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Fig. 3. Current and historical Gunnison sage-grouse range. See next page for details on numbers found on map.
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Gunnison Sage-grouse Rangewide Conservation Plan

Fig. 3. Current and historical GUSG range. This map is based on Schroeder et al. (2004),
but has been modified in 6 ways (labeled on the map as #1 - # 6):

(1) Schroeder et al. (2004) described the 2 polygons in the north part of the pre-settlement
range as being pre-settlement habitat for GUSG based upon 12 museum specimens
(Table 5). The RSC questioned the accuracy of the inclusion of this area being GUSG
pre-settlement habitat (as opposed to GRSG habitat) because the museum specimens
were not actually reviewed by Schroeder et al. (2004). The RSC has requested photos of
these specimens from the various host museums (Table 5) but has not yet acquired the
documentation. Until these specimens are actually seen (and, if possible, genetic
information is obtained), the RSC has agreed to refer to these areas as pre-settlement
habitat for “Uncertain Sage-grouse Species”. In either case, the RCP does not intend for
any historical GUSG habitat in Garfield, Eagle, or Pitkin Counties, or in the portion of
Mesa County that is illustrated under #1 (all in Colorado), to be managed as potential
GUSG habitat, until or unless it is proven that the museum specimens in question are
GUSG.

(2) This is an area the RSC expanded slightly over the pre-settlement distribution drawn
by Schroeder et al. (2004). The UDWR recently mapped vacant/unknown and potential
GUSG habitats (see pg. 54 for definitions). These mapped areas were based upon current
and past distribution of sagebrush habitats. In a few areas, the newly mapped areas
extended outside of the Schroeder et al. (2004) described area. The RSC agreed to
include these small extensions to more accurately describe pre-settlement habitat in Utah.

(3) The Schroeder et al. (2004) map did not illustrate a pre-settlement habitat connection
between the San Miguel and the Cerro Summit — Cimarron - Sims Mesa populations.
Recent results from an analysis of genetic material by Oyler-McCance et al. (in press)
(see “Genetics”, pg. 47) document the exchange of genetic information between these
populations. Based upon this evidence, we used the Colorado Vegetation Classification
Project (CVCP, Colorado Division of Wildlife 2004b) GIS (Geographic Information
System) data to identify habitats in the area between these 2 populations that are, or could
have historically been suitable for GUSG use (e.g., current pifion-juniper habitat with
sagebrush understory may have historically been sagebrush habitat). Thus, we extended
the pre-settlement habitat in the region between the 2 populations.

(4) We questioned whether an area on the west side of the San Luis Valley, identified as
presettlement habitat by Schroeder et al. (2004), had ever actually been GUSG habitat.
The CVCP (Colorado Division of Wildlife 2004b), which used 82-foot (25 m) Landsat
TM Satellite Imagery and ground truthing to derive vegetation classes showed few, if
any, polygons of sagebrush or sagebrush-associated classes on the west side of the San
Luis Valley. As a result, the RSC decided to label this area as “questionable”
presettlement habitat. In addition, a rangewide strategy was designed to investigate the
historical nature of this area using historic photos, soils, and other available information
(see “Habitat Monitoring” rangewide strategy, pg. 220, Objective 3, Strategy 1).
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(5) Based on the CVCP (Colorado Division of Wildlife 2004b) we added pre-settlement
distribution on the east side of the San Luis Valley. Both the GIS data and a long-term
CDOW employee’s knowledge of the area suggest that GUSG were likely distributed on
the east side of the valley, and that this was the area linked to pre-settlement GUSG
distribution in New Mexico.

(6) We expanded the Schroeder et al. (2004) pre-settlement distribution map in 3 areas.
All these areas (2 associated with the Gunnison Basin population, 1 with the Poncha Pass
population) currently contain GUSG and/or sagebrush habitat. The broad scale used by
Schroeder et al. (2004) for delineation of pre-settlement habitat could have
understandably missed small areas like these. The RSC agreed to include these small
extensions to more accurately describe pre-settlement habitat in Colorado.
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Table 5. Museum specimens collected for area identified in Fig. 3 as “Uncertain Sage-

grouse Species”.

