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Chapter 1: Introduction
Once a major apex carnivore from 20°- 74° N latitude around the world, the gray wolf
(Canis lupus) has been extirpated from much of its range (Decker et al. 2012). When Europeans
arrived in America, a “command and control” worldview of the environment and its ecosystems
was a prevalent approach to land management in western cultures (Young and Goldman 1944;
Boitani 1995). Since the early 1920’s, gray wolf extirpation throughout much of their natural
range in the Western US was due in part to the growth of the livestock industry (but also
previously the fur trade; Mech and Boitani 2010, Wiles et al. 2011). Due to historical
management practices of gray wolves can be classified as threatened or endangered depending
on their geographic location because the species was once fairly common and now their
populations have declined and are scarce (Decker et al. 2012). From a human dimension’s
perspective gray wolf populations outside the Northern Rocky Mountain (NRM) management
area are too small to currently meet the needs and interests of all stakeholders (Decker et al.
2012).
The gray wolf was one of the first species ever listed under the federal Endangered
Species Act (ESA) and has been formally listed since 1973. They are also the most polarizing
species listed under the ESA. State and federal officials and the general public have been
working to restore these animals to part of their historic range in the Pacific Northwest from the
Washington-Canadian border to just below 42° N Latitude (Oregon-California border; Mech and
Boitani 2010). Even before the 1995 experimental reintroductions in central Idaho and
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Yellowstone, gray wolves have been slowly dispersing into Washington, Oregon, and California
from the southern portions of Alberta and British Columbia (Wiles et al. 2011).
Gray wolves are wide-ranging keystone predators with high metabolic demands, making
contemporary reintroduction and conflict mitigation on the West Coast challenging. To meet
basic metabolic needs a single gray wolf requires a minimum area of 30 mi2 containing suitable
habitat, abundant prey and limited human contact, which was generally believed to confine them
to wilderness areas and national parks (Mech and Boitani 2010). However recent studies have
shown that gray wolves will use complex topography and unoccupied suitable habitat within
close proximity to human presence if adequate dispersal corridors and limited human-caused
mortality conditions exist, but the drivers behind these findings are complex and poorly studied
(Grilo et al. 2019). An average adult wolf’s basal metabolic rate (BMR) is 158.8 ± 17.9 kJ/hr
under neutral stress and ideal temperature conditions (Okarma and Koteja 1987). Field Metabolic
Rate (FMR) is the total energy required to meet BMR plus all other anaerobic and aerobic needs.
Looking at FMR to BMR ratios for other mammalian species confirms that wolves have to work
harder for their daily energy consumption needs than many other mammals (Mech and Boitani
2010). These physiological demands shed light on the amount of pressure on wildlife managers
to sustain an adequate ungulate prey base while simultaneously meeting the dynamic needs
between the general public (local, national, and non-governmental organizations stakeholders)
and gray wolves (e.g., reduce gray wolf populations’ dependence on livestock; Grilo et al. 2019).
Social structure plays a pivotal role in shaping wolf behavior and pack composition.
Packs usually consist of a breeding pair, their offspring and sometimes other unrelated adults
with average totals of 1-11 individuals per pack with documented pack outliers reaching 42
individuals (Mech and Boitani 2010). Breeding adults typically have one litter (rarely two) a year
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consisting of 5-6 pups/ litter, with slow development (Mech and Boitani 2010). Gray wolves
disperse from their natal home range at anywhere from five months to three years of age, with a
few documented outliers (Gese and Mech 1991; Mech and Boitani 2010; Wallach et al. 2015).
Social structure, mating opportunities, and prey abundance play key roles in the timing of
offspring dispersal (Mech 2015, 2017). Dispersal behavior is similar between both sexes and is
highly dependent on the social structure of packs and the metabolic or reproductive needs of the
individual (Pulliainen 1965; Peterson et al. 1984; Wabakken et al. 2001; Mech and Boitani
2010). Dispersal distances are highly variable, and dependent on demography, with younger
wolves dispersing farther than their older counterparts (Wydeven 1995). Infanticide regularly
occurs and results from dispersal conflicts between conspecifics of rival packs through territory
raids. Gray wolves are still highly productive organisms primarily because of their dispersal and
colonization behaviors (Mech and Boitani 2010; Smith et al. 2015; Wallach et al. 2015). Disease,
intraspecific and interspecific competition are also natural factors regulating dispersal (Thorne
and Herrigs 1992; Vucetich et al. 1997; Mech and Boitani 2010; Wild et al. 2011).
Lethal management is widely practiced and will be discussed in length. Federal and state
provisions of gray wolf management legislation often lead to polarizing societal and stakeholder
conflict (Olson et al. 2015). A gray wolf’s nomadic and generalistic behaviors frequently
exposes it to differing political jurisdictions and results in differing levels of Wildlife
Stakeholder Acceptance Capacities (WSAC) (i.e., federally listed vs. federally delisted
geographic areas, state vs. federal jurisdiction, Native American reservations, private, and public
land; Decker et al. 2012; Dallimer and Strange 2015). Lethal management techniques are often
used as a last resort in an attempt to deter conflicts and increase rural agricultural stakeholders’
tolerance of recovering wolves in Washington and Oregon. The state of California however
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decided try a different approach and add more of an emphasis on non-lethal management
coexistence strategies for the initial phases of the management plan (Kovacs et al. 2016). There
is little scientific evidence showing that legal culling (whether as part of the state management
policy or locally permitted by the US Fish and Wildlife Service, USFWS) of gray wolves in
Michigan and Wisconsin promotes public tolerance (Olson et al. 2015; Chapron et al. 2016;
Epstein 2017) or that lethal management of wolves in the Rocky Mountain region is a viable
substitute for “natural population size regulation” (Creel and Rotella 2010). In Idaho, Montana,
and Wyoming, it is over 99% more likely that livestock will die from causes such as respiratory
or digestive diseases, birthing issues, theft, vehicle collision, domestic dog attacks, and weatherrelated mortality caused by fire, lightning, or snow. Livestock depredation risks from all
predators combined is less than 1% in these three states (Keefover 2012). However, costs are not
evenly distributed amongst livestock managers and have tremendous financial impacts on
smaller agricultural operations.
If poor ethical governance, a lax of protections, lack of transparency of the scientific data,
and poor local assurances and incentives for private landowners exist, then the potential exists
for negative local stakeholder and gray wolf interactions in Washington, Oregon, and Northern
California (i.e., Wisconsin and Michigan; Olson et al. 2015; Chapron and Treves 2016; Epstein
2017; Langpap et al. 2018). To be successful in future wildlife management strategies more
empowerment should be given to the local and state jurisdictions and NGOs of gray wolves
(Olson et al. 2015). NGOs are primarily the groups that file lawsuits against delisting and
reclassification statuses of the gray wolf, but also rarely have personal knowledge or experience
with livestock production. By including NGOs and third-party county advisory boards, common
ground and trust between various stakeholders can be reached (Dickie 2018; Olson et al. 2015).
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The polarizing nature of wolf management might require some investment of resources towards
further understanding local values, beliefs, and attitudes for management direction and
purpose/goals (i.e., group identities; Decker et al. 2012).
If gray wolves are going to be recovered to part of their former ranges in Northern
California, western Washington and Oregon, then full support and cooperation from agricultural
landowners, NGOs, other members of the public, and state and federal agencies will be needed.
Local empowerment, quantitative and qualitative stakeholder information, effective
communication, cost, and responsibility sharing are necessary components in successful
partnerships and effective at minimizing social distrust (Lesmerises and Dussault 2012;
Woodroffe and Redpath 2015). Diverse stakeholder communities performing multiple land uses
across a spatial scale will have to work together simultaneously towards agreed upon suitable
habitat restoration (specifically the protection and maintenance of dispersal routes, certain land
cover types, and an adequate prey base), management goals, and put social differences aside
(Messler 2015; Figures 1.1-1.3). This literature review will focus on the major challenges for
gray wolf recovery in Washington, Oregon, and California.
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Figure 1.1: Results of a land use survey conducted in Washington, Oregon, and
California by the University of Maryland (Mesler 2015).
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Figure 1.2: Depicts the path of least resistance for gray wolf recolonization of western
Washington and Oregon with potentially some small areas in northern California (Mesler 2015).
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Figure 1.3: Depicts the MAXENT geographic model areas where pack(s) of gray wolves
highly preferred habitat based on land cover type, ungulate density index, and anthropogenic
impact is represented by the colors red and orange, while the color green is the least desirable
habitat (Mesler 2015).
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Chapter 2: Methods:
I reviewed 92 total journal articles, management plans, dissertations, state and
government agency websites, and books, including keyword searches in Google Scholar,
EBSCO Host, Oregon State University 1Search, and Web of Science yielded 86 promising peerreviewed sources (See Supplemental Material). I used the book, “Wolves, Behavior, Ecology,
and Conservation” to find ten of the 86 peer-reviewed studies through keyword searches with the
find tool (see Supplemental Material). Personal biases were consciously and continually
evaluated when selecting contemporary and historical information for inclusion in this paper.
The objective of the search criteria was to provide full picture of gray wolf recovery science and
to give the reader the best available information to form their own opinion on the matter.
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Chapter 3: Study Area:

Washington
In 1821, the ecology of the Pacific Northwest would change forever with the expansion
of the Hudson Bay Company. Fur monopolies, like the Hudson’s Bay Company and North West
Company started offering Oregon and Washington territory inhabitants three dollars per wolf
pelt in 1843 and by 1900, fifteen dollars per pelt (Wiles et al. 2011). From 1821-1859 an average
of 390 wolves were taken per year resulting in a total of 14,810 gray wolf pelts being harvested
and traded, with many individuals having origins outside of Washington (Wiles et al. 2011;
Figure 3.1).

