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Abstract

Hunter harvest is a potential factor contributing to population declines of sage-grouse (Cen-
trocercus spp.). As a result, wildlife agencies throughout western North America have set
increasingly more conservative harvest regulations over the past 25 years to reduce or elim-
inate hunter success and concomitant numbers of harvested greater (C. urophasianus) and
Gunnison (C. minimus) sage-grouse. Sage-grouse hunting has varied widely over time and
space, which has made a comprehensive summary of hunting management challenging.
We compiled data on harvest regulations among 11 western U.S. states and 2 Canadian
provinces from 1870-2019 to create a timeline representative of hunting regulations. We
compared annual harvest boundaries and area-weighted average hunting regulations,
1995-2018, relative to administrative boundaries and areas of high probability of sage-
grouse occupation. We also summarized estimated numbers of birds harvested and hunters
afield, 1995-2018, across both species’ ranges. From 1995-2018, there was a 30% reduc-
tion in administrative harvest boundaries across the greater sage-grouse range compared
to a 16.6% reduction in area open to harvest within 8 km from active leks. Temporary clo-
sures occurred in response to wildfires, disease outbreaks, low population numbers, and
two research projects; whereas, permanent closures primarily occurred in small populations
and areas on the periphery of the species distribution. Similarly, area-weighted possession
limits and season length for greater sage-grouse decreased 52.6% and 61.0%, respectively,
while season start date stayed relatively stable (mean start date ~259 [mid-September]). In
contrast, hunting of the now federally-threatened Gunnison sage-grouse ended after 1999.
While restrictions in harvest regulations were large in area, closures near areas of high
greater sage-grouse occupancy were relatively smaller with the same trend for Gunnison
sage-grouse until hunting ceased. For greater sage-grouse, most states reduced bag and
possession limits and appeared to adhere to recommendations for later and shorter hunting
seasons, reducing potential for additive mortality.
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Introduction

Understanding the effects of human harvest on wildlife populations is necessary under any
management scenario but is especially critical when managing declining populations or spe-
cies of conservation concern. This requires knowing how implementation of harvest manage-
ment influences population growth relative to hunting regulations, which can be informed by
how hunting regulations have changed through time and across administrative boundaries.
Among North American game species, prairie and shrubland grouse have emerged as a group
of special concern within the past few decades [1]. Attwater’s prairie chicken (Tympanuchus
cupido attwateri) was listed as endangered under the U. S. Endangered Species Act (ESA) in
1967 [2], while lesser prairie chicken (T. pallidicinctus) and Gunnison sage-grouse (Centrocer-
cus minimus) were listed as threatened in the 2010s [3, 4]. Greater sage-grouse (C. urophasia-
nus) and the Columbian sharp-tailed grouse (T. phasianellus columbianus) have also been
previously considered for federal listing [5, 6], but are not currently under ESA protections.
Meanwhile, hunting continues for greater prairie chicken (T. cupido), greater sage-grouse, and
Columbian sharp-tailed grouse, which in consideration of other factors may lead to poorly
understood ramifications for long-term species viability [7].

Habitat loss and alteration of remaining sagebrush (Artemisia spp.) habitat have been the
greatest drivers of greater and Gunnison sage-grouse declines in the past 100 years [8-12]. The
extent of greater and Gunnison sage-grouse habitat has declined by ~44% and ~90%, respec-
tively, since pre-settlement [13], and abundance has declined an estimated ~66% since the
mid-1960s and ~66-90% since the 1950s, respectively [14-16]. Estimates of Gunnison sage-
grouse population decline from 1950-2000 were not from peer-reviewed analyses; regardless
the decline of Gunnison sage-grouse has been significant [14]. In addition, Davis et al. [11]
report average growth rates for Gunnison sage-grouse were near 1.0 or <1.0 from 1996-2012.
Specific land uses contributing to this decline include agricultural practices [17-20], exurban
development [21], energy development (e.g., [19, 22, 23]), and conifer encroachment [10, 12,
20]. Invasion of non-native cheatgrass (Bromus tectorum) has increased fire frequency espe-
cially in the Great Basin, further threatening sagebrush ecosystems [24-26]. Disease has also
been a contributing factor in greater sage-grouse decline in some regions with outbreaks of
West Nile virus leading to a 25% decrease in survival in certain populations [27]. Beyond habi-
tat loss and direct mortality, human development has led to reduced genetic diversity via habi-
tat fragmentation [28], reduced breeding success due to reduced concealment opportunities
[29], and increased abundance of predators associated with structures and roads [30-34].

This suite of issues co-occurs with continued harvesting of greater sage-grouse throughout
most of its range [7], while hunting was eliminated for Gunnison sage-grouse after sage-grouse
were split into two species in 2000 [14]. However, hunting was not listed as a major driver of
declines in the 2015 listing decision for greater sage-grouse [5]. Although numerous studies
indicate that greater sage-grouse populations likely experience compensatory mortality in
response to hunting [35-38], some studies have identified patterns consistent with additive
mortality [39-41]. These conflicting findings encourage further exploration of agency adjust-
ments to harvest management for greater sage-grouse.

Most harvest studies and summaries of harvest management have focused on specific popu-
lations of greater sage-grouse [36, 39]. This, in concert with the fact that currently greater sage-
grouse hunting is adaptively managed by state wildlife agencies, makes it difficult to see the full
pattern and balance of management objectives for grouse in terms of harvest management
across the range of this sensitive species. We summarized the history of harvest management
for both greater and Gunnison sage-grouse throughout their ranges with the goals of 1)
describing the history of changes to harvest management across both ranges of sage-grouse,
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especially over the past ~150 years, 2) quantifying specific changes to bag limits, season length
and timing, and closures in each of the 11 states and 2 provinces where sage-grouse currently
occur during the past 25 years, and 3) comparing bag limit, season length, and area open to
hunting during the past 25 years between administrative harvest boundaries and current sage-
grouse range.