SPECIFIC
SEX AGE NUMBER DATE LOCATION COLLECTION COLLECTOR
Between Colter and
Female Adult DMNH- 7/12/1905 | Spitzer's Neck near Denver Muse_zum A. H. Felger
27087 . of Natural History
Grand River
Between Colter and
Female Adult DMNH- 7/12/1905 | Spitzer's Neck near Denver Musgum A. H. Felger
27088 . of Natural History
Grand River
AM- Agassiz Museum,
Male Unknown 3/7/1906 Garfield County Harvard J. E. Thayer
315107 e
University
AM- Agassiz Museum,
Male Unknown 3/22/1906 | Garfield County Harvard J. E. Thayer
315106 A
University
' . H. W. Marsden,
Female Unknown FMNH- 10/27/1902 Newcastle, Garfield Fle_ld Museum- L. B. Bishop
131312 County Chicago
(9295)
. . H. W. Marsden,
Female Unknown FMNH- 10/27/1902 Newcastle, Garfield Fle_ld Museum- L. B. Bishop
131313 County Chicago
(9296)
. . H. W. Marsden,
Male Unknown FMNH- 9/14/1903 Newcastle, Garfield Fle_ld Museum- L. B. Bishop
131315 County Chicago
(9792)
' . H. W. Marsden,
Female Unknown FMNH- 9/15/1903 Newcastle, Garfield Fle.ld Museum- L. B. Bishop
131314 County Chicago
(9791)
" . H. W. Marsden,
Female Unknown FMNH- 9/15/1903 Newcastle, Garfield Fle'Id Museum- L. B. Bishop
131316 County Chicago
(9793)
AM- Newcastle, Garfield Agassiz Museum, From Peabody
Unknown Juvenile 7/7/1904 ' Harvard
272666 County I Museum
University
AMNH- Newcastle, Garfield American Museum
Male Unknown 353699 9/15/1903 County of Natural History Unknown
AMNH- Newcastle, Garfield American Museum
Female Unknown 353700 9/15/1903 County of Natural History Unknown

Current Distribution

GUSG currently occur in what have previously been considered 8 widely scattered
and isolated populations in Colorado and Utah (Fig. 4). In Colorado, 7 GUSG population
areas are: Cerro Summit — Cimarron - Sims Mesa, Crawford, Dove Creek, Gunnison Basin,
Pifion Mesa, Poncha Pass, and San Miguel Basin. During the winter in some or most years,
GUSG also inhabit a small portion of Grand County, Utah. These birds are believed to be
part of the Pifion Mesa population that predominantly occupies and breeds in Mesa County,

Colorado.
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The Utah population is located near the town of Monticello and may be contiguous
with the Dove Creek population in Colorado. Genetic data have also suggested these 2
populations could be considered one population (see “Genetics”, pg. 47). Thus, we consider
them 2 subpopulations of a single population, but discuss them separately within the
“Conservation Assessment” section because they occur in 2 states and each has its own local
work group and local conservation plan. However, on RCP maps the 2 subpopulations are
shown as a single population, and within the “Conservation Strategy” (pg. 201) we consider
them as a single population from a conservation standpoint, although we specify some
actions and targets for each state, again because of the separate entities and groups involved
in managing the birds. Because we deem these 2 former “populations” as 1 population, we
consider there to currently be 7 GUSG populations.

The Cerro Summit — Cimarron — Sims Mesa and San Miguel Basin populations both
exhibit a patchy distribution of GUSG. As a result, we identify separate “subpopulations”
within each. At Cerro Summit — Cimarron — Sims Mesa there are 2 subpopulations: (1)
Cerro Summit — Cimarron; and (2) Sims Mesa. In San Miguel Basin there are 6
subpopulations: (1) Dry Creek Basin; (2) Hamilton Mesa; (3) Miramonte Reservoir; (4)
Gurley Reservoir; (5) Beaver Mesa; and (6) Iron Springs.
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Fig. 4. Locations of current Gunnison sage-grouse populations. The discontinuity in occupied habitat at the state line in the Dove
Creek - Monticello area is not entirely a mapping artifact; where there is occupied habitat on the Colorado side there is an abrupt
change to cropland on the Utah side of the border. The abrupt transition at the state border in the Pifion Mesa area may be due to
differing mapping efforts between the states and is addressed in the “Habitat Monitoring” rangewide strategy (see Objective 1,
Strategy 3, pg. 221).
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Abundance
Lek Counts and Population Estimation

Inventory and monitoring of wildlife populations is an obvious prerequisite to
conserving them, and is especially important when quantitative goals for species
conservation have been developed. What is not obvious is how to accomplish inventory, and
what level of resources is appropriate to commit to this task, since resources devoted to
inventory and monitoring will not be available for other critical conservation tasks. Having
very accurate and precise estimates of GUSG numbers does not in and of itself improve the
species’ status.

Population trends of sage-grouse have been monitored across the western U.S. using
variations on a lek count methodology first described by Patterson (1952), who studied sage-
grouse in Wyoming. Patterson speculated that the maximum number of males counted over
3 or 4 counts spread throughout the display period might be a useful index to sage-grouse
population trends. Wildlife managers have monitored populations of many species through
the use of indices, where a count or measurement is made of some characteristic of a
population that is both convenient to measure and is thought to be related to abundance.
With birds, indices are often based on vocalizations made during the breeding season, such as
pheasant “crow” call counts, dove coo-count indices, and bobwhite whistling counts (Lancia
etal. 1994). Anderson (2001) noted the weaknesses of this type of sampling, which may be
convenient for wildlife managers, but does not lead to defensible estimates of population size
or status. The index, whether it is pheasant crows or the number of male sage-grouse
counted on a lek, has an unknown relationship to the larger population of interest.