Figure 3.1: Locations four fur trading hubs operating in Washington from 1827-1860,
where wolves “remained common” until 1900 (Wiles et al. 2011).
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After wolf numbers plummeted to below-profitable levels for the pelt market, their numbers
were further reduced as they became the competition to a growing and profitable industry,
agriculture. On the Olympic Peninsula in 1910, there were 115 estimated wolves; by 1930 gray
wolves were believed to have been eradicated from the area (Wiles et al. 2011). The United
States Forest Service (USFS) estimated that by 1939 the federally sponsored bounty system
(trapping, shooting, but mostly poisoning) conducted by the US Bureau of Biological Survey
(now the USFWS) and the National Park Service reduced the number of wolves left in the
National Forest lands within the state of Washington to approximately 10 individuals (Young
and Goldman 1944). Although many accounts of gray wolf sightings in northeastern Washington
surfaced in the 1990’s to early 2000’s, the state did not confirm a resident breeding pack in
Okanogan County until 2008 (Wiles et al. 2011).
Currently only the eastern portions of Washington and Oregon have state recovery plans
and provisions that address gray wolves dispersing from experimental populations in Idaho
(Wiles et al. 2011). To better track gray wolf recolonization progress and adapt to local
differences in management needs, Washington was split into three management zones. Wolf
recovery in the western two-thirds, including the North and the South Cascades and the
Northwest Coast, is regulated by the ESA (listed federally and by the state). Wolves in the
eastern zone, which has a majority of the state’s packs, were federally delisted in 2009 and are
protected only by the state’s ESA (WAC 232-12-014; Wiles et al. 2011; Figure 3.2). The
reasoning behind this management structure is that the eastern portion of Washington was
originally excluded from the 1987 Northern Rocky Mountain recovery plan, but added in 2007 to
account for gray wolves dispersing from populations in Yellowstone and central Idaho. The
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western two-thirds of Washington and Oregon have yet to be jurisdictionally defined in the NRM
recovery plan allowing the USFWS to be flexible with a future possible Distinct Population
Segment (DPS) (Wiles et al. 2011).
There is no hunting season for gray wolves in Washington. Lethal take by members of
the public requires a federal permit and compliance with all the regulatory conditions (WAC
220-440-060; Wiles et al. 2011). Take is only permitted if there is an, “immediate threat to
human safety”, or evidence that livestock owners have implemented at least two non-lethal
alternatives, and three documented depredation events in 30 days or four events in ten months
(WDFW et al. 2019). The Confederated Tribes of Colville and other tribes in Washington State
have the autonomy to govern their tribal lands, and an exemption to create their own
management programs for wolves once federally delisted (Wiles et al. 2011). Tribal lands are
issued exemption permits and small quotas for religious ceremonies by the USFWS, with tribal
members performing the hunting and trapping (CCTFWD, 2017).
Today there are a minimum of 126 wolves in Washington within 27 different packs, and
15 breeding pairs that are disproportionately distributed around the state (Figure 3.2, 3.3, and
Table 3.1). Five of the 27 packs present in 2018 were involved in more than one livestock
mortality (WDFW et al. 2019). According to the Washington Department of Fish and Wildlife
(WDFW), from 2007-2018 there were 13 confirmed cattle injuries and 27 mortalities caused by
gray wolves. Additionally, six confirmed injuries and 28 mortalities involved sheep (Figure 3.4;
WDFW et al., 2019). Livestock injuries and fatalities on federal lands are now financially
covered by the federal Farm Bill of 2018 which pays up to 90% of the animal’s value, while the
state provisions allow claimants to receive no more than $200 per sheep, $1,500 per head of
cattle, and $1,500 per horse up to $10,000 per claim (Wiles et al. 2011). Appropriations are made
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after the WDFW performs a necroscopy and places the mortality event in one of the following
categories: confirmed wolf depredation, probable wolf depredation, confirmed non-wolf
depredation, unconfirmed depredation, non-depredation and unconfirmed cause of death (i.e.,
depredation events involve mortality or injury; Wiles et al. 2011). Payment is also dependent on
the acreage present with the owners of parcels larger than 100 acres receiving more
compensation for depredation events due to difficulties in surveying (Wiles et al. 2011). The
Washington management plan requires that state officials must use the best available
individualized assurances, incentives, tools, and technologies to prevent further lethal
management controversy.
Washington’s management plan is dynamic and highly adaptable and includes the ability
to regulate ungulate hunting seasons, use lethal or non-lethal methods to control wolves, or
reclassify gray wolves as a big game species (Wiles et al. 2011). Non-lethal wolf control
programs are relatively new in Washington and Oregon and require tremendous trust-building
between partners, (e.g., state or federal officials and landowners). Washington alone spent $1.21
million on non-lethal methods and the monitoring of its packs in 2018 including $257,421 for
cost sharing of non-lethal management strategies for livestock producers, and $705,409 for wolf
management and research activities (WDFW et al. 2019). Non-lethal management practices that
were implemented in Washington in 2018 included fladry and electrified fladry, Radio Activated
Guard (RAG) boxes, fox lights, range riders, deterrent removal and livestock guard dogs. The
most successful non-lethal techniques were range riders, attractant removal, and fladry,
respectively (WDFW et al. 2019). In 2018, there were 12 confirmed human induced mortalities
of gray wolves in Washington as a result from “four due to USFWS removal actions, six legal
harvest (religious exemptions), and two other human-caused mortalities still under investigation”
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(WDFW et al. 2019). Additional data is needed to determine if promising non-lethal tactics like
range riding can further reduce the need for lethal management in Washington (Eklund et al.
2017).
Another method of non-lethal management that is worthy of study is the development of
state county risk maps on grazing allotments, because of its trust building potential between
livestock stakeholders and wildlife management officials. Since 2008, 80% of confirmed
livestock depredations have occurred on grazing allotments in Washington with the costs not
evenly distributed among livestock managers (Hanley et al. 2018). In Montana, Idaho, and
Washington, 31% of the current wolf occupied areas occur on grazing allotments (Hanley et al.
2018). Greater than 95% of current and predicted suitable habitat for gray wolves overlaps active
USFS grazing allotments in Washington (Hanley et al. 2018). Livestock depredation risk is
highest when livestock owners release cattle on grazing allotments (generally unsupervised)
between May and October, which coincides with the denning and rearing of gray wolf offspring,
April through September (Hanley et al. 2018). Higher counts of cattle and local abundance of
gray wolves was associated with higher livestock depredation risk. By taking data from
confirmed livestock depredation attacks in Montana and Idaho and interpolating it throughout
known areas of >40% gray wolf habitat suitability in Washington a depredation risk map for
grazing allotment areas was developed with packs sizes of five and 10 respectively (Figure 3.5;
Hanley et al. 2018). The Northern Cascades and Eastern Washington management regions
consisted of ≥61% cattle depredation risk on grazing allotments, with Okanogan County having
depredation risk probabilities between intermediate (61–80%) and high (81–100%) (Hanley et al
2018; Figure 3.5). With this information the USFS can be more proactive with “retiring”,
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opening, and rotating to livestock to “safer” allotments before cattle are released for the grazing
season or by proactively applying other non-lethal tactics at finer scales.
Better understanding of local values, their orientation, unconscious desires, and the
subconscious motivations and justifications behind public and wildlife interactions can guide
state specific non-lethal management practices of gray wolves in Washington to better meet
future Washington state delisting standards outside of the NRM region (i.e.., WSAC; Decker et
al. 2012; Dallimer and Strange 2015). The Washington Wolf Advisory Group (WAG) is a step in
the right directions towards understanding these underlying WSACs. According to an
independent attitude survey conducted in 2014, approximately 64% of statewide residents
showed support for reintroduction, while 27% of residents opposed it, and 9% being unsure
(WDFW 2014)(Note the results could be different when looking at solely at northeast
Washington and public opinion may have changed since the most recent public survey). 65% of
statewide residents support lethal management as a management method of protecting livestock,
while 25% opposing and 10% being unsure (WDFW 2014). If gray wolves are federally delisted,
then 63% of residents would be okay with an established hunting season, while 28% being
opposed with 9% being unsure (WDFW 2014).
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Figure 3.2: The pack count in Washington as of March 2019. The three management
zones and their geographic boundaries are also drawn, USFWS manages the populations on the
western side of the state, while WDFW manages the eastern populations (WDFW et al. 2019).
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Washington

Minimum # Confirmed
Figure 3.3: Depicts the population trend of gray wolves in the state of Washington
(WDFW et al. 2019).

Table 3. 1: Population objectives for state delisting for Washington and its three
management zones (Wiles et al. 2011).
State Delisting Policy for Washington
Status

Endangered»Threatened

Threatened»State
Sensitive

State Sensitive»Delist

What has to
happen?

Six breeding pairs for three
sequential years with greater than
two mature breeding pairs per
management zone.

Twelve breeding pairs for
three sequential years with
more than four mature
breeding pairs per
management zone.

Fifteen breeding pairs for
three sequential years with
greater than four mature
breeding pairs per
management zone plus
three additional located
anywhere in the state.

*If 18 successful breeding pairs are present, with four successful breeding pairs in each region of the state, and 6 breeding
pairs anywhere in the state.
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Washington

# Confirmed Losses
Figure 3.4: Confirmed depredation events on cattle and sheep from 2007-2017 by gray
wolves in Washington (WDFW et al. 2019).
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Cattle Grazing Allotment Depredation Risk

