correctly detected both a change
of sea ice conditions and the mass die-off of eiders that resulted. Gilchrist et al. (2005)
also documented Inuit residents accurately reported declining populations of Ivory Gulls
(Pagophila eburnean) and Thick-billed Murre (Uria lomvia). Fully incorporating
indigenous voices into research regimes and policy debates would be a major step toward
a more equal dialog and a partnership built on data-sharing and mutual respect (Berkes
2002, Fenge 2001).

Challenges Surrounding Traditional Ecological Knowledge
Traditional ecological knowledge has two immediate strikes against it. First,
western scientists believe that traditional cultures are unscientific because they are based
on perceived myths and stories. Second, traditional ecological knowledge lacks the
benefit of the western scientific method of empirical observation and experiment (Hunn
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1993). The latter has been discussed above with ample evidence of the contrary. A
common criticism directed at traditional ecological knowledge is that it fails to adhere to
the scientific canon of validity and reliability (LeCompte and Goezt 1982). Examples of
western science validating traditional ecological knowledge exist however (see Nabhan
2000, Gratani et al. 2011). Regarding the first strike, in the western tradition, it is
considered to be a problem that traditional ecological knowledge combines empirically
based observations and conclusions with spiritual, religious, philosophical ideas (Pierotti
2010). Philosophy, however, has always been part of western science (see Mayr 1982,
Wilson 1998, Pierotti 2010). The land ethics and thinking like a mountain of Leopold
(1949), deep ecology (Naess 1989), and Gaia (Lovelock 1979) are examples in which
scientists concerned with environmental ethics have searched for the personal and
spiritual element missing ecology (Berkes 1999).
One cannot examine the issue of using traditional ecological knowledge without
confronting the barrage of dual comparisons of their differences. In contrast to traditional
knowledge which is assumed to be qualitative, intuitive, holistic, and oral, western
science is seen as quantitative, analytical, reductionist, and written (Barnhardt and
Kawagley 2005, Nadasdy 2003). Although these differences seem to imply the two
knowledge systems are incommensurable, most of the problems relate to difficulties in
gaining access to and collecting traditional ecological knowledge or with translating it
into a form that can be utilized by resource managers (Nadasdy 2003). Although the
tenets and procedures of western science can be learned at a university, the philosophy
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and practices of traditional ecological knowledge are not readily available to those with
formal science training (Berkes 1993, Lertzman 2010).
Information encoded in lexicons of Native American and Alaskan Native peoples
can be difficult and time consuming to understand and interpret. Nabhan (2000)
demonstrated that O’odham and Comcáac oral traditions include many ecological
insights but are known only once the language is understood. Understanding a culture and
learning indigenous language takes years, if not decades (K. Basso, pers. comm., 2010).
Cultural traditions such as only being able to share stories or information about a certain
species during culturally appropriate seasons or times of the year can limit data collection
of traditional ecological knowledge. Toupal (2003), for example, found that Tohono
O’odham elders who were interviewed outside of winter months provided limited
information. Challenges also exist when managers are confronted with statements such as
“it is sacred to us.” The word sacred may have many implications to an Indigenous
person but may not provide enough information for a biologist to incorporate the
information into a decision-making document (Toupal 2003). Because the methods for
documenting traditional ecological knowledge derive from the social sciences
(Huntington 2000), conservation biologist seeking to collect this type of information
would need to be trained in ethnographic methodologies. Lastly, collecting traditional
ecological knowledge may not be appropriate in every situation especially in instances
where the information cannot be shared with people outside of the culture.
Although an integration of indigenous and western scientific ways of knowing
and managing wildlife is difficult to achieve (Nakashima 1993), successful integrations
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have occurred. During the 1989 Exxon Valdez oil spill disaster in Prince William Sound,
Alaska, Federal and state agencies recognized the vast traditional knowledge of the
Native community who could provide detailed information on conditions in the years
prior to the spill. A project was designed to make optimal use of the complementary
nature of scientific data and traditional knowledge, while increasing the involvement of
spill area communities in oil spill restoration. Traditional knowledge of the native
community provided detailed information on conditions in the years prior to the spill. The
Native community had knowledge of the historical population sizes and ranges of many
of the species injured by the spill as well as observations concerning the diet, behavior,
and interrelationships of injured species (Huntington 2000). Optimal use of the
complementary nature of scientific data and traditional knowledge while increasing the
involvement of communities in oil spill restoration enhanced the success of restoration
effort (Miraglia 1998).

Legal Basis for Using Traditional Ecological Knowledge
Laws and policies regarding Native Americans articulate the need to seek out
information from indigenous peoples. The Alaska National Interest Lands Conservation
Act (ANILCA) was passed in 1980 with the purpose of preserving and managing fish and
wildlife and their ecosystems in the State of Alaska. Section 812 (Research) of ANILCA
states that the Secretary, in cooperation with the State and other appropriate Federal
agencies, shall undertake research on fish and wildlife and subsistence uses on the public
lands, seek data from, consult with and make use of, the special knowledge of local
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residents engaged in subsistence uses. The Marine Mammal Protection Act of 1972 states
that the Secretary of Commerce shall utilize, where appropriate, traditional local
knowledge and may contract with a qualified Alaska Native organization to conduct such
research. The Endangered Species Act of 1973 prohibits the taking of any listed species
by any person subject to the jurisdiction of the United States but exempts Alaska Natives.
Section 10(e)(1) of the Endangered Species Act states that provisions of the Endangered
Species Act shall not apply with respect to the taking of any endangered or threatened
species by “any Indian, Aleut, or Eskimo who is an Alaskan Native who resides in
Alaska or any non-native permanent residents of Alaskan native villages if such taking is
primarily for subsistence purposes”. The Endangered Species Act is silent, however, as to
regulation on Native American lands in the lower 48 states (Coggins and Modrcin 1979)
as well as traditional ecological knowledge.
The lack of guidance within the Endangered Species Act, as well as within the
Code of Federal Regulations that implement the law, with regard to Native Americans in
the lower 48-States prompted the Federal Government to enact Native American policies
in the form of Executive and Secretarial Orders. Executive Order 13175 titled
Consultation and Coordination with Indian Tribal Governments, for example, directed
agencies to establish regular and meaningful government-to-government relationships
with Native peoples. Secretarial Order 3206 titled American Indian Tribal Rights, Federal
–Tribal Trust Responsibilities, and the Endangered Species Act directed the U.S. Fish
and Wildlife to recognize, respect, and consider the value that traditional knowledge
provides to tribal and federal land management decision-making and management
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activities. In 2001, the Secretary of Interior and Commerce jointly signed Secretarial
Order 3225 titled Endangered Species Act and Subsistence Uses in Alaska Supplement to
Secretarial Order 3206 which established a consultation framework for ensuring the
participation of affected Alaska Natives in all aspects of the managing subsistence
species that are proposed or listed under the Endangered Species Act including research
design, data collection, and use of traditional knowledge. Most recently, Secretary of the
Interior Salazar signed Secretarial Order 3305 titled Ensuring Scientific Integrity within
the Department of the Interior which established a policy to ensure the integrity of
science in decision making and in the creation of policy to protect our heritage and honor
native cultures and tribal communities.
The U.S. Fish and Wildlife Service and National Marine Fisheries Service
referenced traditional ecological knowledge in several proposed and final rules
concerning threatened and endangered species in Alaska. Alaskan Native indigenous
knowledge, for example, was cited with regard to polar bear (Ursus maritimus)
population trends (U.S. Fish and Wildlife Service 2008), spectacled eider (Somateria
fischeri) habitat for describing the legal designation of critical habitat (U.S. Fish and
Wildlife Service 2001), and subsistence harvest regulations for migratory birds. The
National Marine Fisheries Service worked extensively with Native hunters to use
traditional knowledge with regard to proposing the Cook Inlet beluga whale
(Delphinapterus leucas) as a distinct population segment (National Marine Fisheries
Service 2007a). The traditional ecological knowledge of Alaska Natives along with
systematic aerial survey data documented a contraction of the summer range of Cook
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Inlet belugas over the last two decades (National Marine Fisheries Service 2009a). The
National Marine Fisheries Service used Alaskan Native traditional ecological knowledge
in developing the Eastern Pacific Northern Fur Seal Stock Conservation Plan (National
Marine Fisheries Service 2007b). Further, numerous ethnographic studies regarding the
First Nations’ traditional ecological knowledge of eulachon (Taleichthys pacificus), a
small, anadromous ocean fish, were used to describe the species’ historical distribution
and abundance in the proposed rule to list the fish (National Marine Fisheries Service
2009b). In addition, Federal and State biologists and managers in Alaska collect and use
traditional ecological knowledge for research and monitoring fish populations under the
Federal Subsistence Management Program (see U.S. Fish and Wildlife Service 2010a).
One example of the Federal Government referencing traditional ecological knowledge in
the lower 48-states is occurred in the 12-month petition finding for the Sonoran Desert
population of Bald Eagle (Haliateetus leucocephalus). The Western Apache and Salt
River Pima-Maricopa Indian Community provided the U.S. Fish and Wildlife Service
with their knowledge about Bald Eagle populations and habitat information within
Arizona (see U.S. Fish and Wildlife 2010b).