As a result of the publication of Patterson (1952) the lek count became the standard
for sage-grouse population monitoring. Patterson (1952) based the census on the belief that
all males regularly attend leks. His suggested maximum of 3 or 4 counts made sense under
this assumption, because given normal environmental variables associated with lek counts
(e.g., cold temperatures, snow, predator harassment), it might take 3 or 4 trips to get a “good”
count of all the males present.

The lek count protocol proposed by Patterson (1952) has weaknesses. Dalke et al.
(1963:833) thought lek counts provided a reasonably accurate method of determining
breeding population trends, but noted the high degree of variability in daily counts and
suggested a “...need for more refined census methods as sage-grouse management becomes
more intensive in the future.” Jenni and Hartzler (1978:51) used and supported the technique
but speculated that high variance in counts was because “...some unestablished birds
wandered about visiting different leks on different mornings.”

Beck and Braun (1980) presented a critical review of the practice of using lek counts
to assess population trends or size. They pointed out that without information on the total
number of leks in an area, attendance patterns of adult and yearling males, inter-lek
movements, and the relationship between the maximum count and the population size,
nothing could be concluded about population size or trends from lek counts. Despite these
criticisms, the Western States Sage Grouse Committee essentially codified lek counts as a
means to assess population trends 2 years later when it published its Sage Grouse
Management Practices (Autenrieth et al. 1982). The publication advises caution in the
interpretation of counts because of the high level of variance in the data, but no additional aid

39 Conservation Assessment:
Distribution & Abundance



Gunnison Sage-grouse Rangewide Conservation Plan

in interpretation of lek count data is given. The committee’s most recent guidelines
(Connelly et al. 2000) also suggest viewing lek data with caution, but state that lek counts
(per Autenreith et al. 1982) provide the best index to breeding population levels. In an
extension of that assumption, Connelly et al. (2000) reaffirm specific statements from
Connelly and Braun (1997) that suggest there has been a 17 - 47% decline in breeding
populations across their range.

Applegate (2000) and Anderson (2001) pointed out that index data cannot be
extrapolated to estimates of animal density or abundance unless the proportion of the total
population that is counted in the index method is known. For sage-grouse populations, this
depends on (1) the proportion of leks that are known and counted; (2) the number and timing
of counts conducted; (3) time of day in which counts are conducted; (4) lek attendance rates
by yearling and adult males; and (5) the sex ratio of the population. All of these parameters
are likely to vary significantly spatially and over time, yet when population estimates are
derived from lek count data these parameters are assumed to be fixed constants.

Assumptions Made in Sage-grouse Population Estimation from Lek Counts

Lek count data have been used to make inferences about sage-grouse population
trends for at least 50 years, without any credible scientific investigation into the relationship
between lek counts and population size. Because of the interest in having population
estimates for sage-grouse (and because of the lack of other efficient methods for population
estimation of sage-grouse), it is now a common practice to use lek data to estimate the size of
various populations of sage-grouse. Multiple untested assumptions are often made in using
lek count data to estimate sage-grouse population size (Table 6). These usually include
assumptions regarding population sex ratio, an estimate of the percentage of leks that are
counted, and the percent of males in the population that are counted at leks. The Washington
State Recovery Plan for Greater Sage-grouse (Stinson et al. 2004) also mentions that males
could make inter-lek movements, but does not address this in its estimates (Stinson et al.
2004).
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Table 6. Untested assumptions made in using lek count data to estimate sage-grouse
population size.

Assumptions
Percentage of all % of males
Region/Source Sex Ratio leks that were (associated with
M:F located and the lek) that are
counted actually counted
Gunnison Basin/Gunnison
Basin Conservation Plan 1:2 80 % (i(l;dlé)so(;/o)
(GBCP 1997) 0
San Juan County, Utah/Utah
Gunnison Sage Grouse .
Conservation P%an (sJcce 12 Not described 5%
2000)
Nevada — statewide
Conservation Plan (Neel 3:7-2:3 80 % 75 %
2001)
Washmgtc;rlll Sztgl(t)i)(snnson et 116 100 % 100 %

Here we examine 4 assumptions made in estimating population from lek counts.

(1) Percent of leks counted. We recognize that lek counts may be useful as a trend
indicator, under the assumption that a constant percentage of leks are detected. It is not
necessary to know what the percentage of leks detected is, but to estimate population size,
either all leks must be counted, or the proportion of the total that is counted must be
estimated (lek detection probability).