Figure 3.5: Depicts the depredation probability risk on grazing allotments in
Washington’s three wolf management zones in regards to cattle abundance and wolf pack size of
5 (A.) and 10 wolves (B.) (Hanley et al. 2018).
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Oregon
Considering relatively recent state delisting milestones, Oregon has had the most success
of gray wolf recovery when compared to Washington and California. Much like the Hudson Bay
Company in Washington, the founding of Fort Astoria played a pivotal role in Oregon’s early
history. Economically important hubs like Portland, just upstream from Ft. Astoria effectively
allowed early settlers to “command and control” western Oregon and Washington ecosystems to
fit Euro-American agricultural practices and capitalistic desires (i.e., fur trade, agriculture, etc.).
In 1913, the Oregon State Game Commission (OSGC) offered $20 on top of the state’s $5
bounty per wolf (Oregon Department of Fish and Wildlife 2010). During the height of gray
extirpation in the early 1920’s strychnine poisoning was the most common form of lethal
management used on National Parks, National Forests, and areas within the contemporary NRM
management region as well as the rest of the state of Oregon (USFWS 1987). By 1946, the last
known wolf in Oregon was harvested in southwest Oregon in the Umpqua National Forest
(ODFW 2010). In 1999, for the first time in almost 60 years, three gray wolves, including a
radio collared female called B-45, were documented crossing into Oregon from the
experimentally introduced population in central Idaho (ODFW 2010).
Oregon’s early history parallels that of Washington. However, there are significant
differences in the current plans used to manage wolves in the two states that can viewed in the
delisting criteria (e.g., effective breeding pairs; refer to Table 3.1 and 3.2), division of the wolf
management zones, and post-federal delisting classification. The federal government owns
approximately half of all the land in Oregon and the remaining land is evenly split between State
and private ownership (ODFW 2010). Like Washington's Recovery plan, the Oregon Wolf
recovery plan includes a minimum effective population size and a three-phase delisting process
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(Figure 3.6; Table 3.2). After three successful years with ≥ 7 breeding pairs Phase III, a
biological review, was initiated in January 2015. On 2015-11-09, ODFW officially delisted gray
wolves from the state’s ESA (ODFW 2017). Gray wolves are listed under a special mammal
game species designation with controlled take only occurring at the ODFW Commission
discretion in the eastern management zone (i.e.., no hunting season unlike what has been
suggested in Washington; ODFW 2017). Federal protections west of US 395 still remain (Phase
I) for the western management zone. In accordance to this plan, a Wolf Advisory Committee
(WAC) was created to listen to, inform, and represent various stakeholders during every phase of
the state’s wolf recovery process.
Livestock depredation payment in the state has been controversial since the establishment
of The Oregon Department of Agriculture’s Wolf Depredation Compensation and Financial
Assistance County Block Grant Program (ODFW 2017). Oregon’s compensation program for
farmers provides four different categories for appropriations: direct depredation payment,
missing livestock payment, program implementation costs, and preventative measures (ODFW
2010). The state will pay the full market value of lost livestock if the loss is verifiable and/or
missing in confirmed wolf habitat (ODFW 2010; Dickie 2018). Localized county wolf
committees, established by the Oregon Department of Agriculture (ODA), evaluate claims prior
to submitting them to ODFW for grants (Dickie 2018). From 2017-2019, $678,223 has been set
aside for research for the Oregon wolf recovery program under the Pittman-Robertson Act, a
federal tax on sporting arms and ammo, which requires the state to match 25% (through a
combination of funds that include both state lottery and ODFW license dollars; ODFW 2019).
Since the program’s inception in 2012, there has been a dramatic spike in the number of missing
claims far surpassing confirmed claims compensation (Dickie 2018). In 2018, there was a 10%
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increase in the total gray wolf population to 137 individuals in Oregon (16 packs), and the
number of confirmed livestock depredation events increased from 17 to 28 (ODFW 2019; Figure
3.7 and 3.8). Since 2009, 76% of livestock depredation events have occurred on private land
(ODFW 2019). Seventy-four percent of these conflicts occurred in April, May, June, August,
September, and October (ODFW 2019). In 2018, ODA awarded $160,890 for livestock
depredation compensation, confirmation of missing animals, implementation of nonlethal
preventative measures, and administrative fees (ODFW 2019). From 2012- 2018 ~ $177,000
was spent between just three counties in missing livestock in close proximity to wolf activity
(Dickie 2018). The most successful non-lethal management methods were attractant removal
and a combination of electrified fladry, electromesh fencing, solar chargers, deterrent lighting,
and RAG boxes (ODFW 2019).
Since 2000, there have been 17 confirmed instances of illegal take and 16 instances of
lethal management used by the ODFW, six other human caused mortality (e.g. car accidents),
and four natural and unknown (Figure 3.9A and B; ODFW 2017; 2019). Recent statewide public
surveys conducted by Mason-Dixon Polling & Research (MDPR) concluded that the urban-rural
divide theory on environmental conservation policy is entirely a myth. Overall 63% of
Oregonians surveyed believe that despite risk of livestock depredations that recovering gray wolf
populations deserve legal protections while 32% opposed and 5% were unsure (MDPR 2018).
Forty-seven percent of rural Oregonians strongly supported legal protections throughout the state
while 36% strongly oppose with 17% being unsure. Sixty-two percent of Portland residents
strongly supported legal protections throughout the state while 18% strongly oppose with the
remaining 20% surveyed being unsure. Overall 70% of Oregonians don’t believe that wolf
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livestock depredation pose a significant enough of a risk to the cattle industry to warrant lethal
management, with 25% in disagreement and 5% being unsure (MDPR 2018).
In 2011, a major hurdle was cleared for project managers, when a male from the Imnaha
pack (OR-7), became the first gray wolf documented in the state of California since 1924. This
documentation is significant, because it emphasizes the importance of providing adequate
dispersal corridors and shows that gray wolves can adapt to a dynamic range of landscapes (e.g.
gray wolves are generalist carnivores). It only took the male a little under four months (119 days)
to go 1,200 miles averaging 15 miles/day straight-line distance (California Department of Fish
and Wildlife (CDFW) 2018). OR-7 made use of public ponderosa pine forests, mixed conifer
forests, lava flows, sagebrush shrublands, juniper woodlands and agricultural lands, confirming
dynamic dispersal routes usage in Mech et al. (1995) (e.g. human made highways and roads).
Later OR-7 would return to Oregon and start his own pack in southwest Oregon, now known as
the Rogue Pack (Kovacs et al. 2016). Progeny of OR-7 would later start the Lassen and Shasta
packs in Lassen and Shasta County, California (Kovacs et al. 2016). Gray wolves can live
anywhere where humans will tolerate them (Mech 2017).
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Figure 3.6: Illustrates the contemporary division of the management zones in eastern and
western OR and their current phase (ODFW 2010).

Figure 3.7: Counties, ranges, and distribution of the most recent confirmed minimum
pack counts of 2018 (ODFW 2019).
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Table 3. 2: A summary of the 3 Oregon state delisting phases and the instances of “take” (ODFW
2010).
Oregon State Delisting Plan
Phase I (Listed »Delisted)

Phase II (Delisted»Sustain)

Phase III (Sustain»Conserve)

Wolf Management Zone(s)
has a minimum four
breeding pairs for three
consecutive years

Wolf Management Zone(s) has a
minimum seven breeding pairs
for three consecutive years

Wolf Management Zone(s) has a
minimum seven breeding pairs for
three consecutive years.

*Lethal take, controlled by the ODFW is only allowed by the in three instances: When there is an
immediate threat to human safety, can only occur in the delisted east zone when the livestock is being
actively harassed by gray wolves, and when there is a chronic threat of livestock predation.
Oregon Livestock
Depredation

# Confirmed Losses

Figure 3.8: Summarizes the confirmed gray wolf depredation events in Oregon from
2009-2018 (ODFW 2019).

26

A)
Oregon

# Confirmed

B)

Figure 3.9: A) Depicts the minimum population of gray wolves vs confirmed human
mortality in Oregon from 2009- 2018. B) Confirmed causes of known wolf mortality from 20002018 (ODFW 2017; 2019).
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California
Not much is known about the historical abundance and distribution of wolves in
California, but it is thought that they were present throughout much of northern California until
the early 19th century (central valley, the western slope of the Sierra Nevada foothills and
mountains, and the Coast Ranges of California; Kovacs et al. 2016). There is no physical
evidence of wolves occurring historically in the areas now occupied by San Francisco or
Sacramento (Kovacs et al. 2016). Contemporary habitat models show that the three most likely
places to support gray wolf populations, would be: 1) the Klamath Mountains and portions of the
Northern California Coast Ranges; 2) the southern Cascades and portions of the Modoc Plateau
and Warner Mountains; and 3) the Sierra Nevada (Messler 2015). Tremendous research
opportunities exist if and when gray wolves start to return to the central and southern Sierras.
On 2014-06-04 the state listed gray wolves under the California Endangered Species Act
(CAESA). California is one of 42 states that have gray wolves federally listed under the ESA
throughout the entire state (Kovacs et al. 2016). Unlike Oregon and Washington there are no
state population recovery goals or habitat recovery zones (Kovacs et al. 2016). CDFW also
classifies gray wolves as non-game mammals statewide. At the moment, the state does not have
a compensation plan in place for mortally wounded, deceased, or missing livestock. The USFWS
provides Wolf Livestock Demonstration Project Grants, $900,000 total, in non-lethal
management tools and livestock depredation compensation (Kovacs et al. 2016). There also are
no delisting criteria at this time. Legal take is only allowed under permitted scientific and
wildlife management purposes under CDFW direction (because of a cooperative management
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agreement between CDFW and the USFWS) and can at no time compromise the sustainability or
conservation of this species (California Department of Fish and Game Code § 2081 a and c;
Kovacs et al. 2016). CDFW is in the process of collecting information about present threats of
modification or destruction to gray wolf habitat, overexploitation, predation competition, disease,
dispersal patterns, other natural occurrences, and anthropogenic influences on its populations.
Success of gray wolf recolonization will partially depend on CDFW’s ability to provide
an adequate ungulate prey base. Geographic Information System (GIS) spatial analysis mapping
of northern California has revealed the counties with the greatest potential of wolf habitat based
on forest cover, prey availability (elk and deer), current total gray wolf population trends, and
proximity to Oregon are: western Siskiyou and Shasta counties, northern and central Trinity
County, western Humboldt County, and parts of the Sierra Nevada’s northwestern foothills
despite contemporary habitat usage only occurring in Lassen and part of Plumas Counties
(Figures 3.10 and 3.11; Antonelli 2016). Since the 1970’s elk populations in California have
been increasing while deer populations are negatively trending (Kovacs et al. 2016). However,
California has far fewer elk than any of the western states with patchy distributions throughout
the state (Kovacs et al. 2016). Due to the recent instability of these ungulate populations, CDFW
is investing significant resources improving habitat quality that will benefit both wolves and
ungulates (as well as support human needs and interests e.g., outdoor recreation). Both BLM
(Bureau of Land Management) and USFS lands in California have the most potential for habitat
restoration, because of the “multiple use” policy adopted by both agencies (Figure 3.12; Kovacs
et al. 2016)
Quantitative and qualitative public opinion surveys have been conducted in northern
California to better understand the local attitudes, values, motivations, and needs of stakeholders
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(Decker et al. 2012). Respondents to the survey, Northern California livestock managers, were
also able to express concerns and their experiences of barriers towards implementation allowing
CDFW to better allocate management resources. Feasibility and scope of management
techniques and goals can be weighed before they are implemented through local outreach
organizations (e.g. NGOs, state and federal agencies, county committees, etc) to help guide gray
wolf politics and policy. The top three non-lethal livestock depredation prevention programs that
northern California livestock managers would most likely implement are attractant removal,
range riders, and changes in husbandry practices of livestock with attractant removal and range
riders being statistically significant (Friedman χ 2 (6)=135.06, p<0.0001; Antonelli 2016).
Periodic local stakeholder survey updates are needed to see if changing public attitudes might
have an effect on management direction, progress, and goals.
Proposed state recovery milestones, phase one specifically, as of June 2018 have been
promising with wolves documented reaching as far south as Nevada County in the Northern
Sierra Nevada and using habitat in northwestern Nevada (Table 3.3; CDFW 2018). Despite
California’s first confirmed human induced wolf mortality last December and now believed
dissolution of the Shasta Pack, the state’s wolf population is positively trending with a confirmed
minimum resident breeding pair and two yearlings with a possible 5 more unconfirmed pups in
the Lassen Pack (based on eyewitness accounts (CDFW 2018)). California is in a unique position
to better understand what gray wolf management techniques and factors play a role in
recolonization from previous successes and failures in Oregon and Washington. Like both
Washington and Oregon, California’s plan is dynamic in strategies of implementation through
multiple forms of media that appeal to all stakeholder needs and concerns. Future research of
recolonizing California gray wolves should be directed towards: improvement of ungulate
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populations (Figure 3.12, 3.13 A and B) better understanding of wolf, ungulate, livestock, and
other wildlife interactions, and finally human safety concerns (Kovacs et al. 2016).