DISCUSSION
Traditional ecological knowledge is a young term used to describe something
ancient (Westley and Miller 2003) and offers ecological information and insight relevant
to ecological management and research that cannot be obtained from other sources
(Huntington 1998). For thousands of years, indigenous peoples have used biological
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knowledge of their local environment to sustain themselves and to maintain their cultural
identity (Johnson 1992). Indigenous peoples around the world possess a broad knowledge
base of complex ecological systems in their own localities (Gadgil et al. 1993). Much
more then data, this information characteristically functions within time-tested resource
management systems of long-resident peoples. Yet the involvement of indigenous people
remains elusive and western science often overlooks and disparages these indigenous
systems and associated traditional ecological knowledge (Westley and Miller 2003).
According to Berkes (1993), traditional ecological knowledge parallels the
scientific discipline of ecology because both traditional ecological knowledge and
western science share observation and description of the empirical world. Traditional
ecological knowledge is conceptually holistic, however, in that indigenous knowledge
systems consider the biotic and abiotic as being connected and thus it cannot be
compartmentalized like western science (McGregor 2004, Pierotti 2010). Many examples
of holistic approaches that consider ecological relationships exist in western science such
as community ecology (Krebs 2009), macroecology (Brown 1995), and ecosystem
management (Grumbine 1994). Other disciplines outside of ecology recognize the
importance aspect of holism in that it emphasizes relationships. According to Mayr
(1982:67), Einstein based his entire relativity theory on the consideration of relationship.
Similarities between indigenous knowledge and quantum theory, which stresses the
irreducible link between the observer and observed and the basic holism of all
phenomena, have been discussed Peat (1994, 2005).
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Collecting traditional ecological knowledge has challenges and limitations.
Language and cultural norms can prevent traditional ecological knowledge from being
collected. English terms such as “spirits”, “sacred”, and “prayer” are inadequate to
translate the actual meaning of the concepts in Indigenous cultures (Marshall 2005,
Pierotti 2010:8). Although these differences appear severe, traditional ecological
knowledge combined with western science provides the best chance of sustainable
natural resource use and management (Toupal 2001). Using traditional ecological
knowledge allows a mutually beneficial relationship to be created between conservation
biologists and local people (Drew 2005, Drew and Henne 2006). The holders of both
traditional and science knowledge can benefit by mutual exchange of information and
interpreting the information collaboratively (Huntington et al. 2002).
Alaskan Natives have been at the forefront in bringing Indigenous perspectives
into a variety of policy arenas through a wide range of research and development
initiatives (Barhhardt and Kawagley 2005). Traditional ecological knowledge, however,
is underutilized in natural resource management in the lower 48-states, however, with
only a few examples. Long et al. (2003) used cultural foundations and the wealth of
Western Apache knowledge of ecologically functioning riparian areas to guide modern
restoration techniques which improved wetland habitats for several listed species on the
Fort Apache Indian Reservation. Additional, the Glen Canyon Dam Adaptive
Management Work Group which is considering using traditional ecological knowledge
for defining desired future conditions in the Colorado River corridor.

246

Professionals in applied ecology and resource management fields have been slow
to embrace traditional ecological knowledge. Traditional ecological knowledge could
assist in many threatened and endangered species recovery efforts. A biologist working
for the Arizona Game and Fish Department, for example, was informed by a Navajo elder
that he was searching for signs of the endangered black-footed ferret (Mustela nigripes),
a mammal that was once thought to be extinct in North America, in the wrong place (Van
Pelt, pers. comm., 2007). Native American elders and practitioners hold much knowledge
about the natural world and what plants and animals are now missing from various
landscapes (Anderson 2010).
Understanding the ecology and population dynamics of key species in particular
ecosystems needs to be multidisciplinary due to the complexity and magnitude of the
problem (Westley 2003). The need to find integration between social and biological
sciences has been discussed in detail by Wilson (1998). Using the term “consilience”,
Wilson (1998) argued that sound environmental policy can only be formed at the juncture
of ethics, social science, and biology. Consilience, or the unity of knowledge, literally
means a “jumping together” of knowledge by the linking of facts and fact-based theory
across disciplines to create a common groundwork of explanation (Whewell 1847). Such
a merger could draw Indigenous peoples into a dialogue that could generate a truly
integrated understanding of complex ecological processes and concepts. According to
Lertzman (2010) that traditional ecological knowledge and western science represent
parallel, potentially complementary knowledge systems. Rather than trying to “integrate”
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traditional ecological knowledge into science, however, traditional ecological knowledge
could also be thought of as a parallel science.
Recognition of the scientific importance of traditional ecological knowledge
should lead to more co-operative relations between researchers and local communities in
which local people who are repositories of knowledge and skills become an integral part
of a research program as consultants or collaborators rather than merely guides or
assistants (Healey 1993:26). The incorporation of traditional ecological knowledge may
enhance Western society’s appreciation of the cultures that hold the ecological
knowledge about a specific species which could result in less controversy and more
mutual respect. An obvious benefit of using local knowledge is that involvement provides
a sense of work and pride which may be instrumental in fostering great responsibility to
the recourse (Hobbs 2003). The results of ethnographic studies show that by engaging the
people who live in local areas of interest, resource managers can obtain cultural
information for management purposes while building relationships between local
communities. Scientific investigations which make use of this local knowledge are likely
to be particularly successful.
As the pace of ecological changes increases, so too does the need for baseline
information with which to direct conservation and restoration activities (Ford and
Martinez 2000). Species are becoming extinct and ecosystems are being dramatically
altered (Casey and Myers 1998, Drew 2005). The field of conservation biology is
constantly evolving to better address a complex and dynamic suite of threats to
biodiversity. The use of traditional ecological knowledge represents such an approach,
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with the potential to greatly augment existing conservation programs and help shape new
ones (Drew 2005). Listening to Indigenous peoples as well as respecting and
understanding their desires and aspirations will help scientists partner more effectively in
wildlife and habitat conservation. Traditional ecological knowledge and western science
offer each other externally derived, independent reference standards that provide a basis
for bicultural verification. The two represent complementary knowledge systems with
their own methods, philosophical foundations, and communities of respected experts.
Indigenous peoples’ knowledge could be key to developing a sound basis for
conservation planning and action (Westley and Miller 2003). With regard to climate
change in the Canadian Arctic, for example, it is only recently that a number of projects
have begun to engage northern Aboriginal people and focus on Indigenous knowledge of
climate processes, changes and impacts. It is argued that in order to better understand the
complex nature of northern ecosystems all available knowledge must be considered and
valued (Furgal et al. 2002).The elders have knowledge attained over multiple generations
that could likely save us many years of learning if we listen (Cary 2002).
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APPENDIX F
HISTORICAL PREDATOR CONTROL EFFORTS ON GRAY WOLVES AND
OTHER CARNIORES SPECIES IN ARIZONA
(The following paper was prepared to submit to a peer-reviewed journal)