Numerous studies have documented that lek densities vary considerably over time.
Bradbury et al. (1989) found a persistent excess of large and small lek sizes. Within an area,
lek numbers seem to increase roughly in proportion to population size (Cannon and Knopf
1981). Core or “traditional” leks increase in size, while satellite leks appear and disappear as
populations increase and decrease. Thus, it is probably not reasonable to assume that the
proportion of leks detected is constant over time unless search effort increases proportionally
as populations increase. Managers and researchers are also far more likely to detect and
count a higher proportion of leks at low population densities than at high densities. It is
probably also not reasonable to assume unknown leks are of “average” size, because
unknown leks are more likely to be satellite leks and thus smaller, and because detectability
may be a function of number of males, larger leks may be more noticeable.

(2) Interlek Movements. Attendance by males at more than 1 lek is problematic,
because birds may be counted multiple times at different leks, thus inflating population
estimates, or they may not be counted at all if they are attending a different lek when counts
occur. The ability of lek counts to serve as an index to population trends will not be affected
by inter-lek movements if the movements are relatively constant from year to year.
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Unfortunately, interlek movements are both significant and variable. Dalke et al. (1963)
reported interlek movements by individual (banded) adult males varied by year from 22 -
47%. Dunn and Braun (1987) recorded no marked birds moving between leks in 1982, but
14 of 91 (15%) were observed at 2 or more leks in 1983. Emmons and Braun (1984)
reported all (11) juvenile males attended from 2-4 leks during the breeding season, while
interlek movements of adults were infrequent (3 of 11; 27%).

(3) Lek Attendance. Population estimates from lek count data assume that a constant
proportion of males, often 75%, are detected by the maximum of 3-4 counts (e.g., Table 6).
There is considerable evidence that lek attendance is highly variable due to age, social status,
weather, body condition, and parasite load or disease. Patterson (1952:152) suggested that
all males regularly attended leks, although the only data he presented to support this assertion
was: “All these marked birds were identified morning after morning occupying the same
territory on the strutting ground.” He was examining marked birds with respect to
territoriality in this reference, and the marking referred to birds he captured on leks and dyed,
or birds he identified by tail feather patterns. Dalke et al. (1963:820) didn’t calculate
attendance rate for banded birds, but indicated that “...banded males were ordinarily absent
from the strutting grounds from 1 to 3 days at a time...”, and “The less dominant males were
irregular in their visitations. The dominant males were present almost daily under all
conditions.” Dalke et al. (1963:822) also noted, “Banded males were often seen in the
sagebrush adjacent to the strutting grounds,” although this was attributed to trapping
disturbance. Hartzler (1972) documented males with almost daily lek attendance and others
that only sporadically attended leks in Montana. Wiley (1973a) stated that there was a
“...large pool of non-lek males that exists in most lek species,” and he further speculated
(Wiley 1974) that attendance patterns of males were likely to be a function of density (lek
size). Dunn and Braun (1987) reported daily attendance rate of marked adult males was only
43%, ranging from 3-96% for individual males. Daily attendance by yearling males was only
33% (Dunn and Braun 1987).

One bias in assessing attendance based on observations of banded birds is that
apparent low attendance may be caused by mortality of banded birds. Emmons and Braun
(1984:1023) studied male sage-grouse lek attendance with the objective “...to examine the
daily attendance patterns on leks of male sage grouse during the breeding season,” but
lumped attendance across 5-day, 15-day, or season-long averages. Although their data
indicated significant within-year and across-year variation even when lumped into 5-day
intervals, they did not report what fraction of radio-marked males would be detected by
normal counting protocols. Since 93% of the birds they based their attendance rates on were
trapped while night-roosting on leks, it is probable they (and others) caught highly territorial,
dominant males who regularly attend leks, and thus it is likely the estimate of lek attendance
may be biased high.

The physical condition of sage-grouse can also affect their attendance at leks. Hupp
and Braun (1989a) found that sage-grouse had depleted lipid and protein reserves following a
severe winter in Colorado. This, and snow cover, caused the birds to largely delay initiating
display activities until late April. There was substantial variation in lipid reserves across 3
years, which could impact lek attendance and display rates. The authors noted substantially
higher variation in lek counts within a season for GUSG than for GRSG in North Park.
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Boyce (1990) reported that males with avian malaria were significantly less likely to
attend leks than males without malaria, and that malaria varied spatially and temporally
across 11 leks in southeast Wyoming. Thus, disease prevalence has the potential to impact
attendance rates and lek counts, and variability in disease prevalence may increase variability
in attendance rates.

Walsh et al. (2004) studied attendance rates of radio-marked and color-banded male
and female sage-grouse captured during winter in Middle Park, Colorado during 1 mating
season. They found male daily attendance rates were highly variable (7-86% for adults, and
0-42% for yearlings), and influenced by age, date, and time of day. They documented that
counts conducted between half an hour after sunrise and 1.5 hours after sunrise (typical when
managers count more than 1 lek in a morning) detected only 74% and 44% of the actual high
count of adults and yearlings for that day, respectively.

