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ABSTRACT 

Sage grouse (Centrocercur utophasimur) populations throughout North America 

have declined by at least 30% since the 1980's. Such declines have corresponded with 

habitat degradat ion caused by both naturai and anthro pogenic perturbations to sagebnish 

(Artemisio spp.) landscapes. Thus, conservation and management of sage grouse has 

become a priority throughout its range. Sage grouse numbers in Colorado have declined 

between 45 and 82% since 1980. Several populations now occur in highiy b e n t e c l  

and isohted habitats throughout Colorado. Future management of sage grouse will 

require knowledge of the seasonal requirements in fiagmented landscapes. 

The primary goal of this study was to evaluate the eco logical requirements of a 

small, naturally m e n t e c i  sage grouse population in northwestem Colorado. The 

topography of this region n a W y  fkgmented the sagebnish habitats, thus affécting 

movements and habitat use. 1 analyzed sage grouse spatial distribution and s e a s o d  

movements (Chapter 2) to identify how this heterogeneous landscape may affect 

dispersion and migration. 1 aiso analyzed habitat use as it varied fiom the landscape to 

foraging site scale (Chapter 3). Radiotelemetry was used to idente movement and 

habitat use patterns. I provided management recommendations for this isolated 

population (Chapter 4) as -1 adaptive resource management fiamework, to progressively 

test habitat manipulations and enhancement projects. 

1 found that sage grouse were highly clustered on the landscape and that 

movements did not exceed the geographic area. =s indicated that not only was the 

population a local migrant, but seasonal use areas were clustered on the landscape. 

Clustering was reflected in patterns of habitat use as sage grouse selected habitats at large 

. 
ll 



(patch) s d e s  and microhabitat variables (e.g., percent cover and height of vegetation ) 

did not Axer wahin patches but, differed among patches. Daerences were found 

ktween male and f e d e  summer use sites, male sites had greater sagebnish and Iess 

se~ceberry (Amelanchier spp.) wver than that of fernale sites. Both male and fernale 

winter use sites were characterked as having tder and denser stands of sagebmh Sage 

grouse tended to use habitats dong ridge tops and upper dopes throughouî the year; 

however, there was a trend to use drainages more during winter. 
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CEAPTER 1. 

INTRODUCTION 

1-0- BACKGROUND 

Prairie populations of North American Tetraoninae have declined, conesponding 

to the removal of native gras  and shrublands in which they occurred (Aldrich 1963, 

Johnsgard 1983). The tall and short-gras prairies of the eastem plains were converted 

into agricukud lands and urban cemers ( M c h  1963). Cunent populations of prairie 

grouse (Tympanuchus spp.) are limited to remnant patches of prairie throughout the 

United States and soirthern Canada (Connelly et al. 1998). However, populations in 

northern Canada and Alaska remain relatively intact. Anaiogous habitat losses have 

occurred in the shrubsteppe habitats of western North America (Schneegas 1967, Braun 

et ai. 1 976). The removal of sagebnish (Artemisia spp.) for dryland agriculture has led to 

losses of at least 2.5 d i o n  ha of sagebrush type habitats (Schneegas 1967). Columbian 

sharp-tailed grouse (T. phasianellw columbiunus) and sage grouse (Centrocercus 

urophasiunz~s) have responded negatively to these alterations in shmb-steppe iandscap es. 

Each of these species has k e n  extirpated at regiooal and local levels (Rogers 1964, 

Johnsgard 1983, Comelly and Braun 1997, Connefly et al. 1998). 

Historically, sage grouse were considered the most abundant game bird that 

occurred throughout sagebh-steppe habitats of western North America (JO hnsgard 

1983) as they are obligatory to such habitats for survival (Panerson 1952). Sagebrush 

habitats are used for nesting, winter forage, and cover. Paîterson (1952) and Klebenow 

(1969) demonstrated a positive correlation between nest success and the selection of 

sagebnish as nesting sbrubtype. Although sagebmh is most important, a varieîy of 



herbaceous habitats is used in the summer (Daike et aL 1963, Comelly and Markam 

1983). Interspersed grasslands and wet meadows that occur in sagebmh steppe are used 

for brooding, and summer foraging. Agncuitural landscapes, such as  alfava or beans, 

have been used in the absence of native vegetation (Connelly and Markam 1983, 

Commons 1997, Sveum et aL 1998). Comparatively, tail dense patches of sagebnish are 

essential for food and cover during the *ter (Octo ber to March). Such specialization 

d e s  sage grouse vulnerable to habitat loss or degradation as  suboptimal habitats c m  

negatively affect reproduction and suMval (Wallestad 1975, Swenson et al. 1987). 

The progression of European settlement reduced sage grouse populations (Fig. 1- 

1). The conversion of sagebnish-bunchgrass habitats into qgïcultrrcal lands contributed to 

loss of native vegetation types (Schneegas 1967, Braun et aL 1976, , Johnsgard 1983). 

Consequently, sage grouse have been extirpated f?om British Columbia, Arizona, Kansas, 

Nebraska, New Mexico, and Oklahoma (Johnsgard 1983, Conneliy and Braun 1997). 

Sage grouse populations in Colorado responded smiilarly, and have been 

elimiaated ftom 12 of 27 counties (Braun 1995) (Fig. 1-2). Most loss has occurred in the 

southwestern part of the çtate (Rogers 1964, Braun 1995). Four of these populations have 

k e n  extirpated since the l98OYs (Braun 1 995, Commons 1 997). Land-use practices have 

also Ied to reductions of sage grouse habitat in northern Colorado (Rogers 1964, Braun 

1 995). Conservation efforts were initiated earlier this century for sage grouse in Colorado 

as hunthg seasons were closed fiom 1937 to 1952 (Rogers 1964). However, as 

populations increased following the 1930's &ou& hunting seasons reopened 



Fig 1- 1. Histoncal distribution of sage grouse in North America (Mer Comeily and 
Braun 1997.) 

in 1953. Paradoxicdly, populations appeared stable but by the early 1980's the long-tem 

decluie became apparent (Braun 1995). 

1.1. ISSUE STATEMENT 

Continual downward trends in sage grouse populations have resufted nom the 

conversion of optimal sagebmh rangelands into agriculture, mining, roads, housing, and 

0th human developrnents Sagebrush-steppe habitat has been Sagmented as a result of 

these land-uses (Braun 1995). Fragmentation has occurred a .  both "geographical" and 

"stnictural" scales (Lord and Norton 1990). Plowing for agriculture Wogers 1964, 

Swenson et al. 1987) has altered large sagebrush landscapes (geographical). Vegetation 

structure of the sagebrush steppe has been comprornised by invasions of coniferous frees 

(Commons et al. 1998) and noxious weeds (Knick and Rotenberry 1999, and depletion of 



I 

Fig. 1-2. Historical (A) and current (B) distribution of sage grouse in Colorado (Afta Braun 1995). 



residual herbage due to cattïe grazing (structural). Fragmentation compels anunals to use 

marginal habitats that have been increasingly isolated and reduced in size and quality 

(Patsitschniak-Arts and Messier 1996). 

Fragmentation can aiso describe the natural spatial pattern of patchiness in a 

hdscape Wiem 1994). Such hgmentation is manifesteci in eaher topographie features 

(e.g., alpine tundra) or temporal variations (e.g., annusif snow pack or ddf ire)  

(Milne et aL 1992, Wiens 1994; and references therein) that limit the extent of a habitat 

patch. These natural phenornena may afFect species in similar fashion as anthropogenic 

W e n t a t i o n  (Mihe et aL 1992). Most ecological studies of species requirernents in 

hgmented habitats have focused on forest systems, while few bave assessed species in 

grassland and shrub-steppe ecosystems (Kaick and Rotenberry 1 995, Patsitschniak-Arts 

and Messier 19%). Further, no field studies have examùied shb-steppe species in a 

natudy fkagrnented iandscape. 

Sage grouse populations in continuous habitat of Colorado have k e n  well studied 

(Rogers 1964; Beck 1977; Schoenberg 1982;\, Dunn and Braun 19860,b; Hupp and 

Braun 1 989; Young 1 994). Marginal populations and/or populations persisting in 

agriculturally fragmented habitats have only recently been examined (Comrnons 1997). 

Thus, there is a need to examine the habitat requirements and movements of sage grouse 

in nanirally iÏagmemed iandscapes. The primary goal o f  this study was to evaluate the 

ecological requirements of a smali, naturally fhgmented sage grouse population in 

northwestern Colorado. 



This study was conducted to examine seasonal movements and habitat use of an 

iso lated population of northem sage grouse in Rio Blanco County, Colorado. Specific 

objectives were: 

1. record seasonal movements of sage grouse in the study axa, 

2. estimate home range size of sage grouse, 

3. quanti.@ vegetation compostion at sage grouse use and randorn sites, 

4. ident* topographie distribution of sage grouse use sites, 

5. compare habitat use to availability, and 

6. provide management recommendations for the region including 2 specific 

habitat treatments based on the hdings of the study. 

Cunently, sage grouse occupy 9 counties in northem Colorado. Four of these 

populations are considered secure Q500 birds). Substantid nahual and anthropogenic 

fiagmentaton occur throughout this range. 

The diverse topography and heterogeneous vegetation, coupled with the land use 

practices of the Piceance Basin-Rom Plateau of northwestern Colorado (Fig. 1-3) 

provideci ample opportunity for examining the ecological significance of a naturally 

fiagmented landscape and to estabiish habitat management recommendations. 

Topography and elevation of this structmd basin Limit sagebnish habitats to ridge tops 

and upper dopes at elevations >2,100 m Lower elevations are dominated by pinyon pine 

(Pinus edulis) and juniper (Jwi ipem spp.) w o o ~ d s  and unsuitable shnib 



Fig. 1-3. The study area and sage grouse range (shaded areas) in Piceance Basin, Rio Blanco 
and Garfield counties, Colorado (Maps; BLM 1985). 



co~ll~~luzllities (Le., devoid of sagebnish). Human uses of the area bave M e r  fkgmented 

and degraded the area h u g h  gas development and livestock m g .  Naturai gas 

deposits are abundant throughout the White River Basin, and several naturd gas pipelines 

transect the a r a  This region is also rich in mineral deposits including oil shaie and soda 

ash (Tiedeman and Tenvilliger 1978). Aithough s a g e h h  habitat is m e n t e d  by both 

naturd and anthropic fàcton, natural hgmentatiun occurs predominantly at the 

landscape scale. Anthropic fkgxnentation occurs at severai scales firom landscape (e.g., 

compression stations, oil/gas drilling) to structurai (e.g., livestock grazing). For the 

purposes of this study fiugmentatiun refers to the naturai patchiness, unless othenvise 

stated. 

A baseline study of sage grouse in this region conducted during 1976-77 (Krager 

1977) investigated the overd distribution of sage grouse and sagebnish habitat. That 

project did not focus on seasonai movements and habitat use of radio-rnarked grouse. 

Further, the siudy ùid not iden te  critical winter habitat in 1978 (C. E. Braun, pers. 

commun). Harvest data collection (C.E. Braun, Colorado Division of Wildlife, unpubl. 

data) and sporadic counts of males on leks indicated substantial decreases in population 

size in this ares Subsequently, the sage grouse hunting season was closed in 1995 until 

the status of the population could be ascertained in this region. 

1.3.1. STUDY AREA 

This study was conducted south of Meeker in Rio Blanco and GarfieId counties, 

Colorado. The Piceance Basin-Roan Plateau is bordered on the north by the White River 

and on the south by the Colorado River. The Utah border is -80 Imi to the west and the 

Grand Hogback borders the basin on the east. The study area encompasses approximately 



1,400 km2 of the -3,000-krd region. The specinc boudaries of the study area are the 

Dry Fork of Piceance Creek and Big Duck Creek to the noah, and Skinner Ridge, Jack 

Rabbit Ridge, and Roan Creek to the southwest and south. Cathedral Bluffs defines the 

western lllnit and Colorado Highway 13 is the eastem boundary. Piceance Creek bisects 

the eastem third of the study site. 

The climate of the Piceance Basin is semiarid and exhibits extreme differential 

levels of monthly precipitation. Consecutive months O fien receive litt le precipitation. 

Mean annual precipitation was 35.3 18.7 cm for eight weather stations in the region for 

1951-70 (Cottreli and Bonham 1992) and snowfàii comprised - 50% of the total 

precipitation. The mean mual temperature varies fkom 7 C at 1,800 m to - 1 C 

at 2,700 m. 

The topography of the shidy area bas been descrîbed as a structural basin 

(Tiedeman and Tenvilliger 1978) or a plateau that is dissected by narrow drainages. The 

sagebrush steppe consists of undulating north-south ridges parallel to each other. The 

ndge tops vary in width fiom 0.5 to 3 km, and 1 to 30 Irm in length. The ridges are 

gently r o h g ;  however, the drainages that separate them are steep. Specifically, the 

ridges in southem part of the study area are divided by canyons that drop neariy 1 km, 

vertically, in 600 m, horizontally; typically the elevation change is more gradual. 

Elevations vary fkom 1,800 m on Piceance Creek to 2,700 mat the upper reaches of the 

plateau. The higher elevation areas are known locdy as the "summer range" as they are 

the location for summer grazing of livestock 

Vegetation type is dependent upon dope, aspect, and elevation. Three subspecies 

of sagebnish (Artemisia tridentata ) occupy the basin, and location of Artemisia 



tridentata ssp. is dependent upon mil type (Cottrell d Bonbarn 1992). Basin big 

sagebnish (A. t.tridentata) is the predent vegetation throughout the drainages at 

eievations of 1,800 - 2,000 m (Cottreil and Bonham 1992). Typicdy besin big 

sagebrush grows taller and denser than moutain big s a g e b h  (A.t.vaseyana) and 

Wyoming big sagebnish (A-t. wyomingensis) (Cottreil and Bonham 1992). A.t. 

wyomingensis is restricted to upland ridges at elevations of 1,900 - 2,000 m (Cottrell and 

Bonham 1992). AJ. vaseyana is confined to high mountain areas at elevations > 2,100 rn 

(hereafter all references to big sagebnish wiu refer to A. t vmeyana, unless otherwise 

noted). 

Pinyon pine (Pirms edulis) and juniper (Junipem spp.) woonlsnds dominate the 

landscape until -2,100 m. Big sagebnish, Utah serviceberry (Amelanchier utahensis), 

Gambe1 oak (Querais gambelii), and antelope bitterbnish (Purshia tridentata) comprise 

most of the transition vegetation type. Low and rubber rabbitbrushes (Chysothomnus 

viscidzj7orus, CC. nauseosus) are prevalent throughout the basin. Elevations of 2,400 to 

2,600 m are dominated by big sagebrush interspersed with bunchgrass meadows. North 

aspects often host substantial groves of quaking aspen (Populus tremuloides), 

servicebeny, and mountain snowberry (Symphoricarpos oreophilus). Big sagebnish and 

Douglas- fi (Pseudotsuga memiesiil domiriate south and northwest aspects at elevations 

> 2,500 m, respectively. Free water can be scarce in dry years or late in the summer as 

most springs are in the bottom of steep canyons. 

The land ownership in the region is a mix of private and public lands. Private 

holdings are largely owned by petro-curporations. The Bureau of Land Management 

(BLM) is the federal Iand manager for public lands. Lands owned by petro-corporations 



are leased to ranchers who gmze them with cattb fiom about May into November. While 

the BLM manages significant land holdings in the area, only a hct ion is considered sage 

grouse habitat. 

Historically, sheep and cattle extensively grazed the Piceance Bash Currently, 

cattie ranchhg is the predominant agricuhd business. The majority of riparian areas in 

the region have k e n  converted to hay fields for feeding cattie. In the late 1970's there 

was an interest in shale oil deposits in the substrate of the plateau and two processing 

plants were established. Currentiy, shale oil is not economically viable and naturaï gas 

deveiopment is the focus of resource extraction. The Greasewood Cmnpression Station 

supports several pipelines that transect the Basin, especiaiiy the TransColoraùo pipeline. 

Construction of this line was initiated in 1 998 and was routed through patches of sage 

grouse habitat. The proposed Yankee Gulch sodium bicarbonate mine would require a 

pipeline that would transport water fiom the Colorado River to the mine for material 

processing. These land uses provide oppormnities to mitigate and manage habitat 

alteration to benefit sage grouse and other wildlife. 

1.3.2. METHODS 

Sage grouse rnovement s and habitat use were do cumented using radio teiemetry 

and a Global Positioning System (GPS) fkom April1997 through December 1998. 

Locations were plotted on 7.5 minute USGS topographic maps. Relocation points were 

transferred into a database that enabled input into a Geographic Information System 

(GIS), which contained habitat cover type rnaps of the study area Vegetation at the 

within patch scale was sampled via quadrat cover estimates and calculating mean height 

of vegetation for each plot. 



1.32a. VEGETATION SAMPLING 

The wildlife Laerature (grouse studies in particular) bas widely used microhabitat 

variables to idente parameters that animais "prefer" or "avoid". The methods to coilect 

such data are numerous, but DaubenmVe (1959) frames and the h e  intercept (Canfield 

1941) are two of the most cornmonly used. Typically, workers estabhh a plot at the 

center of an activity site and quant@ the surroundïng vegetation However, one denved 

method uses a perpendicdar placement of the transects; such methods over sample the 

middle of the plot (Greig-Smith 1957). The alternative method would be a dispersed 

mode1 or grid sampling regime that adequately covers the periphery of the sampling area 

(Greig-Smith 1957). The systematic grid sampling method should provide a uniforrn and 

staîisticdy robust representation of the habitat of the sampling plot Consequently, a 

protocol was established to cornpare the intercept and grid methods. 

During the 1 998 field season vegetation transects were sampied from 25 paired 

locations of radio-marked grouse and random sites (n = 50) to evaluate the bias 

associated with the intercept method. This may impact rnethodologies implemented b y 

biologists in the fbture. The theoretical background and cornparison of these two 

meîhodoiogies using the 1998 field data are presented in Appendix C. 



1.4. ORGANIZATION 

This thesis is presented in 4 chapters. Chapter 2 focuses on seasonal movements 

and home r a g e  estimation. Chapter 3 examines habitat selection of micro and 

marrohabitat characteristics, and topographie distri'butions of sage grouse use sites. AU 

chapters are d e 1 1  as ~e~contained papas in the style of the J o d  of Wildlife 

Management. Chapter 4 contains management recommendations derived from the data 

analyses and field observations nom this research. 
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CaAPTER 2. 

