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Fig. 1.—Lava Lake herder and herding dogs among the sheep. Photo credit: Defenders of Wildlife.

unprotected areas, though the sheep are counted during ship-
ping and at the end of the grazing season, which makes this
scenario unlikely.

PA and NPA.—Our efforts to protect sheep occurred within
the Big Wood River drainage with in the Ketchum Ranger
District. The Big Wood River drainage runs primarily north to
south from Galena Summit, southeast through a valley bounded
by the Smoky, Boulder, and Pioneer Mountains, and past the
towns of Ketchum, Sun Valley, Hailey, and Bellevue, Idaho; it
is comprised almost entirely of lands managed by the United
States Forest Service. We operated through 2 phases on the
grazing allotments of the Big Wood River drainage within the
Ketchum Ranger District of the Sawtooth National Forest in
Blaine County, Idaho (Fig. 2). In Phase 1 (2008-2010), we pro-
tected sheep grazing in the PA covering approximately 598 km?
(years 1-3). In Phase 2 (2011-2014), we expanded the PA to
approximately 1,161 km?.

The situation that precipitated our study and the formation of
the project occurred in 2007 when a family of wolves known
as the “Phantom Hill pack” killed sheep and LGDs on national
forest land north of Ketchum. This particular area is part of the
Sawtooth National Recreation Area and includes the historic
Sawtooth Sheep Driveway along the Big Wood River. Under
these circumstances—when sheep and LGDs are killed or
injured—members of the pack or the entire depredating family
of wolves normally would be killed by government officials in
response to prevent more livestock depredations. In this situa-
tion, local residents strongly opposed killing the wolves, which
were popular among wildlife watchers in the area. Nonlethal
interventions were used instead, preventing further losses in
this area through the end of the 2007 summer grazing season.
This success led to the formation of a small coalition consist-
ing of local sheep producers, county commissioners, a wildlife
conservation organization, federal land managers, and state and

federal biologists (see Supplementary Data SD1). This coali-
tion became the Wood River Wolf Project.

During Phase 1, project personnel used nonlethal tools and
methods on behalf of livestock operations to determine if these
methods were effective at preventing wolf depredations in the
PA. In Phase 2, we transitioned the responsibility of employing
nonlethal tools to individual sheepherders, livestock manag-
ers, and sheep producers; project personnel served primarily
as consultants who intermittently assisted in the field during
situations of highly elevated depredation risk. Four major sheep
producers participated in the project, which meant that during
the summer grazing season each producer would have multi-
ple bands of sheep that would enter and exit the PA at various
times throughout the grazing season. None of the producers
grazed sheep exclusively in the PA, but all had bands that spent
a significant part of the summer grazing season there. When
sheep were on Forest Service allotments, they were either in
the PA, where we helped provide protection from wolf dep-
redation, or they were in the NPA. The NPA consisted of all
Forest Service grazing allotments that were near or adjacent to
the PA; it also included nearby areas in which sheep from sev-
eral of the participating producers grazed. These areas did not
have project personnel providing additional protection or deter-
rent equipment. Both the PA and NPA were within the wolf
management zone identified by Idaho Fish and Game as the
Southern Mountains zone. The NPA included grazing allotment
from the Ketchum Ranger District, Fairfield Ranger District,
and the Sawtooth National Recreation Area. Comparing the
number of sheep killed by wolves (see below) between the
PA and NPA was the primary component of our evaluation of
the project. We made concerted effort to include comparable
grazing allotments between the PA and NPA, and, because we
protected sheep almost entirely on Forest Service grazing allot-
ments where sheep grazing primarily occurred, we excluded
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Fig. 2.—State of Idaho (inset), showing Blaine County (light gray) and National Forest Service land (dark gray). Northern portion of Blaine
County is enlarged to show grazing allotments where Wood River Wolf Project was carried out during Phase 1 (darker gray) and Phase 2 (lighter

gray and darker gray).

information on any sheep killed by wolves on private property
or Bureau of Land Management land. Thus, our inference is
restricted to grazing lands managed by the Forest Service, the
primary grazing management agency within Blaine County.
Materials.—In order to weight the number of sheep killed in
the PA and the NPA, we calculated the variable “sheep days.” For
this, we used data provided by the United States Forest Service
on number of sheep on allotments and duration each grazing
allotment was used by each of the 4 producers. Sheep days were
calculated from Annual Operation Instructions, which are gen-
erated annually for every Forest Service allotment and which
give details on the “Authorized Season of Use and Numbers”
prior to the grazing season. We calculated sheep days for each
allotment by multiplying the number of authorized sheep by
the number of days of permitted use on the allotment. Annual
Operation Instructions do not include numbers of lambs that
may be present. For sheep bands consisting of both ewes and
lambs, we used the Forest Service’s method to calculate number
of lambs, multiplying the authorized number of ewes by 1.5.
Data on the number of sheep killed came from USDA
Wildlife Services. We used only those records for which it

was designated as probable or confirmed that the predator
was a wolf (and not those listed as “possible”). We considered
data only for sheep, not cattle, because sheep are the primary
livestock species grazed in the PA. Depredations within the
PA that occurred prior to 1 July or after 15 October (the pri-
mary summer grazing season) were counted as being preda-
tions in the NPA. For each area, PA and NPA, we calculated a
weighted number of sheep killed by summing the number of
sheep killed each year and dividing the sum by the calculated
number of sheep days. To make the value easier to handle,
we multiplied it by 10°. We graphed the cumulative number
of sheep killed in each area over the 7-year period, measured
the slope of the number of sheep killed per unit time, and used
covariate analysis to test whether the slope in the PA differed
from the slope in the NPA. We used program R version 3.0.1
(R Development Core Team 2013) and package “car” to per-
form the statistical test.

Impact of depredation.—Assessments of livestock loss
and wolf depredations were compiled from official reports of
depredation investigations (both federal and state) and from
reimbursement claims for losses due to depredation. Number