(4) Sex-ratio. Most population estimates derived from lek counts assume 2
females/male in the breeding population (e.g., Table 6). This assumption is based on long-
term wing data obtained by determining sexing and ageing wings obtained at wing barrels or
check stations (CDOW, unpublished report). It is apparent both from wing data and from
population modeling that sex ratios vary markedly from year to year. This is because males
encounter higher mortality rates as they mature and enter the breeding population (Zablan et
al. 2003). Therefore the sex ratio will be a function of the age structure of the population;
older age-structured populations will have high female-to-male sex ratios because this
differential mortality will have had longer to operate. Following years of above average
recruitment, populations will have female-to-male sex ratios closer to 1:1, since yearling and
first-year adults will dominate the population and will have experienced little differential
mortality. Sex ratios of yearling GUSG from wing data (CDOW, unpublished report) have
ranged from 0.8 to 2.4 females/male from 1977 to 1993, while adult sex ratios have varied
from 1.3 to 3.4 over the same period. It is apparent that assuming a constant sex ratio is not
defensible since it masks real variability and the processes that create it. The long-term
(1977 - 1993) average sex ratio was 1.6 yearling and adult females per yearling and adult
male, significantly lower than the 2.0 females/male typically used in population estimation
equations.

Alternative Methods of Population Estimation

Given the unreliability of the assumptions used, how do estimates derived from them
compare to other, more rigorous estimates? Using mark-recapture statistical techniques,
Walsh (2002) estimated the size of adult and yearling male and female GRSG populations in
Middle Park over 1 breeding season. He compared them to population estimates derived
from lek counts using standard assumptions (90% of leks are known and counted, 75% of
males are counted, and there are 2 females/male in the population). He found that adjusted
lek count estimates underestimated population size from mark-recapture estimates by 28%,
because attendance rates were much lower than assumed and there were more females
(2.3/male) than assumed.

Stiver (University of Nebraska, personal communication), using mark-recapture
techniques, estimated there were 53 male and 115 female GUSG in San Miguel County in
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Colorado in Spring, 2003. Extrapolation from the maximum of 4 lek counts using standard
assumptions listed above yielded estimates of 41 males and 82 females, underestimating the
mark-resight estimates by 23 and 29 %, respectively. The maximum of 4 counts of males
represented only 53% of the male population (as estimated by mark-resight), well below the
assumed 75%. Thus, estimates of population size extrapolated from lek count data using
standard assumptions appear to significantly underestimate population sizes.

Mark-recapture methods have shown promise in developing population estimates
with confidence intervals, but the difficulty in capturing and marking the proportion of the
population necessary (Walsh 2002) suggest it will be practical only for small populations.
Recent research (Wilson et al. 2003) has explored using individual DNA as a marker,
eliminating the need to handle and mark individual birds. The CDOW is exploring the utility
of using DNA assayed from fecal droppings as a mark-recapture technique. CDOW will also
explore the practicality of using other methods to estimate lek and/or population density such
as line-transects (Burnham et al. 1980). CDOW will continue to test the assumptions about
male attendance and sex ratios implicit in estimating population size from traditional lek
counts.

Conclusions

It is not defensible to generate population estimates for sage-grouse from lek counts
by assuming that (1) all (or some fraction) leks are known; (2) unknown leks are of average
size; (3) the maximum of 3 or 4 counts represents 75% of the males in the population; (4)
there are exactly 2 (or any fixed ratio) females per male in the population; and (5) there is no
variability in the assumptions across time, space, or population size. Unfortunately, that does
not diminish the need for population estimates. It is difficult to evaluate past population
trends, or to assess where we are relative to population targets or population viability without
estimates of current population size. Either new methods need to be developed, or
assumptions used to extrapolate from lek counts need to be evaluated and refined.

Estimating population size of GUSG by whatever means will be expensive and
potentially disruptive to individual sage-grouse at varying levels. In the long-term, annual
estimates of population size are probably unnecessary and may be counter-productive from
the standpoint of diverting resources and impacting birds. However, currently annual lek
counts represent the only method for monitoring trends in GUSG populations, and should be
continued until better, more precise estimates can be obtained. Therefore, even though we
recognize the lack of statistical reliability, we estimate population sizes from lek counts using
the following assumptions:

1) All leks are known and counted (estimate is thus conservative if some leks are
unknown).

2) The maximum of 3-4 counts represents 53% of males in each population (Stiver,
unpublished data).

