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There was a total of 240,000 sheep in Idaho in 2011 and, accord-
ing to producer estimates, wolves killed 1,300 statewide (or 1 
out of every 184 sheep statewide—United States Department 
of Agriculture – National Agricultural Statistics Service 2013). 
In 2012, there were 235,000 sheep in Idaho, and wolves report-
edly killed an estimated 1,400 (or 1 out of every 167)  sheep 
statewide. The National Agricultural Statistics Service reports 
on self-reported estimates obtained from producer surveys, 
which primarily represent unverified losses. However, they are 
the only measure beyond minimum confirmed depredations 
reported by state or federal agencies that provide even a rough 
estimate of total livestock losses. Statewide, 576 wolves were 
killed in response to livestock depredations from 2008 through 
2014 (United States Fish and Wildlife Service et al. 2016).

Over the 7-year project period, the 4 producers whose 
sheep we tracked had an annual mean of 576,000 ± 77,787 
sheep days in the PA and 1,512,000  ±  157,876 sheep days 
in the NPA (Table 2). Wolves did not prey on sheep as fre-
quently in the PA as in the NPA. The mean number of times 
they killed sheep was only 1.3  ±  0.3 times/year in the PA, 
but it was 9.4 ± 2.4 times/year in the NPA. Similarly, wolves 
killed far fewer sheep in the PA than the NPA; the mean num-
ber of sheep killed was 4.2 ± 1.8 sheep/year in the PA, but 
44.8 ± 13.6 sheep/year in the NPA (Table 2). There were no 
known subsequent depredation losses following any single 
incident of depredation in the PA. Of a total of 11 incidents 
of sheep lost to wolves confirmed in the PA during the 7-year 
project period, 8 incidents involved only 1 or 2 sheep, and no 
single confirmed incident exceeded 12 sheep. After weighting 
the number of sheep killed by sheep days, the number of sheep 
killed was, on average, approximately 3.5 times greater in the 
NPA than in the PA. The slopes of the cumulative weighted 

number of sheep killed between the PA and NPA differed 
significantly (analysis of covariance: F1,10 = 49.3, P < 0.001; 
Fig. 4). The weighted number of sheep killed was lower in the 
NPA than in the PA during years 2011 and 2014. Some lethal 
wolf control occurred annually in the NPA; namely, during 
2014, 2 packs were lethally removed by government wildlife 
managers. In comparison, no wolves were killed by wildlife 
managers or livestock operators in the PA from 2008 to 2014.

Discussion

Comparative results between the PA and NPA indicate that 
adaptive use of nonlethal methods reduced the number of sheep 
preyed on by wolves, reduced the need for lethal removal of 
wolves, and helped train and convince sheepherders that nonle-
thal methods can effectively manage wolf–sheep conflict. The 
presence of 1 or more field specialists assisting in monitoring 
and deterring wolves played a critical role in minimizing wolf-
sheep interactions because they were able to select appropriate 
deterrents based on site-specific conditions at the time. Beyond 
addressing immediate risks, our field personnel and sheepherd-
ers (aided by increased numbers of guardian dogs for each 
band after wolf rearing periods in the spring) provided extra 
vigilance at night as well as being able to detect wolves when 
they were present near bands, and often accurately predicted 
movements in relationship to sheep-grazing routes. Field tech-
nicians taught herders how to use deterrent tools in ways that 
maximized their effectiveness while minimizing the potential 
for wolves to habituate to the deterrents. Most importantly, 
together technicians and herders concluded that without human 
presence, especially at night, wolves and other predators tended 
to prey more heavily on the sheep bands.

Fig. 3.—Lava Lake sheep in fladry. Photo credit: Defenders of Wildlife.
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The Wood River Wolf Project was designed as a case study to 
determine if nonlethal methods could be applied effectively at 
the large landscape level to reduce losses of sheep and wolves. 
It was not designed primarily as a scientific study, but rather, as 
a management intervention that allowed some opportunity for 
collecting and analyzing data to assess the effectiveness of non-
lethal wolf management strategies. Our research was limited by 
lack of a control site or sites where nonlethal measures were not 
used, and thus our results and conclusion should be interpreted 
cautiously. We acknowledge that this work was a case study 
and that more rigorous research would be helpful in confirming 
(or disproving) our findings. However, we find it encouraging 
that upon completion of our work, livestock producers from 
our study area took the initiative to continue the project, which 
indicates that they were convinced our methods are useful for 
protecting sheep. Every annual grazing season that the nonle-
thal methods continue to demonstrate success is evidence that 
nonlethal methods can be highly effective on large-scale graz-
ing operations.