Study area

Our study covered the entire extant range of greater and Gunnison sage-grouse, and included
11 western U.S. states (California, Colorado, Idaho, Montana, Nevada, North Dakota, Oregon,
South Dakota, Utah, Washington, and Wyoming) and 2 Canadian provinces (Alberta and Sas-
katchewan) with Gunnison sage-grouse occurring within southeastern Utah and south-central
Colorado (Fig 1). We obtained season closure information ~1870-2019 and specific regula-
tions, estimated numbers of harvested birds, and hunters afield for 1995-2018 from state and
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Fig 1. Assessment region, encompassing eleven states and two provinces stratified as seven management zones, and the extant range of both the greater and
Gunnison sage-grouse. Population names were defined in USFWS listing documents [4, 5].

https://doi.org/10.1371/journal.pone.0253635.9001
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provincial management agencies including Alberta Environment and Parks; California
Department of Fish and Wildlife; Colorado Parks and Wildlife; Idaho Fish and Game Depart-
ment; Montana Fish, Wildlife, and Parks; Nevada Department of Wildlife; North Dakota
Game and Fish Department; Oregon Department of Fish and Wildlife; Saskatchewan Ministry
of Environment; South Dakota Game, Fish, and Parks; Utah Division of Wildlife Resources;
Washington Department of Fish and Wildlife; and Wyoming Game and Fish Department. We
digitized administrative harvest boundaries to the smallest harvest unit available from all man-
agement agencies using ArcMap version 10.2 (ESRI, Redlands, CA). Harvest boundaries from
all harvest units were annotated with the corresponding legal area open to hunting, bag/pos-
session limits, season length (number of days and weekends), and Julian date of the opening

day for each year (Box 1).

Box 1. Harvest background and terminology.

A comprehensive summary of the history of sage-grouse
harvest regulations is challenging because management
efforts in the 11 states and 2 provinces within the current
species’ range vary widely. Until the early 1900s harvest
was largely unregulated (Hornady 1916), although some
legislation was passed in the late 19" Century (e.g.,
Colorado 1877 [Rogers 1964]), Montana 1870 [Wallestad
1975]). Later into the 1900s regulations increased at the
state level. As compared to other avian game species,
upland game birds are subject to far less federal
regulation in the United States. For instance, non-game
birds and waterfowl are protected under the Migratory
Bird Treaty Act (1918) while waterfowl conservation is
also supported by the Duck Stamp Act (1934). Like all
game species in the United States, sage-grouse
conservation is funded to some extent under the Pittman-
Robertson Act of 1937 (the federal tax on hunting
equipment). Gunnison sage-grouse have been listed as
threatened since 2014 under the Endangered Species Act
(1973), but the greater sage-grouse (and many other
upland gamebirds) experience a relatively greater
proportion of state regulation as compared to other bird
species within the United States (although we note
hunting of grouse in Canada is regulated under a federal
permit). As such, an understanding of the specific
terminology associated with hunting regulations, and the
variation of these regulations among states, is critical.

Materials and methods

Definitions

Daily bag limit: maximum number of game birds or
small game animals that may be legally taken in a single
day.

Possession limit: maximum number of game birds or
small game animals that may legally be in possession
following a set number of daily bag limits. Wildlife in
transit or storage shall be considered in possession.

Emergency closures: Wildlife commissioners may
institute emergency closure by regulation to shorten
hunting seasons in areas if a harvest quota is reached or if
emergency situations warrant closure.

Hunt type: General license (over-the-counter purchase)
or Permit. Permits that include a set number of tags in
each harvest management area with the number of tags
set by wildlife commissioners. Generally limited except in
the case of Utah for greater sage-grouse from 2000-2001.
Permits can either be for all upland game or species-
specific, as in California, Oregon, and Utah.

Hunt area: The geographical area designated for hunting
a particular species, with particular methods, during
established hunting seasons.

First weekend: Hunting seasons generally begin on a
weekend, although in some states and years opening day
occurs on a weekday, effectively reducing the number of
hunters afield as well as season length.

We conducted a thorough literature search and obtained season closure documentation from

management agencies in all 11 western U.S. states and 2 Canadian provinces from 1870s-
2019. We used this information to generate an inclusive timeline detailing the history of sage-
grouse hunting. We constructed our timeline to be as detailed as possible relative to sage-
grouse populations and sub-divided it by state and provincial boundaries from historical

documentation.
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We provide descriptions and comparisons of legal hunting area, bag and possession limits,
season length (number of days and weekends), and season start date, 1995-2018. Season start
dates are enumerated in Table 1. For harvest boundaries, the area legally open for greater sage-
grouse hunting (administrative boundaries) was compared to the area of legal harvest where
greater sage-grouse were most likely to be exposed to hunters. We defined the area where
greater sage-grouse were most likely exposed to hunters as 8-km (documented distance where
most annual activity for greater sage-grouse occurs) around all active sage-grouse leks (lek
count of >2 birds any year 1995-2018) on Doherty et al. [42], Fedy et al. [43], and Coates et al.
[44]. We calculated the percent decline of area within harvest boundaries (“administrative”
and “within 8 km of leks”) for each year based on percent difference compared to 1995. We
chose to start this season regulation assessment in 1995 because documentation of changes to
hunting regulations by state agencies were more easily obtainable after1995, and there has
been increased concern over the conservation status of sage-grouse since 1995. We used area-
weighted averages of bag and possession limits, and season length (number of days and week-
ends) to describe the average harvest effort related to these variables across all sage-grouse pop-
ulations. Area-weighted averages represented relative harvest effort across different
management agency jurisdictions. We area-weighted in two different ways: one based on the
total range of sage grouse (“Total range”), and one based on the total range of sage-grouse
exposed to hunting pressure (“Harvest range”). The latter range was smaller because many
smaller populations and areas on the periphery of the greater sage-grouse range were closed to
hunting. We also quantified the legal area open to hunting of Gunnison sage-grouse from
1995-1999, before complete closure of hunting for this species after the hunting season in
1999. Although Gunnison sage-grouse were not recognized as a distinct species until 2000, for
these analyses we knew the exact areas where they had existed throughout the assessment
period, and that they did not overlap spatially with greater sage-grouse. We did not go into
greater detail comparing administrative boundaries relative to areas where Gunnison sage-
grouse were exposed to hunting, because both states (Colorado and Utah) with Gunnison
sage-grouse completely closed hunting across the species range (Fig 2).

We also summarized estimated numbers of harvested birds and hunters afield, 1995-2018,
based on the mean estimated numbers reported from each management agency (obtained by
hunter surveys and check stations) at the spatial resolution of the independent governing body
(i.e., state or province). We then stratified these estimated numbers by the relative abundance
of sage-grouse within each state. Idaho, Montana, and Wyoming were considered states with a
large number of greater sage-grouse; we classified Colorado, Nevada, Oregon, and Utah as
medium; and California, North Dakota, and South Dakota as small. Alberta, Saskatchewan,
and Washington did not have tabulated numbers for birds harvested or hunters afield because
Saskatchewan and Washington did not harvest greater sage-grouse during 1995-2018, and
Alberta had missing data for 1995 and no hunting season from 1996-2018. We were able to
separate Gunnison sage-grouse harvest numbers from Colorado and Utah sage-grouse harvest
data, because the species is spatially distinct from greater sage-grouse; thus, it was easy to dis-
cern which species was being harvested in a given management area.