Figure 3.10: Illustrates the counties in northern California with the highest habitat
favorability that overlap grazing lands based on input from the Defenders of Wildlife, proximity
to Oregon, and current areas of known wolf activity (Dark red being the highest favorability
Antonelli 2016).
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Figure 3.1 1: Illustrates the relative geographic area for credible evidence based sightings or
documentation of gray wolves in northern California counties (GPS collars using spatial data,
tracks, and trail camera images; CDFW 2019).
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Figure 3. 1 2: Shows the BLM and USFS grazing allotments in northern and central
California with a high concentration of allotments in Modoc and Shasta County.
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Figure 3.13:
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(Continued)

Depicts favorable gray wolf range in California based on whether elk A or B deer populations
are the primary prey at:
1km² locations that are: a) forested (or
within 2000 meters of forest); b) contained within
prey range; c) have human densities of 4 or
fewer people and are not within 2000 meters of
such dense areas; and d) have fewer than 3.5
kilometers of roads (Antonelli et al. 2016).
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Table 3. 3: Summarizes the criteria of proposed recovery phases that California has to achieve
for a healthy population (Kovacs et al. 2016).
California State Delisting Plan
Phase I

Phase II

Phase III

Four breeding pairs for two
consecutive years

Eight breeding pairs for two
consecutive years

≈150-190 individuals, with
the CDFW Commission
deciding on a long-term
solution
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Chapter 4: Results:

What can Other Regions and Studies Teach Us?
Many natural and unnatural factors contribute to a loss of valuable genetic diversity in
gray wolves. Inhibiting dispersal and colonization of suitable habitat has the potential to cause
inbreeding which can cause a loss of genetic diversity (known as inbreeding depression). Lethal
management can reduce the gene pool for gray wolves making them more susceptible as a group
to stochastic events. For example, genetic bottlenecks through lethal management can be
observed through Iberian wolves’ lack of dispersal and connectivity to other wolf populations in
Europe (e.g. populations in France and Italy) (Grilo et al 2019; Quevedo et al. 2019). Wolves can
also hybridize readily with both tame and wild dogs, and coyotes which can create viable hybrid
offspring that may or may not be genetically equipped for the ecosystem in question (Stronen
and Paquet 2013; Mech et al. 2017; vonHoldt et al. 2017). Lethal management could further
promote hybridization opportunities in small declining and fragmented populations which can
lead to a loss of genetic identity (Leonard et al 2014; Gómez‐Sánchez et al. 2018).
While there is much agreement within the scientific community about what happens
when wolves are taken away from an ecosystem, varying evidence exists about what happens
when they are reintroduced to their native lands which is also known as the reciprocity
hypothesis of restoration ecology (Mech and Boitani 2010; Alston et al. 2019). 2015 marked the
20-year anniversary of wolf reintroduction in Yellowstone National Park. Trophic cascades have
been a focal point of discussion since the 1995 park experimental reintroduction (Ripple et al.
2000 and 2001; Beschta and Ripple 2016). Many classify wolves as an ecological engineer due
to their management of ungulate populations in the Yellowstone ecosystem (Mech 2012; Smith
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et al. 2016). While gray wolves certainly affect ungulate populations, attributing all of the credit
to one species of predator or factor within Yellowstone would be naïve (Cusack et al 2018;
Alston et al. 2019; Oates et al. 2019). A study conducted by Wilmers and Schmitz (2016) has
shown the potential for wolves to increase or decrease the net ecosystem productivity based on
gray wolf-prey interactions through extrapolation estimates of boreal (Isle Royale; moose) and
grassland ecosystems (Yellowstone; elk). Gray wolf-elk interactions promote carbon
sequestering that could offset the carbon footprint of 6-20 million vehicles (Wilmers and
Schmitz 2016). This evidence is uncertain, because of the multitude of variables (e.g.,
differences in ungulate antipredatory behavior, other predators, changes in climate, stochastic
events, etc.; Wilmers and Schmitz 2016; Alston et al. 2019; Loveless 2019; Oates et al. 2019
Figures 4.1 and 4.2). A possible explanation as to why elk populations are increasing in
Yellowstone and the Gardiner Basin (Montana) would be favorable aerial surveying conditions
during the previous two years (Figure 4.1; Loveless 2019). More possible explanations according
to Doug Smith, the Senior Wildlife Biologist for the Yellowstone Wolf Restoration Project,
include wolf on wolf induced mortality, recent disease outbreaks, wolves hitting their park
carrying capacity, and wolves failing to distinguish between the boundaries of Yellowstone
National Park (2019 email interview; Figure 4.2). In conclusion, it is generally agreed upon that
gray wolves have partially restored biodiversity and supported niches for other species that have
been restored to YNP, especially the northern portion of the park (e.g., beavers; McLaren and
Peterson 1994, Ripple et al. 2014; Smith et al. 2016). Restoration of these ecosystem services
provided by wolves also have indirect effects on humans (Wallach et al. 2015; e.g. disease
dynamics, managing of mesopredators, crop herbivory, altered ungulate car accident dynamics,
etc.)
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As wolves continue to recover in areas of suitable habitat lethal management might be
used at local rural scales to settle recurring livestock depredation conflicts when non-lethal
management techniques have been exhausted. Information collected on breeding pairs in the
Alaska, Greece, the NRM, Scandinavia, and Wisconsin has shown that if lethal management is
going to be used it should be done when “pups are ≥6 months old and packs contain ≥6 members
(including ≥3 mature wolves”; Brainerd et al. 2008). Socially, “lone individuals and territorial
breeding pairs should be targeted to limit the social unrest within packs” (Brainerd et al. 2008).
Packs dissolved less frequently when the established breeding pair was present (26% of the time)
vs. when a loss of a breeding pair occurred (85% of the time; Brainerd et al. 2008). Lethal
management is not as simple as culling the “problematic gray wolf or pack” and each
management action should be weighed and evaluated before implementation. Non-lethal
management practices have the potential to be sustainable, create jobs in local communities, and
most importantly bring various stakeholders together. Revival of traditional husbandry
techniques with the investment of innovative non-lethal techniques has been promising in Europe
(Chapron et al. 2014). Surveys with agricultural managers in Idaho, Montana, and Wyoming
reveal the biggest social concerns of agricultural managers include, but are not limited to:
expense/cost efficiency, large pastures, temporary fixes, required expertise, funding, peer
pressure, local acceptance, lack of trust/relationships, social and psychological
resistance/worldviews, lack of knowledge of benefits, indirect effects on livestock, and proving
effectiveness of non-lethal management techniques (Cooke 2014; Drinkhouse 2018). If each
concern can be addressed and each stakeholder is ensured a seat at the discussion table, then
increased public cooperation and conservation progress might be more readily attainable.
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Yellowstone and Gardiner Basin

Minimum # Confirmed
Elk
Figure 4.1: Summarizes the population trends from 1989-2018 of elk in northern
Yellowstone National Park, and Hunting District (HD) 313 in south central Montana (Loveless
2019).
Yellowstone and Wind River Population

Minimum # Confirmed
Elk
Figure 4.2: Depicts the population trends of wolves based on minimum counts (Wyoming
Department of Fish and Game 2019).
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Chapter 5: Discussion:

Policy
The ESA was created to conserve and recover endangered, threatened, and at-risk species
as a result of:
economic growth and development untempered by adequate
concern and conservation”(16 USC § 1531). “Fish, wildlife, and
plants are of esthetic, ecological, educational, historical,
recreational, and scientific value to the nation and its people for the
benefit of all citizens. The Secretary shall give priority to
particularly those species that are, or may be, in conflict with
construction or other development projects or other forms of
economic activity;’ (16 USC § 1531, Sec. 2(3)(5) and 4(f)(1)(A)).