3) There are 1.6 females (yearling and adult) per male (yearling and adult) in the
population. This is the long-term average estimated from wing data collected in the
Gunnison Basin (CDOW, unpublished report).
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The formula that incorporates these assumptions follows:

C = maximum male count on lek

on Estimate = <+ [C 19
Population Estimate = 053 + 053 x 16

RCP Estimated Population Size

The total population size has recently been estimated to be fewer than 5,000 birds, of
which fewer than 3,000 occur in the Gunnison Basin (Young et al. 2000). Each of the other
7 populations is reported to contain fewer than 500 birds, and several, including the Utah
population, have fewer than 150 birds (Young et al. 2000). Using 2004 lek count data and
the assumptions listed for this plan, we generated the current population sizes (Table 7).

Table 7. GUSG 2004 lek counts and population estimates.

. Number of Leks .
Population (¥§l§|Hfé%haﬁ?:£st) (includes leks with 0 Po Ejf;r{;g;egize
males present in 2004) P
Cerro Summit—
Cimarron - Sims 8 4 39
Mesa
Crawford 26 5 128
Dove Creek 2 6 10
Gunnison Basin 498 78 2,443
Monticello, Utah 31 5 152
Pifion Mesa 29 8 142
Poncha Pass 8 1 39
San Miguel Basin 50 10 245
Total 652 117 3,198

Decline of Gunnison Sage-grouse

Although few would argue that GUSG populations have declined from historic levels,
the extent of the decline has been debated. The issue has received a great deal of attention,
but no scientific peer-reviewed scrutiny. In a document submitted to the USFWS as
consideration for listing the species, Webb (2000:38) concluded that GUSG populations have
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undergone “...extremely rapid population declines from 1980 to 1990 and the present.” This
document also quoted from an unpublished memo from the CDOW that suggested the
“...total number of Gunnison sage grouse has declined at least by 80-90% since 1950”
(Webb 2000:45). This memo also qualitatively suggested that sage-grouse numbers in the
Gunnison Basin “...have decreased at least by 50-60% since the early 1950’s...” (Webb
2000:45). No rigorous quantitative analyses were conducted on these percentage
calculations. Young (2003) suggests that historical numbers prior to 1950 are unknown, but
were “...several orders of magnitude higher...” than current levels.

Young (2000, unpublished memorandum to biologists working with GUSG)
concluded that there was a 66% decline in the Gunnison Basin population since 1953. This
observation was based on a decline in the average number of males counted on leks, from
123 males/lek in 1953 to 30 males/lek in 1999. However, this parameter estimate could be
misleading because it is dependent upon both the count of males, and the number of leks
counted. During this period, it appears that many leks in the Ohio Creek area of the
Gunnison Basin were lumped into a single lek for reporting purposes. This “lek” was
reported to have 517 males in 1953 and 301 in 1954, but only 7 in 1957 (Rogers 1964:83-
85). Further evidence of this lek combination is that Rogers (1964:83) described this
complex as being “...in a shape of a large L, with a base approximately 4 miles wide and a
long axis of about 12 miles...” Sandfort (1954:62) described this complex of breeding birds
as “SW ¥4 Section 22, SW Y4 Section 24, NE ¥4 Section 27, Section 26, E %2 Section 35 and
SW ¥, Section 36 T51N, R1W; N % Section 1, T50N, R1W, W %2 Section 6, T50N, R1E.”
Because of inconsistencies in “lek” definition in these early lek surveys, the RSC does not
believe that the parameter of average number of males/lek is a defensible parameter to infer a
specific decline in population.

Nevertheless, there has clearly been a historical decline in counts of GUSG males on
leks, including in the Ohio Creek lek complex. Records for Ohio Creek show 517 and 301
males, in 1953 and 1954, respectively (Rogers 1964:83). The 1954 count reflected only 1
count/lek and is probably biased low. Recent counts in this area have ranged from 194
(2004) to 299 (1999). The recent high count of 299 is 42% lower than the 1953 count of 517,
suggesting that declines in at least the Ohio Creek area may have been this high, or higher.

A standard lek count protocol has been used in Colorado since approximately 1996
(Colorado Division of Wildlife 2004a). Prior to that, lek counts were sporadically and very
inconsistently conducted. For example, the high count of males attributed to the “Ohio
Creek” lek/lek complex, was 517 in 1953, 301 in 1954, not reported from 1955-1956, 7 in
1957, and not counted again until 1959 (146 males) (Rogers 1964:83-91). Obviously, this
level of variability reflects multiple factors affecting counts other than population variation.

Therefore, we do not disagree that there are fewer GUSG today than occurred
historically. However, no level of sophisticated statistical analyses will precisely elucidate
the degree of past declines. We chose to focus in the RCP on evaluating how many GUSG
are necessary in the future to conserve this species, rather than the relative degree of
population decline.
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C. Genetics

There has been much concern about the viability of small populations and how it
might be affected by demographic, environmental, and genetic stochasticity, as well as
catastrophic events (Shaffer 1981, Soulé 1987). Although minimum viable population sizes
vary enormously among species, it is generally thought that populations smaller than a few
hundred individuals warrant careful scrutiny in this regard (Shaffer 1987). While the
persistence of wild populations is usually influenced more by ecological effects (such as
direct effects of catastrophes and environmental and demographic stochasticity) than by
genetic effects, when they are reduced to small populations by artificial means such as
habitat destruction, genetic factors and their interaction with ecological factors become
increasingly important (Lande 1995a).