ABSTRACT
In 1893, the Territorial Bounty Act was passed by the Arizona–New Mexico
Territorial Legislature, allowing a bounty to be paid on stock-killing predators including
wolves, grizzly bears (Ursus arctos), black bears (U. americanus), jaguars (Panthera
onca), mountain lions (Puma concolor), bobcats (Lynx rufus), and coyotes. From 1900 to
1963, all resident and emigrating wolves from Mexico were exterminated in Arizona. No
factual record exists as to official estimates of wolf numbers in Arizona before and at the
outset of the predator control program. I summarized historical wolf locations in the state
of Arizona and analyzed data within PARC annual reports on the number of wolves and
other carnivore species being killed yearly from 1914 to 1964. My objectives were to
provide an historical perspective of wolves throughout Arizona, provide an assessment of
their historical abundance, and document a possible mesocarnivore release. I conducted
an extensive literature search of published and unpublished documents. Unpublished
documents included reviewing U.S. Bureau of Biological Survey PARC annual reports
and other government records housed at the Arizona State Archive and Records Library. I
also searched the Mammal Networked Information System data base for museum
specimen locations and wolf information in Arizona. Between 1917 and 1964, 506
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wolves, 117,601 coyotes, 2,608 mountain lions, 1,327 bears, 19,797 bobcats, and 21
jaguars were killed by PARC agents, bounty hunters, and ranchers as reported in U.S.
Bureau of Biological Survey Annual Reports in Arizona. I calculated a cost per unit
effort from the numbers of wolves destroyed each year per yearly expenditures with a
mean of 8% per year. Using Excel, I used a hypothetical population of 240 beginning in
1916 following Ligon (1916) with an 8% cost per unit per year, wolves went functional
extinct by 1964. There was a negative correlation between the numbers of wolves and
coyotes destroyed in Arizona between 1917 and 1964 (r = -0.40; N = 46; p = 0.01)
suggesting a moderate population response to exploitation competition between the two
predators. The numbers of wolves inhabiting Arizona before the genesis of PARC will
never be known. Because I found a negative correlation between the numbers of wolves
and coyotes destroyed in Arizona between 1917 and 1964, thus suggests a moderate
population response to exploitation competition between the two predators.

INTRODUCTION
European settlement in Arizona began to increase around 1860 after lands known
as the 1854 Gadsden Purchase were purchased from Mexico south of the Gila River. The
U.S. Army established thirteen new posts in the Arizona territory between 1863 and 1870
creating a large demand for beef escalating the cattle business (Hadley et al. 1991).
Arizona’s rangelands were soon overstocked with cattle and sheep and rapidly livestock
producers declared war on the predators that were preying upon their stock (Davis 1982,
Brown 1983, Bailey 1907a). Beginning in the late 1890s, complaints from all over the
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county began to increase about depredations of wolves (Canis lupus), coyotes (C.
latrans), and other predatory animals on livestock with the majority of complaints
coming from in the west (Cameron 1929). In 1893, the Territorial Bounty Act was passed
by the Arizona–New Mexico Territorial Legislature, allowing a bounty to be paid on
stock-killing predators including wolves, grizzly bears (Ursus arctos), black bears (U.
americanus), jaguars (Panthera onca), mountain lions (Puma concolor), bobcats (Lynx
rufus), and coyotes (Brown 1983, Ashcroft 2010). Congress created the Predatory Animal
Rodent Control (PARC) program within the U.S. Bureau of Biological Survey in 1914
responsible for eliminating wolves, prairie dogs and other animals injurious to agriculture
and livestock (Brown 1983:43, Ashcroft 2010). The PARC program paid for salaries of
predator hunters as well as bounties for predators destroyed by private individuals and
bounty hunters. The primary goal of PARC was to address the economic impacts of
predation on livestock and disease transmission (e.g., spread of rabies) by eliminating all
predators (Ashcroft 2010). Methods used to destroy predatory species included trapping,
poisoning (i.e., strychnine, arsenic, sodium cyanide), shooting, and denning (i.e, locating
a wolf or coyote den and killing the entire litter) (Bailey 1907b, Brown 1983). The
elimination campaigns by PARC and private ranchers coupled with habitat alteration
resulting from the intensification of agriculture and livestock operations led to the
extirpation of the jaguar, grizzly bear, and gray wolf in Arizona by the 1960s (Brown and
López-González 2001, Brown 1983).
From 1900 to 1963, all resident and emigrating wolves from Mexico were
exterminated in Arizona (Gish 1977). No factual record exists as to official estimates of
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wolf numbers in Arizona before and at the outset of the predator control program (Gish
1977, Brown 1983). Ligon (1916), however, made an estimate of approximately 300 gray
wolves in New Mexico and stated that Arizona had 20 percent fewer wolves than New
Mexico, thus his estimate for Arizona would have been 240 wolves in 1916.
Location and numbers regarding wolves in Arizona was not totally lacking
however. Soldiers, military surgeons, explorers, and early settlers acted as amateur
naturalists and many kept journals which documented important information about
historical Arizona’s fauna including information about gray wolves (Davis 1982, Brown
2009). Brown (1983) points out that the wolf hunters themselves were good observers
because their knowledge of wolves and their habits were an integral part of a wolf
hunter’s job. Information about the locations and numbers of wolves destroyed was
documented by PARC agents in annual reports. Here, I summarized historical wolf
locations in the state of Arizona and analyzed data within PARC annual reports on the
number of wolves and other carnivore species being killed yearly from 1914 to 1964. My
objectives were to provide an historical perspective of wolves throughout Arizona,
provide an assessment of their historical abundance, and document a possible
mesocarnivore release.