Gray wolves are thus public trust environmental assets that must be conserved and preserved for
the people and future generations (Treves et al. 2017b). Washington, Oregon, and California all
acknowledge responsibility of public trust doctrine (PTD) through the development and
implementation of gray wolf management plans. For PTDs to be successful they must be:
dynamic in meeting the environmental needs of current and future generations, promoting nonharmful alternative uses of scarce wildlife, transparent with the allocations of resources, and
using sound scientific data to support the methodology of management practices (Treves et al.
2017b). One of the biggest problems with conserving wolves are the mosaics in management
ideology, power structure, territory, law, ethics, and cultural values all vary between states
(Dallimer and Strange 2015; Treves et al 2017b).
‘Tolerance hunting’ of gray wolves in many states, post delisting under the ESA, has
shown no tremendous benefits and often times proven to be self-defeating in terms of
management and social acceptance (Bergstrom et al. 2014; Chapron and Treves 2016; Epstein et
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al. 2017; Treves et al. 2017b). Legal state regulated gray wolf game programs in Michigan and
Wisconsin have shown negative social consequences in regards to poaching and loss of value
(Hogberg et al. 2013; Chapron and Treves 2016). Proven incorrect overestimates of legal causes
of death and underrepresentation of poaching have the potential to undermine management
progress and further polarize stakeholders once protections are laxed (Treves et al. 2017b). The
management of large carnivores should be based on the best available science, however lack of
agreement within the scientific community on the effectiveness of management practices has led
subjective elements to dominate policy (e.g., ethics, opinions, or perceptions; van Eeden et al.
2018). Legislative mosaics and management inconsistencies have the ability to undermine
conservation and sustainability of an endangered species.
While the culling of gray wolves had small positive effects on Michigan depredation
rates on livestock from 1998-2014, it likely sends the now incomplete packs into dispersal
behaviors which can trigger conflict further down the road at another ranchers’ land (Bryan et al.
2015; Santiago-Avila et al. 2018). Results using similar livestock survival analyses in Idaho,
Montana, and Wyoming from 1989-2012 showed that lethal management was highly effective
and that only full pack culling worked best for entirely preventing depredations with a median
depredation recurrence of 730 days (Bradley et al. 2015). However full pack removal might not
be economically nor physically feasible in every situation. Partial pack removal was found to
only work if conducted within a week of the depredation occurrence with a median depredation
recurrence of 64 days (Bradley et al. 2015). No lethal action resulted in a median depredation
recurrence of 19 days (Bradley et al. 2015). Any attempt after 14 days was found to have no
effect on recurring depredation (Bradley et al. 2015). Selectively targeting problem individuals
or indiscriminately choosing other members of a pack were shown to both be effective in terms
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of lethal management (Bradley et al. 2015). DeCesare et al., 2018 found support for the culling
of gray wolves to reduce livestock depredations in the NRM, but only with rapid response
targeted removal being conducted by wildlife management professionals. These findings were
supported by Kompaniyet and Evans 2017, but were initially contradicted by Wielgus and
Peebles 2014 which found that lethal control increased livestock depredations the following year
in the NRM region. During the fall of 2014 alone in Idaho, it cost the state $114,000 to cull 31
wolves, which is $4,600 per individual (Shaw 2015). While Washington spent $119,500 to kill
just seven in 2016 (Mech 2017). Limited evidence exists of quantitative comparisons for the
effectiveness of both lethal and non-lethal management and most notably their experimental
controls (Treves et al. 2016; van Eeden et al. 2018). On average, it was found that if an effective
population member died it took two years for that individual gray wolf to be socially replaced in
that respective pack (Brainerd et al. 2008; Borg et al. 2014).
Perhaps the most controversial sections of the ESA, are sections 4(d) and 10(j), Special
Rules and Experimental Populations respectively. The definitions sections of the ESA (§ 1532),
includes a vague and very broad definition of the DPS, in an attempt to allow the DPS concept to
be dynamic and palatable to differing stakeholders. With no clear guidance of restoring and
sustaining an effective gray wolf population on private property from the federal government,
provisions located under sections 4(d) and 10(j) rules give the state autonomy to accomplish the
federal government’s wish of recovering, conserving, and sustaining while at the same time
tailoring to its own state’s cultural and societal values (with the “4(d) Rule” only applicable to
threatened species; Decker et al. 2012; USFWS 2014). DPSs are important, because they have
the potential to protect valuable genetic diversity according to geographic boundaries (USFWS
2014). More management flexibility exists for DPS classification with designation as either
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being essential or nonessential populations to the conservation of the species. For example,
Washington, Oregon, and California distinct subpopulations of coastal rainforest gray wolves
would be a great candidate for an essential DPS protection (if dispersal of gray wolves to the
West Coast occurs), because of genetic diversity implications for conservation management
(Hendricks et al. 2015; 2018).
The ESA has the ability to form bilateral or multilateral agreements and strongly
encourages partnerships between a dynamic range of stakeholders under § 1532 (b). Under
§1539(a)(2)(A)-(B) Habitat Conservation Plans (HCPs) are defined for private landowners to
mitigate hardships for both the landowner and conservation of scarce wildlife and are site
specific for conserving habitat (Langpap et al 2018). Legal lethal management may occur, if the
livestock manager obtains an Incidental Take Permit (ITP) from the USFWS (Langpap et al.
2018). Terms and conditions of HCPs are thus discussed and agreed upon between the Secretary
becoming a legally binding contract (Langpap et al. 2018). Another form of private landowner
and USFWS partnership is known as a Safe Harbor Agreement (SHA). A SHA is a voluntary
agreement between private landowner(s) and the USFWS that promote the recovery of a listed
species on private property (Langpap et al. 2018). As long as the private landowner honors the
conditions of the SHA, the federal government offers assurances that future additional changes to
the agreement will not occur without the landowner’s consent (Langpap et al. 2018). Similar to
an ITP, an Enhancement to Survival Permit (ESP) can be issued for any activity undertaken by
the private landowner that could involve the taking of the listed species. At the end of the
agreement, landowner(s) have the opportunity to opt out of the partnership with no repercussions
of returning their land to the baseline conditions before entering the agreement (Langpap et al.
2018). In conclusion, the management of scarce wildlife involves a constant process of
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identifying and evaluating stakeholder motivations, satisfactions, views on management
outcomes, and signs of local community capacity to participate in habitat restoration on private
property (i.e., monitoring WSAC; Decker et al. 2012).
The ESA is far from a perfect system and is interpreted through circuit and district court
rulings. For example, evidence exists for the systematically biased reporting of gray wolf
mortality rates from unrecovered marked and poached individuals (Treves et al 2017a).
However, the previous successes of the ESA preventing extinctions should also not be
undermined. When species have met the delisting criteria, the only responsible legal action is to
delist them, allowing state management plans to take over. Once the species is delisted a review
is conducted by the USFWS to ensure the species is not listed again. Whatever management
action a state decides, the Secretary of the Interior has to interpret and approve the management
of gray wolves according to the provisions under the statutes of the ESA and based on the best
available science. Pendulum swings in the legislative management of scarce species have the
potential to exacerbate further social and political polarizations (Olson et al. 2015; Treves et al
2017b). Examples of this would be continued waffling of federal listing, delisting, and the future
possible gray wolf classification as a game species in Washington and Oregon (Olson et al.
2015).
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Chapter 6: Conclusion:
After conducting this literature review of gray wolves, I conclude that lethal management
practices in Washington and Oregon under the ESA are not based on the “best available science”
(Brainerd et al. 2008; Borg et al. 2014; Bryan et al. 2015; Chapron and Treves 2016; SantiagoAvila et al. 2018, van Eeden et al. 2018). Although gray wolves are making great progress,
federal protections are still needed for recovering wolves in western Washington and Oregon,
and northern California despite recent attempts to federally delist them entirely in the lower 48.
Post delisting in the NRM region immediately led to hunting seasons of gray wolves and this is a
foreseeable management direction in both Washington and Oregon which could have unintended
management consequences small recovering Shasta Pack in California (Creel and Rotella 2010;
Olson et al. 2015; Chapron and Treves 2016). Gray wolves have already evolved physiological
mechanisms for coping with high rates of natural mortality, however I believe that they are not
equipped to deal with superadditive mortality effects caused by a variety anthropogenic factors
once federally delisted (Creel and Rotella 2010; Gómez‐Sánchez et al. 2018; Grilo et al. 2019).
Following federal delisting of gray wolves in Wisconsin and Michigan, a noticeable slowdown in
population growth was observed that can only be logically explained by poaching (Chapron and
Treves 2016). This is extremely relevant to western Washington, Oregon, and northern
California populations, because gray wolves have not recovered and fully recolonized these areas
of suitable habitat. Decreasing gray wolf populations through lethal management also increases
opportunities for tame and wild dogs and coyote hybrids, which can further dilute the gray wolf’s
genetic identity and promote livestock conflict that might socially be blamed on gray wolves
(Gómez‐Sánchez et al. 2018; Grilo et al. 2019). From a human dimension’s perspective, the
rapid and drastic changes between listing and delisting species can further promote conditions of
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poaching and further loss of value (Olson et al. 2015; Chapron and Treves 2016). The USFWS
has systematic biases in the reporting of gray wolf rates and causes of mortality specifically
overestimates of legal killings and underestimates of poaching which could further affect gray
wolf populations and policy (Treves et al. 2017). When dealing with minimum population counts
of endangered species the failure to accurately account for all forms of mortality in policy is
detrimental to recovery progress.
Contemporary trends in human industrial, agricultural, and economic development are
accelerating extinction rates like never before and cannot be ignored (Ceballos et al. 2015). In a
2014 nationwide public opinion survey, 1,287 people from 8 different stakeholder interest groups
sampled from the Western Great Lakes, NRM, and the remainder of the nation found ~ 4 in 5
Americans support the ESA, while ~ 1 in 10 oppose (Buskotter et al. 2018). Within each of these
eight stakeholder sampled >68% approval was documented (Buskotter et al. 2018). Instead of
“killing wolves to save wolves” the funding for lethal management could instead go towards
studying and perfecting non-lethal management strategies that show more promise in the long
run, but only with agreed upon scientific methods (easily repeatable), documentation of results,
and challenging of the data (Olson et al. 2015; Epistein 2017; van Eeden et al. 2018).
Updated local WSAC data should be collected by NGOs in Washington, Oregon, and
California with regards to lethal and non-lethal management techniques and their effectiveness at
finer scales once gray wolves are entirely delisted at the federal and state level. According to this
literature review shifting focus to informative data like local community surveys can better
gauge local stakeholders’ culture towards gray wolves and has the potential to be more beneficial
to land managers, tax payers, and conservation officials. The ESA’s ability to be
adaptable/flexible might be hampered by the continued waffling of listing and delisting species
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like the gray wolf (Olson et al. 2015). Drastic changes in listing and delisting phases could also
be solved by having a gradual step-wise delisting threatened stage post-delisting from federal to
state management (Olson et al. 2015). More evaluation from the DOI should be given to the
genetic distinctions (DPS) between gray wolf subspecies like the NRM forest and coastal
rainforest gray wolves for the agency’s goal of conservation and sustainability (Hendricks et al.
2015; 2018). The ESA’s DPS, HCPs, and SHAs should be used to help promote coexistence
between private landowners and conservation of genetic connectivity, species-specific
expenditures, and biodiversity (Kerkvliet and Langpap 2007, 2010; Carroll et al 2015, 2018;
Langpap et al. 2018). Individualized assurances should be the top priority, because it has been
proven to work (Langpap et al. 2018).
Conserving gray wolves is imperative to biodiversity, because humanity cannot fill large
carnivore niches. Gray wolves as an apex predator provide vital ecosystem services that have
consequences on society (i.e., less ungulate car accidents, biodiversity dynamics, disease
dynamics, crop herbivory, tourism revenue, etc.; Wallach et al. 2015). To mitigate future wolf
livestock depredation conflict ungulate populations (beaver as well), migration routes, and
preferred and refuge habitat with complex topography should be protected (Grilo et al 2019).
The evidence from this review suggests that the most limiting factors to gray wolf recovery are
climatic, topographic, and anthropogenic factors (like lethal control) that hamper dispersal
(Carroll et al. 2018; Grilo et al. 2019). Gray wolves can live just about anywhere that man will
tolerate its existence, which historically meant wildlands with limited human contact (Mech
2017; Grilo 2019). Gray wolves “are neither saint nor sinner”, a gray wolf is a gray wolf (Mech
2017). There is no perfect solution for scarce large carnivore management, just controversial
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compromises on numerous “wicked problems”. We cannot allow history to repeat itself and
regress on current management and recovery progress.
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is an ecologist at the Grimsӧ Wildlife Research Station in Sweden. Fontaine is a wildlife
biologist for the USFWS. Hall is a natural resource specialist working for the Wisconsin
DNR. The intended audiences of this article are conservationists, biologists, and
ecologists. This journal article quantifies social effect of breeder loss with regards to
lethal management. Clarifies the complexity of lethal management with regards to social
considerations.
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8. Bruskotter, J. T., Vucetich, J. A., Slagle, K. M., Berardo, R., Singh, A. S., & Wilson, R.
S. (2018). Support for the US Endangered Species Act over time and space:
controversial species do not weaken public support for protective legislation.
Conservation Letters, 11(6), e12595.
Bruskotter is an environment and natural resource professor at Ohio State University,
while Slagle is a research postdoc associate and Berardo is Associate Professor.
Vucetich is an ecologist at Michigan Technological University and co-director of the
Isle Royale Wolf-Moose Project. Singh is an assistant professor of environmental
studies at California State University. Robin is an Associate Professor of Risk Analysis
and Decision Science at Ohio State University. The intended audiences of this book are
conservationists, biologists, ecologists, and wolf and livestock stakeholders. This is the
most contemporary poll of nationwide public opinion towards the ESA. The results
further support my conclusions in this paper.
9. Bryan, H. M., Smits, J. E., Koren, L., Paquet, P. C., Wynne‐Edwards, K. E., & Musiani,
M. (2015). Heavily hunted wolves have higher stress and reproductive steroids than
wolves with lower hunting pressure. Functional Ecology, 29(3), 347-356.
Bryan, Smits, Koren, Wynee‐Edwards, and Musiani are all veterinarians from the
University of Calgary. Paquet is a member of the Rain Coast Conservation Foundation.
The intended audiences of this journal article are conservationists, biologists, and
ecologists. One of the first studies of its kind to quantify and document the stress levels
of hunted grey wolves. This study illuminates more evidence of lethal management
affecting social and individual behavior.
10. Carroll, C., Parks, S. A., Dobrowski, S. Z., & Roberts, D. R. (2018). Climatic,
topographic, and anthropogenic factors determine connectivity between current and
future climate analogs in North America. Global Change Biology, 24(11), 5318-5331.
Carroll is a conservation biologist for the Klamath Center for Conservation Research in
Orleans, California. Parks is a research ecologist for the Aldo Leopold Wilderness
Research Institute, Rocky Mountain Research Station, US Forest Service, Missoula,
Montana. Dobrowski is a forest landscape ecology professor at the University of
Montana. Roberts is an ecological and statistical researcher at the Arctic Institute of
North America, University of Calgary. The intended audiences of this journal article are
conservationists, biologists, and ecologists. This article is important, because it
elaborates more on the idea of conservation connectivity with regards to climate change.
Illuminates evidence for dispersal routes.
11. Carroll, C., Rohlf, D. J., Li, Y. W., Hartl, B., Phillips, M. K., & Noss, R. F. (2015).
Connectivity conservation and endangered species recovery: A study in the challenges
of defining conservation‐reliant species. Conservation Letters, 8(2), 132-138.
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Rohlf is an environmental and wildlife law professor at the Pacific Environmental
Advocacy Center, Lewis and Clark Law School, Portland. Li is a representative of the
Defenders of Wildlife. Hartl is a representative from the Center of Biological Diversity.
Phillips is a representative of the Turner Endangered Species Fund. Dr. Noss is a
wildlife ecology professor at the University of Central Florida. The intended audiences
of this journal article are conservationists, biologists, and ecologists. This article is
significant, because it introduces conservation connectivity. Illuminates conservation
reliant and self-sustaining species through endangered species case law. Information can
be applied to gray wolves.
12. California Department of Fish and Wildlife. 2018. OR-7 – A Lone Wolf's Story.
https://www.wildlife.ca.gov/Conservation/Mammals/Gray-Wolf/OR7-Story Accessed 8
Jun 2018.
This is an important source from CDFW that describes the route of OR-7’s journey from
Oregon to Northern California. This particular individual made effective use of public
land. Documents crossing of routes and interstates. Illustrates the importance of multiple
use areas. No depredation incidents or threatening human encounters were reported
along OR-7’s journey.