Previous genetic studies have used mitochondrial markers (Kahn et al. 1999) and both
mitochondrial and nuclear markers (Oyler-McCance et al.1999) to compare GRSG
populations from northern Colorado with GUSG. These genetic studies, as well as
comparisons of morphology (Hupp and Braun 1991) and behavior (Young et al. 1994) led to
the recognition of GUSG as a new species (Young et al. 2000). Since GUSG are now
recognized as a new species it is necessary to investigate the population structure of the
species so that a more comprehensive understanding of the species can be obtained.

Oyler-McCance et al. (in press) investigated population structure of GUSG using
mitochondrial DNA (mtDNA) sequence data and data from 8 nuclear microsatellite loci.
Their study included DNA from 264 individuals from 6 different geographic areas (Gunnison
Basin, Curecanti [part of Gunnison Basin, see Fig. 5, pg. 50], Crawford, San Miguel, Dove
Creek - Monticello, and Pifion Mesa) and 4 individuals from the Cerro Summit - Cimarron
portion of the Cerro Summit — Cimarron - Sims Mesa area. The goal of their study was to
provide strong estimates of population structure, genetic diversity, and relatedness among
populations, and to apply this genetic data to management issues.

Oyler-McCance et al. (in press) found that levels of genetic diversity (Table 8) were
highest in Gunnison, with an average of 5 alleles per microsatellite locus and 3 mtDNA
haplotypes represented. The Gunnison population consistently had more alleles than other
populations, and contained most of the alleles present in other populations. This is consistent
with the fact that this population is the largest and most stable. All other populations had
much lower levels of diversity. For example, Piflon Mesa averaged only 2.13 alleles per
locus (Table 8). These lower levels of diversity in other GUSG populations are likely linked
to small population sizes and a high degree of geographic isolation.

Forty-nine different alleles were identified in GUSG. Of these, the Gunnison Basin
contained 37 (76% of the total). Collectively, the smaller populations contained 12 alleles
(24% of the total) not identified in Gunnison. Although additional genetic sampling in the
Gunnison Basin might have picked up 1 or 2 of these alleles that may be present, but rare, it
appears that the smaller populations are adding to the genetic diversity present within the
species. At least 1, perhaps 2 of the alleles not found in the Gunnison Basin may be due to
introgression of GRSG with GUSG. These GUSG populations have been isolated from each
other for probably less than 50 years, time enough to drift apart genetically but probably not
enough time to accumulate a significant number of locally adaptive genetic mutations.
Therefore, translocations of selected genotypes from the Gunnison Basin to smaller
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populations, and vice-versa, should increase local genetic diversity and the probability of
retaining this genetic diversity over time.

At the species level, GUSG have low levels of genetic diversity, particularly when
compared to GRSG. Oyler-McCance et al. (in review) sequenced the same mtDNA region
among 44 populations of GRSG from across the range and found an average of 6.9
haplotypes per population, compared to an average of 2.33 found for GUSG. In the same
study, Oyler-McCance et al. (in review) found an average of 5.88 microsatellite alleles per
locus in GRSG using all but 1 (LLSD4) of the microsatellite loci used for GUSG. GUSG
were found by Oyler-McCance et al. (in press) to have an average of 2.9 alleles per locus.

Table 8. Polymorphism of microsatellite loci among six populations of GUSG.

Mean Mean # Mean Mean
Population Sample Alleles per % of Loci Observed Expected
P N P P Polymorphic ~ Heterozygosity =~ Heterozygosity
Size” (SD) Population (SD) (SD) (SD)
Gunnison Basin 83.13 (4.45) 5.00 (3.85) 100 0.38(0.22) 0.40 (0.20)
Curecanti 25.00 (1.46) 2.88 (1.25) 88 0.37 (0.17) 0.37(0.18)
Crawford 22.50 (0.76) 3.00 (1.41) 88 0.41 (0.23) 0.43 (0.21)
San Miguel Basin 56.75 (2.55) 3.25(1.98) 75 0.51 (0.09) 0.57 (0.10)
Dove Creek -
Monticello 42.38 (2.26) 3.00 (2.77) 75 0.46 (0.24) 0.51 (0.22)
Pifion Mesa 19.50 (0.93) 2.13 (1.55) 50 0.36 (0.24) 0.42 (0.29)

! Mean sample size refers to the mean number of samples that amplified across the different loci. Even though
there was a set sample size for each population (e.g., 30), not every individual sample amplified for every locus.
Thus, for one locus there may be a sample size of 30 (everything amplified), but in additional loci perhaps only
29 samples amplified.