SEASONAL MOVEWNTS AND SPATIAL DISTRIBUTION OF SAGE 

GROUSE IN A NATURALLY FRAGMENTED LANDSCAPE 

Abstract: Seasonal movements and spatial distri'bution of sage grouse (Centrocercur 

wophasiant(s) were studied in the Piceance Basin of northwestern Colorado h m  April 

1997 through December 1998. The spatial distriution of radio-marked grouse (n = 19) 

was hïghly clustered (fiactal D = 1.06) and exhibited sale invariant properties (l? = 

0.992). Male (PZ = 11) and female (n = 5) sage grouse moved average maximum distances 

of 8.8 and 2.8 km fmm lek of capture during the surnmer, respectively. Maximum male 

distances were greater (P = 0.03) than for femaies in summer but, similar (P = 0.69) 

durùig winter. Distances traveled from winter to breeding (P = 0.92) and breeding to 

surnmer ranges were si- (P = 0.07) between d e  and female sage grouse. Males 

traveled M e r  (P = 0.047) between winter to m e r  areas than did females. However, 

juvenile male sage grouse (n = 3) movements (K = 1.7 b) between summer to winter 

seasonal ranges were less than those of aduit males (P = 0.02) but similar to females (P = 

0.6). The movements of sage grouse likely reflected the limited suitable habitat available 

to sage grouse in this landscape. 



2.0 INTRODUCTION 

Habitat loss and fhgmentation reduce species nchness and, as a resuh mmmunity 

compositions are aitered. Sedentary specialist or large predators are winerable to such 

changes, and Ioss of these species may account for the change in species composition 

(Wiens 1 994). Ho wever, fhgmentation can refer to the n a d  heterogeneity (patchiness) 

that produces such landsapes (Wiens 1994). Movement and the resultùig dispersal of 

individu& are important parameters in detemÿning how habitat fkgmenîation affects a 

population (wens 1994, 1997). Wiens (1 997) asserted that proper management of habitat 

patches and mosaics can be based on understanding species movement patterns in and 

among firagmented landscapes. 

Sage grouse use distinct seasonai habitats on an annual basis. Loss &or 

degradation of these habitats has proven to be detrimental to sage grouse (Braun 1995, 

Connelly and Braun 1997). Braun et aL (1 977) estabLished guidelines for managing these 

seasonal use areas and emphasized protection of habitats within 3.2 km of the lek. 

Roberson (1 986) suggested these guidelines were only applicable to sedentary 

populations. Subsequently, researchers have reported movement patterns of sage grouse 

that exceed the former recommendations (Berry and Eng 1985, Comelly et aL 1988). 

Comelly et al. (1988) suggested that migratory sage grouse populations should be 

identifieci and managed on temporal and geographical scales. Use of seasonal habitats 

and movements by sage grouse have been documented throughout its range (Berry and 

Eng 1985, ConneiIy et al. 1988, Commons 1997). The magnitude of sage grouse seasonal 

movements varies among populations (Connelly et al. 1988). Differences have been 

related to the proximity of suitable seasonal habitats (Panerson 1952, Dalke et ai. 1963). 



Sage grouse h Idaho (Connelly et aL 1988) and Wyoming (Panerson 1952, Berry and 

Eng 1985) have been d e r n i d  as migratory, traveling 280 km between seasonal ranges. 

Sage grouse in Colorado appear to be sedentary as most populations disperse on average 

<O km to seasonal ranges within a geographicai area (Rogers 1964, Beck 1977, 

Schoenberg 1982, Dunn and Braun 1986, Commons 1997). 

Most of the existing literature has focused on large populations (>500 birds) in 

contiguous habitats. Few studies have examined the seasonal niovements of sage grouse 

in fkgmented landscapes. Cornmons (1 997) and Schroeder (1 998) investigated 

populations that occurred in highly hgmented agricultural landscapes in southwestern 

Colorado and wrth-central Washington, respectively. Currently, no studies have 

examined the seasonal movements of s d  popdations occurrir~g in naturally hgmented 

landscapes. Further, no studies have documented the spatial distribution of sage grouse 

movements. Sedentaiy sage grouse populations may be susceptibIe to habitat Ioss as 

alternative habitats becorne increasingly distant and impracticai to occupy. Thus, 

identifyuig the seasonal movements of isolated sage grouse populations is necesmy for 

proper management and enhancement of these fkqpented Iandscapes. 

The objectives of this study were to: 1) i den te  the spatial distribution of radio- 

marked sage grouse, 2) describe seasonal movements in ternis of maximum distance and 

inter-lek distance, 3) and identify seasonal home range sizes and distance between core 

areas within home ranges. 

2.1. STUDY m A  

The Piceance Basin lies between the White and Colorado rivers in northwestern 

Colorado in Rio Blanco and Garfield counties. The study area encompassed 



approximately 1,400 of the 3,000 h2 structurai basin. The boundaries of the specific 

study area were the Dry Fork of Piceance Creek and Big Duck Creek to the north. 

Skinner Ridge and Roan Creek were the southwest and southem boundaries. Cathedral 

Bluffs dehed the western limit and Colorado Highway 13 was the eastern boundary- 

Piceance Creek flows through the eastem third of the study area The climate of the 

Piceance Basin is semi-arid and exhibits extreme differential levels of monthly 

precipitation. The meau aflflual precipitation was 35 I 18.7 cm in the region for 195 1-70 

(CottreiI and Bonham 1992). Snowfàli comprised approximately halfof the total 

precipitat ion 

This structural basin (Tiedeman and Tenvilliger 1 978) consists of undulating 

noah-south ridges that pardel one another. The ndges are gently rolling divided by 

steep drainages. The ridgetops Vary in width fiom 0.5 to 3 km, while length varies fkom 

1 .O to 30 km. The southwestern region of the study area consisted of canyons that drop 

nearly 1 km vertically, in 400 m, horizontally; t ypically the elevation change is more 

graduaL Elevations Vary fiom 1,800 m on Piceance Creek to 2,700 m at the upper 

reaches of the plateau. 

The topography of this region provided a mosiac of vegetation types that reflect 

variation in slope, aspect, and elevation. Pinyon pine (Pinuî edulis) and juniper 

(Junipem spp .) woodlands do rninat e the landscape unt il -2,100 m. Mountain big 

sagebnish (Artemisia tridentata vaseyana) , Utah serviceberry (Amelanchier utahensis), 

Gambe1 oak (Quernrs gambelii), and antelope bbterbrush (Purshio tridentata) comprise 

most of the transition vegetation type. Rabbitbnish (Chrysuthnus spp.) was common 

throughout the basin. Elevations of 2,400 to 2,600 m were dominated by mountain big 



sagebnish and antelope binerbmsh interspersed with bunch gras meadows. North 

aspects were dominated b y quaking aspen (PopuZus iremuloides), DougIas-fi 

(Psdotsuga menziesii), se~ceberry, &d mountain snowberry (~mphoricmpos 

oreophilus). The vegetation of the Piceance Basin has also been descriid by Barimam 

(1983) and B a r û n a ~  et aL (1992). 

2.2. ,METHODS 

2.2.1. FIELD TECHNIQUES 

TrqppinpMaie and female grouse were trapped at night on or near lek sites 

using a spotlight and a long-handled net (Giesen et al. 1982) during the breeding seasons 

of 1997 and 1998. After the breeding season, radio-marked birds were tracked a. night to 

trap grouse associating with marked birds. A bumper-mounted canon net was used in 

early morning hours (< 3hr after sunrise) to trap birds dong roadsides (Giesen et aï. 

1982). Once captured, grouse were placed in a binkip sack and held for processing. Age 

was ascertained by shape and appearance of primaries (Be& et al. 1975). All captured 

grouse were banded on one tarsus with an a1uminu.m Colorado Division of WildlZe 

(CDOW) band with a green bandette placed on the other tarsus. Grouse were fitted with 

either a lithium or soiar-powered radio. Battery-powered radios (Holohil S ystems Ltd., 

Carp, Ontario) were placed at the base of the neck using a cable tie. Solar-powered 

radios (Telemetry Systems Inc., Mequon, WI) were mounted on naugahyde ponchos 

(Amstnip 1 980) that were fitted amund the wck. Radios weighed between 14 - 20 g, 

which was < 3% of a bird's body mas .  

Radiotelernehy-Radio-marked grouse were relocated using a portable Telonics 

receiver (Mesa, AZ) and a hand-held 3-element Yagi antenna. Additionally, a CB radio 



antenna placed on a vehicle, comected to the portable receiver, was used as a non- 

directional ante- This method was effective in reducing search time for radio signals 

on the ground. Aeriai searches were conducted when ground searches were unsuccessful 

for more than a week or not practicd during the winter. The goal was to locate each 

radio-marked grouse once per week fiom June through August and once every 2 weeks 

during winter montbs. Grouse located > 1 per week were not ffushed on subsequent 

locations. During these locations radio-marked birds were cided at a distance of 5 50 m 

to reduce the error associated with triangulation (Springer 1 979). 

2.2.2. DATA ANALYSIS 

Data-Aerial and ground locations were recorded using Global Positionhg 

System (GPS) and Universal Transverse Mercator (UTM) coordinates. Locations were 

plotted on USGS topographie m p s  (1 :24,000 scale) to adjust for the selective availabilay 

(SA) ermr associated with GPS. This correction was coarse, but enabled adjustments to 

obvious location errors resulting nom SA (e.g., opposite side of a ridge or road). The 

calendar year was divided into three biologicdy important seasons for sage grouse, 

springlbreeding (Apr - May), summer/brood-rearing (Jun - Sep), and winterWted 

resources (Oct - Mar). The timing of long distance movements between seasonal use 

areas and availabdity of forage supported this stratincation 

Sage grouse were captured on 6 of the 9 active leks. Chicks that were radio- 

marked were d e h e d  as juvenile. First and second year adults were pooled within male 

and female strata due to snall sample sizes. Movement data were obtained for 44 radio- 

marked sage grouse ( d e s ,  n = 24; fernales, n = 20). Radio failure (PZ = 4), mortality (n = 

16), and inadequate sampling (n = 5) resulted in a sample size of 19 (43%) of the 44 sage 



grouse ( d e s ,  n = 14; females, n = 5 )  wah adequate data for analysis. Annual data were 

collected on 3 juvenile males fiom this sample. These birds were captured as chicks -10- 

12 weeks of age. Two fernales that were tmfked to nests were depredated shortly into the 

pst-nesting period. Consequently, these females were only considered for the distance 

f?om lek to nest analysis (n = 6). Summer movements by females were pooled for data 

aaalysis, despite nesting success. The point pattern analysis consisted of the birds 

described minus the 2 depredated pst-nesting fernales (n = 19). 

Spatial Distribution-1 used &ta1 geornetry (Mandelbrot 1983) to examine the 

spatial distribution of sage grouse location data. Specifically, 1 was interested in 

identiSing dispersal, and the extent to which grouse locations were clustered or deviated 

fiom a uniform distribution. Point pattem data were anaiyzed ushg an estimate of the 

h c t d  dimension (D). This statistic, D, was used to examine the extent to which the point 

pattern of sage grouse locations was self similar across spatial scales (Appleby 1996, 

Kenkel and Walker 1996). It tested the null hypothesis that locations occur randomly on 

the landscape at each resolution. That is, l< D c2 and as D approached 2 it descnbed a 

random spatial pattern and, as D approached 1 it indicated a highly clustered pattern 

(Appleby 1996, Kenkel and Walker 1996). Estimating the hctal  dimension ofmovement 

data is dependent upon the cumulative the an anima1 is tracked; the longer an animal is 

tracked the greater the hcta l  dimension (Milne 1991). Thus, data used in the spatial 

distribution analysis only included one year of data for birds that survived > 1 year. Male, 

female, and juvenile grouse were pooled for this analysis as it used a popdation 

approac h. 



Calculation of D was achieved using the box counting method and information 

theory (Milne 199 1, Hastings and Sugihara 1993, Appleby 1 996). The UTM coordinates 

of ail radiolocations were plotîed, and the observed point pattern was overiaid with a 

square grid scaled to 44 W. Count and proportion data were then used to calculate the 

box (Iq = 0) and information dimension (Iq  = 11, respectively. These dimensions are 

referred to as generalized q-dimensions. Examining the generalized dimensions as a 

function of q provides more information about a distribution than just a single dimension 

(Appleby 1996). The Erst grid superimposed was comprised of boxes (quadrats) that 

were 1.83 km2. This set of boxes (fàctoa of 44 divisible by 2) was then doubled at 

successive scdes of 3.67 and 7.33 lm?. The second sets of qiiatirats (factors divisible by 

3) were 2.75 and 5.5 km2. AL1 5 resolutions were cornbineci to evaiuate the scaLing 

propexties of the point pattern 

The box dimension calculates the number of quadrats (N6) it takes to cover the 

point pattern and does not account for the number of points in a quadrat (Appleby 1996, 

Kenkel and Walker 1996). The box dimension is defined by plo tting ln N (6) against In 

(6) and calculating the dope of the line (Appleby 1996). The information dimension is 

denved fiom the proportion of points (pi) occupying each quadrat and calcuiated using 

where N (6) is the total number of occupied quadrats of size 6 (Kenkel and Walker 1996). 

Information dimension is defined by the plotting Hg against In (6). The slope of the ln-ln 

plot [In (6) vs. 4 determines D and the slope was estimated with linear regression 



Calculations of the h c t d  dimension require large sample s k s  (X000) to approach D = 

2 (N.C. Kenkel., Univ. Manitoba, unpubl. data). Thus, random simdations were generated 

(n = 519) to test for deviations from a random pattern (Hastings and Sugihara 1993). 

M a i m m  Distance-Individual movements were calculated as the straight-line 

distance Oan) h m  the last known location to lek of capture (DLC) m d  to the nearest lek 

(DNL). These distances were used to identifL maximum distances fiom point of capture 

and to test for ciifferences in seasonai movements among sage grouse. Student's r test was 

used to identify differences in DLC between males and fernales. Hoteliing's was used 

to detect ciifferences in movements between years (White and Garrot 1990). The 

calculated was transformed to an F statistic in testing of statistical significance (Manly 

1986). Movement distances of juveniles were calculated fitom capture areas. 1 did not 

assume that the nearest lek would be their lek of capture, as a result cornparisons of 

maximum distances were not made between aduh and juveniles. 

Lek Dispersion-1 used correlation to examine the Iek tenacity of male and fernale 

grouse. Monthly means were calculated for DLC and DNL of each individual to 

document timing of movement S. Pearson's product moment correlation coefficient (r) 

was calcuiated for the seasonal mean DLC and DNL of each grouse, referred to as the 

dispersion coefficient. This correlation descriied the relationship between an individual's 

home lek and seasonal use areas. As the dispersion coefficient approached +1, it 

described greater tenacity to one's home lek. Mtemativeiy, as grouse moved away fiom 

their home lek and were more closely associated wÎth other leks the dispersion coefficient 

approached O. The dispersion coefficient was not <O as all calculations were based on 



non-directional distances. Dispersion coefficients were cdculated for male and femde 

sage grouse. 

Home Range-1 used two measures to examine individuai spacing; home range 

estimation and distance between core areas. Home range was estimated using minimum 

convex pulygon (Mohr and Stumpf 1966) for both winter and summer seasons (Calhome 

1 .O Software p e  et al. 19961). Although there are limitations to comparing home range 

size between studies (White and Garrott 1990), 1 used other measures in conjunction with 

home range to support these cornparisons. The number of locations (n) and home range 

size were plotteci to idente minimum n to adequately describe the seasonal home range. 

Generdy, when n r 9 the dope of the h e  indicated a negative relationship. Thus, buds 

with 29 seasonal locations were included. Sample sizes were inadequate to calculate 

home range during the breeding season. The Mann-Whitney U test was used to test for 

differences in seasonal home range size among males, fernales, and juveniles. 

Seasonni Use Areas-The spacing of core areas within seasonal ranges was 

examined by cdculating the center of use areas and the distance from other seasonal 

centers. Distance between seasonal areas was defined as the anthmetic mean (* SE) of 24 

locations per season for each individual (Schroeder and Braun 1993). The distances 

between individuals' core areas were pooled and averaged among males, females, and 

juveniles and tested for difEerences of means ushg Student's t test. Individuals ihat 

survived fiom capture to 24 winter locations were included in the analysis. Statistical 

differences were considered sipnincaut at P a 0.05. 



2.3. RESULTS 

Summer movements did w t  dEer between years in either DLC or DNL (Fz 320 = 

1.265, P > 0.5). Winter movements were similar (F2,187 = 1.393, P > 0.5) between years 

as well. Data were pooled for grouse (n = 5) that suMved both years as they exhibited 

similar (FL187 = 1.3 93, P > 0.5) movement patterns between years, and distances were 

averaged- 

2.3.1. SPATIAL DISTRIBUTION 

Fracta1 Am2ysi.s-Point pattern analysis among 5 scales of resohition (box size) 

indicated that sage grouse spatial distribution was scale invariant (2 = 0.992) and highly 

clustered. This was evident in both the box (Tq = 0) and the information dimension (Iq = 

1) (Fig.2- lqb). The fracta1 D ( q l )  = 1 .O6 differed eom 100 simulated random 

distrihtions of 5 1 9 points (mean h c t a i  D = 1.57 * 0.02, range 1.53 - 1 -63) (Fig. 2-2). 

This indicates that sage grouse do not occur randomly on the landscape, and that seasonal 

movements reflect distinct dispersion to seasonal areas of suitable habitat. 

2.3.2. SEASONAL MOVEMENTS 

Site F i d e l i w i x  radio-marked sage grouse were tmcked through 2 breecling 

seasons and all returned to their respective Iek sites by 2 April 1998. Five of these birds 

survived the following summer and exhibited high fidelity to the2 previous summer 

range (Appendix A, Table A-1). Differences in mean seasonal use areas varied between 

0.1 and 5.0 km (Z = 2.1 I 1.0) between years. Male 1559 was an exception as he did not 

travel to Skinner Ridge in his second year. Instead, he occupied his Iune 1997 stopover 

area during m e r  1998, which was not as far south as Skinner Ridge. This area was 

near the 



Fig. 2-1. Fractal dimension (D) for sage grouse in the Piceance Basin, Colorado, 1997-98. 
R~ signifies that scaling properties are evident in the observed &ta1 pattern. The slope 
of the line estimates the dimension and this obsewed pattern was highly clustered. 