13. Ceballos, G., Ehrlich, P. R., Barnosky, A. D., García, A., Pringle, R. M., & Palmer, T.
M. (2015). Accelerated modern human–induced species losses: Entering the sixth mass
extinction. Science Advances, 1(5), e1400253.
Ceballos is an ecology professor at the National Autonomous University of Mexico.
Ehrlich is a biologist and president for the Center for Conservation Biology at Stanford
University. Barnosky is an integrative biology professor at the University of California.
Garcia is a wildlife biologist Chamela Biology Station, Institute of biology. Pringle is an
Associate Professor for Princeton’s department of Ecology and Evolutionary Biology
program. Palmer is an Associate Professor at the University of Florida’s biology
program. The intended audiences of this article are conservationists, biologists,
ecologists. This journal article compares background extinction indexes to current rates
of mammalian extinction. Rates of contemporary extinction are clarified in this article.

14. Chapron, G., & Treves, A. (2016). Blood does not buy goodwill: allowing culling
increases poaching of a large carnivore. Proceedings of the Royal Society B: Biological
Sciences, 283(1830), 20152939.
Chapron is an Associate Professor at the Swedish University of Agricultural Sciences.
Treves is an Environmental Studies professor at University of Wisconsin-Madison and
founder of the Carnivore Coexistence Lab. The intended audience of this journal article
would be every stakeholder involved with gray wolf recovery. This article is important,
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because it is the first quantitative evaluation of the the tolerance hunting hypothesis that
liberalizing culling will reduce poaching and improve population status of an
endangered carnivore. Evidence for the precautionary principle for lethal management of
recovering gray wolves in regards to poaching and public loss of value.
15. Chapron, G., Kaczensky, P., Linnell, J. D., von Arx, M., Huber, D., Andrén, H., ... &
Balčiauskas, L. (2014). Recovery of large carnivores in Europe’s modern humandominated landscapes. Science, 346(6216), 1517-1519.
Kaczensky, Linnell, is a researcher for the Norwegian Institute for Nature Research
(NINA). Von Arx is the project manager of the Carnivore Ecology and Wildlife
Management. Huber is the Head of Department of biology at the University of Zagreb.
Andrén is an ecology professor at the Swedish University of Agricultural Sciences. The
intended audiences are conservationists, biologists, ecologists. This article reviews why
large carnivore management in Europe is successful with more people. Illuminates
traditional non-lethal management practices.

16. CCTFWD. 2017. Colville Confederated Tribes Gray Wolf Management Plan. Colville
Confederated Tribes Fish and Wildlife Department. Nespelem, WA. 46 pp
This document is significant, because it outlines the Colville Indian Reservations Plan
for recovering gray wolves. The intended audiences of this document are Washington
citizens, the state, and the federal government. Illuminates the reasoning for lethal
management in this context. This recovery plan also provides another perspective to the
management of Washington gray wolves.

17. Cooke, R. F. (2014). Bill E. Kunkle Interdisciplinary Beef Symposium: Temperament
and acclimation to human handling influence growth, health, and reproductive responses
in Bos taurus and Bos indicus cattle. Journal of Animal Science, 92(12), 5325-5333.
Cooke is an agricultural research scientist for Oregon State University. The intended
audiences of this journal article are conservationists, biologists, ecologists, and
agricultural producers. This journal describes the indirect effects wolves have on cattle.
This source helps me build common ground with agricultural stakeholders by better
understanding components of the lethal management problem.

18. Creel, S., and J. J. Rotella. 2010. Meta-Analysis of Relationships between Human
Offtake, Total Mortality and Population Dynamics of Gray Wolves (Canis lupus). PLoS
ONE 5.
Creel is an ecology professor at Montana State University, while Rotella is a Research
Associate. The intended audiences of this article are conservationists, biologists, and
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ecologists. This journal article is important, because it is the first evidence of human
offtake effects on the NRM management zone. This article illuminates more evidence
against lethal take in gray wolf management, especially outside the NRM.