METHODS
I conducted an extensive literature search of published and unpublished
documents. Unpublished documents included reviewing U.S. Bureau of Biological
Survey PARC annual reports and other government records housed at the Arizona State
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Archive and Records Library. I also searched the Mammal Networked Information
System (MaNIS) data base for museum specimen locations and wolf information in
Arizona. From the data I collected, I developed a distribution map of historical wolf
locations throughout Arizona with a table of location, county, and reference information.
I summarized the numbers of carnivores reported killed and yearly expenditures as
reported in U.S. Bureau of Biological Survey PARC annual reports. Using yearly
expenditures as a unit of effort and Ligon’s (1916) estimate of 240 wolves in Arizona, I
calculated an estimate of abundance of wolves during the period of predator control
efforts beginning in 1917. Because the number of coyotes destroyed appeared to increase
as the numbers of wolves destroyed declined, I used a correlation analysis to investigate
whether there was a pattern and if it was significant.

RESULTS
I summarized 126 historical references of wolves throughout the state of Arizona
from 1853 to 1963 (Tables F.1 and F.2). Records were either reported from early
explorers’ journals, government reports, scientific publication, or the MaNIS data base
(Figure F.1).
The numbers of wolves, coyotes, mountain lions, bears, bobcats, and jaguars
destroyed from 1917 to 1964 as reported in annual reports produced by PARC’s Arizona
District are recorded in Table F.3. Records for years 1929 and 1956 were missing from
the Arizona State Archive and Records Library. Between 1917 and 1964, 506 wolves,
117,601 coyotes, 2,608 mountain lions, 1,327 bears, 19,797 bobcats, and 21 jaguars were
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killed by PARC agents, bounty hunters, and ranchers as reported in U.S. Bureau of
Biological Survey Annual Reports in Arizona. The PARC reports did not distinguish
black bears from grizzly bears. No references were provided for wolf subspecies
designations within these annual reports. The largest number of wolves destroyed was in
1920 with 64 wolves taken in Arizona. The PARC annual records end in 1963 with three
wolves killed.
I calculated a cost per unit effort from the numbers of wolves destroyed each year
per yearly expenditures which equated to an average of 8% per year. Using Excel, I used
a hypothetical population of 240 beginning in 1916 following Ligon (1916) with an 8%
cost per unit per year, wolves went functional extinct by 1964 (Table F.4.)
The relationship between the numbers of coyotes and wolves destroyed was
investigated using Pearson correlation coefficient. There was a negative correlation
between the numbers of wolves and coyotes destroyed in Arizona between 1917 and
1964 (r = -0.40; N = 46; p = 0.01) suggesting a moderate population response to
exploitation competition between the two predators (see Figure F.3).

DISCUSSION
The subspecies of C. lupus that inhabited northern Arizona was either C. l.
mogollonensis and/or C. l. youngi but both populations formerly referred to those species
are now considered extirpated (Chambers et al., in review). No specimens of C. l. youngi
exist from Arizona however (MaNIS, Hoffmeister 1986). All historical museum
specimens listed as being collected in Arizona are either referenced as C. l.
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mogollonensis or C. l. baileyi in the MaNIS data base. One specimen was listed as C. l.
occidentalis (museum specimen reference # LACM 000673) in MaNIS as being reported
from Arizona but no other information was included such as the collector, location, or
date.
Wolves and other carnivore species were destroyed in Arizona and in other parts
of the southwest based on economics due to perceived extreme losses of livestock.
Numbers of livestock killed by wolves were often inflated (Brown 1983) and
exaggerated, however, when there was an individual wolf being targeted (see Gipson et
al. 1998). A number of reported wolf damage claims were reported as caused by packs
and single stray or feral dogs (Gish 1977, Gipson et al. 1998).
The numbers of wolves inhabiting Arizona before the genesis of PARC will never
be known. Ligon (1916) made an estimate of approximately 300 gray wolves in New
Mexico and stated that Arizona had 20 percent fewer wolves than New Mexico, thus his
estimate for Arizona would then be 240 wolves in 1916. Beginning in 1916 (see Table
F.3). The extermination method of denning that was used in the early 1900s makes
assessing the population extremely difficult because the technique involved killing entire
litters and thus estimating recruitment is nearly impossible. Comparing the numbers of
wolves destroyed to the numbers of other carnivores destroyed may provide some insight
however. In the 46 years from 1917 to 1964, approximately 117,600 coyotes were killed
and only 506 wolves killed which calculates to one wolf taken for every 232 coyotes. The
numbers of carnivores destroyed in Table 3 is an extremely conservative estimate of the
numbers killed because ranchers and private individuals were most likely also killing
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carnivores that went unreported by PARC. Many animals that died from being poisoned
may have not been detected and thus not reported. Interestingly, the carnivores that were
extirpated in Arizona because of exploitation were grizzly bears, jaguars, and wolves.
These three carnivores may have simply occurred in low numbers in Arizona as
compared to black bears, mountain lions, bobcats, and coyotes.
Coyotes occurred in every habitat and were considered abundant in Arizona and
Mexico (Coues 1867a, Hinton 1878, Merriam 1890, Allen 1895, Young and Jackson
1951, Leopold 1959, Bekoff 1978, Hoffmeister 1986). Coyotes were sympatric with
wolves in Arizona (Young and Goldman 1944). Observation by wolf hunters, for
example, described coyotes as following wolves, staying a safe distance, and subsisting
on abandoned wolf kills (Young and Goldman 1944, McBride 1980). Coyotes were
successful in combating the campaign aimed at controlling if not eradicating them in
Arizona (Hoffmeister 1986). Numbers of coyotes reported destroyed by PARC agents
and others from 1917 to 1965 were approximately 115,960 (see Table F.3). This estimate
is extremely conservative since many coyotes killed by non-PARC hunters went
unrecorded. Coyotes poisoned with strychnine or other contagions were most likely never
found. Further, the practice of killing predators on sight had a long and respectable
history in since the 1700 by the Euro-Americans (Dunlap 1983).
Because I found a negative correlation between the numbers of wolves and
coyotes destroyed in Arizona between 1917 and 1964, thus suggests a moderate
population response to exploitation competition between the two predators (see Figure
F.3). The term mesopredator release was coined by Soulé et al. (1998) which is a
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phenomenon that frequently occurs when an apex carnivore is removed and an explosion
of the smaller mesocarnivore population occurs (see Prugh et al. 2009). The loss of apex
predators as a result of persecution and habitat conversion has created outbreaks of
mesopredator populations throughout the world (Prugh et al. 2009). My analyses of the
numbers of wolves and coyotes destroyed during a 46-year period suggest a possible
mesopredator release of coyotes with the extirpation of the wolf in Arizona.
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Table F.1. Historical wolf locations of Canis lupus baileyi in southern Arizona from 1846
to 1963.
Year
Location
circa 1846- Whitewater Draw, south end of the
1848
Sulphur Springs Valley

1849

County
Cochise

Details and/or Specimen Information
Reference(s)
Tyler reported that "the large wolves made the night
Tyler 1881
hideous with their howls," "only a few feet from our
camp." Tall grass and mesquite dominated the adjacent
flats.
10 miles south of Tumacacori on the Santa Cruz Powell reported deer and pronghorn plentiful in an are Powell 1931
Santa Cruz River
of bunchy swamp grass and the constant howling of
wolves made sleep difficult

1854

Whitewater Draw, southend of the
Sulphur Springs Valley

Cochise

Bartlett found what he called "wolves" abundant on the Bartlett 1854
plains and valleys of southeast Arizona may have been
coyotes according to Davis (1982:63-74). Bartlett reports
hearing wolves howling and shot one from the horse
carriage door.
Santa Cruz Serven noticed gray wolf among other mammals.
Serven 1965

1857
1858

Fort Buchanan on Sonoita Creek 10
miles north of Patagonia
Santa Rita Mountains

Pima

1878

5 miles northeast of Sacaton Butte

Maricopa

1880

Along the present International
Boudary, between the San
Bernardino and San Pedro valleys

Cochise

Dellenbaugh reports that "wolves are numerous here." Way 1960
He also discusses "mad wolves," most likely a reference
to rabies.
Camping near the Gila River, Moran and Hageman report Moran and Hagemann 1963
a brown timber wolf crossed the road in front of them.
Powell 1931
Wolves howled at night; wolves howled all around us
and one of very large sized wolf was seen. Wolves were
seen and heard along the entire wagon route between
southwest New Mexico and Tucson. They [wolves] were
particulary noticeable in the mesquite bosque near San
Xavier Mission, Arizona.