Although the importance of maintaining substantial genetic variation in small
populations is debated, most agree that genetic variation is relevant to the health and viability
of populations and that it must be addressed and monitored in management plans (O’Brien
and Evermann 1988, Quattro and Vrijenhoek 1989). Bouzat et al. (1998a) and Westemeier et
al. (1998) showed that fertility and hatching success of greater prairie chickens were reduced
due to a genetic bottleneck caused by habitat loss. The GUSG, a close relative of greater
prairie chicken (both are members of Tetraoninae), also appear to have experienced isolation
and reduction in population size resulting from the loss of habitat (Fig. 3, pg. 33). Further,
genetically depauperate populations may face enhanced susceptibility to parasitic agents or
infectious disease such as West Nile Virus, which has been shown to be a significant threat
for GRSG (Naugle et al. 2004).

Oyler-McCance et al. (in press) found that pairwise population Fst values (a measure
of genetic structure) showed congruent patterns of population genetic structure in both the
microsatellite and the mitochondrial data. This suggests that all populations are genetically
discrete units that can be considered distinct populations with the exception of Gunnison and
Curecanti, which are closely linked geographically (Fig. 5). STRUCTURE (a software
program that delineates how many genetically discrete "units™ are best described by the data)
analysis further substantiated their finding of a high degree of population structure and low
amounts of gene flow by defining 6 populations (yet with Curecanti and Gunnison very
closely related). Further, Fst calculated among all 6 GUSG populations was found to be
significantly higher than it was for GRSG Oyler-McCance et al. (in press). This is indicative
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of reduced gene flow among the 6 populations of GUSG in conjunction with increased
genetic drift that is characteristic of small populations.
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Fig. 5. Location of Curecanti within Gunnison Basin GUSG population area.
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Historically, Dove Creek - Monticello, San Miguel, Crawford, and Pifion Mesa all
had much more sagebrush habitat and probably larger GUSG populations that were
somewhat connected through more contiguous areas of sagebrush habitat. Oyler-McCance et
al. (2001) quantified the loss and fragmentation of sagebrush habitat in southwestern
Colorado. They documented a 20% loss of sagebrush habitat between the late 1950's and the
early 1990's, and that sagebrush in 37% of the plots examined was significantly fragmented.
The clearing of sagebrush for cultivated crops, highway construction, ranch development,
powerline placement, reservoir construction, and other facets of human settlement has
destroyed and fragmented sagebrush habitats in southwestern Colorado. This has lead to the
current isolation of these populations, which is consistent with the relatively low amounts of
gene flow and isolation by distance documented here.

Both neighbor-joining trees generated by Oyler-McCance et al. (in press), constructed
using different measures of genetic distance, showed similar topologies, with Gunnison and
Curecanti closely linked, followed by Crawford and San Miguel (Fig. 6). The Dove Creek -
Monticello and Pifion Mesa populations were consistently set apart from all other populations
and from each other. These neighbor-joining trees as well as a significant Mantel test show
that the geographic distances are correlated with genetic distances between populations.

Oyler-McCance et al. (in press) noted that a few individuals in their STRUCTURE
analysis appeared to have the genetic characteristics of a population other than their own
(Fig. 7), suggesting the possibility that they are dispersers from a different population. Using
GeneClass2 software, Oyler-McCance et al. (in press) identified 3 potential first generation
migrants. Two probable dispersers were individuals moving from San Miguel into Dove
Creek - Monticello and Crawford. The San Miguel population itself appeared to have a
mixture of individuals with differing probabilities of belonging to different clusters (Fig. 7).
This suggests that San Miguel may act as a conduit of gene flow among the satellite
populations surrounding the larger population in Gunnison. Additionally, Oyler-McCance et
al. (in press) found that the 1 other potential disperser involved movement into Crawford
from Curecanti. This is not surprising given their close geographic proximity (Fig. 4, pg.
38).

The 4 individuals from Cerro Summit - Cimarron included in the study by Oyler-
McCance et al. (in press) were found to be more closely related to individuals from San
Miguel than from Gunnison or Curecanti, which are closer geographically. This suggests a
linkage between San Miguel and the Cerro Summit - Cimarron area that is surprising, given
the geographic distance between them and the fact that the city of Montrose sits between
them (Fig. 4, pg. 38). With a sample size of only 4 individuals, Oyler-McCance et al. (in
press) found it hard to make strong conclusions about the genetic characteristics of Cerro
Summit — Cimarron - Sims, yet they suggest that the Cerro Summit — Cimarron - Sims area
may act as an important stepping-stone that links the larger populations of Gunnison,
Curecanti, and San Miguel.
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Fig. 6. Neighbor joining trees created from two genetic distances (1) proportion of shared
alleles, and (2) Fst (Oyler-McCance et al., in press).

52 Conservation Assessment:
Genetics