19. Cusack, Kohl, Metz, Coulson, Stahler, Smith, & Macnulty. (2019). Weak spatiotemporal
response of prey to predation risk in a freely interacting system. Journal of Animal
Ecology. https://doi.org/10.1111/1365-2656.12968
Cusack and Coulson are zoologists at the University of Oxford. MacNulty is an
ecologist at Utah State University. The intended audiences of this article are
conservationists, biologists, and ecologists. This paper is important, because it
challenges the trophic cascades hypothesis that has researched extensively. This journal
article clarifies that ungulates will not avoid wolves in certain conditions
20. Dallimer, M., & Strange, N. (2015). Why socio-political borders and boundaries matter
in conservation. Trends in Ecology & Evolution, 30(3), 132-139.
Dallimer is an Associate Professor at the University of Leeds. Strange is a professor of
Planning of Forest and Nature Management of Forest & Landscape at the University of
Copenhagen. The intended audiences of this article are conservationists, biologists, and
ecologists. This article is important, because it highlights the costs of having differing
socio-political borders and boundaries for conservation. Insightful alternatives to
overcoming differing legislative mosaics.
21. DeCesare, N. J., Wilson, S. M., Bradley, E. H., Gude, J. A., Inman, R. M., Lance, N. J.,
... & Smucker, T. D. (2018). Wolf‐livestock conflict and the effects of wolf
management. The Journal of Wildlife Management, 82(4), 711-722.
DeCesare, Gude, Inman, Lance, Laudon, Nelson, Ross, and Smucker are all biologists
for Montana Fish, Wildlife, and Parks. Wilson is a conservation biologist for the
Northern Rockies Conservation Cooperative. The intended audiences of this article are
conservationists, biologists, and ecologists. This article is important, because it gives
information to support lethal management. Highlights the importance of targeted
removal.
22. Decker, D., Riley, Shawn J., & Siemer, William F. (2012). Human dimensions of
wildlife management (2nd ed.). Baltimore: Johns Hopkins University Press.
Decker is a professor of Natural Resources at Cornell University, while Siemer is a
Research Associate. Riley is a professor of Wildlife and Human Dimensions at Michigan
State University. This book’s intended audience is anyone, from any background, with
the genuine interest to learn more about the social, cultural, and societal components of
human and wildlife dimensions. Like Mech and Boitani 2010, this book provides the
backbone for social management methods for the societal conflict portion of this
literature review. This source helps clarify challenges to wildlife and human dimensions.
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23. Dickie, G. (2018). Pay for Prey. High Country News, pp. 16-19.
Dickie is an award-winning freelance journalist specializing in climate change,
biodiversity conservation, land management, Arctic geopolitics, and food security and
sustainability. This article’s intended audience is anyone, from any background, with the
genuine interest to learn more about the social, cultural, and societal components of
human and wildlife dimensions. This article summarizes Oregon’s confusing livestock
depredation compensation system. Clarification of Oregon’s state livestock depredation
program will be used to compare and contrast state depredation compensation programs.

24. Drinkhouse, Eva (2018). What Hinders the Implementation of Non-lethal Wolf
Deterrents? A Qualitative Analysis of Interviews with Wolf Management Stakeholders.
Master's project, Duke University. Retrieved from https://hdl.handle.net/10161/16586.
Drinkhouse was an environmental science graduate student at Duke University. The
intended audiences of this article are conservationists, biologists, ecologists, and social
scientists. This journal article provides insight into livestock stakeholder values, needs,
and ideas towards non-lethal techniques. It also helps clarify non-lethal methods even
further from the perspective of a livestock stakeholder.

25. Eklund, A., López-Bao, J. V., Tourani, M., Chapron, G., & Frank, J. (2017). Limited
evidence on the effectiveness of interventions to reduce livestock predation by large
carnivores. Nature Scientific reports, 7(1), 2097.
Eklund, Frank, and Tourani are all wildlife researchers at the Swedish University of
Agricultural sciences. López-Bao is a researcher for Oviedo University’s unit of
biodiversity. The intended audiences of this article are conservationists, biologists,
ecologists, and social scientists. This journal article highlights the differences of nonlethal management effectiveness. It also highlights the need for evidence-based
carnivore intervention management.
26. Epstein, Y. (2017). Killing Wolves to Save Them? Legal Responses to “Tolerance
Hunting” in the European Union and United States. Review of European Comparative &
International Environmental Law, 26(1), 19–29. https://doiorg.ezproxy.proxy.library.oregonstate.edu/10.1111/reel.12188
Epstein serves as the Director of Education, North America for the Pardes Institute of
Jewish Studies. She received Rabbinic Ordination from Yeshivat Maharat and holds a
Law Degree from Bar-Ilan University. This journal article was written for the general
public who would like to learn more about the ESA with a simpler delivery of
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information Epstein provides comprehensive legal analysis as to why the ESA is
contradicting to its mission (e.g., ‘tolerance hunting’ for conservation hypothesis).

27. Gable, T. D., Stanger, T., Windels, S. K., & Bump, J. K. (2018). Do wolves ambush
beavers? Video evidence for higher‐order hunting strategies. Ecosphere, 9(3).
Gable is a Ph. D student at the University of Minnesota who works on the Voyageurs
National Park Wolf Project, while Windels is a wildlife biologist. Bump is an Associate
Professor at the University of Minnesota’s Wildlife and Conservation Biology program.
The intended audiences of this article are conservationists, biologists, ecologists, and
social scientists. This journal article is important, because it is the first documentation of
gray wolves hunting, ambushing, and using higher-order cognitive functioning abilities
to kill and ambush beavers. Clarifies the need for ENTIRE restoration of a gray wolf’s
prey-base.

28. Gable, T. D., Windels, S. K., Romanski, M. C., & Rosell, F. (2018). The forgotten prey
of an iconic predator: a review of interactions between grey wolves Canis lupus and
beavers Castor spp. Mammal Review, 48(2), 123-138.
Romanski is a wildlife biologist for Isle Royale National Park. Rosell is a professor of
environmental and health studies at University College. The intended audiences of this
article are conservationists, biologists, ecologists, and social scientists. This journal
article builds upon Gable’s other article. Illuminates that beaver-gray wolf interactions
are more important than previously thought.

29. Gese, E. M., and L. D. Mech. 1991. Dispersal of wolves(Canis lupus) in northeastern
Minnesota, 1969–1989.Can. J. Zool. 69(12): 2946–55.
Gese is a wildlife ecologist for APHIS. The intended audiences of this article are
conservationists, biologists, ecologists, and social scientists. For 20 years wolves
dispersal patterns were documented in northeastern Minnesota. This journal article
highlights those behaviors that could create conflict between wolves and livestock
owners.

30. Gómez‐Sánchez, D., Olalde, I., Sastre, N., Enseñat, C., Carrasco, R., Marques‐Bonet, T.,
... & Ramírez, O. (2018). On the path to extinction: inbreeding and admixture in a
declining grey wolf population. Molecular Ecology, 27(18), 3599-3612.
Gómez‐Sánchez, Olalde, Sastre, Enseñat, Carrasco, Marques‐Bonet, and Ramírez are
all Research Associates of the Experimental and Health Sciences, Institute of
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Evolutionary Biology (Pompeu Fabra University). The intended audiences of this article
are conservationists, biologists, and ecologists. This journal article documents the effects
of lethal management of European population of gray wolves. Genetic bottlenecks, that
could very well happen to Washington, Oregon, and California are illuminated in this
journal article.
31. Grilo, C., Lucas, P. M., Fernández‐Gil, A., Seara, M., Costa, G., Roque, S., ... & Revilla,
E. (2019). Refuge as major habitat driver for wolf presence in human‐modified
landscapes. Animal Conservation, 22(1), 59-71.
Grilo, Fernández‐Gil, Lucas, and Revilla are all wildlife biologists at the Department of
Conservation Biology, Doñana Biological Station, Spain. Lucas is also a member of the
Department of Conservation Biology, Doñana Biological Station, Spain. Seara is an
ecologist for CE3C - Center for Ecology, Evolution and Environmental Changes at
University of Lisbon, Campo Grande, while Costa is an animal biologist and Roque an
ecologist. The intended audiences of this article are conservationists, biologists, and
ecologists. This journal article is the first of its kind that attempts to document the
factors that allow wolves to live in close proximity to humans. Clarifies that wolves can
live closer to humans than previously thought (e.g. not confined to wilderness or
national parks).
32. Hanley, Z. L., Cooley, H. S., Maletzke, B. T., & Wielgus, R. B. (2018). Cattle
depredation risk by gray wolves on grazing allotments in Washington. Global Ecology
and Conservation, 16, e00453.
Hanley and Wielgus are ecologists at Washington State University, while Cooley and
Maletzke are wildlife biologists for the USFWS and WDFW, respectively. This journal
article was intended for livestock stakeholders and the scientific community. This study
conducts the first regional livestock depredation risk model ever at the federal grazing
allotment scale. Areas of contemporary risk to livestock owners in Washington are
highlighted in this study.

33. Hendricks, S. A., Charruau, P. C., Pollinger, J. P., Callas, R., Figura, P. J., & Wayne, R.
K. (2015). Polyphyletic ancestry of historic gray wolves inhabiting US Pacific states.
Conservation Genetics, 16(3), 759-764.
Hendricks, Charruau, and Wayne are all evolutionary biologists for the University of
California. Pollinger is a Research Associate for the Center for Tropical Research,
Institute of the Environment and Sustainability. Callas and Figura are both biologists for
CDFW. The intended audiences of this article are conservationists, biologists, and
ecologists. This is pioneer study to prove that there is polyphyletic ancestry of wolves in
Washington, Oregon, and California. Polyphyletic ancestry can be used for reasoning
against lethal management of wolves in these states.
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34. Hendricks, S. A., Schweizer, R. M., Harrigan, R. J., Pollinger, J. P., Paquet, P. C.,
Darimont, C. T., ... & Wayne, R. K. (2018). Natural re-colonization and admixture of
wolves (Canis lupus) in the US Pacific Northwest: challenges for the protection and
management of rare and endangered taxa. Heredity, 1.
Schweizer is an evolutionary biologist at the University of Montana. Harrigan and
Pollinger are Research Associates for the Center for Tropical Research, Institute of the
Environment and Sustainability for the University of California, while Wayne is an
evolutionary biologist. Darimont is a member of the Rain Coast Conservation
Foundation. The intended audiences of this article are conservationists, biologists, and
ecologists. This journal article is important, because it has evidence to call out the lethal
management practices of the USFWS. More evidence against lethal management in
regards to conservation genetics.
35. Hogberg, J., A.Treves, B. Shaw, and L. Naughton. (2013). Public attitudes towards
wolves in Wisconsin: 2013 survey report. University of Wisconsin-Madison. 39 pages.
Hogberg is an environmental scientists for the Nelson Institute for Environmental
Science at the University of Wisconsin-Madison, while Shaw is an Environmental
Communication Specialist and Naughton is a geographer. This report’s intended
audience is anyone, from any background, with the genuine interest to learn more about
the social, cultural, and societal components of human and wildlife dimensions.
Evidence for local loss of value after hunting seasons of wolves in Wisconsin and
Michigan. Social consequences of tolerance hunting are clarified.