Fi& 2-2- Spah i  distribution of sage grouse at 3 d e s  (A) 44 hn ', (8) 1 I km2, and (O 2.75 km ' in the 
Piccane Basin, Rio Blanm County, Colorado, 1997-98. Clustering of locations o c r ~ n s  at all scales. Thest 
patterns rescmble those of a Uvy Fligfit (Mdeibrot 1983)- 



Nests-Females moved ody  short distances to nests fiom lek of capture. Nest 

locations for females (n = 6) had an average DNL of 1 .O * 0.4 and DLC of 1.4 * 0.8 k m  

Five of 6 females nested ciosest to their lek of capture. One fernale trapped at Bar D 

Mesa tlaveled 5 -7 km south to her nesting site which was closer to the Canyon Creek lek. 

Tt was unclear as to her lek of breeding. Two females were located on nests in both years; 

successive locations were 100 and 500 m nom previous nests. 

Summer-Female movements varied between 0.2 and 12.5 km (a = 2.8 * 2.7) 

during m e r .  Unsuccessful females (n = 3) tended to depart brood areas 

before succeuful fendes. Female O3 1 successfully nested in 1997 but not in 1998. 

Although pst nesting distances did not m e r  fiom year to year timing did, as she arrived 

within 1 km of her October 1997 area in Iate July 1998. Female 035 (Yankee Iek) 

unsuccessfully nested in 1997 and 1998 and dispersed (P  = 7.3 km) to Skinner Ridge in 

early July each year. Female 044 was captured 24 June 1998 and examination of her 

brood patch indicated that she had nested, but had Iost her nest or brood at some point. 

Female 044 departed the Yankee area by 8 July and remained near Cathedra1 Bluffs for 

the duration of the season Movements of females with broods were within 1 km of nest 

and iek areas until early October. 

Male sage grouse tmveled faaber (t = 2.42, P = 0.03 0) fbm lek of capture to 

sumrner areas ( X = 8.8 0.5, range = 0.7 - 23.2 km) than f d e s  (Appendix A; Table A- 

2.). Most d e s  moved to habitats dong the Divide road area and, generally, remained in 

flocks of 5 - 20 individu&. This ridge complex encompasses the head of East Willow 

Creek southeast to the head of Mud Springs Creek. Males fkom the Bragg Spring and 



Bar D Mesa leks had the longest mean dispersion to this area (21.4 * 0.7 and 12.5 * 0.2 

km, respectively). Males fiom Yankee lek traveled on average 5.0 0.9 laa to simiIar 

summer range. Two males (1 559-Bar D, 1561 -Yankee) traveled to the Cathedra1 Bluffs 

area in August 1997 and 1998, respectively. Generdy, these males were found with 1 or 

2 other males and broods. Two males (1572 at Bar D, 1573 at Bragg Spring) remained 

within an average of 0.6 * 0.7 km of their respective leks throughout the summer. Male 

1572 was u d y  associated with a flock of 10 d e s .  Mde 1573 was Iocated done but 

associated with brood flocks in mid- August. Males that dispersed for the summer made 

quick long flÏghts to their summer areas near the end of May. Unsuccessfbi fernales did 

not Ieave the breeding area until mid-June to early July, and successful females did not 

depart until October (Fig. 2-3 .). 

Winter-Females dispersed a mean distance of 5.0 * 0.7 lm to winter areas 

although 3 females remaineci within 3 km of their Iek of capture. Female 029 was 

generally found with a mixed flock of females and juveniles (-1 5 birds) throughout the 

winter. Female 03 1 moved to higher elevations for the winter near Cutoff Gulch. Female 

035 remained along Skinner Ridge but moved 7 km south of her s u m e r  area. Male DLC 

(E = 6.4 * 0.6 km) was similar to that of females during winter (t = 0.412, P = 0.686). 

This indicated that males and females occupied spatially similar winter ranges. The core 

winter area for males of Yankee and Bar D leks was near the Cathedra1 Bluffs north fkom 

Wagonroad Ridge Road to Galloway Gulch. Males fkom the Bragg Spring lek tended to 

winter along the ridges north of Cutoff Gulcb 





2.3.3. LEK DISPERSION 

Summer- The dispersion coefficient for female sage grouse was highly 

signifïcant (r = 0.94 1, P < 0.00 1) as most locations were near nest areas and capture areas 

throughout the summer (Fig. 2-4a). The dispersion coefficient for males was not 

signifiant (r = 0.340, P = 0.172) as males traveled between 0.7 d 23 -2 km ( a  = 8.8 * 
0.5) to summer areas fiom lek of capture (Fig. 2-4a). 

Winter-Four of 5 f e d e s  were associaîed with their home lek (r = 0.875, P = 

0.005) throughout the winter (Fig. 2-4b). Most male sage grouse moved towards their Iek 

of capture for winter. Akhough the dispersion coe5cient indicated that d e s  were 

dispersed (r = 0.107, P > OS), one male (1 560) weakened the correlation as he was 2 1 

km fkom Yankee and withùl2 km of the Stewart lek However, it was apparent (Fig. 2- 

4b) that most males made distinct movements back to near their leks of capture for 

winter. 

2.3.4. SEASONAL USE AREAS 

Home R a n g e 4  ixteen sage grouse were included in m e r  home range 

estimation. However, small winter sample sizes resulted in home range estimation for 12 

grouse (5 d e s ,  4 fendes, and 3 juvenile males). Median summer MCP home range size 

of 614 ha for females and 564 ha for males were similar (U= 7, P = 0.727 ). Although 

sLmilar in size, use of home mge area was different as males dispersed to m e r  areas 

at a dif5erent rate than females. The wanderiog of unsuccessful females (2-4 weeks) 

resulted in a greater number of points occurring over a larger area Males made relatively 

direct nights (1-3 days) fiom breeding areas to summer ranges (Fig. 2-3.) as evidenced by 

the sudden loss o f  radio signals at lek sites. Subsequent locations found 
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males closer to summer range than leks. Males used a relatively small area withiu the 

SuIllIller range. Thus, only the smail core areas of males were estirnated and areas 

inclusive of s p ~ g  range were estimated for females. Home range size was highly 

variable among d e s  and femdes. There did not appear to be a geographic breakdown 

of home range size, except for the 2 juveniles and 1 female fkm Magnolia as they had 3 

of the smaller home ranges within the sample. Wmter home ranges did not differ (U= 26, 

P = 0.919) between males (median 709 ha) and & d e s  (median 976 ha) nor were there 

differences among adults and juveniles (U= 6, P = 0.279). Thus¶ data were pooled to test 

for differences between summer and winter home range size. Summer (median = 564 ha) 

and winter (median = 447 ha) home ranges were simiiar (CI = 76.5, P = 0.430). 

Cure Use Areas-Spacing of seasonal ranges was different as the distance (X = 

9.4 * 2.8 h) between male nimmer and winter home range center was greater (t = 

2.196, P = 0.047) than for fendes (x = 2.7 & 1.2 km) (Fig. 2-5). Although not 

significant, there was a trend (t = 1.554, P = 0.071) for male summer ranges to be greater 

distances (Z = 8.2 * 2.2 km) fkom spring range centers than that of femaies (a = 2.7 * 
1.8 lm). Distances between centers of winter and breeding ranges did not ciiffer (t = 

0.106, P = 0.917) between males (5.1 * 1.9 km) and fendes (4.7 * 2.7 h). 

Juveniles remained within 0.5 & 0.2 km of their capture locations thtough August 

- October. However, juveniies began to move away nom these areas in November and 

continued to disperse between 0.4 and 7.6 (X = 1.6 + 1.5) km to winter areas through 

December. These movements were significantly (t = 2.69, P = 0.02 1) shorter than for 

adult males, but similar to females (t = 0.625, P = 0.555). Juveniles were located closer to 





leks than *ter sites by 3 April. Movements f?om *ter areas to leks did not dBer 

between juveniles and adult males (t = 1 .O6, P = 0.3 17) nor ad& fendes (t = 1.01, P = 

0.352)- 

2.4. DISCUSSION 

Spatial Disiriburio4age grouse locations were highly clustered on the 

iandscape at 5 sdes .  The scale invariance exhibited by sage grouse may reflect a 

specialized foraging strategy in a heterogeneous landscape. The distriution of core use 

areas may also exhibit scale invariant properties to which the grouse must adapt. If this 

assumption was conect, one would expect to fïnd large voids of suitable habitat on ail 

grid scales (Viswanathsin et al. 1996). Thus, grouse must either make long flights to 

suitable habitats or remain in their respective patch and h d  suitable patches at finer 

scales. Either m e g y  has resdted in the highly clustered scale invariant distribution 

Vkwanathan et aL (1996) reported that wandering albatross (Diorneda exulans) 

exhibited scale invariant foraging behavior described as long flights intempted by short 

periods of clustered foraging (Lévy flight). AIthough their data were based on a time 

series analysis, they demonstrateci that wandering albatross use such a foraging tactic to 

overcome biological complexity. Scale invariant clustering has a h  been suggested as an 

anti-predator behavior (Bascompte and Vila 1997). Sage grouse tended to move long 

distances (flights) and use relatively smaU seasonai areas (clustered foraging) 

e x e m p w g  the theory of a Lévy Fiight (Mandelbrot 1983, Viswanathan et ai. 1996). 

Mthough spatial distribution of sage grouse seasonal movernent has no t been 

previously analyzed, inferences to clustering in seasonal areas can be gleaned fiom the 
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Merature. Beck (1977) reported similar findings on movernents to winta babitat in North 

Park, Colorado, which was a more contiguous habitat than the Piceance Basin. Although 

50% of North Park had exposed sagebnish, only 6.8% was used intensively as winter 

habitat (Beck 1977). Comelly and Markham (1 983) descriid movements >80 km 

between seasonai areas with relatively srnail SuILlIller home ranges (F = 260 * 85.9 ha, n 

= 8). Robertson (1991) found that sage grouse moved 7.2 * 0.8 krn fiom lek of capture to 

winter sites with mean daily movements of 0.8 0.08 kxa Sage grouse in southwestern 

Colorado exhibited similar movement patterns as they moved on average -4 km between 

seasonal areas and maintained average summer home ranges of 320 ha (Commons 

1997). In generai, nest placement was clustered near or between adjacent lek sites 

(WaiIestad and Schladweiler 1974, Wakkinen et al. 1992). These hdings support the 

similar clustering found in the Piceance Basin and provided evidence that sage grouse 

distributions were not iutiform. 

Seasonal Movement and Interlek Distances- Seasonai movements of sage grouse 

in the Piceance Basin resemble those of populations throughout the species' range. 

However, some differences did occur. Fernales with broods (n = 4) remained close to nest 

sites until late August-early September. In Idaho, females and chicks moved to summer 

areas up to 8.8 and 20 km away by early July @ f i e  et ai. 1 963, Comelly et d. I 988). 

This distinction could occur for two reasons: 1) the topography of the Piceance Basin 

would require young birds to make long flights or walks that might increase mortality, 

and 2) my study area may have been a more mesic habitat than other areas and 

herbaceous cover did not desiccate as quickly. Further, most males (n = 8) tended to 

move away fiom lek of capture to a s e p m e  summer area These average distances were 



different from those reported ekwhere. Male sage grouse moved (a = 8.8 km) shorter 

average distances than Idaho populations, as mzUamum distances of 3 1 and 80 km to 

summer ranges and winter ranges were reported, respectively (Comelly et al. 1988, 

Robertson 199 1, Fischer et aL 1997). My findings suppoa the classincation of sage 

grouse in Colorado as 'kedentary." Although 'migrations' occurred to seasonal use areas, 

these movements were contained within a geographic area 

Dzfferential Movements-The dBierences between male and female summer 

movements was not swprising, as the timing and distance of f e d e  dispersion is 

tempered by nesting and brood-rearing (Comeily et al. 1988). Juvenile movements 

tended to reflect those of fendes as juvenile males tend to associate with fernales 

throughout the winter (Beck 1977). However, it was surprishg to £înd extreme 

differences in d e s  Eom the same Iek. Three radio-marked males fiom 3 leks remained 

within 2.6 * 0.5 km of lek of capture. Male 1572 (Bar D) was relocated throughout the 

Sumner 1.1 km fiom his capture area Usually he was tracked near the Bar D burn with a 

flock of -10 males. Two males fiom the same lek traveled on average (12.5 km) to 

summer and winter use areas. Ditreentiai movement patterns in male and femde 

tetraonids have been documented in blue grouse (Dendmgapus obscuw)(Cade and 

Hofnnan 1993) and greater prairie-chicken (Tympmuchus cupido) (Schroeder and Braun 

1993). However, differential pattem in movement of d e  sage grouse fiom the same 

leks has not been explicitly identified. Reasons for this dBerentid movernent pattern 

may be attriiuted to m u a l  variation in moisture levels. Males may remah closer to leks 

in wet years and move greater distances in dry years. Vegetal moiçture has been 

correlated to initiation of nimmer migration, and annual variation in movements by 



f e d e  sage grouse (Fischer et al. 1996). Thus, it seems probable that annual precipitation 

could influence habitat use and seasooal movements of male sage grouse. 

Core Arem and Home Range-Distances between seasonai areas contrasted with 

those reported in Noah Park, Colorado as sage grouse moved between 10 and 20 km 

fiom breeding to winter areas (Beck 1977, Schoenberg 1982). However, spacing of 

seasonal ranges resembled that reported in Idaho (Dalke et al 1963, Robertson 199 1) and 

Montana @kg and Scbladweiler 1972) as winter habitat was more closely associated with 

home lek areas than summer areas. Comparatively, average seasonal movements rareiy 

exceeded 6 km fiom the nearest lek or inter-lek distance. Robertson (1991) idierred that 

this distance ( f  = 2.4 * 0.4 Imi) was related to the abundance of leks in his study area. 

Although only 9 active leks are known in the Picemce Basin, it is apparent that the leks 

represent suitable habitat for different seasonal needs (Fig. 2-4a,b). For instance, the 

Yankee lek was the largest breeding center with a maximum count of 28 males. However, 

this area Iacked winter habitat as all radio-marked birds fiom this lek moved considerable 

distances for the winter. Conversely, the Canyon Creek Iek which hosted only 4 males 

was within 2 k m  of the core winter area for the northem part of the Basin. 

Home ranges were highly variable, which may be attributable, in part, to small 

sample sizes. Individual home ranges were similar to those in the highiy firagmented 

agricultural landscapes of southwestem Colorado (Commons 1997). Habitat 

b e n t a t i o n  may have afSected the size of the seasonal use areas (Commons 1997). 

However, Gommons used 95% ellipse which calculates an area larger than the maximum 

distance between locations (White and Garrott 1 990). Thus, estimates for southwestem 

Colorado were probably slightly smaller than those in m y  study area. ConneUy and 



Markham (1983) reported sage grouse home ranges that were similar to rny study. 

Although the habitat was contiguous in thek study area, the p u s e  were concentrated on 

an artficial lawn The abundance of succulent forbs rnay have provided enough forage 

such that sage grouse did not need to travel hence the small home ranges. Although 

habitat fhgmentation can interfere wiîh rnovement patterns and spatial distributions 

(Weins 1997), M e r  work is needed to exaxnine the relationship between sage grouse 

home range size and habitat hgrnentation. 

2.5. MANAGEMENT RECOMM-ENDATIONS 

Sage grouse locations were highly clustered in the Piceance Basin. The self 

similarity demoostrated in this study emphasizes the importance of cntical habitats to 

sage grouse. Despite the distance traveled between seasonal areas, movements within 

core areas were clustered. This indicates that sage grouse are highly selective fiom the 

landscape scale (Chapter 3) to the foraging site (Rerningtion and Braun 1985). This self 

similar aggregation (Fig. 2-2) rnay be indicative of sage grouse occurring in fkgmented 

landscapes. However, no other studies have examined this relationship and further study 

is needed tu compare the spatial distribution of sage grouse in contiguous landscapes. 

Thus, 1 recommend that managers incorporate measurements of scale and self-simïlarity 

to examine the charact erist ics of the landscape and its affects on site tenac ity and 

dispersal of a popdation. 

Sage grouse moved 0.3 to 25.0 Imi f?om summer to winter and breedhg areas. 

This pattern was similar, but distances were l e s  than for populations in southeastern 

Idaho (Dalke et al. 1963, Conneliy et aL 1988). Conversely, Piceance Basin sage grouse 

moved sllnilar distances to winter habitat that was M e r  removed fiom breeding and 



summer ranges than in other areas of Colorado (Beck 1977, Schoenberg 1982). No 

movements were detected between Magnolia and the western side of the Basin. Mthough 

the intervening habitat was predominately pinyon-juniper woodlands, there were several 

sagebnish patches that potentially codd serve as  links between these sub-populations. It 

appears the Piceance Basin sage grouse population is sedentary at the geographic scale as 

seasonai movements were confhed within the Basin. it is unclear if the general 

guidelines for niaoaging sage grouse habitats (Braun et aL 1977) would be adequate for 

the Piceance population as summer habitats were often greater than 3 -2 Irm @om capture 

areas. Wakkinen et al. (1 992) and others have expressed similar concerns regardhg this 

protected radius around the lek. Most studies have evaluated guidelines by Braun et al. 

(1 977) in temis of straight-line distances fiom point of capture (Comeily et aL 1988, 

Wakkinen et aL 1992). WMe this measure is useful in ideneing maximum distances 

individuals travel, it overlooks the spatial relationship of the end points of sage grouse 

movements. Further, what is often overlooked is that distance fiom nearest lek is less 

than the distance from lek of capture, and substantially so. If managers are concemed 

with protecting only a few selected leks in a region, then it may be inappropriate to use 

the general guidelines as some seasonal areas wodd not be included. However, if most 

leks can be protected then the guidelines of Braun et al. (1977) may be more appropriate 

as most seasonal areas would be included- Therefore, 1 recommend that distance to 

nearest lek (Dm) be the measure to which management guidelines are prescribed for a 

population as DNL better describes the spatial relationship of seasonal movements to 

breeding areas. 