1894

Fort Bowie

Graham

Collector: F.Fowler; USNM 58393 (Wayne examined)

1898

East Slope Galiuro Mountains

Graham

1898

Santa Catalina Mountains

Pima

1900
1900
1905
1914

SW Tucson
Huachuca Mtns, near Bisbee
Near Ruby
Whitetail Canyon, Chiricahua
Mountains
Turkey Creek 15 miles southwest of
Fort Huachuca
Canelo, Canelo Hills Station
6 miles south of Canelo

Pima
Santa Cruz
Pima
Cochise

Pima

1917

3.5 miles north east of Greaterville,
Santa Rita Mountains
Helvetia

Hoffmeister, 1986; Goldman
1944; Leonard et al. 2005;
MaNIS
Collector: B. Dutcher; in MaNIS as C.l.mogollonesis USNM Hoffmeister 1986, Goldman
93280 (male)
1944; MaNIS
Author describes an 1898 newspaper reporting a family Lange 1960
hearing wolves on Mt Lemmon and a report of 17 wolves
being killed.
Collector unknown; MSB 160130
MaNIS
Collector: Charles. W. Fish; MSB 160125
MaNIS
61 lb. female
Housholder 1968
Collector: J.E. Law, Bartlett; MVZ 31924
Bogan and Mehlhop 1983;
MaNIS
Collector: S. Young, USNM 228267
Hoffmeister 1986; Goldman
1944; MaNIS
Collector: S. Young, USNM 228268 (female)
MaNIS
5400 ft
Hoffmeister 1986; Goldman
1944
Hoffmeister 1986

Pima

Collector: O'Doherty; USNM 226435 (male)

1918

5 miles southeast of Helvetia

Pima

Collector: O'Doherty; USNM 28582 (female)

1918

15 miles southeast of Arivaca (Bear
Valley)

Santa Cruz Collector T. Loveless; USNM 228580 (female), USNM
228581 (female)

1917
1917
1917
1917

Santa Cruz
Santa Cruz
Santa Cruz

Goldman 1944; Bogan and
Mehlhop 1983; MaNIS
Hoffmeister 1986; Bogan and
Mehlhop 1983; MaNIS
Hoffmeister 1986; Goldman
1944; MaNIS
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Table F.1 Con’t. Historical wolf locations of Canis lupus baileyi in southern Arizona
from 1846 to 1963.
Year
1918

Location
Chiricahua Mountains

County
Graham

Details and/or Specimen Information
Collector: L. Parker; USNM 231307 (male)

1919

Rigg's Home Ranch, Sulpur Springs
Valley, 15 miles north of Dos
Cabezas
Arivaca

Cochise

Collector: J.E. Law and Lawrence A. Riggs; MVZ 31973

Pima

Collector: A.B. Howell, H. Townsend; MVZ 32422

Huachuca, Santa Rita, and
Babaquivari Mountains
Arivaca

Pima and 15 wolves were taken along the Mexican border
Santa Cruz between the Huachuca Mtns on the east, the Santa Rita
Pima
Collector: W. Bruton; UCLA 8985, UCLA 8986

1919
1919
1920
1920
1922

1924

1927
1927
1928

Canoa
Mexico-Arizona Border

1930

Tucson

1931
1931
1932
1934

Pima
Pima
Graham
Graham

1935

Near Douglas
near Fairbanks
Aravaipa Creek area
Seep Springs 35 miles east of
Douglas
near Pearce

1935
1935

near Phoenix
Parker Ranch, Santa Rita Mountains

Cochise
Pima

1925

MaNIS
U.S. Bureau of
Biological Survey 1919
Goldman 1944; MaNIS

Catlett Ranch, 4 miles southwest of Santa Cruz Collector: F. Ott; UCLA 3474
MaNIS
Amadoville
Whestone and Santa Rita Mountains Pima
30 wolves destoyed along the border; wolves destroying U.S. Bureau of
cattle in the Whestone Mountains where 3 were
Biological Survey 1929
poisoned; number of reported in Santa Rita Mountains
Parker Canyon (18 miles east of
Suderland's Ranch)
North East of Old Camp Rucker
Ranch, Hampe, Chiricahua Mtns
North East of Old Camp Rucker
Ranch, Hampe, Chiricahua
Mountains
Rincon Mountains

1924

Reference(s)
Hoffmeister 1986;
Goldman 1944; MaNIS
Bogan and Mehlhop
1983; MaNIS

Santa Cruz Collector: E. Anderson & L. Parker; USNM 244550 (male)
Cochise
Cochise

Pima

Collector: Charles L. Rak; 4 wolves: MVZ 35381, MVZ
35385, MVZ 35386, MVZ 35387
Collector: Charles L. Rak; 3 wolves: MVZ 35380, MVZ
35382, MVZ 35383
3 wolves taken in the Rincon Mountain

Pima
1 caught near Canoa; 12 taken along Mexico-AZ border
Pima,
Reports of wolves along the Mexico-Arizona Border
Santa Cruz,
Cochise
Pima
Collector: C.T. Vorhies; UA # 106 (male)

Cochise

Hoffmeister 1986;
Goldman 1944; MaNIS
Bogan and Mehlhop
1983; MaNIS
MaNIS

U.S. Bureau of
Biological Survey 1927
Musgrave 1927
Musgrave 1928

Hoffmeister 1986;
University of Arizona
Mammal Musuem
collection
1 wolf taken near Douglas
Musgrave 1931
1 taken near Fairbanks
Musgrave 1931
A wolf was poisoned on the Mattice Ranch
Hadley 1991
Collector: E. Anderson; USNM 251436 (male)
Hoffmeister, 1986;
Golman 1944; MaNIS
2 wolve skilled near Pearce
U.S. Bureau of
Biological Survey 1935
3 wolves killed near PPhoenix
PARC 1935
Collector: B.Colcord; USNM 251525 (male), USNM 251526 Hoffmeister 1986
(female)
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Table F.1 Con’t. Historical wolf locations of Canis lupus baileyi in southern Arizona
from 1846 to1963.
Year
1937

Location
Santa Rita and Chiricahua

1937

20 miles southeast of Tucson

County
Pima,
Cochise
Pima

Details and/or Specimen Information
Several reports that wolves had crossed the border and
established themselves in Santa Rita and Chiricahua
Collector: Vorhies; UA # 593 (female) referenced as C. l.
nubilus

1938

Apache, Peloncillo Mountains

Graham

1938
1940

Peloncillo, Baboquivari, and Santa
Rita Moutnains
5 miles southeast of Arivaca

Cochise
and Pima
Pima

Reference(s)
U.S. Bureau of
Biological Survey 1937
University of Arizona
Mammal Musuem
Collector: G. Talyor; USNM 347464 (skin), in MaNIS under collection
Goldman 1944; Bogan
C. l. mogollonensis Collector as J. Lose and as USNM
and Mehlhop 1983;
2 taken in Peloncillo Mtns and reports of a pair in the
U.S. Bureau of
Baboquivari and Santa Rita Mtns near Mexican border
Biological Survey 1938
Collector: J. Ehn; USNM 289992 (male)
MaNIS

1941

Green's Peak

Apache

One wolf trapped near Green's Peak in Apache County.