Results and discussion
Timeline of hunting restrictions and area boundaries

Regulated hunting seasons for sage-grouse started in the 1870s for some states with Montana
starting in 1870, Colorado in 1877, Idaho in 1900, Wyoming in 1902, Oregon in 1903, and
Washington in 1933 [35, 45,46,47, 48,49,50,51,52,53,54]. Sage-grouse were commercially har-
vested in the late-1800s but transitioned to sport hunting as state management agencies
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Table 1. Area-weighted average daily bag (Bag) and possession (Poss) limits for states and provinces open to hunting greater sage-grouse between 1995-2018.
Blank cells indicate closures in given years. Where bag or possession limits varied within a state, minimum and maximum values are presented in parentheses.

ALB CA CO ID MT ND NV OR SD UT WY

Year | Bag | Poss Bag | Poss | Bag Poss Bag Poss | Bag | Poss | Bag | Poss | Bag Poss | Bag | Poss | Bag | Poss | Bag | Poss | Bag | Pos

1 2 1.5 1.5 1.34 2.69 6 3 12 1 1 2.02 3.91 2 2 0 0 1.5 [3(2-| 3 6
1995 (1-2) | (1-2) | (1-2) | (2-4) (2-3) | (2-6) (1-2) | 4)

0 0 1.5 1.5 1.34 2.69 1.46 291 2 6 1 1 2.02 3.87 2 2 0 0 1 2 3 6
1996 (1-2) | (1-2) | (1-2) | (2-4) | (1-2) | (2-4) (2-3) | (2-6)

0 0 1.5 1.5 1.34 2.69 1.46 291 2 6 1 1 2.02 3.05 2 2 0 0 1 2 3 6
1997 (1-2) | (1-2) | (1-2) | (2-4) | (1-2) | (2-4) (2-3) | (2-6)

0 0 1.5 1.5 2 4 1.46 291 2 6 1 1 2.02 3.05 2 2 0 0 1 2 3 6
1998 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (2-6)

0 0 1.5 1.5 2 4 146 | 291 | 2 6 1 1 203 | 405 | 2 2 0 0 1 2 316
1999 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 1.5 1.5 2 4 1.46 291 3 6 1 1 2.03 4.05 2 2 1 1 1 2 3 6
2000 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 1.5 1.5 2 4 1.46 291 3 6 1 1 2.02 4.05 2 2 1 1 1 2 3 6
2001 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 1.5 1.5 2 4 146 | 291 | 3 6 1 1 202 | 405 | 2 2 1 1 2 2 2 | 4
2002 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 1.5 1.5 2 4 1.46 291 3 6 1 1 2.03 4.06 2 2 1 1 2 2 2 4
2003 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 15 1.5 2 4 146 | 291 | 3 6 1 1 203 | 406 | 2 2 1 1 2 2 2 | 4
2004 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 1.5 1.5 2 4 146 | 291 | 2 4 1 1 20~ 4 2 2 1 1 2 2 2 | 4
2005 (1-2) | (1-2) (1-2) | (2-4) 2)

0 0 1.5 1.5 2 4 1.44 2.89 4 8 1 1 2(2- 4 2 2 1 1 2 2 2 4
2006 (1-2) | (1-2) (1-2) | (2-4) 2)

0 0 15 1.5 2 4 127 | 255 | 2 4 1 1 203 | 406 | 2 2 1 1 2 2 2 | 4
2007 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 1.5 1.5 2 4 127 | 255 | 2 4 0 0 203 | 407 | 2 2 1 1 2 2 2 | 4
2008 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 1.5 1.5 2 4 1.23 2.46 2 4 0 0 2.03 4.07 2 2 1 1 2 2 2 4
2009 (1-2) | (1-2) (1-2) | (2-4) (2-3) | (4-6)

0 0 L5 1.5 2 330~ 1(1- 2 2 4 0 0 203 | 407 | 2 2 1 1 2 2 2 | 4
2010 (1-2) | (1-2) 4) 1) (2-3) | (4-6)

0 0 1.5 1.5 2 |35(2- 1 2 2 4 0 0 203 | 407 | 2 2 1 1 2 2 2 | 4
2011 (1-2) | (1-2) 4) (2-3) | (4-6)

0 0 1 1 2 3.5(2- 1 2 2 4 0 0 2.03 4.07 2 2 1 1 2 2 2 4
2012 4) (2-3) | (4-6)

0 0 1 1 2 3502~ 1 2 2 4 0 0 2 4 2 2 0 0 2 2 2 | 4
2013 4)

0 0 1 1 2 [35(02- 1 2 2 4 0 0 2 4 2 2 0 0 2 2 2 | 4
2014 4)

0] o0 1 1 2 [35(2-| 1 2 2 400 2 4 2 2100 2 2 2 | 4
2015 4)

0 0 1 1 2 3.5(2- 1 2 2 4 0 0 2 4 2 2 0 0 2 2 2 4
2016 4)

0 0 0 0 2 3.52 1 2 2 4 0 0 2 4 2 2 0 0 2 2 2 | 4
2017 (2-4)

0 0 0 0 2 3.52 1 2 2 4 0 0 2 4 2 2 0 0 2 2 2 4
2018 (2-4)
https://doi.org/10.1371/journal.pone.0253635.t001

implemented hunting regulations. We found all areas were open for hunting prior to 1916
when Saskatchewan was closed to hunting [55]. The 1930s and 1940s were decades with the
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Fig 2. Greater and Gunnison sage-grouse hunt units in the United States and Canada in 1995, 1999, 2003, 2012, 2015, and 2018 within the 1995-2019

study period. Closure types are indicated as follows: small or peripheral populations (grey striped), closures due to federal listing of Gunnison sage grouse
(green), experimental closures (pink), closures due to fire (dotted red) and closures related to West Nile Virus (yellow striped).

https://doi.org/10.1371/journal.pone.0253635.9002

most area closed to hunting during the past 15 decades (Fig 3). These closures were based on
concerns of overharvest resulting in poor population growth across the ranges of greater and
Gunnison sage-grouse [53]. The 1970s and 1980s were decades where hunting was open
throughout most of the sage-grouse distribution, but season regulations were more conservative
than the early 1900s (Fig 3).