Fragmented iandscapes may require a re-evaluation of the 3.2-km b s e r  as a 

suitable amount of habitat may not occur within thom boundaries. Although the b e e r  

may need to be enlargeci, not all habitat within the radius would require protection as 

some would not be Suifable. This study demonstrated that distances fiom caphue varied 

fiom 0.2 to 25 .O km and distance fkom nearest lek varied fkom 0.3 to 6.1 laa Adhering to 

the 1977 guidelines (3.2 km buffer) and usin. DLC as the gauge, 3 1% of the critical 

habitat would be protected, but DNL would provide 63% protection. Arguably, 63% is 

not adquate protection. However, t demoxlstraîes that re-examining movement data with 

DNL ailows for greater application of Braun et aL 's (1 977) recommendations. Thus, it 

may provide support for theory that leks are centers of a breedhg camplex and 

potentidy other seasonal habitats. 
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C W T E R  3. 

SAGE GROUSE HABITAT USE IN A NATURALLY FRAGMENTED 

LANDSCAPE, NORTBWESTERN COLORADO 

Abstrac~ Habitat use of sage grouse (Centrocercus urophasiamrs) in the Piceance Basin 

of northwestem Colorado was examined fkom Apd  1997 through December 1998. Three 

vegetation cover class rnaps of habitat availabilÏty were generated using a geographic 

information system (GIS). Habitat use was detemhed fiom 501 locations of 16 radio- 

m k e d  sage grouse (male = 1 1, female = 5) that were integrated with each vegetation 

cover class map of availabiiity. Vegetation structure and composition data were collected 

at sites used by sage grouse (n = 225) and paired random sites. Topographie distn'bution 

was descnbed for 429 locations. Male and female habitat selection was similar among the 

3 landscape analyses (P = 0.068), but vegetation structure differed among summer use 

sites (P < 0.001). Use sites did not dser  (P > 0.5) from paired rmdom sites for d e  or 

fernale sage grouse. Shifts in habitat use were detected between summer and winter sites 

at the landscape scale (P < 0.00 1) and w i t h  habitat patches (P c 0.00 1). Examination of 

topographie distniution indicated that sage grouse used ndgetops greater than other 

areas, but drainages were used more fiequently in winter (P = 0.02). The changes in 

selection across scales offered insight as to the importance of certain habitat types. 



3.0. INTRODUCTION 

Loss of species and species diversity in regional and local Iandscapes has k e n  

amibuted to authropic habitat fragmentation and edge effect (Harris 1988). These topics 

have ken  at the forefkont of conservation biology for at least 20 years (Hanis 1988). The 

goal has been to provide evidence that species persistence is negatively aected by habitat 

loss and isolation. The majority of this knowledge has focused on either fhgmented forest 

or agricuttural landscapes as they pertain to commimity diversity, sumival a d o r  

reproductive succes (Redpath 1995, Patsitschniak-Arts and Messier 1996). Few studies 

have examined hgmentation as it pertains to species of the shnibsteppe ecosystem 

(Knick and Rotenberry 1995), and recent research has focused on these effects in 

anthopogenically fkgmented iandscapes. Fragmentation can ais0 occur naRirally as 

geographic and topological barriers divide and sometimes Limit the extent of habitat 

(Brown 1971, 1994). 

Sage grouse are dependent upon sagebrush (Artemisia spp.) in ail seasons for 

survivai. Removal of large tracts of sagebniçh has proved to be detrimental to sage grouse 

populations (Wdestad 1975, Swenson et al. 1987). Sage grouse use mesic habitats in 

nimmers that are coqrised of greater herbaceous cover (Patterson 1952, Dake et aL 

1963). Occasionally, these mesic habitats have k e n  anthropogenic hdscapes such as 

@cultural fields *ans and alfàlfà) and l a w  (Comelly and Markham 1983, Commons 

1 997). Ho wever, these artifïcial landscapes require adequate escape and roosting cover in 

sagebmh (Wdestad 1975, Commons 1997). Sage grouse shift to more xeric habitats for 

winter use because of the availability of sagebrush exposed above the sio w pack 



(Conneiiy et ai. 1988). Typicdy, W e r  habitats have k e n  quantified as t d e r  and denser 

stands of sagebnish (Beck 1977, Hupp and Braun 1989, Roberston 199 1). Wmter habitat 

tends to occur in drainages or relatively large sagebnish flats (Hupp and Braun 1989). 

However, Hupp and Braun (1989) concluded that topographie use rnight not adequately 

descnbe winter habitat as  steeper dopes may be used ifprevaiüng winds do not keep 

sagebrush snow-he and readily availabIe. 

Researchers have examinai habitat use by sage grouse to better manage regional 

and local populations. Ho wever, studies have focused on large popdations (>500 birds) 

occurrïng in contiguous habitats (Remington and Braun 1985, Dunn and Braun 1986) or 

"gratory populations (Robertson 1991). Habitat selection studies of sage grouse have 

analyzed habitat use relative to a iarger geographic area (study area) or at the structural 

d e  assessing forb species composition or vegetation structure/composition at sites used 

by sage grouse (Dunn and Braun 1986, Dnrt et aL 1994, Gregg et aL 1994). Further, 

nesting and brood habitat use has been weU documented (Kiebenow 1969, Wallestad 

1971, Wallestad and Pyrah 1974, Connelly et al. 1991, Fisher et aL 1996, Sveum et al. 

1998). Habitat use by sage grouse occurring in fhgmented landscapes is relatively 

mstudied (Commons 1997). No studies have examined habitat use in a oaturally 

fragmented landscape. Few studies have identifid habitat selection as it varies across 

explicit scales of aMilabiüty (Le., geographic range, çtudy area, home range, and withùi 

the home range pobertson 199 1, Sveum et al. 1998 1). Resuhs of selection studies are 

dependent upon what resources are deemed available (Johnson 1980). Thus, it is 



important that selection is properly identinied as management may be based upon such 

findings. 

1 examined habitat use of a d (-250 birds) isolated population of sage grouse in 

northwestern Colorado to provide management recommendations. The main objectives of 

this study were to idente: 1 )  habitat use as t varies with scaies of availabiiity (resource 

selection), 2) shifts in seasonal habitat use, and 3) topographie distniution of sage grouse 

use sites. 

3.1. STUDY ARIZA 

The vegetation of the Piceance Bain  in wrthwestern Colorado is comprised 

prirnarily of pinyon pine (Pimrs edulis) and juniper (Juniperus spp.) woonlands at 

elevations of 1,800 - 2,100 m. Mountain big sagebrush (Artemisia Ridentata vaseyana), 

Utah serviceberry (Amelanchier utahensis.), Gambe1 oak (Quercus gambelii), and 

antelope bitîerbrush (PuTshia tridentata) constmite a transitory habitat fkom 2,100 to 

2,300 m. Rabbitbnish (Chysothamnu spp.) is common throughout the Basin. Elevations 

of 2,400 to 2,600 m are dominated by mountain big sagebrush interspersed with bunch 

gras meado ws. North aspects are comprised of quaking aspen (PopuZw tremuZoides), 

se~ceberry, and mountain snowberry ( S ' o r i c u r p o s  oreophiZzi.s). Douglas-fi 

(Pseudotsugo mentiesw dommates northwest aspects at elevations > 2,500 m The 

climate of the Piceance Basin is semi-arid with extreme differential levels of monthly 

precipitation. Consecutive months often receive M e  precipitation. Snowfall comprises 

approximately one half of the total precipitation. The average annual temperature varies 

f?om 7 C at 1,800 m to - 1 C at 2,700 m. 



The topography of the study area dissects these habitats with undulating north- 

south ridges that pardel one another. The ndges are gently rolling, but, the drainages tbat 

separate them are steep. The ridgetops vary in width from 0.5 to 3 km with le& of the 

ridges fkom 1 to 30 km. The southwestern region of the study area consists of canyons 

that drop nearIy 1 km verticdy, in 600 m horizontally, but typidy the elevation change 

is more graduai. The topography in this region naturally m e n t s  sagebnish within the 

phteau and isolates this sage grouse population. 

3.2. METHODS 

3.2.1. FIELD TECHNIQUES 

Trapping~-Male and f e d e  grouse were trapped at night on or near lek sites 

using a spotlight and a long-handled net (Giesen et aL 1982) during the breedhg seasons 

of 1997 and 1998. After the breeding season, radio-mked birds were tracked at night to 

trap grouse associating with them. AU captured grouse were banded with a Colorado 

Division of Wddlife (CDOW) duminum band with a green bandette placed on the 

opposing tarsus. Age was ascertained by shape and appearance of primaries (Beck et al. 

1975). Grouse were fitted W either a lithium or solar-powered radio. Battery-powered 

radios (Holoiiil Systems Ltd., Carp, Ontario) were placed at the base of the neck using a 

cable tie. Solar-powered radios (Telemetry Systems Inc., Mequon, WI) were mounted on 

oaugahyde ponchos (-4mstnip 1980) that were fitted around the neck. Radios weighed 14 

to 20 g, which was 4% of a bird's body weight. 

RadioteZeme+Radio-marked grouse were relocated using a portable Telonics 

receiver (Mesa, AZ) and a hand held 3-element Yagi antenna Aerial searches were 



conducted when ground searches were unsuccesdhi for more than a week or impracticd 

during the whter. The goal was to locate grouse once per week fkom June through 

August and once every 2 weeks during winter months. At each location the number of 

birds seen, slo pe, aspecty to pographic location (ridge top, ridge side, saddle, or bench), 

general habitat type, and UTM coordmates were recorded. 

3.2.2. HABITAT USE 

Selection Mers-Johnson (1 980) suggested the hiemchicai nature of habitat 

selection should be reccgnized in use-availabiiay comparisons, as se1ected resources will 

depend upon what is defined as available to a population. He descnid 4 orders of 

seiection: 1) the selection of a geographical range of a population, 2) home range of ao 

individual or social group, 3) use made of various habitat components within the home 

range (e.g., location of feedmg sites), and 4) coll~umption of food items within the feeding 

site. These orders are usefid in the exclusiodÏclusion of some habitats and enable 

analyses across various scales that miy be most important in the management of a species 

(Johnson 1980). This hierarchical approach was implemented to examine how habitat 

selection cbanged across spatial scaies. 

Database and Cover M o p A  Geographic Information System (GIS) was used to 

identify habitat use and availabihy. A digital vegetation cover-class map (1982) that 

included 95% of the study area was obtained 6om the Bureau of Land Management 

@LM). The classification scheme foiiowed Anderson et al. (1 976). The map and grouse 

locations were imported into ARCview 3.1 software (ESRI 1 998). Although the cover 

map included 5 levels of detail, ody the 'dominant cover' category was considered as 



details of percent cover of a @en type were not validated on the ground. When domuiant 

classification was spiit between cover types, the predominant cover was used for the 

anaiysis. SagebrusMuphd shrub was the only composite classincation used in the 

analysis. This habitat type was considered as it was the dominant stand occurring at higher 

elevations of the plateau The sagebdupland  shrub classifmtion was supporteci by the 

work of Teideman and Terwilliger (1978: 1 10) that identifkd two hi& elevation 

sagebrush types: 1) big sagebnish and 2) sagebrusbantelope bitterbnish type. Each of 

these types contained at least 12% of other shmbs. The cover types W y  classined were 

sagebrush, sagebmh/upland shrub, oakbrush, grass, bare ground, phyon pine, Douglas- 

fir, aspen, and agrîcuttural land. Three maps were generated withm the GIS to identify the 

habitat avaihbiiay for sage grouse: 1) geographic range of the Piceance population, 2) the 

extent range of radio-marked grouse was created as a minimum convex polygon of all 

locations (Mohr and Stumpf 1966), and 3) 95% ellipses were generated for individual 

home ranges and each habitat type was totded fiom d ellipses. These maps represented 

the first 3 selection orders descriid by Johnson (1980). However, 3d order selection was 

also examineci by comparing microhabitat variables of different patches (e.g., winter and 

summer, fernale and male sites). The fourth order did not directly examine dietary 

selection; however it descnbed the structure and composition of the vegetation at foraging 

and paired random sites. 

Microhabitat Vwiables-Vegetation cover at radio-marked grouse flush and 

brood sites was wmpared to that of randomly chosen sites (4<h order selection). Randorn 

sites were selected using the second hand on a watch. First, a reading of 1-60 was taken 



and multiplied by 5 to obtain a compass direction. This was the direction traveled fkom 

the center of the use transect. A second reading of a watch was used to determine 

distance traveled. By dividing the seconds of the watch mto 5 equal parts, random 

distances of 100-500 m were ascertained. To avoid bias in either the distatice or direction 

traveled, one watch reading was taken at the beginning of a use transect, and the other 

when the vegetation measurements were coqleted. 

At both r d o m  and use sites 9 Lm2 quadrats were placed dong 2 30-m 

perpendicular transects (modined nom James and Shugart 1 970). Transects were centered 

on the flush site or observed location of a grouse. The hes of the transect were placed in 

the 4 cardinal directions and each quadrat was spaced 7.5 m apart. Percent cover was 

recorded to the nearest 5% for: big sagebnish, serviceberry, other brush, grass, forb, and 

bare grourd A mean height of each cover type was cdculated by averaging 3-5 simples 

of each type in the quadrat. Oniy shmb vegetation was estimated and measured at winter 

sites. These plots were not measured until the following summer and the amount of 

exposed ground or herbaceous cover was not laiown 

Topogruphic Distribution-Slope was recorded using an Abney level, and aspect 

was ascertained using a Silva compass. Topographic location was categorized as ridge- 

top, ridge-side 1 (upper third), ridge-side 2 (middle third), ridge-side 3 (lower third), or a 

drainage. Topographic locations were verified fiom plotted points on digital topographie 

maps (ToposcoutTM Software, MaptechTM, Greenland, NH). A straight line was drawn 

through the point and perpendicular to the dope. The elevation of the ridge was then 

divided into 5 equd parts and points were identified accordingly. 



3.2.3. DATA ANALYSIS 

Landscape Level Analyses-Data were analyzed accordmg to the seasonal 

avaikbdity of sagebnish: 1) sagebnish and herbaceous forage r e a w  available (Apr - Sep) 

and 2) herbaceous and sagebmh cover limiteci by desiccation in late autumn or snowfàIi 

(Oct - Mar). Heterogeneity chi-square tests were used to justify pool& landscape level 

samples between years and sex (Zar 1 999: 47 1). This test was also used to identify shifts 

in seasonal use of habitats. For each selection order, a log-likelihood chi-square test (G 

test) was used tu examuie habitat use relative to proportions avW1e (Manly et ai. 1993). 

If the null hypothesis was rejected, then Bailey's simultaneous confidence mtervals were 

implemented to identifil which habitats were selected. Bdey's intervals provide a more 

robust model with l e s  error (a%), and are less sensitive to d sample sizes than 

Bonferroni intemals proposed by Neu et al. (1974) and Byers et aL (1 984) (Cherry 1996). 

M a d y  et al. (199355) suggested a selectMty index (w) to iden@ the extent to which a 

habitat was selected over others. Coddence intervals were constnicted for each index to 

identify differences in selection relative to other habitat types (Mady et al. 1993 59). 

Selectivity indices mclude the proportion of pomts occurring in a habitat (use). Nthough 

availabdity vaned across scales, use data did not. These data were not independent among 

scales. Such dependency in the data violates assumptions of randomness and standard 

statistical procedures are not valid (Zar 1999: 127)- Thus, selectMty mdices were not 

formalty tested between scaies. 

Microhabitat Variables-Hotehg's was used to examine ciifferences among 

4h order selection variables. Seven variables were hcluded m a d y z h g  sumer use and 



random sites: percent cover estimates for sagebnish, se~ceberry, other bnish, grass, forb, 

bare ground, and s h b  height. S h b  height was derived by taking a weighted mean 

(percent cover x mean height) among shnib ciasses. Ethe results of S tests indicated that 

shmb height was a signifxcant variabley then univariate t tests were conducted on each 

shmb type to identify which shnib type was contri'buting to the variable weight Wmter 

data analysis hcluded 4 variables: sagebnish, serviceberry, other sbnibs, and s h b  height. 

Paired tests were w d  for use and dependent random sites and unpaired tests were used 

for d other test groups (Johnson and Wichern 1998). Hotehg's was implemented to 

j u q  pooling 4& order data among years and sex The use of two measurement scaies 

among these variables required a data transformation to standardize the values. AU 

variables were log-transfomed: Iog(X + 1). Log transformation was effective in 

converthg a positively skewed fiequency into an a p p r o h t e  normal distn'buton (Krebs 

1989: 446). Critical values for were transforrned to F statistics for tests of signincance 

(Many 1986). Topographie distri'bution and aspect were tested for deviations fiom a 

random distii'bution using chi-square goodness of nt tests. Chi-square tests were also used 

to examine shifts in seasonal use of to pographic locations. Slo pe was examined against 

dependent random sites and between male and fernale use sites with t tests. Ail statistical 

tests were considered significant at P < 0.05. 

3.3. RESULTS 

Summer Landscupe AnuZysis-Habitat use &ta were analyzed for 16 grouse 

(male, n = 11 ; fernale, n = 5) and 501 locations (n = 352 summer, n = 149 winter) for 

1997 and 1998. Although information was available for aspen, Douglas-fi, and agriculture 



cover types (Table 3-1 .), these were excluded fiom the analyses for two reasons. First, 

sage grouse are not a forest-dwelling species and would not be expected to use these 

habitats. Second, the agriculturat cover was at elevations -4,400 m, and sage grouse were 

not known to inhabit or migrate to these areas. Although pinyon-juniper is a woodland 

ciass, t was included as it often had a sagebnish understory and sage grouse were found 

near the periphery of this habitat. Summer and winter habitat use for 7 cover types were 
I 

simÜar between years (x2 = 7.96, P = 0.243; X2 = 11.38, P = 0.081). Male and f e d e  sage 

grouse also appeared to use habitats sirniliirly in summer and winter (X2  = 1 1.86, P = 

0.069; X2 = 5.43, P = 0.492). Thus, seasonal data were pooied between years and gender 

classes. 