1941

Clark's Ranch, soutwest of Arivaca

Pima

Collector: Louis C. Clark, MSB 160129

1942

Huachuca Mountains

1942

North end of Chiricahua Mountains

1943

Fort Huachuca and Chiricahua
Mountains

1944

Near Elgin Whetsone Moutains

1944

Huachuca Mountains, near Bisbee

1947

Fort Huachuca

U.S. Bureau of
Santa Cruz "Wolves had raised young on the Military Range of Ft.
Huachuca Mtns. In hunting out the brush thickets on the Biological Survey 1942
mountain side for the pups, the hunter finally jumped
them and shot them.These wolves were subsisting on
white-tailed deer which were plentiful n the Ft.
Huachuca Mtns. This is the first time wolves have raised
a little of young in the State since 1931."
Cochise
Collector: Glen Taylor; MSB 160123
Hoffmeister, 1986;
Goldman 1944; MaNIS
Cochise
5 wolves taken by Service hunters along Mexican border. U.S. Bureau of
Biological Survey 1943
It appeared that they were subsisting principally on
white-tailed deer in the Ft. Huachuca and Chiricahua
Mtns.
Santa Cruz Collector: Charles. W. Fish; MSB 160131
Hoffmeister 1986;
MaNIS
Santa Cruz Collector: Charles. W. Fish; MSB 160124
Hoffmeister, 1986;
Goldman 1944; MaNIS
Graham
Collector: Earl Long, MSB 160126
Hoffmeister, 1986;
Goldman 1944; MaNIS

U.S. Bureau of
Biological Survey 1941
Hoffmeister 1986,
MaNIS
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Table F.1 Con’t. Historical wolf locations of Canis lupus baileyi in southern Arizona
from 1846 to 1963.
Year
1948

Location
Chiricahua, Baboquivari, and Santa
Rita Moutnains
Santa Catalina Mountains

County
Cochise,
Pima
Pima

1950

Canelo Hills, 10 miles west, 2 miles
south of Fort Huachuca
Redrock Canyon near Patagonia

Santa Cruz Collector: Earl Long; MSB 160127, MSB 160128

1950

near Canelo Hills, Sonoita

1951

Near Ruby

Hoffmeister 1986;
MaNIS
U.S. Bureau of
Cochise
Wolf killed near Canelo; mentions wolves entering in
from Mexico. Wolves reported on range by rancher near Biological Survey 1950
Santa Cruz Collector: George Peterson (61 lb. female)
Housholder 1968

1952

Santa Teresa Mountains

Graham

1952

Aravaipa Creek area

Pinal

1952

Pinalino Mountains

1953

Pinalino Mountains

1954

south of Ruby

1955
1955

Santa Catalina Mountains
South of Gu Vo on the Tohono
O'odham Nation (Ajo Range Mtns)

1956

Baboquivari Mountains

1949
1950

Details and/or Specimen Information
Wolves were reported along the Mexican border,
ranging in the Chiricahua mtns. One wolf trapped in
Wolves were reported ranging in Patagonia district.
Game and Fish hunter reported taking a wolf in July in
Santa Cruz the Santa Catalinas (taken by coyote-getter).

Sign was found in Santa Teresa Mountains.

A lone female wolf appeared at the Deer Creek Ranch in
the Galiuros. A PARC hunter trapped the wolf at Charles
Prude ranch in Galiuro Mountains.
Graham
Collector: George E. Long (large male estimated to be 50
lbs.)
One wolf trapped by private trapper in Graham [Pinalino
Mountains]
Santa Cruz Report of a wolf or two entered AZ from Mexico but
quickly returned to their habitat in that country. Report
of wolves raising a family this year a few miles below
border, south of Ruby AZ.
Pima
Report of a wolf seen carrying port of a deer.
Pima
Housholder reports Harvey Days hearing a single wolf
howl while camped out in the Ajo Mountains west of the
Babaquirari Mountains in southwest Arizona.
Pima
Fieldman assigned to Papago Rez to place 1080 stn for
control of coyotes saw recent wolf sign. Tribal member
stated that a family of wolves raised a few miles below
Mexican border were making regular trips onto Rez and
were taking heavy toll on cattle (near SW corner of Rez
in desert country). In spring, wolf visited and fed on 1080
stn in Santa Cruz Co; no further wolf sign was noted.
Agent Harvey C. Day heard wolf howl in SW corner of
Papago Rez. Tribal members stated wolves were killing
stock in that community. Game Ranger stationed in
Nogals reported seing a wolf feeding on a calf on "Old
Rubel Ranch" in Arivaca Country NW of Nogales.

Reference(s)
U.S. Bureau of
Biological Survey 1948
U.S. Bureau of
Biological Survey 1949;
Lange
1960 1986
Hoffmeister

U.S. Bureau of
Biological Survey 1952
U.S. Bureau of
Biological Survey 1952;
Hadley 1991
Housholder 1968
U.S. Bureau of
Biological Survey 1953
U.S. Bureau of
Biological Survey 1954

Lange 1960
Housholder 1968

U.S. Bureau of
Biological Survey 1956
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Table F.1 Con’t. Historical wolf locations of Canis lupus baileyi in southern Arizona
from 1846 to 1963.
Year
1956

Location
Catalina Mountains

County
Pima

Details and/or Specimen Information
Everett M. Mercer reported seeing tracks of a large wolf
in the Catalinas and another report of a pair a camp
wolf killed a deer on Dubois Ranch in Winchester Mtns in
Graham Co. during Oct (cowboy saw wolf). A wolf kiled a
deer
on the
Dee1Jernigan
ranch
Graham Mtns.
Santa Cruz 2
wolves
taken;
near Elgin
andsouth
1 nearofRedington.
Skulls
and Pinal were retained but no hide because of heat (taken in
Pima
Large male wolf was captured unharmed on the Bob
Kane Ranch in Peck Canyon and given to the AZ-Son
Pima
1 few miles NE of Nogales; Mexican ranchers increasing
use of strychine resulting in no wolf problems in AZ
Pima
Red Rock Canyon, on the Vaca Ranch few miles north of
AZ/NM border
Pinal
Three wolves taken in Pinal County, no location data
reported.