Across the 1995-2018 study period, total area open to hunting declined in most states and
provinces (Figs 4 and 5). Hunting season closures were the most direct means to remove har-
vest pressure and were implemented in greater sage-grouse populations experiencing rapid
declines, low population numbers relative to that population’s trend, spatially and numerically
small isolated populations and areas on the periphery of larger greater sage-grouse popula-
tions, and all Gunnison sage-grouse populations. Over our assessment period, both temporary
and long-term hunting closures reduced overall area open to hunting by 30.4% between 1995
and 2018 for greater sage-grouse and 100% for Gunnison sage-grouse. For greater sage-grouse,
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Fig 3. Timeline depicting the harvest history of sage-grouse from 1870s-2019 stratified by sage-grouse Management Zone and greater and
Gunnison sage-grouse populations. Information obtained from state and provincial management agencies and 14,35,46,47,48,49,50,51,52,53,54. All
populations that crossed state or provincial boundaries were sub-stratified by those legal boundaries. Green depicts years when a population stratified
by state was essentially fully open to hunting, yellow depicts partial closures (>50% open but some closure), orange depicted partial closures (<50%
open but some legal hunting), red depicted essentially full hunting closures, and grey with NA indicates years where no data was available. This
information is also available in Excel format via S1 Table.

https://doi.org/10.1371/journal.pone.0253635.9g003

long-term closures were generally associated with small, isolated populations or areas on the
periphery of larger populations (Fig 2). Several individual hunt units representing small por-
tions of larger greater sage-grouse biological populations in Idaho, Montana, Nevada, Oregon,
and Utah were closed during the assessment period (Fig 2).

Hunting closures in southwestern Colorado and southeastern Utah preceded the official
“threatened” listing decision of Gunnison sage-grouse in 2014 by 14 years. During assessment
years, the Gunnison Basin population of Gunnison sage-grouse represented nearly all the spe-
cies’ exposure to hunting, which ended after the fall hunting season in 1999. This population
was exposed to hunting over 9,343 km? between 1995-1999 with a slightly larger area of 9,971
km? in 1998. Note that the 1998 increase in legal area to hunt near the Gunnison sage-grouse
range in Colorado was entirely outside of designated Gunnison sage-grouse range. Technically
2.4% of the Pifion Mesa population, representing 0.2% of the total Gunnison sage-grouse dis-
tribution, was open to hunting in Utah through the hunting season of 1997. This was an arti-
fact of regulations that defined all of Grand County, Utah open to sage-grouse hunting prior
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Fig 4. Change in total harvest area for greater sage-grouse across 11 western states and 2 Canadian provinces
from 1995-2018, represented by total administrative boundaries (solid) and area within 8 km of known leks
(dashed).

https://doi.org/10.1371/journal.pone.0253635.9004
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Fig 5. Change over time in average bag limits (A) and possession limits (B) of greater sage-grouse, 1995-2018.
The solid line represents averaged season length within 8 km of all active greater sage-grouse leks, and the dashed line
represents averaged season length within 8 km of active leks with direct exposure to legal harvest in a given year.

https://doi.org/10.1371/journal.pone.0253635.g005

to recognition of Gunnison sage-grouse as a separate species (Fig 2). It is generally believed
that very few, if any, hunters were afield in areas with Gunnison sage-grouse in Utah. In addi-
tion, Upland Game Reports from Utah between 1995-1997 indicated no take of sage-grouse in
southeastern Utah during those years, supporting our contention that Gunnison sage-grouse
were unlikely to have been harvested in Utah from 1995-1997.

While permanent closures occurred mainly in small populations and along range periphery
for greater sage-grouse (e.g., Canada 1996 and Washington 1988), temporary closures were
another common means to reduce hunting pressure. These temporary closures often occurred
in response to low populations (i.e., low spring lek counts), wildfire, and West Nile Virus pres-
ence. Greater sage-grouse declines at the periphery of the Northern Montana/Canadian and
Yellowstone Watershed and Dakotas populations led to temporary closures in North and
South Dakota, prior to closures that are not expected to be reopened in the foreseeable future
in California (2017); North Dakota (2007); South Dakota (2017); and Jackson, Wyoming
(2003; Figs 2 and 3). Additionally, a large portion of the hunted area in Montana (~77% of
1995-2013) was closed to hunting during 2014 and 2015. Disease was a factor in the 2004
hunting closure of the Powder River Basin population in northeastern Wyoming; this popula-
tion suffered drastic population declines associated with West Nile Virus ([27]; Fig 2), as did
parts of southwestern Idaho, though Idaho populations were still open for hunting. Fires in
2012 led to large temporary closures in Nevada and Oregon (Fig 2), while large hunt units in
Idaho were closed intermittently due to wildfires between 2008-2016. Research projects exam-
ining the effects of harvest contributed to closures in Idaho and a small portion of the Yellow-
stone Watershed in Montana from 2002-2005 [39, 56] (Fig 2).

While the overall reduction in legal hunting area across the range of greater sage-grouse
between 1995 and 2018 was 30.4%, reduction in areas open to harvest within 8 km of an active
greater sage-grouse lek was only 16.6% (Fig 4). In other words, direct reduction in potential
hunting pressure on greater sage-grouse was much less than total administrative reductions
would suggest. Thus, the percent decline of area open to legal greater sage-grouse hunting
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illustrated that reduction in administrative harvest boundaries did not fully align with a real-
ized reduction in harvest exposure (Fig 4).

Changes to bag limits, season length, and permit type

For greater sage-grouse, area-weighted bag limits and possession limits decreased by 39.2%
and 52.6%, respectively, across their range between 1995 and 2018 (Figs 5 and 6). The lowest
area-weighted possession limits were during 2014 and 2015 when Montana had its most con-
servative hunting seasons, representing a 45.7% decrease from 1995 to 2015 (Fig 4). Daily bag
limits and possession limits ranged from 1-4 and 1-12, respectively, throughout the assess-
ment period. Most hunt areas and years maintained daily bag limits between 1-2 and posses-
sion limits between 2-4. Averaged across the range, limits appear to have minimally declined
across the study period; however, limits were in fact halved in many areas, from two to one
(Table 1). Several hunting units across the greater sage-grouse range had daily bag limits of 1
in numerous years, and North and South Dakota had a possession limit of 1 in years when
hunting was open.

This is excluding permit-only hunts, which will be discussed in further detail below. Both
bag and possession limits were highest in Montana during our analysis period, where hunters
were permitted a possession limit of 12 in 1995 and 6 in several other years. Montana was the
only state with a daily bag limit >3, allowing a daily bag of 4 in 2006. Montana, Wyoming, and
the hunt associated with Sheldon National Wildlife Refuge and Hunt Unit 33 in Nevada, each
had several years with daily bag limits of 3. However, this regulation in Nevada was associated
with a permit-only hunt; thus, Nevada limited the overall hunter take by limiting the number
of permits. Averaged across the greater sage-grouse range, limits declined across the assess-
ment period. When averaging limits only across areas open to legal harvest (direct exposure to
hunting) as opposed to the overall range, these changes appeared smaller due to exclusion of
areas without hunting and thereby a 0 daily bag and possession limit (23.3% change in bag lim-
its and 43.1% changes in possession limits from 1995 to 2018; Fig 5).