Table 3-1. Habitat types in the Piceance Basin, Rio Blanco County, Colorado, 1997-98. 
First Order Second ûrder Thkd Ordera 

Habitat Type ha % ha % ha YO 
Pinyon-Juniper 99,773 0.32 28,978 0.29 18,986 0.07 
Sagebrush 72,771 0.23 21,184 0.21 57,3 1 1 0.2 1 
Sagebrush/Upland 62,970 0.20 26,078 0.26 101,758 0.37 
Upland 17,194 0.05 5,550 0.06 22,225 0.08 
Oakbrush 15,088 0.05 3,030 0.03 14,850 0.05 
Grass 10,875 0.03 4,957 0.05 2 1,067 0.08 
Bare Ground 8,805 0.03 1,796 0.02 5,113 0.02 
Agriculture 8,322 0.03 3,146 0.03 O 0.00 
Aspen 10,770 0.03 5,194 0.05 28,632 0.10 
Douglas-fi 6,726 0.02 574 0.0 1 3,870 0.0 1 

Tot& 3 13,294 1-00 100,487 1.00 273,811 1.00 
Wabitat availability was determineci fiom total area (ha) of each habitat occurrgig in 95% ellipses 
(n = 16). 

Summer habitats were not used proportional to their availabiiay and at each of the 

3 selection orders. FÏrst order selection was higbIy signincant (G = 444.43, P < 0.00 1) and 

confidence intervals suggested that sagebdupland and grassland habitats were used 



greater tban their avaikbiiity (Table 3-2). Sagebrush and bre  gromd habitats were used 

equal to their proportion on the landscape. Pinyon, oakbrush, and upland habitats were 

used les  than their availabiiity. Second order selection also yielded a highly signifiant 

resdt (G = 3 19.87, P c 0.00 1). Ho wever, habitat use of individual cover types differed 

only for oakbmsh as it was used equal to 3s avarlability (Table 3-2). Third order selection 

indicated babitat use was not uniform (G = 93.07, P 0.001). However, the reduced G 

statish'c indicaîed a trend towards proportional use within the home range. 

Table 3 -2. Summer habitat selection by sage groluse (n = 16) at 3 scales of availabllity in 
the Piceance Basin, Rio BIanco County, Colorado, 29974998. 

Use 95%Coddence Selection Order 
Limits (x ) 2 (% Avaihble) 

Habitat Type (%) Lower Upper 1st  2nd 3rd Selectiona 

Grass 

Bare Grouad 0.01 0.000 0.031 0.031 0.020 0.030 lE, 2E, 3E 
"The number corresponds to the selection order and the letter indicate relative use: A = use was les  
than proportion available; E = use was equal to proportion available; and S = use was greater than 
proportion avaiiable. 

Selectivity adysis indicated tbat grassiand habitat was selected above ail other 

habitat types at the landscape scak (Table 3-3). However, grassland selectivity decreased 

and sagebnish remained constant as a function of scale. Sagebnishlupland shmb selectiviry 

remained si@cant at ail levels despte variation in avaitabiiity. Sage grouse appeared to 



Table 3-3. Sage grouse summer habitat selectivity based upon 3 selection orders, Piceance Basin, Rio Blanco County, 
Colorado, 1997- 98. 
STUDY AREA Index wi PD' Oakbrush Bare Ground Upland Shrub Sagebrush ~ a ~ e b r u s h / ~ ~ l a n d  

Oakbrush 

Bare Ground 

Upland Shrub 

Sagebrush 
SagebrushIUp land 

Grass 

EXTANT RANGE 
Oakbrush 
Bare Ground 

Upland Shrub 

Sagebrush 

Sagebrush/U pland 

Grass 

HOME RANGE 
Oakbrush 
Bare Ground 
Upland Shrub 
Sagebrush 
SagebrushIU pland 
Grass 
'Pinyon - juniper indices were 0.049,0.054, and 0.210, respectively. 
''+" row habitat selectivity was greater (P < 0.05) than column habitat, 
"9" row habitat selectivity was less (P < 0.05) than column habitat. 
"O" row habitat selectivity was similar (P > 0.05) to that af the column habitat. 



avoid pinyon-juniper although it increased at the home range scale. Selectivity for 

oakbmh, u p h d  shrub, and bare grolmd was Iow at all scales. Generally, use of these 

habitats closely approxhted proportional use (Table 3-2.). However, preferred habitat 

was selected at the largest scde and maintairzed hi& selectivity values at finer scales (Fig. 

3- 1 a). 

Summer Fourth Order Selectio-Data were coilected on 100 sage grouse 

summer use and paired random sites in 1997 ( d e s ,  n = 60; fernales, n = 40) and 1998 

(males, n = 56; f e d e s ,  n = 44) (Table 3 - 4 4  Vegetation composition at male and female 

sage grouse use sites differed (F,.i9i = 9.67, P < 0.00 1) as male use sites had greater 

sagebrush (P = 20.8 k 1.1) and less serviceberry (X = 1.6 0.4) canopy cover tban 

fernale use sites (sagebnish: = 12.9 * 1.1 %, serviceberry: z = 5.1 * 0.8%). Vegetation 

composition was s i m k  between years for males (F7.107 = 1.91, P = 0.124) and fernales 

(F7,TI = 1-40, P = 0.456) and these data were pooled, respectively. Male use sites did not 

diEer fiom random sites (F7, = 1.67, P = 0.27 1). Vegetation composition at f e d e  use 

sites was &O similar to paired randam sites (F7.77 = 1 -577, P = 0.342). 

Winter Lmdscape Anabsis-The shift in seasonal habitat use was evident at both 

the landscape and within patch scale. Habitat selection in winter shifted to stands 

dominated by sagebnish with Iess sagebmhhpland shmb (G = 24.72, P < 0.00 1). 

Habitat was not used in proportion to its availability at the geographic scde (G = 164.85, 

P < 0 .O0 1 ) as sagebrush and sagebrusWupland were used greater than availab1e. Pinyon- 

juniper and bare ground were used less than available. Grassland, upland, and oakbnish 

were used proportional to their availabiiity (Table 3 -5). Habitat use was disproportional 



Fig. 3- 1. SeIectivity indices (wJat three scaIes of availability for summer (a) and winter (b) habitat 
use by sage grouse in the Piceance Basin, Rio Blanco County, Colorado, 1997-98. 



Table 3-4. Canopy cover (%) and vegetation height at female (11 = 84) and male (n = 116) sage grouse summer use and random 
locations, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Fernale Male 
Use Rrtndom Use Random 

Habitat Components 3 SE X SE X SE X SE 
Sagebrush (%) 12.9 1.1 14.2 1.3 2 0 3  1.1 17.3 1 .O 

Height (cm) 46.6 2 .O 48.2 1.7 49.3 1.2 49.6 1.5 
Serviceberry (%) 5.1 O. 8 4.2 O, 8 1.6 0.4 2 ,O 0.4 

Height (cm) 63.6 5.4 57.9 3 3  54.5 5.2 58.2 3.1 

Height (cm) 33.7 1,3 33.8 1.7 36.1 1.1 39.2 1 .7 
Grasses (%) 17.2 1.1 15.8 1.1 17.1 O. 8 18.5 1 ,O 

Height (cm) 19.8 0.8 20.2 0.8 21.7 0.7 23.7 1 ,O 
Forbs (%) 10.7 1 .O 10.0 0.8 11.0 0.5 10.5 O, 6 

Height (cm) 21.3 0.9 22.8 1 .O 21.1 0.7 23.8 1.4 
Bare Ground (%) 45.6 1.7 45.1 2 .O 40,4 1.5 39.5 1.6 
Shrub Height (cm) a 45.2 1.9 47.1 2.3 48.1 1.3 48.5 1.5 
a Shrub height was a weighted mean Iieight of 3 shrub classes used in the multivariate analyses. 



at zad selection order (G = 133.02, P < 0.001) with bare ground shiftmg to proportional 

use. Third order selection also exhi'bited disproportional use (G = 55.10, P < 0.001) as 

sagebnish continued to be used greater than its availabiiay. Phyon-juniper was not used 

durhg the winter (Table 3-5). Sage grouse used sagebnish/upIand proportional to its 

availabiiity at this scale. 

Table 3-5. Wmter habitat selection by sage grouse (n = 16) at 3 scdes of avdabilay in the 
Piceance Basin, Rio Blanco County, Colorado, 1997- 1998. 

Use 95%Codidence Selection Order 
Lirnits 01 ) 2 (% Available) 

Habitat Type (%) Lower Upper 1st 2nd 3rd Seiectiona 
Pinyon-juniper 0.00 0.000 0.000 0.347 0.316 0.081 IA, 2A, 3A 

Sagebnish 0.41 0.299 0.519 0.253 0.231 0.245 1SY2S,3S 

Sagebnish/CTpland 0.45 0.336 0.559 0.219 0.285 0.436 lS, 2S, 3E 
UpIand 0.04 0.008 0.102 0.060 0.061 0.095 lE, 2E, 3E 
Grass 0.09 0.034 0.165 0.038 0.054 0.090 1EY2E,3E 

Oakbnish 0.01 0.012 0.048 0.052 0.033 0.022 lA, 2E, 3E 
Bare ground 0.01 0.012 0.048 0.031 0,020 0.030 lE, 2E, 3E 
The number corresponds to the selection order and the letter indicate relative use: A = use was las 
than proportion available; E = use was quai  to proportion available; and S = use was greater than 
proportion available. 

Selectivity analysis of winter habitat indicated that sagebmsh was the most 

important cover at all orders of selection (Table 3-6). The index re&d constant across 

1 * and 2* order selection and was consistently greater than al1 habitat except for 

sagebmh/upland and grassland. However, selectMty of sagebnishlupland and grassland 

niminished at 3d order selection as sagebnish was selected above all other habitats. 



Table 3-6. Sage grouse winter habitat selectivity based upon 3 selection orders Piceance Basin, Rio Blanco County, Colorado, 
1997- 98. 
STUDY AREA Index wi P/J1 Oakbrush Bare Ground Upland Shrub Sagebrush SagebrusWpland 

Oakbrush 

Bare-Ground 

Upland Shrub 

Sagebrush 

SagebrusMJpland 

Grass 

EXTANT RANGE 
Oakbrush 
Bare Ground 

Upland Shrub 

Sagebrush 

SagebrusWpland 

Grass 

HOME RANGE 
Qakbrush 

Bare Ground 
Upland Shrub 
Sagebrush 
SagebrushIUpland 
Grass 
'Pinyon - juniper indices were 0.000 for al1 levels of availability, 
"tn row habitat selectivity was greater (P < 0.05) than column habitat. 
"-" row habitat selectivity was less (Y < 0.05) than column habitat. 

rn "O" row habitat selectivity was siinilar (P > 0.05) to that of the column habitat. 
rn 



Pinyon-juniper was not used during the winter and this avoidance did not differ fiom the 

minimal use of oakbrush, upland shmb, or bare ground cover types. Preferred habitats that 

were selected at the iargest s d e  and mamtained high selectivity values at finer scdes (Fig. 

3 - 1 b) were those dominated by sagebrush. 

WinterFourth Order Selection-Vegetation was sampled at 25 winter use and 

randorn sites (de, n = 14; f d e ,  n = 11). M e  and female +ter sites were compared 

to their respective summer sites as they demonstrated differential summer habitat use. 

Fourth order selection indicated that sage grouse winter sites bad different vegetation 

composition than summer sites (Tables 3-3 and 3-7). Male sage grouse winter sites had 

tder  overail shnib cover and greater sagebnish canopy cover (F4.124 = 5.99, P < 0.001). 

Sagebmh was taller (t = 4.24, P < 0.001) at winter male sites (X = 63.9 * 2.8 cm) than 

at summer use sites ( X  = 49.3 * 1.2 cm). Service- height was similar (t  = - 1.69, P = 

0.099) as was other brush height (t = -1.52, P = 0.155) between summer and winter male 

use areas. Sagebnish canopy cover was on average 20.8 * 1.1% at sumrner male sites. 

Comparatively, sagebnish comprised 30.5 I 3.5 % of the vegetation at winter sites. 

Fendes used sites that had greater sagebnish cover and tder  shrub cover than summer 

female sites (F4,124 = 2.55, P < 0.001) (Tables 3-3 and 3-7). Sagebmh canopy cover 

nearly doubled between female summer (a = 12.9 * 1.1%) and winter sites (a = 25.4 * 
4.2%). Sagebnish was markedly taller (t = -4.42, P < 0.001) at wiuter sites (x = 69.6 * 
3.3 cm) than at summer sites (a = 46.6 * 2.0 cm). Serviceberry was taller (t = -2.6 1, P = 

0.01) at wmter female sites (a = 131.5 & 38.4) than at summer locations (x = 63.6 * 



Table 3-7. Canopy cover (%) and vegetation height at female ( n  = I l )  and male (n  = 14) sage grouse winter use and random 
locations, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Fernale Male 
Use Random Use Random 

Habitat Components r SE X SE X SE X SE 
Sagebrush (%) 25.4 4.2 19.0 4.1 30.5 3.5 22.7 2.7 

Height (cm) 69.6 3.3 22.7 2.7 63.9 2.8 58.6 2.5 
Service berry (%) 10.3 4.1 11.2 3.5 4.4 1.8 7.7 3.5 

Height (cm) 131.5 38.4 7.7 3.5 79.0 18.5 89.0 15.8 

Height (cm) 62.7 14.8 7.4 1,8 54.3 11.9 39.2 4.9 
Shrub Height (cm)n 74.4 13.1 95.6 21.4 64.7 3.8 68.1 11.2 

Shrub height was a weighted mean height of 3 shrub classes used in the rnultivariate analyses. 



5.4). Although m e r  habitat use by male and fernaie sage grouse differed, vegetation 

was similar at male and female Wmter use locations (F4.7 = O. 1 6 1, P > 0.5). 

Topographic Distribution-Data were amdyzed for 429 (summer = 283, winter = 

146) locations to examine topograpbic dktri'bution. The resolution of GPS data left 

several (n = 72) data points difncdt to classe, consequently they were not included in the 

analysis. Male and f e d e  sage grouse occupied simüar topographic locations during 

summer (x2 = 3.72, P = 0.455) a d  winter (X2 = 3.97, P = 0.424). ThuS, these samples 

were pooied to test for differences between seasonal use of topographic features. 

Ridgetops and the upper slopes comprised 53 and 20% of summer use sites (n = 280), 

respectively (Table 3-8.). Mid-dope (1 7%), lower-slope (7%), and drainages (4%) 

Table 3-8. Topographic distniution and proportion (%) of use by male and femaie sage 
grouse, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Summer Winter 
Topographie Fernale Male Both Fernale Male Both 

Location Sexes Sexes 
Drainage 4 6 10 5 10 15 

% 0.04 0.04 0.04 0.07 0.14 0.1 1 
Upper dope 23 33 56 20 17 37 

% 0.2 1 0.20 0.20 0.27 0.2 1 0.24 
Middle dope 13 34 47 7 9 16 

% 0.12 0.20 O. 17 O. 10 0.1 1 0.10 
Lower dope 7 12 19 2 3 5 

% 0.06 0.07 0-07 0.03 O. 04 0.03 
Ridge top 64 84 148 39 42 8 1 

% 0.58 0.50 0-53 0.53 0.52 0.53 
Totals 1 1 1  169 280 73 81 154 



accounted for the remahder of use sites. Topographie locations differed (X2 = 12.36, P = 

0.016) between summer and whter tse sites as drainage areas were used greater in winter 

(10%) tban in sumer (4%). AU other topographie Iocations were used proportionally 

between seasons. 

Female sage grouse occupied northwest slopes more than and south slopes less 

than males (X2  = 19.98, P = 0.006) in çunnner. Mide and fernaie sage grouse used 

ridgetops similariy durhg winter (x2 = 9.38, P = 0.23). North fixing slopes were occupied 

more fiequently, and southwest aspects were used less than random in winter (X2  = 60.02, 

P < 0.001). There appeared to be a shi£t to north aspects by male (15 to 27%) and female 

sage grouse (1 7 to 38%) fkom sumrner to winter use sites. Sage grouse summer use sites 

occurred on slopes ranging fiom O to 47% and winter sites of O to 27%. Male use sites 

had an average slope of 13.3 k 0.83%. The average siope of female use sites (r = 11.4 * 
0.83%) was not different (t = 1.59, P = 0.1 14) f?om male sites. Wmter sites tended to 

have Iess slope than sunnner use areas (t = 2.55, P = 0.015). 

3.4. DISCUSSION 

Selecrion As A Function Of Scale-Sage grouse exhibited the greatest selection of 

habitat at the geographic scde as underused habitats, specifically pinyon-juniper, were in 

greatest abundance. This relationship did not change at the extent range, but did 

considerably at the home range scale. Sage grouse may avoid pinyon-juniper/sagebnish 

habitats as  an anti-predator behavior, especially during the breeding season when 

displayhg males are vulnerable at the lek (Commons et aL 1998). Conversely, sage p u s e  

selection for grassland was greatest at the landscape sale as it was relative& less 



abundant. Sage grouse use grassland and meadow habitats during the summer in search of 

succulent forbs (Dake et aL 1963). The use of grassland during winter was sufprising; 

however, Hupp and Braun (1989) noted that sage grouse used open habitats with <10% 

sagebnish cover when snow pack was not a limiting &or. Thus, sage grouse in the 

Piceance Basin may have been using grassland sites with scartered aggregations of 

sagebnish. Summer use of sagebrushhpland sites may have indicated selection for more 

mesic sites (Conne& et ai. 1988, Fischer et al. 1996) that occurred at higher elevations 

tha. those of winter sites. Teideman and T e f i g e r  (1 978) identifÎed high elevation 

sagebnish types as the most productive of all sagebrush types in the Basin. Interestjngly, 

sage- availabiiity and proportional use were sa le  invariant ((-24%). This re- 

emphasizes the importance of large patches of sagebnish for sage grouse at all scales. 

Further, my data did not indicate merences at the 4~ order selection, suggesting that 

vegetation within a given patch was relatively homogenous. Evidence of sage grouse use 

(e.g., feathers or pellets) was documented at 79 of 200 random locations. The highly 

clustered h ' b u t i o n  (Chapter 2) of sage grouse locations m e r  supports this finding. 