1957

Winchester, Pinalino, and Mule
Mountains

1958

Elgin and Redington

1959

Peck Canyon near Rio Rico

1960

northeast of Nogales

1961

Red Rock Canyon

1963

Pinal County

no date

Tanks

no date
no date
no date

15 miles west of Patagonia
Pima
Santa Rita Moutains
Pima
Quail Check Station, Willow Springs, Pinal
Falcon Valley

Graham

Collector: Rothrock; USNM A15278 (Wayne examined)

Collector: E. Mearns and H. Brown; USNM 58860
Collector: M.R. Jennings, CAS 23157

Reference(s)
Lange 1960
U.S. Bureau of
Biological Survey 1957
U.S. Bureau of
Biological Survey 1958
U.S. Bureau of
Biological Survey 1959
U.S. Bureau of
Biological Survey 1960
U.S. Bureau of
Biological Survey 1961
U.S. Bureau of
Biological Survey 1963
Hoffmeister, 1986;
Goldman 1944; Leonard
et al. 2005
Goldman 1944
MaNIS
MaNIS
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Table F.2. Historical wolf locations from central to northern Arizona from 1853 to 1963.
Year
1853

Location
Hell Canyon, a tributary of the
Verde River

1854

Big Sandy Creek

1854

Big Chino Wash near Ash Fork

Coconino Observed a large gray wolf crossing along the edge of Möllhausen 1858
the ravine, keeping out of the reach of the rifles.

1856

From Pueblo of Zuni to the Little
Colorado River

Apache

1858

near the mouth of Chevelon
Creek

Coconino

1863

5 miles south of Prescott

Coconino

1865

Fort Whipple, near Prescott

Coconino

18711872
1878

Coconino

1907

House Rock Spring (near ArizonaUtah border)
Camp Apache (Fort Apache, near
Whiteriver)
Escudilla Mtn, 10 miles E of
Springerville
Grand Canyon

1907

Prescott National Forest

1912

Escudilla Mtn

1913
1914

Kendrick Peaks, San Francisco
Mtns
San Carlos Indian Reservation

Graham

1914

Escudilla Mtn

Apache

circa1914

Kaibab National Forest

Coconino Report of a Forest Service hunter's catch which
Brown 1983:125
includes a large, light colored wolf and several coyote
skins.

1916

Heber

Navajo

1916

Apache Maid Mountains, south of Coconino Giles Goswick killed a pack consisting of 14 wolves (6 Housholder 1968
Stone Lake
adults and 8 juveniles)

1904

County
Details and/or Specimen Information
Coconino Reported wolves as being abundant (Davis 1982:91);
Very common throughout the Indian Territory
(Oklahoma), Texas, and NM (Davis 1982:94)
Mohave Reported wolves (coyotes and lobos) as numerous.

Report hearing howls of the larger species [wolf] in
the distance. Stated that wolves were less numerous
than coyotes and preferred wooded regions and
depends on deer.
Observed one pack of wolves came close to camp,
started howling. Möllhausen reported wolves lurking
during his passage through pine forests.
Propectors observed a large pack of wolves on a creek
(the stream now called Wolf Creek). Conner reported
shooting a wolf in a burshy hollow just to the west of
Prescott.
Reported that wolves were common around Fort
Whipple (near Prescott).
Reported hearing wolves and killing one.

Apache

Reported that coyotes were abundant and that gray
woves and foxes are often seen.
Apache
Collector: V. Bailey; USNM 157626 (male), USNM
157627
Coconino Four wolves were reportedly taken in the Grand
Canyon National Forest
Yavapai
Stated that 11 wolves were taken on the Prescott
National Forest from bounty records paid at $20 each.
Apache
Collector: J.Gutherie; USNM 203521, 230522
Coconino Collector: E. Goldman, USNM 202405
According to E.A. Goldman's notes in 1915, ranchers
around the San Carlos Indian Reservation observed a
pack of 16 wolves were seen on H.J. Ramer's cattle
ranch in the northwest corner of the reservation in
1914.
Collector Unknown; USNM 205745 (female)

Collector: B. Burnam; USNM 224173 (female)

Reference(s)
Sitgreaves 1853

Whipple 1941

Kennerly 1856

Möllhausen 1858

Conner 1956

Coues 1867
Dellenbaugh 1908
Hinton 1878
Hoffmeister 1986; Bogan and
Mehlhop 1983; MaNIS
Hoffmeister 1986
Hoffmeister 1986
Hoffmeister 1986; Bogan and
Mehlhop 1983;MaNIS
Goldman 1944; Hoffmeister
1986; Bogan and Mehlhop
Hoffmeister 1986

Goldman 1944; Hoffmeister
1986; Bogan and Mehlhop
1983; MaNIS

Goldman 1944; Hoffmeister
1986
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Table F.2 Con’t. Historical wolf locations from central to northern Arizona from 1853 to
1963.

Year
1916

Location
Cibicue

County
Gila

Details and/or Specimen Information
Collector: C. Smith; USNM 224470

Reference(s)
Goldman 1944; Bogan and
Mehlhop 1983; MaNIS

1916

Clifton

Navajo

Collector: O. Banta; USNM 224174 (male), USNM
224175 (male)

Goldman 1944; Bogan and
Mehlhop 1983; MaNIS

1916

60 mi north of Clifton

Greenlee NM 251527

1918

south of Springerville (Cooney
tank)

1921

Truxton Canyon

Mohave

A wolf taken in the vicinity of Truxton Canyon in north Young and Goldman 1944
west Arizona (photo).

1922

Vicinities of Neson, Valentine,
Pinedale

Yavapai
and Gila

U.S. Bureau of Biological
Survey 1922

1923

Aguila

Maricopa

1923

Near Flagstaff

Coconino

1925
1927

Along the Mogollon Rim between Gila
Clear Creek and Fort Apache
Honeymoon near Eagle Creek
Greenlee

1931

Clifton

Greenlee

One large wolf was killed near Nelson; 6 wolves were
killed on Wright Creek range near Valentine; 1 large
male was taken in Vicinty of Pinedale; estimated that
25-30 remain in state
Collector: C. Gilham; USNM 289997 (skull), in MaNIS
data base under C l. baileyi NMNH 347467 (skin)
Reported that Bill Casto killed "a large male Buffalo
wolf" near Barney Pasture, located close to Flagstaff
Musgrave stated that only 6 wolves were left at the
end of last fiscal year. Reported that a wolf was
Reported that 2 wolves were caught on the Double
Circle Ranch and 2 wolves reported on the north side
1 wolf taken near Clifton.

1931

Black River

Gila

1935

Double Circle Ranch, North of
Clifton

Greenlee

1938

6 miles east of Williams

Coconino

1939

Near Williams

Coconino

1940

Fort Apache Indian Reservation

Gila

Householder 1945

1941

Green's Peak

Apache

1942

40 miles southwest of Winslow

Navajo

1945

San Carlos Indian Reservation

Graham

Publication has a photo showing James and Jack
Brooks holding a six foot long skin of "Great Plains
wolf" taken by Bill Ramsell in northern Arizona.
One wolf trapped in July near Green's Peak in Apache
Co. "The area where this animal was taken was wolf
country when wolves were plentiful in the State."
During August, a young (male, ~2yrs old) lobo wolf
was taken by a Service hunter in a trap for coyotes at
a point
known
aboutIndian
40 miles
SW of
One
wolf
takenasonLimestone,
the San Carlos
Reservation

1946

San Carlos Indian Reservation

Graham

Collector: J. Ritchie USNM 231308 (female), USNM
231309 (male), USNM 231310 (male)

Hoffmeister 1986
Goldman 1944; MaNIS

Goldman 1944; Hoffmeister
1986; Bogan and Mehlhop
Householder 1945

U.S. Bureau of Biological
Survey 1925
U.S. Bureau of Biological
Survey 1927
U.S. Bureau of Biological
Survey 1931
One wolf was taken in the Black River.
U.S. Bureau of Biological
Survey 1931
Collector: R. R. Miller, USNM 251527 (male)
Hoffmeister 1986; U.S.
Bureau of Biological Survey
1935
Collector: Vorhies; UA # 593 (male) referenced as C. l. Bogan and Mehlhop 1983;
nubilus
University of Arizona
One wolf taken in Yavapai Co, and another near
U.S. Bureau of Biological
Williams in Coconino.
Survey 1939

U.S. Bureau of Biological
Survey 1941
U.S. Bureau of Biological
Survey 1942

U.S. Bureau of Biological
Survey 1945
Two wolves were captured by a hunter working on the U.S. Bureau of Biological
San Carlos Indian Reservation
Survey 1946
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Table F.2 Con’t. Historical wolf locations from central to northern Arizona from 1853 to
1963.