Changes in daily bag and possession limits for Gunnison sage-grouse were primarily real-
ized in the Gunnison Basin (Colorado) where the daily bag limit was 2 and the possession
limit was 4 from 1995-1999. A total of 2.4% of the Pifion Mesa (Utah) population of Gunnison
sage-grouse was exposed to 2 and 4, then 1 and 2 daily bag and possession limits during 1995
and 1996-1997, respectively. Utah changed the harvest boundary that overlapped the Gunni-
son sage-grouse range in southeastern Utah to remove all potential harvest exposure to that
group of birds after the 1997 hunting season.

Average season length for greater sage-grouse decreased markedly across the study period:
average season length was 32 days in 1995 (range 2-106 days), compared to 12 days in 2018
(range 2-30 days; Fig 7). Montana had the largest influence on the reduction in season length
reducing its season from 106 days in 1995 to 62 between 1996-2013 and finally to 30 during
2014-2018. In the Gunnison Basin population of Gunnison sage-grouse, season length was
consistently open for 3 weekends, which equated to 17 days in 1995 and 16 days 1996-1999. A
small portion of the Pifion Mesa population of Gunnison sage-grouse in Utah was exposed to
a 9-day hunting season in Utah from 1995-1997.

Hunt type varied across states, with Colorado, Wyoming, and Montana having solely gen-
eral season licenses (Box 1). Idaho shifted in 2012 to unlimited sage/sharp-tailed grouse per-
mits to hunt greater sage-grouse and Columbian sharp-tailed grouse, which meant that
hunters could pursue both species on the same permit; likely influencing estimated numbers
of hunters pursuing either species. California, Oregon, and the hunt associated with Sheldon
National Wildlife Refuge and Hunt Unit 33 in Nevada maintained limited permit-only
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Fig 7. Change over time in season length calculated as total hunt days for greater sage-grouse, 1995-2018. The
solid line represents averaged season length within 8 km of all active greater sage-grouse leks within the range of the
species, whereas the dashed line represents averaged season length within 8 km of active leks with direct exposure to
legal harvest in a given year across the range of greater sage-grouse.

https://doi.org/10.1371/journal.pone.0253635.9007
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hunting throughout 1995-2018, though California set the permit number to 0 for 2017-2018,
effectively ending hunting in the state. Utah shifted from general hunts to permits starting in
2000, with an unlimited number of permits in 2001 and 2002, followed by state-regulated lim-
ited permits during 2002-2018. The remainder of states and provinces had some combination
of open hunts and permits throughout the assessment period.

State estimated harvest numbers and hunters

Estimated number of harvested greater and Gunnison sage-grouse and hunters afield were
available for all years and management agencies with the exception of missing data from
Alberta in 1995, Idaho in 2003, and Nevada in 2018 (Fig 8). Total number of hunters
declined across all states, and hunter numbers declined by at least 60% in every state except
Oregon (declined by 48%) and Wyoming (declined by 24%; Fig 8). Complete cessation of
hunting occurred throughout the Gunnison sage-grouse range and in Alberta (1995; final
fall of hunting), and several other populations and U.S. states for greater sage-grouse by
the end of the assessment period. Previous complete closures for greater sage-grouse by
administrative boundary included Saskatchewan (prior to 1950’s and possibly as early as
1916—records prior to 1950 were unavailable) and Washington (1988 onward). The largest
total number of hunters was lost from Idaho, where hunter numbers declined by over
15,000 between 1995 and 2018; however, it is difficult to discern what portion of the drop
in the number of hunters was from improvements in the hunter survey or real reductions
in hunters afield.

Patterns in harvest were generally similar for both species. In 2018, Wyoming had the
highest harvest, with over 10,400 birds harvested that year (5-times larger than the next larg-
est state, Idaho; Fig 8D). Annual harvest dipped sharply between 2001 and 2003, and again
in 2013 associated with lower population sizes and more conservative season regulations.
Another interesting trend was a peak in harvest numbers comparable to pre-1995 numbers
in Nevada in 2009 and 2010 and in Oregon throughout much of the mid-2000s (Fig 8E).
These increases were related to higher sage-grouse numbers in these years [15, 57]. For
Gunnison sage-grouse, the estimated number of hunters and harvested Gunnison sage-
grouse from the Gunnison Basin population as verified by upland game reports indicated
no harvest in the range of Gunnison sage-grouse within Utah. Estimated number harvested

Fig 8. Estimated number of hunters (A-C) and harvest (D-F) grouped by relative abundance of greater sage-
grouse among states from 1995-2018. Data were obtained from state wildlife management agencies.

https://doi.org/10.1371/journal.pone.0253635.9008
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and hunters afield throughout the Gunnison Basin population of Gunnison sage-grouse
dramatically decreased from 1997 to 1998, but no apparent hunting regulation changes
were linked to this decrease.

Conclusions and management implications

State and provincial management agencies are tasked with providing hunting opportunities to
the public while maintaining the population viability of harvested species. Our summary shows
that state and provincial wildlife agencies, in response to scrutiny over declining sage-grouse
populations, took extreme efforts to reduce hunting seasons during the 1930s and 1940s and
again started a continually more conservative approach to hunting seasons from the mid-1980s,
especially 1995, onward. These agencies typically changed harvest regulations, including reduc-
ing bag and possession limits, season lengths, and season start date, rather than completely
removing hunting exposure to reduce the possibility of additive mortality from hunting on sage-
grouse populations while maintaining hunting opportunity for the public. When populations
were declining or at risk, state management agencies took steps to eliminate hunting as a threat
for those populations, including all Gunnison sage-grouse populations.

Hunting closure, the most dramatic adjustment, was implemented either temporarily or
permanently in many harvest management units following declines in greater sage-grouse
populations. Studies directly assessing the effectiveness of this technique have been few [39,
56]. Furthermore, disentangling the effects of hunting closure on population growth from
expected growth, especially at low population sizes, is challenging [58]. For example, popula-
tion growth was not detectible after closure of hunting for all Gunnison sage-grouse or greater
sage-grouse in Alberta, Canada; Jackson, Wyoming; the bi-state population (California and
Nevada); or Washington state populations. However, Connelly et al. [39] found closure of
hunting in Idaho was associated with higher spring lek counts for greater sage-grouse, particu-
larly in poorer quality habitat. Compared to closures, reductions in hunting exposure have
been a more common method of adjusting harvest numbers for greater sage-grouse. Reduc-
tions in exposure have included lowered bag and/or possession limits and shortened or
delayed hunting seasons [7]. Such reductions and closures have become increasingly common
in the past 25 years, but whether these trends are consistent among management areas or are
effective at a larger spatial scale has yet to be documented.