These results were s i m k  to those reported in the fierature (Hupp and Braun 1 989, 

Robertson 1 99 1, Commons 1 997) that found ody subtle ciifferences between use and 

dependent random sites. Comrnons (1 997) suggested that the lack of clifference between 

use and random locations may have ken related to the Iack of available habitat. However, 

sage grouse habitat in southwestern Colorado is a highly hgmented agricultural 

landscape. Comparatively dope and aspect could limit the avaiIable habitat for sage grouse 

in the Piceance Basin. 



My data mdicated that patches occupied by males and females were structuraiiy 

different (3" order). The merence in elevation may explain this compositional ciifference. 

However, it does not account for the selection of these mixed habitats by fernales. This 

differential habitat use could have occurred for two ressons: 1) hem actively selected 

these areas as they provided greater forb cover for brood rearing (Sveum et al. 1998), or 

2) hem selected these areas for nesting as they are the first to be 6ree of snow. Although 

the latter seems most probable further study is required to validate these suggestions. 

Semonal Shifr In Habitat Use-Male and female sage grouse made -tic shifis 

to whter habitat using sagebnish greater than its availability within the first 3 selection 

orders. This was similar to other -es that reported sagebnish was used b s t  

exclusively for food and cover in winter (Pattenon 1952, Eng and Schladweiler 1972, 

Remington and Braun 1985, Robertson 199 1). Wmter habitat use shifted away fiom 

sagebrushhpland and grassland cover types to lower elevation sagebmh sites. Such 

vertical migration by sage grouse has k e n  documented in Montana (WalIestad 1975) and 

Idaho (Comeily et al. 1988). Sage grouse in Idaho used winter sites that had taller and 

greater sagebnish canopy cover than those of independent random sites (3* order), thus 

m e r  supporthg selection at Iarger scaies mobertson 1991). However, 3* order 

selection supported this result as female winter sites had 10% more çagebrush canopy 

cover and sagebnish was - 30 cm taller than at summer sites. Male winter sites had 1 0% 

more sagebrush cover and -1 0 cm increase in height fiom summer areas. Wmter habitat 

use for male and femaie sage grwse was simüar at all4 selection orders. Further, male 



and f e d e  sage grouse occupied winter habitats that were spatîally similar (i-e., both were 

close to Iek of capture). 

Topographie Distr ibut iodage  grouse used habitats dong ridgetops and upper 

dopes in both summer and winter (75%). However, there was a shift to drainage ares  in 

winter. Hupp and Braun (1989) reporteci that sage grouse used drainages in higher 

proportion than available in the Gumison Basin, Colorado. The use of north aspects was 

disproportional in winter and indicative of occupied areas occurring at the heads of 

drainages. These areas were comprid of taller and denser sagebrush d e s c n i  in the 4" 

order d y s i s .  This shift may indicate two strategies for winter habitat use: 1) shrub 

patches in drainages provided best food and cover suitable for foraging and 2) north 

aspects may have provided some shelter f?om the prevailing southwest winds. This follows 

the suggestion of Hupp and Braun (1 989) that topographie use may vary locdy as sage 

grouse seek the best avadable habitats. Several relocations of radio-rnarked birds at winter 

use sites reveded that sage grouse had used snow burrows for roosting. This suggests that 

thennoregulatory requirements were not satisfied with the cover available in this harsh 

environment. Not surprisingly, slope did not M e r  among sites, as the topography was 

higbly variable. It was evident that ridgetops were used differently than would be 

expected fkom random. However, the proportion of available ridgetops was not quanaed 

and this use may in fàct reflect the distn'bution of the topography in the Basin. 

3.5. MANAGEMENT IIMPLICATIONS 

These data support the early suggestions of Patterson (1 952) and Rogers (1 964) 

that sage grouse require large tracts of sagebnish habitat to persist in a region It has been 



demonstrateci that sage grouse tend to select habitat within the first 3 selection ordea 

Microhabitat variables dBered at 3" but, not 4'h order selection This iodicated that the 

patches occupied by sage grouse were relatively homogeneous. These larger patches 

shodd receive the focus for management, protection, and enhancement where possible. It 

was evident that sagebrush/upland and gmslands dong ridgetops and upper dopes were 

habitats of choice during summer. It is recommended that further study of firagmented 

populations examine the scaling properties of the patch(es) in which sage grouse occur as 

habitat selection seems to occur at this leveL F d e r  research is requked to identify 

arexperimeter relationships, or species composition of suitable seasonal habitat patches. 

A multiscde approach is recommended to examine the relationships of habitat use 

by anunals as relative selection and its variability can be evaluated across scales. Such 

variability can result fiom the inclusionfexclusion of habitats at a given order (Johnson 

1980). 1 concur with Johnson (1980) and White and G m n  (1990) that estimates of 

habitat use withm the home range may be misleading as a series of habitat selections has 

occurred at larger scales. However, 1 suggest that incor-porating home range analysis with 

other selection orders may chr@ such habitat selection I d e n m g  the proper remlution 

at which habitat selection occurs should provide opportunities for more effective 

management. 
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CHAPTER 4 

MANAGEMENT RECOMMENDATIONS 

FOR TEE PICEANCE BASIN SAGE GROUSE 

4.0. INTRODUCTION 

Sage grouse (Centrocerncr urophasiunzis) popdations throughout North America 

have declined by at least 30% since the 1980's (Conneliy and Braun 1997). Sage grouse 

populations in Colorado have declined between 45 and 82% since 1980 (Braun 1995). 

Such deches have corresponded with habitat degradation caused by both natinal 

(drought, wildfire) and anthropogenic (agriculture, oivgas development, grazing, 

housing) treatments (Braun 1998). Braun (1 9%) suggested that adaptive resource 

management (Walters 1986) should be implemented on altered laridscapes to 

progressively test habitat enhancement and restoration beatments. Generally, habitat 

enhancement includes reducing overall sagebniçh cover (2 15 - 20%) and increasing forb 

production (Johnson and Braun 1999). Further, thinning over mature sagebrush has 

lowered rates of nest predation (Ritchie et al. 1994). Habitat restoration includes 

removing agricultural land koom production, replanting sagebrush and important forbs in 

disturbed so ils, and possibly thinning of over mature sagebnish. It is possible to increase 

survivai and reproductive rates with habitat improvement projects (Johnson and Braun 

1 999). However, féw of the above manipulations have been tested as large-scaie 

management treatments, and subsequently monitored for success over time. Such a 

scenario lends itself to the use of adapfwe resource management (ARM) for examining 

habitat restoration and enhancement treatments in a scientificdy controIled fîamework. 



The objectives of this chapter are to : 1) summarize adaptive resource management 

and its implications for the region, 2) describe trends of the Piceance Basin sage grouse 

population, 3) summarize the findings of my work in the context of managing this 

population, 4) and propose methods and habitat treatments to be impiemented under the 

adaptive =source management bmework 

4.1. ADAPTIVE RESOURCE MANAGEMENT 

". . . [Alctive habitat management is needed at a landscape scale if [sage grouse] 

populations are to rem& viable, especidy at the present periphery of the distnibution 

(Braun 1 998: 1 SO)." I concur with this recommendat ion and advocate implernentation of 

an adaptive resource management (ARM) strategy for the Piceance Basin. What is ARM? 

When the goals of achieving management objectives and gainhg diable knowiedge are 

concurrent, then ARM is in place (Walters and H o h g  1990, Lancia et al. 1993). Thus, 

learning and uncertainty are embraced as integral parts of management (Lancia et aL 

1993). ARM is leaming by doing (Macnab 1983, Nudds 1999), and it is an iterative 

process that enables managers to evaiuate the effectiveness (e.g., range or cattle 

condition) of their management decisions (e.g., harvest quotas, habitat projects), and 

researchers gain information on system response (e.g., nesting success, recruitment) to 

the treatment (Lancia et al. 1993). Thus, divergent hypotheses can be tested 

simuitaneously. An example might be as follows: Hl-Mechanical bmh treatments will 

enhance sage grouse survivai; and H-Mechanical bnish treatments d l  enhance calf 

weight in the M. Based on the system response managers and researchers can adjust 

poiicy or treatment accoràingly and the process continues. 

Initiating ARM in the Basin is not a trivial ta& as there is an array of land-uses 



and stakeholders. However, I advocate this approach for the Basin as each land-use can 

be perceived as an experiment, and in tum each experirnent can be leamed fiom and 

management improved upon. ARM has been applied to a variety of wildlife management 

s c e ~ s  (Nudds and Clark 1993, Schmiegelow and Hannon 1993, Baydack 1997). 

Baydack's (1997) study was similar to the situation in the Piceance Basin in the 

preponderance of private land and the need to evduate the results of divergent 

hypotheses. He evaluated the treatment (ie., removal) of aspen (Populus bernuloides) as 

t pertained to the enhancement of sharp-tailed grouse (Tympanuchurphasianehs) 

habitat and livestock rangeland. A portion of his work focused on treatments on private 

land, and the goals established for these experirnents were to idente the biological 

(researcher) and economic (managers, ranchers) benefÏts of these habitat experirnents 

(Baydack 1997). 

1 developed a workïng outline for ARM in the Piceance Basin and the remainder 

of this Chapter identifies this h e w o r k .  The first section (and Introduction) addresses 

the need to change current habitat management practices based on my findings in the 

Basin. The next sections examine predictions and hypotheses regarding possible 

management actions. The remaining sections are presented as a proposal: methods for 

treatments and evaluation, and a set of potential treatment areas. The methods and 

recommendations provided for the Basin are based on two types of data, direct results of 

my study, and general field observations. 

4.2. SUMIMARY OF SAGE GROUSE STATUS IN TBE BASIN 

Population Trends-The Piceance Basin sage grouse population has declined 

considerably since 1977, at which t h e  there were -25 active Ieks. During the course of 



my research, only 9 of the 25 were active. It was difncdt to assess the overall population 

size in 1977 as Krager (1977) reported the data as ranges of lek size and not a d  comts 

of males. Conservative use of these data included the lowest number in a given range 

(e.g., '3 -5 males', 3 was used), and excluded sightings of displaying males (n = 5). 

This resulted in an estimated spring breeding population (2: 1 f e d e  to male ratio) of 475 

- 485 birds for 1977.1 found an average of 75 displaying males in 1997-98. Thus, 1 

estimated a spring population size of 220 - 230 sage grouse. The decline in total numbers 

corresponded with the reduction in the number of active leks as sage grouse are poorly 

dkûibuted throughout the Basin Notably, the largest reduction in numbers of active kks 

occurred in the northern part of the Basin. The lack of Large sagebnish patches and the 

preponderance of mountain s h b  in these peripheral areas compounded by land-use 

practices (e.g., gas drilling, powerlines, feral horse grazing) may have led to 1 0 s  of 

habitats necessary to these lek sites. Further, hunting may have had an additive effect, 

especidy in years of poor recmdment (Johnson and Braun 1 999). Ho wever, the lack of a 

management plan to maintain suitable habitat in the Piceance Basin c m  not be 

overlooked as a factor in the declining population 

Future management of the Piceance Basin sage grouse will depend primarily on 

enhancing and maintaining sagebmh habitat. This will be a challenge as most sagebrush 

habitat is on private lands. This will require extensive efforts by federal and state 

agencies to offer incentive and cooperative programs to landowners to maintain and 

enhance their land for sage grouse. The folIowing sections outline generd maintenance 

and enhancement guidelines for land-use practices, as well as, specific 





have abundant forbs and interspersed with s d  clusters of sagebnish Vegetation 

structure differed between summer and winter sites as well. The percent cover and height 

of sagebrush used in wioter increased for both males and fernales. Sage grouse occupied 

ridgetops and upper slopes throughout the year. There was a trend for grouse to use 

drainages more in winter. The location of these areas was predominately near the head of 

a drainage, where slopes were more gentle. Grouse occupied north aspects greater than 

expected during winter; this was higbiy related to the locations of the drainages and the 

taller denser sagebnish habitat types. Further study is needed in the Piceance Basin to 

critically examine nesting and brood rearing habitat use, and the genetic composition of 

this population. 

4.4. T m  LANDSCAPE 

The diverse topography of the Piceance Basin M t s  sagebnish habitats to 

ridgetops and upper slopes. Thus, human uses of the Basin, such as pipeline construction, 

gas drilliag, or Iivestock grazing codd negatively impact these limited patches. 

Conversely, proper management of such treatments c m  bene& sage grolrse. 

As management of the Piceance Basin is discussed and implemented it wouid be 

helpful for those involved to view this region as a patchwork of habitat ixeatments. This 

landscape has sustained several habitat modincations both mtural and artificid These 

treatments have affected individual leks and impacted local çub-populations. However, 

two treatments seemed to have benefÏted sage grouse: 1) the 1982 burn at Bar D Mesa, 

and 2) the 1 984 rouer-chop at Magno lia 

It is unclear as to the time that occurred prior to sage grouse retinning to the Bar 

D Mesa burn area It was noted that the lek had moved by 1987.1 documented lek 



activity in areas similar to those reported by Krager (1 977). It appears that summer 

habitat was enhanced but some winter habitat may have been Iost. The radio-marked 

f e d e  successfdly reared broods in the burn in both summers. Ofien unmarked fernales 

and broods were fiushed while 1 was radio-tracking the marked f e d e .  NotabIy, in 

August of both years mixed-flocks of -20 females and juveniies were observed. 

However, the burn was avoided throughoiu winter and was not used for roosting at night 

in summer. This was probably due to a lack of shmb cover required for rooçting and 

winter forage. Two radio-rnarked males spent most of the winter near Wagonroad and 

Galloway drainages. The femde and one male remained in close proximity to the burn 

are& but resided on an adjacent ndge where sagebnish was taller and denser- 

The northem section of the Magnolia rouer-chop area was used intensively in the 

winter of 1997-98 by a flock of -1 5 grouse, including 3 radio-marked birds (75% of all 

winter radio locations were in the treatment). No activity was documented in this area 

during either summer. One radio-marked fernale used (90% of her locations were in the 

treatment) the southem section of the treatment south of the access road and other 

females were observed in this area during summer. It was unclear as to the short-term 

effects of this treatment but it bas developed into suitable habitat. The Magnolia area had 

several natural-gas drilling sites and two large compression stations. Aithough there were 

substantial patches (-1 00 ha) of sagebrush near these disturbances, several winter and 

nimmer ground surveys provided evidence that these hab tats were avoided. 

Interpretation of such findings is pro blematic, as either the habitat suitability or land uses 

codd have affêcted sage grouse avoidance of these areas. Such areas would be ideal for 

management experiments such as treating sagebrush near active and ide  drilling sites to 



examine trends in use and avoidance. 

Treatments perceived as negative included powerlines (CE. Braun, Colorado 

Division of Wddlife, unpubl. data) and the small generator station on Wolf Ridge as the 

-10 male iek was abandoned in the years shortly foliowing its installation (although the 

exact timing of this abandonment is unkwwn). Lek abandonment by sage grouse has 

k e n  correlated to similar disturbaaces near coal mining activity (within 6-8 years; 

[Braun 19851). The pipeline nght of way on Barnes Ridge could have beneMed sage 

grouse, however, two years of aeriai spraying for noxious weeds and the preponderance 

of seeded crested wheatgrass (Agropyon cristatum) has removed most if not ail 

favorable forbs. The use of desirable seed mixtures and controiled (e.g., spot spraying) 

eradication of noxious weeds codd have miiintained suitable forage for sage grouse. 

Grouse activity has not ken docurnented in the ABplane Ridge area since the 1980's (B. 

L. Dupire, Colorado Division of Wildlife, pers. co~~ll~lufl.). Po werline construction and a 

housing facility may have negatively impacted the fek on Airplane Ridge. 

4.5. PREDICTIONS 

The three most important points fkom the s d e s  above are: 1) sage grouse 

numbers have declined, 2) habitat use and movements were limited in context of the 

landscape, 3) and habitat modifications may benefit sage grouse. Currently, sage grouse 

are considered in environmental impact assessments as they are listed as a sensitive 

species by the BLM. This listing provides iittle opportunity for protection or mitigation- 

Twenty years of minimal protection has not maintained sage grouse numbers. Thus, the 

predictable outcome of curent policy is that sage grouse numbers will continue to 

decline in light of limited habitat and pervasive land uses. Therefore, the goal should be 



to enhance and increase the amount of suitable habitat for sage grouse. 

4.6. PROPOSED METEODOLOGY 

Research D e s i p T h e  rnethods provided in the following sections couid 

potentially test these general hypotheses: 

HI-Sage grouse mrmbers wil2 not c h g e  wilh the advent of large scale 

mechanicol brurh beating. 

H2-Sage grouse m b e r s  will not change with the advent of rest-rotalion 

granng systems. 

&-Livestock condition will not change with the advent of Zmge scale 

mechanical b m h  beating. 

a- Lntestock condition will not change with the advent of rest-rotation 

@ng systerns. 

Sage grouse numbers and iivestock condition are üsed as general working hypotheses. 

More specinc hypotheses would need to be developed for each treatment area based on 

specinc sites and methods to be used Replication and control are necessary to separate 

these treatments fkom large-scale effects (Walters and Holling 1990). The limited 

avaiIable sagebrush habitat and the abundance of private land may hinder managers' 

ability to meet this critenon However, statistical techniques are available to idente the 

proper level of replication (Walters and Holling 1990, Schmiegelow and Hannon 1993). 

There are three main approaches for treatments in the Basin: 1) no weabnent, 2) 

habitat maintenance, and 3) enhancement. Each can be applied to different areas within 

the Basin and monitored for their effectiveness. Furthexmore, the methods used (e.g., 

listed below) within each approach can also be tested and evaluated. Thus, the guidelines 



and methods olrtlined are provided as an initial set of took for implementation. The 

actual treatrnent area and method(s) selected are Iefi to the managers ('hanager" refers to 

all resource managers7 including ranchers) as the specinc goals may vary fiorn site to site. 