Year
1947

Location
San Carlos Indian Reservation

County
Graham

Details and/or Specimen Information
One or two wolves are known to be ranging on the
FAIR and SCAR. "On one occasion, a single wolf barely
missed
stepping
in a trap
set286750
near Point
of Pines on
Collector
C. Margum;
USNM
(male)

1952

southwest of Concho, Leverton
Ranch

Apache

1955

northwest of Williams

Coconino Wolf reported in Cataract Canyon northwest of
Williams

Hoffmeister 1986; Bogan and
Mehlhop 1983; Householder
1968;
U.S. Bureau
of
U.S. Bureau
of Biological
Survey 1955

1960

Grasshoper, near Cibicue on the Gila
Fort Apache Indian Reservation

1960

Kendrick Mountains

Coconino Wolves reported in Kendrick Mountains

U.S. Bureau of Biological
Survey 1960

1963

Mojave County

Mohave

No location reported

U.S. Bureau of Biological
Survey 1963

Apache

Collector: L. Hathaway; MSB 64950

MaNIS

no date Navajo Nation, Window Rock

Collector: R. Culbreath

Reference(s)
U.S. Bureau of Biological
Survey 1947

U.S. Bureau of Biological
Survey 1960; Brown 1983
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Figure F.1. Map showing historical wolf locations in Arizona from 1853 to 1963.
Yellow dotes indicate records from C. l. mogollonensis or C. l. youngi and red dots
indicate records from C. l.baileyi.
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Table F.3. Numbers of wolves, coyotes, mountain lions, bears, bobcats, and jaguars
destroyed and PARC annual expenditures from 1917 to 1964 in Arizona.
Year
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1957
1958
1959
1960
1961
1962
1963
1964
TOTAL

Wolves*
13
27
32
64
37
58
37
29
31
18
16
5
3
4
16
4
3
8
5
15
9
8
6
1
8
5
5
5
4
3
12
1
0
2
2
1
0
0
0
2
0
2
1
1
3
0
506

Coyotes
200
478
1584
926
1103
1276
1132
833
799
1089
1056
1105
369
1347
2411
2520
2231
3103
3733
3589
2307
3574
4402
5389
4738
4357
6390
6080
6647
5340
3109
2988
2113
1563
1008
769
1438
1416
2125
2490
2311
2074
2872
3628
3470
4119
117601

Pumas
14
20
42
79
49
59
77
77
127
95
112
108
75
174
86
80
68
129
94
79
55
63
78
54
66
71
73
60
35
46
21
5
25
9
18
11
19
3
27
26
32
24
42
25
29
47
2608

Bears**
5
2
4
6
10
20
18
23
16
10
8
9
0
0
2
2
6
10
12
16
1
10
24
22
7
34
26
17
68
104
74
99
97
59
113
125
61
42
20
47
20
20
13
14
7
24
1327

Bobcats
41
70
415
149
62
117
125
139
195
181
214
293
82
368
852
504
482
607
585
490
375
568
875
868
979
663
1010
823
489
356
194
306
353
312
337
282
307
315
510
796
286
292
411
740
678
701
19797

Jaguars
1
1
1
1
0
1
0
1
0
1
0
1
1
0
1
1
1
0
0
0
0
2
0
0
0
0
0
0
0
1
1
1
0
0
0
0
0
0
1
0
0
0
1
0
1
1
21

Yearly Expenditures
$ 4,009.00
$ 3,320.00
$ 12,576.00
$ 15,617.00
$ 12,771.00
$ 13,422.00
$ 15,458.00
$ 15,611.00
$ 15,393.00
$ 16,115.00
$ 16,876.00
$ 19,631.00
$ 12,606.00
$ 17,848.00
$ 27,804.00
$ 35,063.00
$ 20,598.00
$ 29,683.00
$ 33,796.00
$ 30,275.00
$ 27,659.00
$ 30,385.00
$ 33,577.00
$ 37,177.00
$ 41,165.00
$ 41,515.00
$ 49,752.00
$ 60,894.00
$ 71,292.00
$ 80,253.00
$ 68,262.00
$ 70,143.00
$ 83,115.00
$ 77,314.00
$ 78,710.00
$ 70,894.00
$ 89,653.00
$ 85,421.00
$141,123.00
$154,230.00
$142,202.00
$160,037.00
$192,070.00
$200,483.00
$218,023.00
$219,777.00
$ 2,893,598.00
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Table F.4. The number of wolves destroyed based on PARC records in Arizona from
1917 to 1964 and a hypothetical wolf population of 240 beginning in 1916 based with an
average of 8% catch per unit effort each year based upon PARC expenditures.
YEAR
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1957
1958
1959
1960
1961
1962
1963
1964

Wolves
Destroyed
13
27
32
64
37
58
37
29
31
18
16
5
3
4
16
4
3
8
5
15
9
8
6
1
8
5
5
5
4
3
12
1
0
2
2
1
0
0
0
2
0
2
1
1
3
0
Total = 506

Hypothetical Numbers
Wolves
240
221
203
187
172
158
146
134
123
113
104
96
88
81
75
69
63
58
54
49
45
42
38
35
32
30
27
25
23
21
20
18
17
15
14
13
12
11
10
9
9
8
7
7
6
6
5

Yearly Expenditures

Unit Effort

$4,009.00
$3,320.00
$12,576.00
$15,617.00
$12,771.00
$13,422.00
$15,458.00
$15,611.00
$15,393.00
$16,115.00
$16,876.00
$19,631.00
$12,606.00
$17,848.00
$27,804.00
$35,063.00
$20,598.00
$29,683.00
$33,796.00
$30,275.00
$27,659.00
$30,385.00
$33,577.00
$37,177.00
$41,165.00
$41,515.00
$49,752.00
$60,894.00
$71,292.00
$80,253.00
$68,262.00
$70,143.00
$83,115.00
$77,314.00
$78,710.00
$70,894.00
$89,653.00
$85,421.00
$141,123.00
$154,230.00
$142,202.00
$160,037.00
$192,070.00
$200,483.00
$218,023.00
$219,777.00
Total = $2,893,598.00

32%
81%
25%
41%
29%
43%
24%
19%
20%
11%
9%
3%
2%
2%
6%
1%
1%
3%
1%
5%
3%
3%
2%
0%
2%
1%
1%
1%
1%
0%
2%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
Mean = 8%

19
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1957
1958
1959
1960
1961
1962
1963
64

WOLF
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Figure F.2. Graphs showing the numbers of wolves, coyotes, bear, bobcat and puma

destroyed from 1917 to 1964.
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COYOTE
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