We have presented the most comprehensive summary of these data for multiple reasons.
First, varying priorities at the state level and harvest regulations set by state wildlife commissions
makes a holistic understanding of sage-grouse hunting exposure range-wide challenging, but
we have attempted to provide this view. As a result, we identified some trends that were encour-
aging and others that might be concerning. First, it appears that overall agencies are doing well
with adjusting the timing of hunting seasons, reducing season lengths and maintaining later
hunting seasons as supported in the literature [7]. Also, by retaining hunting seasons but lower-
ing bag and possession limits, agencies continue to bring in important funding for conservation
from hunting permits while ensuring hunter take is under 5%, as suggested by Reese and Con-
nelly [7], to sustain populations. In addition, constraining hunting seasons rather than closing
them is of great importance for state wildlife agencies so they retain the ability to increase hunt-
ing opportunity for the public should these populations increase in the future. On the other
hand, we identified a trend where apparent reductions in hunt areas are deceptively large;
whereas, effective area to harvest sage-grouse (i.e., areas subjected to harvest within 8 km of a
lek) declined comparatively less. This may be problematic if one uses total area as an assessment
of management effectiveness, giving a false impression of management impacts.
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Supporting information

S1 Table. Data for harvest history timeline for sage-grouse from 1870s-2019 stratified by
sage-grouse Management Zone and greater and Gunnison sage-grouse populations. All
sage-grouse populations that crossed state or provincial boundaries were sub-stratified by
those legal boundaries. Green depicts years when a population stratified by state was essentially
fully open to hunting, yellow depicts partial closures (>>50% open but some closure), orange
depicted partial closures (<50% open but some legal hunting), red depicted essentially full
hunting closures, and grey with NA indicates years where no data was available.

(XLSX)

$2 Table. Data for hunting season regulations for greater sage-grouse. Hunting season reg-
ulation and area data for greater sage-grouse across 11 western states and 2 Canadian prov-
inces from 1995-2018. Data used to calculate changes in hunting season regulations for
greater sage-grouse relative to the greater sage-grouse range and where sage-grouse were
exposed to hunting.

(XLSX)

$3 Table. Hunters and harvested sage-grouse data. Estimated number of sage-grouse har-
vested and number of hunters by year. Data and estimates reported from state and provincial
wildlife management agencies.

(XLSX)

Acknowledgments

Wildlife management agencies across the western United States of America and Canada were
essential for providing data including Alberta Environment and Parks; California Department
of Fish and Wildlife; Colorado Parks and Wildlife; Idaho Fish and Game Department; Mon-
tana Fish, Wildlife, and Parks; Nevada Department of Wildlife; North Dakota Game and Fish
Department; Oregon Department of Fish and Wildlife; Saskatchewan Ministry of Environ-
ment; South Dakota Game, Fish, and Parks; Utah Division of Wildlife Resources; Washington
Department of Fish and Wildlife; and Wyoming Game and Fish Department.

Author Contributions

Conceptualization: Jonathan B. Dinkins, Jeffrey L. Beck.

Data curation: Jonathan B. Dinkins, Courtney J. Duchardt, Jacob D. Hennig.
Formal analysis: Jonathan B. Dinkins.

Funding acquisition: Jonathan B. Dinkins, Jeffrey L. Beck.

Investigation: Jonathan B. Dinkins, Jeffrey L. Beck.

Methodology: Jonathan B. Dinkins, Jacob D. Hennig, Jeffrey L. Beck.
Project administration: Jonathan B. Dinkins, Jeffrey L. Beck.

Resources: Jonathan B. Dinkins, Jeffrey L. Beck.

Software: Jonathan B. Dinkins.

Supervision: Jonathan B. Dinkins, Jeffrey L. Beck.

Validation: Jonathan B. Dinkins, Jeffrey L. Beck.

Visualization: Jonathan B. Dinkins, Courtney J. Duchardt, Jacob D. Hennig, Jeffrey L. Beck.

PLOS ONE | https://doi.org/10.1371/journal.pone.0253635 October 5, 2021 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0253635.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0253635.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0253635.s003
https://doi.org/10.1371/journal.pone.0253635

PLOS ONE

Sage-grouse hunting season regulations (1870s—2019)

Writing - original draft: Jonathan B. Dinkins, Courtney J. Duchardst, Jeffrey L. Beck.

Writing - review & editing: Jonathan B. Dinkins, Courtney J. Duchardt, Jacob D. Hennig, Jef-

frey L. Beck.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Storch |. Conservation status of grouse worldwide: An update. Wildlife Biol. 2007; 13: 5-12.
U.S. Fish and Wildlife Service. Native fish and wildlife endangered species. Fed Regist. 1967; 32: 48.

U.S. Fish and Wildlife Service. Endangered and threatened wildlife and plants: determination of threat-
ened status for the lesser prairie-chicken Federal Register. Fed Regist. 2010; 79: 19974-20071.

U.S. Fish and Wildlife Service. Endangered and threatened wildlife and plants: determination for the
Gunnison sage-grouse as a threatened or endangered species. Fed Regist. 2014; 75: 59803-59863.

U.S. Fish and Wildlife Service. Endangered and threatened wildlife and plants: 12-month finding on a
petition to list the greater sage-grouse (Centrocercus urophasianus) as an endangered or threatened
species: proposed rule. Fed Regist. 2015; 80: 59857-59942.

U.S. Fish and Wildlife Service. Endangered and threatened wildlife and plants: 12-month finding for a
petition to list the Columbian sharp-tailed grouse as threatened. Fed Regist. 2000; 65: 60391-60396.

Reese KP, Connelly JW. Harvest management for greater sage-grouse: a changing paradigm for game
bird management. In: Knick ST, Connelly JW, editors. Greater sage-grouse: ecology and conservation
of a landscape species and its habitats. Studies in Avian Biology 38, Berkeley: University of California
Press. 2011; pp 101-111.

QOyler-McCance SJ, Burnham KP, Braun CE. Influence of changes in sagebrush on Gunnison sage-
grouse in southwestern Colorado. Southwest Nat. 2001; 46: 323.