Aithough range enhancement/maintenance is the overall goal, different means may be 

pursued to achieve this end. An example might be, managers are interesteci in how 

sagebmh and sage grouse respond to different blade settings on the mower or different 

size d p s  cut into the b m A  The effects of these manipulations are evduated in terms of 

range enhancement and rate of regeneration. The results of these evaluations detemine 

whether the experiment (e.g., mower blade height) is adopted, or rejected If rejected, the 

technique is modined and tested again, an iterative process. The specifk treatments in 

Sec 4.6. are provided as a set of enhancernent treatments that should be implemented as 

the first step in ARM. 

4.6.1. HABTIAT MAINTENANCE 

Buffers-Braun et al. (1977) recommended that the eradication of sagebnish 

within a 3.2 km of aü ieks shouid be avoided. This recommendation was intended to 

maintain critical brood-rearing habitats. Further, d e r  habitat was also identined within 

this proxhity to the lek for some populations (Commons 1997). Aithough the 3.2 km 

b e e r  wodd satis@ rnuch of the brood rearing needs in the Piceance Basin, d e  

summer habitats were m e r  removed. 1 advocate 6 km (radius) buffers moud each 

active lek for two reasons: 1) the patchiness of the landscape equates to considerable area 

not avdable to sage grouse, and 2) sage grouse remained within an average of 6 km of 

the nearest lek. This will include large amounts of pnvate land, however, it may also 

ident* habitat patches on public land that could be protected. Furthexmore, not dl 



habitat withia a large b d e r  would need protection (e.g., aspen, pinyon-juniper) which 

could provide alternative routes f jr  utility right of ways and other land uses. Thus, 

managers shodd stnve to constmct a habitat mosaic or patchwork within a buffer. 

Clearing 250 ha contiguous tracts of habitat for road constniction, oiI/gas developments, 

etc., should be avoided in these designated areas. These buffers may be useful in 

identqing marginal habitats on public land that need enhancement (e-g., pinyon-juniper 

thinning). Currently, Magnolia is the only active lek that could receive the most 

protection as it is on BLM land. 

Grozing-Livestock gr-g is an integral part of the ecology of the Piceance 

Basin. However, current grazing regimes are repetitive either anxtuaily or biennially. This 

dif3ers fiom the grazinglbrowsing behaviors of herbivorous wildlife that rom and forage 

over vast areas (Mack and Thompson 1982, Hm* 1991). The sustainability of repetitive 

g-g regimes is questionable, as above anci below ground biomass may decrease by as 

much as 25% a year (Rickard and Vaughn 1 988). The alternative method is rest-rotation 

grazing. Rest-rotation grazing requires that one Pasture in the system not be grazed for an 

entire year, whde the other pastues may rest periodidy throughout a given season 

Such efforts will require the support of habitat partnership programs for educational and 

financial support. 

Pipelines-Constniction activities should not occur prior to 1 June to avoid 

possible disturbance of breeding activity within a minimum 3 km of an active lek (i.e-, 

when routing around the 6 km buffer can not be avoided). Areas considered potential 

nestinghrood-rearing habitats should not have any construction between 1 June and 1 

My. Surface reclarnation of the corridor is also of concem as vegetation on the previous 



pipeline installation on Barnes Ridge has recovered poorly (Le., no native species has re- 

established). The lack of topsoil and rocky conditions wiil require iive topsoiling 

techniques (E. F. Redente, Colorado State Univ., pers. commm) to enhance 

establishment of native plant species beneficcial to sage grouse. Fertilizing with nitrogen 

should be avoided as this can stimulate the growth of weedy plants (E. F. Redente, 

Colorado State Univ., pers. commun.). Pipeline comdors have an ïnherent seed bank 

fiom the surmunding vegetation. This naturd succession should be taken advantage of by 

establishing a communïty that is open to colonization fiom native species, and highly 

competitive introduced species should be avoided. Thus, a seed mix consisting of mid to 

late-seral native species should promote naturd succession (E. F. Redente, Colorado 

State Univ., pers. commun). Plantings should include big sagebrush, which could 

eventually provide escape cover on the comdor. 

Disturbed soils in this region are susceptible to invasive weeds (Redente et ai. 

1982). Invasions of noxious weeds pose a threat to sage grouse habitat as they can 

compete with desir able species (Knick and Rotenberry 1 995) but indiscriminate (e.g., 

aerial application of herbicides) eradication of broad Ieaf plants cm negat ively impact 

sage grouse mallestad 1 975). Aerial and tractor-applied herbicides sho uld be avo ided. 

All treatments should be spot sprayed after examining the comdor both in early and late 

summer. The habitat reclamation described above is limited by the willingness of private 

landowners as they can request reclamation methods and seed mixes that will benefit 

their needs. Landowners should be encouraged to plant native or non-cornpetitive 

introduced species. The abundance of private Land rnay limit the total acreage improved 

for sage grouse dong pipeline corridors. Thus, habitat mitigation will be r e q h d ,  



preferably in the f o m  of fimding separate habitat treatments such as mechanicd bnish 

control The size and location of such projects should be detennined based on the size of 

the negatively impacted area 

4.6.2. HABITAT ENHANCEMENT 

The following prescriptions can be used as guidelines to habitat improvement 

projects. The goal is to provide a mode1 of habitat enhancement on public land that c m  

be coopedvely adopted by private landowners. These improvements shouid bene& 

grouse, ïivestock, and other wildlife species. Future treatments should be prioritized 

based on: 1) pr0xhnh-y to active lek sites, 2) current status of the associated lek, 3) type of 

habitat treated @ood rearing or winter), and 4) perceived bene& for sage grouse. The 

prescriptions described advocate two basic trearments, mechanical brush control (bmh 

beating) and pinyon-jUIZXper removal. Fire couid be used to reduce shrub cover. However, 

f i e  should be used cautiously as it c m  potentialiy treat a Iarger area thau desired. Further 

sagebrush is not a fire respondent species (Braun 1998) and recovery time may be 

prolonged relative to b m h  beating. 

Mec hanical bmh manipulations should fo Uow the guidelines established by 

Braun et al (1977). The advantage of bnish beating over other methods is that vegetation 

is not removed f h m  a site. Alternatively, vegetation is shortened to improve predator 

detection, forb enhancement, and create a multi-aged stand of sagebrush. Ail drainages 

wahin 1 km of their origin should not be cleared of sagebrush as these areas were 

important for winter use (Chapter 3). The foUo wing summarizes the recommendations of 

Braun et al. (i977). Treatment areas shodd not exceed 40 m in widtb, and untreated areas 

should be twice the width of treated areas. These treatment strips should follow the 



contour of the land, and perpendicular to prevailing winds. This serves as a snow 

catchment that will enhance soil moisture and the growth of herbaceous cover. The 

mower blades should be set to 20-25 cm (8- 10 in) above the ground for strip beating a s  

this will result in thinning the brush and not a total kdl (C.E. Braun, Colorado Division of 

Wildlife, pers. commua). The improvement or creation of lek sites wiU require the blade 

be set at ground Ievel this WU ensure a slower rate of regeneration than the strip 

treatments (C.E. Braun, Colorado Division of Wildlife, pers. commun,). Mked habitats 

of sagebnish and montane shrubs should also be considered for treatment as sewiceberry 

can grow 2 2 m in height. 

Pinyon-juniper removal should occur where this vegetation has encroached into 

sagebnish habitat. This treatment shouid be implemented with hand toois (chah saw). An 

alternative method is chaining where large-heavy chain is attached to 2 tractors or 

bulldozers and dragged across the hdscape. This is effective in removing numerous 

pinyon wees at once. It cm also aid in thinning of sagebrush. The general treatment is to 

remove all short (<3 m) pinyon-juniper trees that have encroached into the sagebrush 

range and cut them back to the woodland edge. This wodd create a distinct habitat edge 

and msjntain the integrity of a sagebnish patch (Commons et aL 1998). Although the 

focus would be on young trees that have encroached into the sagebrush rangeland, this 

does not preclude the removal of larger trees (> 3 m) in sage grouse habitat. 

Treatment areas should not be grazed for 1 entire growing season post-treatment. 

This wiu allow re-establishment of forbs and grasses where shrubs have been thinned. 

Rest-rotation grazing systems would be preferred for these areas to dow herbaceous 

cover a growing season to rejuvenate. The first year following the treatment codd be the 



E s t  rest cycle for initiating a rest-rotation system. 

4.6.3. EVALUATION 

Biologicd Assesment-Response to habitat treatments by sage grouse should be 

through sage grouse pellet transects. Transects meaniring 100 m long and 1 m wide 

shouid be randody placed in a matment a n a  Only, trained workers (biologists, 

technicians, or volunteers) should conduct monitoring and assessrnent of these 

treatments. Pellets observed shouid be recorded as individuai points and classifîed in 

groups of 1-5,640, and >Il .  The latter generally indicates a roost pile, however, if the 

pellets are scattered it shouid be noted. The densities of pellets per transect serves as an 

indicator of sage grouse use. Pellets observed dong the transect should be removed if 

permanently marked transects are used. Further, vegetaîion composition and structure 

should be recorded at each transect. This shouId include percent cover and height of 

sagebrush, forb frequency and composition, and percent grasses (Kituku et ai. 1993). 

Permanent transects shodd be established prior to each treatment, and should be assessed 

in early June to late August of each year for a ninimum of 5 years post-treatment. The 

purpose of each measure is to correlate vegetation structure to sage grouse use of the 

treatment. 

Range and Cartle Assement-1 present a basic but effective set of tools for 

managers to use. These methods have been used a s  part of the Integrated Resource 

Management (ZRhl) program through the Colorado State University Cooperative 

Extension (B. Vaughq IRM participant, Piceance Creek, Colorado). Range monitoring 

cages are piaced in the spring prior to grazing, and a photograph is taken of the cage and 

surrounding area. The cages are then visited again pst  grazhg and a photograph is taken 



At this time the amount of forage removed is ranked as heavy, moderate, or light. 

Additiondy, rain gauges are placed in pastures where the monitoring cages are present. 

A drop of oil is placed in the rai. gauge to reduce evaporation over the season. Cattle c m  

be evaluated at the end of each grazing season. Two techniques of evaluation are calf 

weight and condition scores. The former is the most objective and can easily be traoslated 

into dollars when animals are sold. Combining the above measures (range condition, 

precipitation, and Iivestock condition) aliows for the CO rrelation between these variables 

to be examined. The resulting correlation enables managers to evduate the effectiveness 

of the experiment. 

4.7. TREATMENT -AS 

4.7.1. MAGNOLIA 

A table and map is provided for reference. Each treatment is listed (Tables 4- 1,2) 

in order of priority (e.g., MA- 1, MA-2, etc.,). Each treatment is subdivided into treatment 

zones (Figs. 4- 1,2,3) and are listed in order of priority (e.g., MA- la, MA-1 b, etc.,). These 

zones were created to assist managers in implementing treatments, while meeting budget 

restraints and providing oppominities for replication. Ail treatments should follow 

guidelines described above. The prescribed zones and treatment guidelines can 

potentially be modified to enhance the experimentai design of these treatments. 

MA- l a-This area is adjacent to the lek and shouid be considered a priority for 

habitat enhancement. The area is comprised of mountain shmb and sagebrush. The 

pinyon-juniper edge is < 500 m. S d  trees were found in this area and should be 

removed to the woodland edge. Sagebnish south and adjacent to the road should not be 

treated This is the display area and is relatively open. However, several t d  seniceberry 



shrubs could be removed. 

MA- 1 b.-This area was m e y e d  as a part of the 1982 treatment but was not 

treated This area had some use in winter and spring by radio-marked grouse. Two 

alternative lek sites could be created north of the main road; this would provide display 

areas somewhat removed fkom the road The bIade should be set to ground ievel to clear 

2 patches (< Iha@ake et al. 19631) approximately 0.8 km (0.5 miles) north of the road 

and a similar distance fkom one another. Thinning of bnish should ninice in this area as 

most pinyon-juniper was lower on the ridge near the drainage. This is one of the larger 

sagebnish patches at Magnolia and enhancement of this site should benefit sage grouse. 

MA- 1 c and I da-Although this area is close to the lek, ic is closer to the 

Greasewoo c l  Compression station and O ther disturbances. There was no indication that 

sage grouse used these areas. However, MA- 1 d has po tentiai as it is a relatively large 

patch of sagebmh. MA-lc is relatively s m d  patch with a drilling site, however, the 

mixed s h b  could be thinned with a mechanical treatraent. This zone has good potential 

for experirnentai work with proximity to disturbances. 

MA- 1 e and 1 E-These zones are marginal habitat as pinyon-juniper increases as 

elevation decreases. Ho wever, these sagebnish patches have potential as the y could 

provide lower elevation habitat in a severe winter. Pinyon-juniper removal via chaining 

should be the primary treatment of these areas with a few strips b m h  k a t  towards the 

middle of each 

MA-2a and 2b.-The mountain s h b  community predominates at these areas and 

most of the region to the east. Further, treatments should remain 21 km fiom all 

powerlines. Thus, treatments should no t continue to the east as there is a powerline right 



of way. Thinnïug of the mountain shmb communities would be beneficiai, especially io 

MA-2a as sagebah is prevalent in this mixed s h b  habitat. 

MA-2c.-The 1982 treattnent should be evaluated for pinyon-juniper removal. 

Specifically, several trees could be removed south of the road Trees are sparse and hand 

tools shodd suffice. 

MA-3a and 3b.-These treatments should remah on the east dope as a powerline 

bisects the ridge top. Strips can be b w h  kat in both zones, however, MA-3b will require 

considerable pinyon-juniper removal, chaullng may be required. MA-3a has good 

potential for habitat improvement as it dominated by sagebrush with a mix of deciduous 

s h b s .  

MA-4a and 4b.-Sage grouse avoided these sagebrush patches and it is not clear 

if human disturbance, vegetaîion structure or both were factors. Although each zone 

contains some drilling activity and the compression station can be heard, brush-beating 

and pinyon-juniper removd could enhance the area and expand the range for sage grouse. 

MA* and 4d.-Each of these areas are marginal as they are relaîively s d  and 

are occupied by substantid amounts of pinyon-juniper. However, these are M e r  

removed fiom the compression station, and have fewer disturbances, with potential for 

winter use. 

MA-R-Roads a d  ha i ls  leading or pardel to treatment zones should receive 

one pass with the mower on each side of the road. Sage grouse broods use dVt roads for 

dust bathhg and foraging (Rogers 1964). This will also provide secure spring roosting 

areas and enhznce trapping oppommities if M e r  research is conducted. 



Table 4-1. Habitat treatments projects listed in rank of priority at hkgnoiia Oil 
Camps, Rio Blanco Couuty, Colorado. 

Treatment Legal Descriptiod Treatment ~ y p e ~  

MA- 1 a T2S 1 R96W 1 Sec 9,10 BRC/PJR 
MA-1 b T2S 1 R96W / Sec 3,lO BRC/PJR 
MA-lc T2S 1 R96W / Sec 9 BRC 
MA- Id T2S 1 R96W / Sec 4,9 BRC 
MA-le TIS 1 R96W 1 Sec 33 P JRBRC 
MA- I f TlS / R96W 1 Sec 34 PJR/BRC 
MA-2a T2S / R96W 1 Sec 1 1,14 BRC 
MA-2b T2S / R96W 1 Sec 14,15 BRC 
MA-2c T2S 1 R96W 1 Sec 3,10,15 PJR 
MA-3a T2S 1 R96W / Sec 4 BRC 
MA-3 b TlS /R96W/ Sec 33 PJR 
MA-4a T2S 1 R96W 1 Sec 7,8 BRC 
MA-4b T2S 1  R96W 1 Sec 6 BRC 
MA-& T1S 1 R96W / Sec 32 BRC 
M A 4  T l S / R 9 7 W / S e c 3 1  BRC 
MA-R NIA BRC 
a Descriptions include only township where the majority of the ireatmait will 
occur d e n  treatment zones wver > 1 township. 

Treatment typa are Listed m order p r i m q  methoci. P R  = pinyon-juniper 
removal, BRC = mechanicd bnish removal. 



l Fig. 4-1. Habitat trament zones at  magnolia Oii Camps, Piceance Basin, Rio 
Blanco County, Coiotado. The btched area is the 1982 mechanicd brush 



Fig. 4-2. Habitat treatment zones at Magnolia Oii Camps, Piceance Basin, Rio 
Blanco County, Coiorado. 



4.7.2. SQUARE S STATE WILDLIFE AREA 

The Square S area provides an oppominity to expand the range westward for sage 

grouse. The vegetation and topography of this area confines most treatments to wuth 

aspects. Summer habitat use by male sage grouse was sirnilar to the proposed treatment 

areas. Thus, these treatments would be enhancing typical summer habitat. The recent 

constniction of a fence around this area m e r  enhances its value for treatments, as 

grazing could be readily monitored following the initial mowing. Pinyon-juniper is absent 

in this area and aspen/Douglas-fi stands are confhed to north slopes and drainages. 

Several sagebnish patches have potential for enhancement projects. 

SS- la and 1 b.-The fist treatment area and zones were selected as highest 

prionty based on the proximity to known summer habitat. Several strips can be mowed in 

each of these zones. The habitat in the northem half of Section 13 is on the BLM. SS-lb 

can and should be extended into the BLM property if possible. 

SS- lc and 1 d.-These patches are smaller but the sagebnish could be thinned 

with several strips in each zone. The habitat in the noahern halfof Section 14 is on the 

BLM. SS-lc can and should be extended into the BLM property if possible. 

SS-2a and 2b.-Each of these zones are adjacent to the BLM bomdaries. The 

southwest portion of SS-2b shares a BLiM boundary to the east, as does most of SS-2a 

BLM properties should be considered as extensions in these treatment plans. 

SS-2c and 2d.-These relatively srnall ridges could use 3-4 strips dong the 

southwest aspect. 

SS-3a-Sagebnish extends -500 m on the west ridge providing substantial area 

for treatment. Zone 3a couid be enlarged by extending it onto BLM land. 



SS3b, 3c, and 3d.-These zones are marginal due to d size and proximity to 

forest edge. However, the tall sagebnish and rich forb understory should respond well to 

thinning d p s .  

SS-K-Roads and trails leading or parallel to treatment zones should receive one 

p a s  with the mower on each side of the road. Sage grouse broods use dia roads for dust 

bathing and foraging (Rogers 1964). This wiU also provide secure spring roosting areas 

and enhance trapping oppominities if M e r  research is conducted 

4.8. CONCLUSIONS 

The recornmendations and guidelines provided are meant to serve as a fïrst step 

towards the iterative management process (ARM) for sage grouse in the Piceance Basin. 