There are other issues that this paper does not address, 
including the impact of lethal wolf control and wolf hunting 
in the NPA, which had implications for this study but are 
not easily measured. For example, several wolves were killed 
annually in the NPA and, in some years, this represented 

most known members of resident packs; this was the case 
in 2014 when 2 packs in the NPA were lethally removed 
because of depredation on livestock (Idaho Department of 
Fish and Game and Nez Perce Tribe 2014). Hunters also 
trapped, snared, and shot more wolves in the NPA than in the 
PA where public trapping and snaring were not allowed. In 
2011 and 2014, the weighted number of sheep lost to wolves 
was lower in the NPA than the PA, but this may have been 
due to lethal control of wolf packs, which would have tem-
porarily resulted in fewer livestock depredations until new 
wolves dispersed into the NPA. Sheep grazing, and perhaps 
wolf behavior, in both areas were also affected by occasional 
wildfires in the PA and NPA.

Shepherding is an ancient practice, but the use of a variety 
of new nonlethal deterrent tools and techniques and the ability 
to understand wolf behavior and movement can be novel for 
sheepherders who have never dealt with wolves. It is likely that 
there was a strong educational component during both phases 
of the project. The transfer of knowledge relating to the most 
effective use of nonlethal tools and techniques enabled the 
sheepherders to become increasingly proficient in their imple-
mentation. This is important because nearly all sheep producers 
grazing on public lands employ sheepherders who manage their 
bands on a daily basis. Familiarizing livestock producers and 
sheepherders with novel techniques and gaining their participa-
tion in protecting sheep from wolves is critical for successfully 
reducing sheep depredations.

An important hurdle for the project was gaining the support 
of producers to implement nonlethal methods in a fashion that 
maximized their effectiveness. All but 1 livestock operator in 
the Wood River Wolf Project initially expressed resistance to 
changes in their operations. Some producers relied on a few 
nonlethal measures, which they repetitively applied without 
regard to wolf presence. Wolves and other predators are adapt-
able and thus may habituate to a deterrent if they are exposed 
to it too frequently or for too long a period. Adaptively rotating 
methods and carefully timing their application can reduce such 
habituation (Shivik and Martin 2000; Shivik 2006). If wolves 
become habituated to a deterrent, that method is no longer a 
deterrent. The loss of nonlethal tools increases the probability 
that lethal control will be employed as the alternative manage-
ment option.

Fig.  4.—Killing of sheep (Ovis aries) by wolves (Canis lupus) in 
Protected and Nonprotected Areas in public grazing allotments in Blaine 
County, Idaho, as shown by cumulative weighted number of sheep killed 
in each year of the study. Lines indicate regression of killings on year.

Table 2.—Depredation of sheep (Ovis aries) by gray wolves (Canis lupus) in the Protected Area and Nonprotected Area of the Wood River 
Wolf Project, Blaine County, Idaho. In the Protected Area, only nonlethal methods were used to prevent depredation. Sheep days = number of 
sheep in the area × number of days, as described in the text. Weighted number of sheep killed = (sheep killed/sheep day) × 105.

Year Protected Area Nonprotected Area

Number of wolf 
attacks

Number of  
sheep killed

Sheep days Weighted no. of 
sheep killed

Number of wolf 
attacks

Number of  
sheep killed

Sheep days Weighted no. of  
sheep killed

2008 1 1 233,305 0.43 14 55 1,547,825 3.55
2009 1 13 512,188 2.54 14 96 1,929,082 4.98
2010 2 5 534,061 0.94 15 64 1,987,172 3.22
2011 2 2 524,475 0.38 2 5 1,605,951 0.31
2012 1 4 821,638 0.49 11 49 1,435,615 3.41
2013 0 0 707,740 0.00 9 44 905,028 4.86
2014 2 5 695,220 0.72 1 1 1,175,560 0.09
Total 9 30 4,028,627 5.49 66 314 10,586,233 20.42
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Testing nonlethal measures in a field situation leads to ques-
tions regarding the best protocols to use, when and where to use 
them, and concerns that the costs may be greater than ranch-
ers could afford to adopt. This is a valid consideration because 
these methods may require additional labor and equipment 
depending on the size and type of operation. For example, proj-
ect costs ranged from $22,000 to $48,000 annually, with techni-
cian contract labor and field transportation representing more 
than 85% of the total annual costs. In 2014, project costs for a 
seasonal field contractor and equipment were $20,250, during 
which time 20,120 sheep grazed in the PA. Split among the 4 
producers, this represents an additional cost of $5,063 per year 
per producer (or approximately $1.00 per sheep).