Connelly JW, Rinke ET, Braun CE. Characteristics of greater sage-grouse habitats: a landscape spe-
cies at micro-and macroscales. In: Knick ST, Connelly JW, editors. Greater sage-grouse: ecology and
conservation of a landscape species and its habitats. Studies in Avian Biology 38, Berkeley: University
of California Press. 2011; 69-84.

Baruch-Mordo S, Evans JS, Severson JP, Naugle DE, Maestas JD, Kiesecker JM, et al. Saving sage-
grouse from the trees: a proactive solution to reducing a key threat to a candidate species. Biol Conserv.
2013; 167:233—-241.

Davis AJ, Hooten MB, Phillips ML, Doherty PF. An integrated modeling approach to estimating Gunni-
son sage-grouse population dynamics: combining index and demographic data. Ecol Evol. 2014; 4:
4247-4257. https://doi.org/10.1002/ece3.1290 PMID: 25540687

Coates PS, Prochazka BG, Ricca MA, Gustafson K Ben, Ziegler P, Casazza ML. Pinyon and juniper
encroachment into sagebrush ecosystems impacts distribution and survival of greater sage-grouse.
Rangel Ecol Manag. 2017; 70: 25-38.

Schroeder MA, Aldridge CL, Apa AD, Bohne JR, Braun CE, Bunnell SD, et al. Distribution of sage-
grouse in North America. Condor. 2004; 106: 363—-376.

Gunnison Sage-Grouse Rangewide Steering Committee. Gunnison sage-grouse range-wide conserva-
tion plan. Fort Collins, CO; 2005.

Garton EO, Connelly JW, Horne JS, Hagen CA, Moser A, Schroeder MA. Greater sage-grouse popula-
tion dynamics and probability of persistence. In: Knick ST, Connelly JW, editors. Greater sage-grouse
population dynamics and probability of persistence. Studies in Avian Biology 38, Berkeley: University
of California Press. 2011; pp 293-382.

Nielson RM, Mcdonald LL, Mitchell J, Howlin S, Lebeau C. Analysis of greater sage-grouse lek data:
trends in peak male counts 1965-2015. 2015.

Swenson JE, Simmons CA, Eustace CD. Decrease of sage-grouse (Centrocercus urophasianus) after
ploughing of sagebrush steppe. Biol Conserv. 1987; 41: 125-132.

Smith JT, Flake LD, Higgins KF, Kobriger GD, Homer CG. Evaluating lek occupancy of greater sage-
grouse in relation to landscape cultivation in the Dakotas. West North Am Nat. 2005; 65: 310-320.

Doherty KE, Evans JS, Coates PS, Juliusson LM, Fedy BC. Importance of regional variation in conser-
vation planning: a rangewide example of the greater sage-grouse. Ecosphere. 2016; 7: e01462.

Doherty KE, Hennig JD, Dinkins JB, Griffin KA, Cook AA, Maestas JD, et al. Understanding biological
effectiveness before scaling up range-wide restoration investments for Gunnison sage-grouse. Eco-
sphere. 2018; 9: e02144.

Leu M, Hanser SE, Knick ST. The human footprint in the west: a large-scale analysis of anthropogenic
impacts. Ecol Appl. 2008; 18: 1119-1139. https://doi.org/10.1890/07-0480.1 PMID: 18686576

PLOS ONE | https://doi.org/10.1371/journal.pone.0253635 October 5, 2021 15/17


https://doi.org/10.1002/ece3.1290
http://www.ncbi.nlm.nih.gov/pubmed/25540687
https://doi.org/10.1890/07-0480.1
http://www.ncbi.nlm.nih.gov/pubmed/18686576
https://doi.org/10.1371/journal.pone.0253635

PLOS ONE

Sage-grouse hunting season regulations (1870s—2019)

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42,

43.

Walker BL, Naugle DE, Doherty KE. Greaters sage-grouse population response to energy development
and habitat loss. J Wildl Manage. 2007; 71: 2644—2654.

Gregory AJ, Beck JL. Spatial heterogeneity in response of male greater sage-grouse lek attendance to
energy development. PLoS One. 2014; 9: 1-8. https://doi.org/10.1371/journal.pone.0097132 PMID:
24918922

Balch JK, Bradley BA, D’Antonio CM, Gémez-Dans J. Introduced annual grass increases regional fire
activity across the arid western USA (1980-2009). Glob Chang Biol. 2013; 19: 173—1883. https://doi.org/
10.1111/gcb.12046 PMID: 23504729

Coates PS, Casazza ML, Ricca MA, Brussee BE, Blomberg EJ, Gustafson KB, et al. Integrating spa-
tially explicit indices of abundance and habitat quality: an applied example for greater sage-grouse man-
agement. J Appl Ecol. 2016; 53: 83—-95. https://doi.org/10.1111/1365-2664.12558 PMID: 26877545

Bradley BA, Curtis CA, Fusco EJ, Abatzoglou JT, Balch JK, Dadashi S, et al. Cheatgrass (Bromus tec-
torum) distribution in the intermountain Western United States and its relationship to fire frequency, sea-
sonality, and ignitions. Biol Invasions. 2018; 20: 1493-1506.

Naugle DE, Aldridge CL, Walker BL, Doherty KE, Matchett MR, MclIntosh J, et al. West Nile virus and
sage-grouse: what more have we learned? Wildl Soc Bull. 2005; 33: 616—-623.

Bush KL, Dyte CK, Moynahan BJ, Aldridge CL, Sauls HS, Battazzo AM, et al. Population structure and
genetic diversity of greater sage-grouse (Centrocercus urophasianus) in fragmented landscapes at the
northern edge of their range. Conserv Genet. 2011; 12: 527-542.

Doherty KE, Naugle DE, Tack JD, Walker BL, Graham JM, Beck JL. Linking conservation actions to
demography: grass height explains variation in greater sage-grouse nest survival. Wildlife Biol. 2014;
20: 320-325.

Dinkins JB, Conover MR, Kirol CP, Beck JL. Greater sage-grouse (Centrocercus urophasianus) select
nest sites and brood sites away from avian predators. Auk. 2012; 129: 600-610.

Dinkins JB, Conover MR, Kirol CP, Beck JL, Frey SN. Greater sage-grouse (Centrocercus urophasia-
nus) select habitat based on avian predators, landscape composition, and anthropogenic features. Con-
dor. 2014; 116: 629-642.

Howe KB, Coates PS, Delehanty DJ. Selection of anthropogenic features and vegetation characteristics
by nesting common ravens in the sagebrush ecosystem. Condor. 2014; 116: 35—-49.