36. Loveless, K. (2019). 2018 Hunting District 313 Elk survey (Gardiner to 6-Mile Creek).
Montana Fish, Wildlife & Parks.
Loveless is a wildlife biologist for Montana Fish, Wildlife and Parks. The intended
audiences of this article are conservationists, biologists, and ecologists. Provides the
most contemporary information about the Northern Yellowstone Elk herds. Provides
population trends since 1989. Significant for the results section of this paper.
37. Keefover, W., & Guardians, W. (2012). Northern Rocky Mountain Wolves: A Public
Policy Process Failure.
Keefover is a Native Carnivore Protection Manager for Wild Earth Guardians. The
intended audiences of this article are conservationists, biologists, and ecologists. This
article summarizes the shortcomings of the NRM region. Evidence against lethal
management from an NGO perspective.
38. Kerkvliet, J., and C. Langpap. 2007. Learning from endangered and threatened species
recovery programs: a case study using U.S. Endangered Species Act recovery scores.
Ecological Economics 63(2–3):499–510.
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Langpap and Kerkvliet are Environmental Economics and Policy Scientists from Oregon
State University. The intended audiences of this article are conservationists, biologists,
and ecologists. This journal article is significant, because provides evidence that species
specific spending is effective. Critical habitat designation was not shown to promote or
deter species recovery. Highlights what works and doesn’t work with regards to the
ESA.
39. Kompaniyets, L., & Evans, M. A. (2017). Modeling the relationship between wolf
control and cattle depredation. PloS One, 12(10), e0187264.
Dr. Kompaniyets is an economics professor for Washington State University. Dr. Evans
is a math teacher at Washington State University. The intended audiences of this article
are conservationists, biologists, and ecologists. This article is significant, because it
shows evidence FOR lethal management. Highlights the importance of understanding
social dynamics of wolf packs.
40. Kovacs, K. E., K.E. Converse, M.C. Stopher, J.H. Hobbs, M.L. Sommer, P.J. Figura,
D.A. Applebee, D.L. Clifford, and D.J. Michaels. Conservation Plan for Gray Wolves in
California. 2016. California Department of Fish and Wildlife, Sacramento, CA 329 pp.
Kovacs, Converse, Stopher, Hobbs, Sommer, Figura, Applebee, Clifford, and Michaels
are all Wildlife biologists for CDFW. The intended audiences of this recovery plan are
the federal government and the citizens of California. This is a unique and comprehensive
state recovery plan that considers a wide variety of factors that affect wolf recovery. This
state plan provides state specific information that is needed to build my argument for the
revaluation of DOI lethal management practices
41. Langpap, C., and J. Kerkvliet. 2010. Allocating conservation resources under the
Endangered Species Act. American Journal of Agricultural Economics 92(1):110–24.
The intended audience of this article are conservationists, biologists, and ecologists. This
journal article is significant, because it is the first to investigate the allocations of
threatened and endangered species recovery. Promoting recovery or staving off
extinctions requires trade-offs to management decisions. Allocations for two fewer
recovering species will be lost at the expense of each endangered species prevented from
extinction.
42. Langpap, C., Kerkvliet, J., & Shogren, J. (2018). The Economics of the U.S. Endangered
Species Act: A Review of Recent Developments. Review of Environmental Economics
and Policy, 12(1), 69-91.
Shogren is an Environmental Economics and Policy Scientist from the University of
Wyoming. The intended audiences of this paper are layman Americans,
environmentalists, and conservationists. Unlike previous papers from Langpap and
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Kerkvliet included in this paper, this paper sums up the most contemporary findings
about the effectiveness of the ESA. This work provides clarity for FWS’s reasoning
behind management decisions.
43. Leonard, M., Echegaray, J., Randi, E., & Vilà, C. (2014). Impact of hybridization with
domestic dogs on the conservation of wild canids. In M. Gompper (Ed.), Free-ranging
dogs and wildlife conservation. Oxford, UK: Oxford University Press.
Leonard is a researcher at EBD-CSIC. Echegaray is an ecologist who is also an
independent researcher. Randi is a genetic researcher at ISPRA. Vilà is a research
professor at EBD-CSIC. The intended audiences of this article are conservationists,
biologists, and ecologists. This journal article is important, because it summarizes the
problems associated with hybrids and conservation. Lethal management may exacerbate
loss of genetic diversity.
44. Lesmerises, F., Dussault, C., & St-Laurent, M. H. (2012). Wolf habitat selection is
shaped by human activities in a highly managed boreal forest. Forest Ecology and
Management, 276, 125-131.
Lesmerises is a wildlife biologist for the Regional Wildlife Branch of Bas-Saint-Laurent.
Dussault is a researcher at the Wildlife and Terrestrial Habitat Management Service
Ministry of Forests,Wildlife, and Parks. St-Laurent an animal ecologist at the University
of Quebec. The intended audiences of this article are animal behavior experts and
ecologists. This journal article is important, because it evaluates the factors that allow
wolves to live in close proximity to humans. Clarification of future directions of study of
these factors that allow wolves to better coexist with humans is are developed in this
article.

45. MDPR. (2018). Poll: Oregonians Overwhelmingly Support Wolves, Public Lands, and
Forest Conservation. Oregon Wild. Retrieved March 17, 2019, from
https://oregonwild.org/about/press/poll-oregonians-overwhelmingly-support-wolvespublic-lands-and-forest-conservation
This poll is extremely important for understanding WSACs in Oregon. The intended
audiences of this poll are the stakeholders of the Oregon Wolf Advisory Committee, the
state, and the federal government. Overall Oregonians support protections across all
interest groups sampled. Illuminates that there is no urban-rural social divide.

46. McLaren, B. E., & Peterson, R. O. (1994). Wolves, moose, and tree rings on Isle
Royale. Science, 266(5190), 1555-1558.
McLaren and Peterson are Research Associates for the Michigan Technological
University, school of Forestry and Wood products. The intended audiences of this article
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are conservationists, biologists, and ecologists. This journal article is needed to provide
information about the most studied component of wolves, trophic cascades. Clarification
of trophic cascades on is a major component of this paper.

47. Mech, L. D. 2012. Is science in danger of sanctifying the wolf? Biological Conservation
150:143–149.
This journal article’s intended audiences are anyone, from any background, with the
genuine interest to learn more about the social, cultural, and societal components of
human and wildlife dimensions. This is an important journal article, because it warns
about the biases in reporting gray wolf conclusions. It has some important information
about the polarizing nature of gray wolves. Illuminates the process, importance, and
problems of collecting accurate data.
48. Mech, L. D., S. H. Fritts, and D. Wagner. 1995. Minnesota wolf dispersal to Wisconsin
and Michigan.Am. Midl. Nat. 133: 368–70.
Fritts is a wildlife biologist for the USFWS. The intended audiences of this article are
conservationists, biologists, and ecologists. This journal article is important, because it
documents gray wolves crossing highways during dispersal behaviors. Illuminates
dispersal behaviors and tendencies.
49. Mech, L. D., Asa, C. S., Callahan, M., Christensen, B. W., Smith, F., & Young, J. K.
(2017). Studies of wolf x coyote hybridization via artificial insemination. Plos ONE,
12(9), 1-12. doi:10.1371/journal.pone.0184342
Asa is a researcher for the Saint Louis Zoo in St. Louis, Missouri. Callahan is a
researcher at the Wildlife Science Center in Forest Lake, Minnesota. Christensen is a
researcher at the Department of Population Health and Reproduction, School of
Veterinary Medicine, University of California Davis. Smith is a veterinarian and Smith
is a wildlife biologist from Utah State University. This journal article is important,
because it summarizes the most recent findings about hybridization. Illuminates the
process of mammalian evolution.
50. Mech, L. D., & Boitani, L. (Eds.). (2010). Wolves: behavior, ecology, and conservation.
University of Chicago Press. 464.
Mech is a Senior Research Scientist with the Biological Resources Division, U.S.
Geological Survey and an Adjunct Professor in the Department of Fisheries, Wildlife
and Conservation Biology, and Department of Ecology, Evolution and Behavior at the
University of Minnesota. Boitani is an Italian Wildlife Biologist. The intended audiences
of this book are conservationists, biologists, and ecologists. This source provides a
multitude of technical information about wolves. The information in this book provided
the backbone to this paper, by setting the plot of this literature review.
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51. Mech, L. D. (2017). Where can wolves live and how can we live with them?. Biological
Conservation, 210, 310-317.
The intended audiences of this article are conservationists, biologists, and ecologists.
This journal article is important, because it describes their contemporary value.
Clarification on challenges and possible new ranges is also provided. In-depth
information about stakeholder interactions (positive and negative) is also discussed and
weighed.
52. Mech, L.D., Barber-Meyer, S.M., 2015. Yellowstone wolf (Canis lupus) density
predicted by elk (Cervus elaphus). Can. J. Zool. 93 (6), 499–502.
http://dx.doi.org/10.1139/cjz2015-0002.
Barber-Meyer is a Research Wildlife Biologist researching wolves and their prey in the
Superior National Forest. The intended audiences of this article are conservationists,
biologists, and ecologists. This journal article provides evidence that prey-biomass
predicts gray wolf density. Illuminates the need to sustain and conserve an adequate prey
base for wildlife managers.
53. Mesler, J. I. (2015). Modeling habitat suitability and connectivity of gray wolf (Canis
lupus) populations in the Pacific Northwest (Doctoral dissertation, Humboldt State
University).
Mesler was a Natural Resources graduate student at Humboldt State while writing this
thesis. The intended audiences of this article are conservationists, biologists, and
ecologists. This analysis is the first of its kind, because it models least cost movement
for recovering gray wolf populations based on suitable connected habitat. This study
gives wildlife managers priorities for resource allocation of habitat mitigation and
investment.
54. Oates, B. A., J. A. Merkle, M. J. Kauffman, S. R. Dewey, M. D. Jimenez, J.
M.Vartanian, S. A. Becker, and J. R. Goheen. (2019). Antipredator response diminishes
during periods of resource deficit for a large herbivore. Ecology 00(00):e02618.
10.1002/ecy.2618
Oates is a zoologist for the Idaho Department of Fish and Game. Merkle, Kauffman
(USGS), Dewey, Jimenez, Vartanian, Becker, and Goheen are all wildlife biologists for
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