Some livestock operators who attended training workshops 
or outreach events sponsored by the Wood River Wolf Project 
expressed concern that nonlethal methods may be unreliable. 
Some of these livestock operators also reported attempting a 
nonlethal method, then experiencing wolf depredations, and 
returning to lethal control as a more trusted strategy (Stone 
2006). For example, 1 Idaho sheep producer reported using 
fladry barriers to protect a band of sheep, but he continued to 
lose sheep to wolves. While discussing this incident, it was dis-
covered that the fladry was incorrectly installed too high above 
the ground, allowing wolves to walk under it and continue to 
kill sheep. Another farmer reported playing loud music in his 
barn every night for several weeks to keep predators at bay. 
When we examined the site, we discovered that a large horse 
carcass had been left for more than a month next to the barn 
before a wolf killed a ram in a pen located next to the barn. 
Livestock carcasses are attractants known to draw wolves 
from miles away (R. Morgan, Oregon Department of Fish and 
Wildlife, pers. comm.).

The most important aspect of nonlethal deterrent strategies 
to protect livestock from wolf depredation is correctly imple-
menting effective measures before losses occur. The project 
employed a site evaluation process (see Supplementary Data 
SD2) that helped livestock managers understand and address 
risks, but this process still requires technical assistance to 
ensure that best management methods are implemented. The 
need for a consistent applicator, such as an experienced field 
technician, to be present is currently a major limitation to non-
lethal predator management. Furthermore, as noted previously, 
not every situation allows for proper use of nonlethal wolf and 
sheep management methods.

Nonlethal measures were effective at reducing or prevent-
ing sheep losses to wolves across a large landscape during the 
summer and early fall grazing periods. The most common fac-
tor that led to confirmed depredations by wolves on sheep in 
the PA was not having active deterrents in place, or not having 
enough of them, when undocumented wolves appeared at sheep 
bedding grounds at night. During the annual evaluation pro-
cess, the project steering committee observed that the greatest 
protection against chronic or heavy livestock losses to wolves 
reliably came from using this adaptive strategy—implement-
ing tools and methods based on season, terrain, proximity to 
wolves, and availability of access. The steering committee 

based their evaluation on the repeated success of the interven-
tion methods in protecting sheep from immediate threat of wolf 
depredation.

It is believed that stable wolf packs are easier to manage 
with nonlethal deterrents than unstable packs because stable 
packs tend to hold and remain in their own established territory, 
which discourages new wolves from entering the area (Smith 
2005; Mech and Boitani 2007). Knowledge of the behavior of 
stable packs helps guide nonlethal strategies, such as avoiding 
traditional den sites in the spring, and it increases the odds of 
successfully avoiding depredations. Packs that are disrupted 
or eliminated by lethal control leave vacant territory that other 
wolves soon fill (Mech and Boitani 2007). In the absence of 
adequate nonlethal strategies for livestock protection, loss of 
livestock and wolves is more likely to occur. These nonlethal 
strategies should include adequate livestock husbandry, as 
noted by Wallach et al. (this issue), because livestock that are 
weakened by disease, bad weather, complications with birth-
ing, or other problems due to poor husbandry are more suscep-
tible to depredation by native predators.

While some livestock owners in Idaho report an increased 
interest in nonlethal methods (Stone 2009), strict adherence to 
nonlethal methods remains uncommon and largely unsupported 
by funding or assistance in implementation. Specifically, in 
Idaho, there is no permanent state or federal program to protect 
livestock from depredations using nonlethal wolf deterrents that 
is comparable to programs for lethal control. However, several 
western states have recently adopted programs to encourage 
the use of nonlethal methods and provide funding assistance 
to livestock producers to implement these strategies. Although 
they use models different from the Wood River Wolf Project, 
the states of Oregon and Washington provide technical assis-
tance and even require, in certain circumstances, that livestock 
producers use reasonable nonlethal deterrence methods (Wiles 
et al. 2011; Oregon Department of Fish and Wildlife 2016).

Having a system for documenting and evaluating the use of 
these methods and predator responses would help in develop-
ing more reliable protocols for the use of nonlethal methods. 
Our site evaluation system (see Supplementary Data SD2) is 
an example of the type of information needed to help assess the 
long-term use of these strategies. Overall, a combined approach 
incorporating consistent human presence at night, wolf moni-
toring to determine and help predict pack movements, and 
appropriate deterrents carefully applied has effectively reduced 
the loss of sheep and wolves in the Wood River Wolf Project’s 
PA. This model may be applicable in other settings and con-
texts to reduce the loss of livestock and lethal control of native 
predators that share the landscape.
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