Gibson D, Blomberg EJ, Atamian MT, Espinosa SP, Sedinger JS. Effects of power lines on habitat use
and demography of greater sage-grouse (Centrocercus urophasianus). Wildl Monogr. 2018; 200: 1-41.

Coates PS, O’Neil ST, Brussee BE, Ricca MA, Jackson PJ, Dinkins JB, et al. Broad-scale impacts of an
invasive native predator on a sensitive native prey species within the shifting avian community of the
North American Great Basin. Biol Conserv. 2020; 243: 108—-409.

Crawford JA. Factors affecting sage-grouse harvest in Oregon. Wildl Soc Bull. 1982; 10: 374-377.

Johnson KH, Braun CE. Biology viability and conservation of anexploited sage-grouse population. Con-
serv Biol. 1999; 13: 77-84.

Sedinger JS, White GC, Espinosa S, Partee ET, Braun CE. Assessing compensatory versus additive
harvest mortality: an example using greater sage-grouse. J Wildl Manage. 2010; 74: 326-332.

Sedinger BS, Sedinger JS, Espinosa S, Atamian MT, Blomberg EJ. Spatial-temporal variation in sur-
vival of harvested greater sage-grouse. In: Sandercock BK, Martin K, Segelbacher G, editors. Greater
sage-grouse: ecology and conservation of a landscape species and its habitats. Studies in Avian Biol-
ogy 39, Berkeley: University of California Press. 2011; pp 317-328. https://doi.org/10.1086/662165
PMID: 22030737

Connelly JW, Reese KP, Garton EO, Commons-Kemner ML. Response of greater sage-grouse Centro-
cercus urophasianus populations to different levels of exploitation in Idaho, USA. Wildlife Biol. 2003; 9:
335-340.

Reese KP, Connelly JW, Garton EO, Commons-Kemner ML. Exploitation and greater sage-grouse
Centrocercus urophasianus: a response to Sedinger and Rotella. Wildlife Biol. 2005; 11: 377-381.

Gibson RM, Bleich VC, McCarthy CW, Russi TL. Hunting lowers population size in greater sage-grouse.
In: Sandercock BK, Martin GS, editors. Ecology, conservation, and management of grouse. Studies in
Avian Biology 39, Berkeley: University of California Press. 2011; pp 307-315.

Doherty KE, Tack J, Evans J, Naugle DE. Mapping breeding densities of greater sage-grouse: a tool for
range-wide conservation planning. Bureau of Land Management Completion Report. Interag Agreem
Number #L. 2010;10.

Fedy BC, Aldridge CL, Doherty KE, O’'Donnell M, Beck JL, Bedrosian B, et al. Interseasonal movements
of greater sage-grouse, migratory behavior, and an assessment of the core regions concept in Wyo-
ming. J Wildl Manage. 2012; 76: 1062—1071.

PLOS ONE | https://doi.org/10.1371/journal.pone.0253635 October 5, 2021 16/17


https://doi.org/10.1371/journal.pone.0097132
http://www.ncbi.nlm.nih.gov/pubmed/24918922
https://doi.org/10.1111/gcb.12046
https://doi.org/10.1111/gcb.12046
http://www.ncbi.nlm.nih.gov/pubmed/23504729
https://doi.org/10.1111/1365-2664.12558
http://www.ncbi.nlm.nih.gov/pubmed/26877545
https://doi.org/10.1086/662165
http://www.ncbi.nlm.nih.gov/pubmed/22030737
https://doi.org/10.1371/journal.pone.0253635

PLOS ONE

Sage-grouse hunting season regulations (1870s—2019)

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

Coates PS, Casazza ML, Blomberg EJ, Gardner SC, Espinosa SP, Yee JL, et al. Evaluating greater
sage-grouse seasonal space use relative to leks: implications for surface use designations in sagebrush
ecosystems. J Wildl Manage. 2013; 77: 1598—1609.

Aldridge CL, Brigham RM. Distribution, abundance, and status of greater sage-grouse, Centrocercus
urophasianus, in Canada. Can Field Nat. 2003; 117: 25-34.

Autenrieth RE, Molini W, Braun CE. Sage-grouse management practices. Western States Sage-
Grouse Committee. Technical Bulletin 1, Twin Falls, ID; 1981.

Braun CE, Budeau DA, Schroeder MA. Fall population structure of sage-grouse in Colorado and Ore-
gon. Wildlife Technical Report 005-2015. Oregon Department of Fish and Wildlife, Salem, OR; 2015.

Gibson RM, Bleich VC, McCarthy CW, Russi TL. Hunting lowers population size in greater sage-grouse.
In: Sandercock BK, Martin K, Segelbacher G, editors. Ecology, conservation, and management of
grouse. Studies in Avian Biology 39, Berkeley: University of California Press. 2011; 307-315.

Grinnell J. Game birds of California. University of California Press. Berkley, CA, 1918.

Johnson MD, Knue J. Feathers from the prairie: a short history of upland game birds. Pittman—Robert-
son Project W-67-R. North Dakota Game and Fish Department, Bismarck, ND, 1989.

Patterson RL. The sage-grouse in Wyoming. Sage Books, Denver, CO; 1952.

Rogers GE. Sage-grouse investigations in Colorado. Colorado Game, Fish and Parks Department,
Technical Publication 16, Denver, CO; 1964.

Schroeder MA, Young JR, Braun CE. Greater Sage-Grouse (Centrocercus urophasianus), version 1.0.
In Poole AF and Gill FB, editors. Birds of the World. Cornell Lab of Ornithology, Ithaca, NY; 2020.

Wallestad RO. Life history and habitat requirements of sage-grouse in central Montana. Montana
Department of Fish, Game, and Parks, Helena, MT; 1975.

Hornaday WT. Save the sage-grouse from extinction, a demand from civilization to the western states.
New York Zoological Park Bulletin 1916; 5: 179-219.

Sika J. Breedingecology, survival rates, and causes of mortality of hunted and nonhunted greater sage-
grouse in central Montana. M.Sc. Thesis. Montana State University—Bozeman. 2006.

Garton EO, Wells AG, Baumgardt JA, Connelly JW. Greater sage-grouse population dynamics and
probability of persistence. Final Rep to Pew Charit Trust. 2015.

Sedinger JS, Rotella JJ. Effect of harvest on sage-grouse Centrocercus urophasianus populations:
what can we learn from the current data? Wildlife Biol. 2005; 11: 371-375.

PLOS ONE | https://doi.org/10.1371/journal.pone.0253635 October 5, 2021 17/17


https://doi.org/10.1371/journal.pone.0253635