Private lands in the Basin have good potential for habitat enhancement, but landowner 

cooperation will be needed. Concerted efforts wiLl be required by state and federal 

agencies to provide and promote habitat programs in which landowners can actively 

participate in decision making (consensus) and cost sharing of habitat impIovernent 

projects. Areas such as Skinner Ridge, Bar D Ridge (southwest part of the Basin, Clear 

Creek), and Stake Springs should be evaluated and strongly corsidered for habitat 

treatments if landowners are willing to participate. I advocate implementing ARM in this 

region as it ailows managers and biologists to conduct habitat experiments and 
s 

simultaneously evduate the benefits for sage grouse, wildlife, and iivestock. This 

hmework is an iterative process that allows managers to adoptlreject management 

strategiedtreatments based on scientincally controlied methodology. The goal is to 

reduce uncertainty about the ecosystem, and provide more effective management for 

wildlife and livestock h e d  upon tried and tested methods. 



Table 4-2. Habitat treatments projects listed in rank of prïority at Square S State 
Wildlife Area, Rio Blanco County, Colorado. 

Treatment Legal Descriptiona Treatment ~~~e~ 

SS-la T4S / R101W/ Sec 13 BRC 
SS-lb T4S /RlOlW/ Sec 13,24 BRC 
SS-lc T4S / RIO1 W 1 Sec 14,23 BRC 
SS-Id T4S / RIO1 W / Sec 14,2223 BRC 
SS-2a T4S / R1 O 1 W 1 Sec 24,25 BRC 
SS-2b T4S /RlOlW/ Sec 25 BRC 
SS-2c T4S / RI O I W / Sec 26,27,35 BRC 
SS-2d T4S / RI O 1 W / Sec 27,34 BRC 
SS-3a T4S / RIOZ W / Sec 22J5 BRC 
SS-3b T4S/RlOlW/Sec22 BRC 
SS-3c T4S / RN1 W / Sec 21,22 BRC 
SS-3d T4S / RIO1 W / Sec 28,27 BRC 
SS-R NIA BRC 
" Descriptions inchde only township where the rnajori~ of the treatmmt will 
occur when treaîmait zones cover > 1 township. 

Treatment types are listeci in ader  primary methcd BRC = m e d i a n i d  brush removal. 
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APPENDM A 
Movement Data 



Table. A- 1. Annual shifi in seasonat 
movements of sage grouse, Piceance Basin, 
Rio Blanco County, Colorado, 1997-98. 

  if fer en ces^ (km) 
Band # Easting Nort hing 

1560 -0.60 -0.35 
' 1559 wos the only grouse to move to diflcrent 

( P  < 0.05) locations between years. 
Negaiive values indicale localions fbther nwth 

or east in 1998. 

Table A-2. Average maximum distance fiom lek of capture (DLC) and nearest Iek (DNL) for sage grouse in the Piceance 
Basin, Rio Blanco County, Colorado, 1997-98. 

C - 
Breeding Su nimer W inter 

DLC DNL DLC DNL DLC DNL 
Sex n X SE X SE X SE X SE X SE X SE 

Males 1 1  1.5 0.5 1.5 0.5 8.5 0.5 3.8 0.1 5.8 0.6 2.9 0.2 
Females 5 1.1 0.2 1.1 0.2 2.9 0.4 1.9 0.2 5.2 0.7 2.8 0.3 
Juvenilesa 3 2.5 1.2 0.9 0.2 0.5 O. 1 3 .O 0.6 1.3 0.3 1.9 0.3 

'The 3 juveniles were males. 



Table A-3. Average distances between core seasonal use areas of sage grouse in the 
Piceance Basin, Rio Blanco Comty, Colorado, 1997-98. 

Spring - Siimmer Siimmer - Wmter Wmter - S p ~ g  
Sex n T SE r SE T SE 

Males 11 8.2 2.2 9.4 2.8 5.1 1.9 
Fendes 5 2.7 1.8 2.7 1.2 4.7 2.7 
Juvenilesa 3 2.9 1.1 1.7 0.8 1.1 0.3 
"The 3 juveniles were males. 

Table. A-4. Home range estimation using minimum convex polygon (MCP) and 95% 
ellipse methods for sage p u s e  in the Piceance Basin, Rio Blanco County, Colorado, 
1 997-98. 

Band Sexa n MCP 95%Ellipse n MCP 95%Ellivse 

a Males 1565, 1567, and 1569 were radio-marked as juvedes. 



APPENDIX B 
Habitat Use Data 



Table. B-1. Landscape scale suramer habitat use by sage grouse (n = 16) between years 
Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Habitat 1997 1998 n 2 df 
Sagebnis WupIand 98 110 208 0.41 8 I 

f(i, 
Sagebrush 

f(0 
Upland shrub 

f0 
Grass 

f(0 
Bare ground 

f59 
Oakbnish 

fi 
P inyo n-juniper 

f0) 
Totals 

f(0 
y .ft,ld 7.947 6 
Heterogeneity X2 cntical value (6 df) = 12.592, f (i) = expected fkequency. 

Table. B-2. Landscape scale winter habitat use by sage grouse (n = 16) between vears 
Piceance Basin, Rio Blanco Comty, Colorado, 1997-98 

Habitat 1997 1998 n 2 df 
SagebnisVupland 35 32 67 O. 134 1 

f(0 
Sagebrush 

f(i, 
Upland shmb 

f(0 
Grass 

f0) 
Bare ground 

f(i) 
Oakbrush 

f(0 
Pinyo n-juniper 

f(i) 
Tot& 

f(i/ 
X2 oftotal 1 1.379 6 
Heterogeneity 2 critical value (6 df) = 12.592, f (i) = expected nequency. 



Table. B-3. Landscape scale summer habitat use by female (n = 5) and d e  (n = 1 1) sage - - 
grouse Piceance Basin, Rio Blanco County, ~olorado, 199~98. - 

Habitat Fernale Male n 2 df 
SagebrusWupland 70 138 208 0.960 1 

RO 
Sagebrush 

ft0 
Upland shrub 

fi9 
Grass 

fi0 
Bare ground 

ffi) 
Oakbrush 

f0 
P inyo n-juniper 

f(0 
Totals 

f(i) 
X2 of total 1 1.856 6 
Heterogeneity X2 critical value (6 df) = 12.592, f (0 = expected fiequency. 

Table. B-4. Landscape scde winter habitat use by female (n = 5) and male (n = 1 1) sage 
grouse Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Habitat Female M e  n 2 df 
Sagebrush/upIand 23 44 67 1 -462 1 

f0 
Sagebrush 

fi0 
Upland shmb 

IO 
Grass 

fti) 
Bare ground 

f0 
Oakbrush 

fi) 
P inyo n-juniper 

foi) 
Tot& 

f(0 
X2 of total 5.43 1 6 
Heterogeneity X2 Critical value (6 df) = 12.592, f (0 = expected fiequency. 



Table. B-5. Landscape scale habitat use by sage grouse (n = 16) between winter and 
summer habitat Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Witat Winter Summer n df 
SagebrusWupland 67 208 275 4.160 1 

ffl) 
Sagebrush 

ffl) 
Upiand shrub 

f(i) 
Grass 

f(i) 
Bare ground 

fi 
Oakbmsh 

f(9 
Pinyo n- junipex 

f(9 
To tals 

f(i) - 
2 of total 26.1 09 6 
Heterogeneity XZ criticai value (6 df) = 12.592, f (ï) = expected fiequency. 

Table B-6. Summer habitat selection by sage grouse defhed by 1st order availability in 
the Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

cover n (b 7r 8 Lo wer Upper xt 
P inyo n-juniper 6 122.17 0.35 0.02 0.003 0.044 -18.082 
Sagebrush 73 89.10 0.25 0.21 0.151 0.270 -14.553 
SagebnishlLTpland 208 77.10 0.22 0.59 0.516 0.659 206.417 
Upland 8 21.05 0.06 0.02 0.006 0.052 -7.741 
Grass 50 13.32 0.04 0.14 0.095 0.197 66.153 
Oakbmh 4 18.47 0.05 0.0 1 0.00 1 0.035 -6.120 
Bare ground 3 10.78 0.03 0.01 0.000 0.031 -3.838 
Tot alsa 352 352 1 1 444.477 
a Total for XL is the log likeühood chi-square statistic = 2 ( x  xti ). 
4 = expecaed fiequency of use, ir = observeci percent habitat available, 8 = observed percent use. 



Table B-7. S u m e r  habitat selection by sage grouse defined by 2nd order availability in 
the Piceance Basin, Rio Blanco County, CoIorado, 1997-98. 

cover n cb n 8 Lower Upper XL 
Pinyon-juniper 6 11 1.39 0.32 0.02 0.003 0.044 -17.528 
Sagebmsh 73 81.43 0.23 0.21 0.151 0.270 -7.978 
SagebrusWpland 208 109.24 0.28 0.59 0.516 0.659 151,830 
U p h d  8 21.33 0.06 0-02 0.006 0.052 -7.847 
Grass 50 19.05 0.05 0.14 0.095 0.197 48.236 
Oakbmh 4 11.65 0.03 0.01 0.001 0.035 -4,275 
Bare gromd 3 6.90 0.02 0.01 0.000 0.031 -2.500 
To talsa 352 352 1 1 3 19.88 
a Total for XL is the log iikeiihood chi-square statistic = 2 ( x  Xti ). 
4 = expected fkequency of use, x = ohserveci percent habitat available, 8 = observeci percent use. 

Table B-8. W t e r  habitat selection by sage g r o w  defined by 3* order availability in the 
Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

cover n 4 x 8 Lower Upper XL 
Pinyon-juniper 6 28.62 0.08 0.02 0.003 0.044 -9.373 
Sagebrvsh 73 86.38 0.25 0.21 O. 151 0.270 -12.284 
Sagebnish/Upland 208 153.37 0.44 0.59 0.516 0.659 63.377 
U p h d  8 33.50 0.10 0.02 0.006 0.052 -1 1.456 
Grass 50 32.75 0.09 0.14 0.095 0.197 22.704 
Oakbrush 4 7.71 0.02 0.01 0.001 0.035 -2.623 
Bare ground 3 10.68 0.03 0.01 0,000 0.031 -3.810 
Totalsa 352 1 I 93 .O70 
' Total for Xr is the log likelihood chi-square statistic = 2 ( x  Xri ). 
4 = expected fiequency of use, x = observed percent habitat avaiiable, 8 = observed percent use. 

Table B-9. Winter habitat selection by sage grouse defhed by ln order availability in the 
Piceance Basin, Rio Bianco County, Colorado, 1997-98. 

cover n 6 x 0 Lower Upper XL 
Pinyo n-juniper O 51.71 0.35 0.00 0.000 0,000 O 
Sagebmh 61 37.72 0.25 0.41 0,299 0,519 31.221 
SagebnishKJpland 67 32.64 0.22 0.45 0.336 0.559 2.112 
Upland 6 8.91 0.06 0.04 0.008 0.102 -5.160 
Grass 13 5.64 0.04 0.09 0.034 0.165 -0.432 
Oakbrush 1 7.82 0.05 0.01 0.012 0.048 -1.182 
Bare ground 1 4-56 0.03 0.0 1 0.012 0.048 -1.509 
Totalsa 149 149 1 1 164.858 
a Total for XL is the log likelihood chi-square statistic = 2 ( x  xÿ ). 
4 = expected fiequency of use, x = observed percent habitat availabk, 8 = observed percent use. 



Table B- 10. Wmter habitat selection by sage grouse dehed by 2* order availability in 
the Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

cover n (b IC 8 Lower Upper XL 
P inyo n-juniper O 47.15 0.32 0.00 0.00 0.00 0.00 
Sagebnish 61 34.47 0.23 0.41 0.30 0.52 34.82 
Sagebrush/UpIand 67 42.43 0.28 0.45 0.34 0.56 30.60 
U p h d  6 9.03 0.06 0.04 0.0 1 O. 10 -2.45 
Grass 13 8.07 0.05 0.09 0.03 0.16 6.2 1 
Oakbnish 1 4.93 0.03 0.01 0.0 1 0.05 -1 -60 
Bare ground 1 2.92 0.02 0.01 0.0 1 0.05 -1.07 
Totalsa 149 149 1 1 133.029 
a Total for XL is the log IikeIihood chi-square sbtistic = 2E xLi ). 
4 = expected fkquaicy of use, ?c = observed percent habitat availabIe, 8 = observai percent use- 

Table B-l 1. Wmter habitat selection by sage grouse defined by 3" order availability in 
the Piceaoce Basin, Rio Blanco County, Colorado, 1997-98. 

cover n 9 K 8 Lower Upper XL 
P inyo n-juniper O 12.11 0.08 0.00 0,000 0.000 O 
Sagebnish 61 36.56 0.25 0.41 0.299 0.519 3 1.221 1 
SagebnisMJpland 67 64.92 0.44 0.45 0.336 0.559 2.1 1288 
Upland 6 14.18 0.10 0.04 0.008 0.102 -5.2602 
Grass 13 13.44 0.09 0.09 0.034 0.165 -0-4329 
Oakbrush 1 3.26 0.02 0.01 0.012 0.048 -1.1823 
Bare ground 1 4.52 0.03 0.01 0,012 0.048 -1.509 
To talsa 149 149 I 1 55.099 
a Totai for XL is the log likelihood chi-square statistic = 2(z xti ). 
+ = expected fkquency of use, ~r = observeci percent habitai available, 0 = observed percent use. 

Table. B- 12. Habitat components at female (n = 84) and d e  (n = 1 15) sage grouse 
summer use sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Female  de Variable weightsa 

Habitat Components x SE x SE Lo wer Upper 
Sagebrush 12.9 1.1 20.8 1.1 -1 -21 1 -0.101 
Service berry 5.1 0.8 1.6 0.4 O. 194 1.326 
Other-shnibs 8.7 0.8 9.5 0.9 -0.564 0.477 
Grasses 17.2 1.1 17.1 0.8 -0.337 0.287 
Forbs 10.7 1 .O 11.0 0.5 -0.542 0.173 
Bare Ground 45.6 1.7 40.4 1.5 -0.113 0.395 
Shrub Ht.(cm) 45.2 1.9 48.1 1.3 -0.288 O. 107 
"Variable weights defieci by difference of means (log transfomed) simuitaneous confidence intervais 
f?om Hoteliing's I> intwals excluding zero wae signifiant. 



Table. B- 13.Vegetation height (cm) at female (n = 84) and male (n = 1 15)sage 
grouse summer use sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

S ites 
Female Male 

Habitat Components SE x SE P-valuesa - 

Sagebrush 49.3 1.2 46.6 2.0 N/A 
Serviceberry 54.5 5.2 63.6 5.4 N/A 
M e r - s h b s  36- 1 1.1 33.7 1.3 N/A 
Grasses 21.7 0.7 19.8 0.8 N/A 
Forbs 21.1 0.7 21.3 0.9 N/A 
'P-dues fiom mivariate t-tests (log transformed data) were conducteci d e r  HoteUing's d t e d  
m sigdicant dinerences in total shrub height 

Table. B-14. Habitat components at male sage grouse summer use (n = 1 15) and random 
(n = 1 15) sites, Piceance Basiq Rio Blanco County, Colorado, 1997-98. 

Sites 
Use Radom Variable weightsa 

Habitat Components x SE x SE Lower Upper 
Sagebrush 20.8 1-1 17.3 1 .O -0.758 0.243 
Serviceberry 1.6 0.4 2.0 0.4 -0.368 0.554 
ûther- shru bs 9.5 0.9 12.5 0.9 -0.208 0.798 
Grasses 17.1 O. 8 18.5 1 .O -0.234 0.3 17 
Forbs 11.0 0.5 10.5 0.6 -0.358 0.160 
Bare Ground 40.4 1.5 39.5 1.6 -0.318 0-192 
Shrub Ht.(cm) 48.1 1.3 48.5 1.5 -0.163 0.164 
'Variable weights dehed by diEerence of means (log transformeci) simultaneous confidence intervais 
fkorn Hotehg's 2, intervals exclucüng zero were signifiant 

Table. B-15. Vegetation height (cm) at male (n = 115) sage grouse summer use and 
random sites (n = 1 1 3 ,  Piceance Basin, Rio Blanco Cou.% Colorado, 1997-98. 

Sites 
Use Random 

Habitat Components a SE x SE P-valuesa 
Sagebrush 46.6 2.0 49.6 1.5 N/A 
S erviceberry 63.6 5.4 58.2 3.1 N/A 
Other-shrubs 33-7 1.3 39.2 1.7 N'A 
Grasses 19.8 O. 8 23.7 1 .O N/A 
Forbs 2 1.3 0.9 23.8 1.4 N/A 
'P-values from univariate r-tests (log transformeci data) were wnducted after Hotelhg's resuited 
in significant differences in total sbrub height. 



Table. B-16. Habitat components at female sage grouse surnmer use (n = 84) and raadom 
(n = 84) sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Use Randorn VariabIe weightsa - 

Habitat Components x SE x SE Lo wer Umer 
Sagebrush 12.9 1.1 14.2 1.3 -0.720 0,719 
Service berry 5.1 0.8 4.2 0.8 -0.943 0.521 
Mer-shnibs 8.7 0.8 10.9 1.3 -0.425 0.649 
CTrasses 17.2 1.1 15-8 1.1 -0.528 0.259 
Forbs 10.7 1 .O 10.0 0.8 -0.466 0.413 
Bare Ground 45.6 1.7 45.1 2.0 -0.300 0.208 
Shmb Ht.(cm) 45.2 1.9 47.1 2.3 -0.208 0.279 
"Variable weights defined by difference of meaas (log transfomeci) simuhmeous confidence m t m l s  
fkom Hateihg's p, intwals excludmg zero were s igni f ia  

Table. B- 17.Vegetafon height (cm) at femaie sage grouse summer use (n = 84) and 
random (n = 84) sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Use Random 

Habitat Components x SE x SE P-value sa 
Sagebrush 49.3 1.2 48.2 2.7 N/A 
Service berry 54.5 5.2 57.9 3.8 N/A 
Other-shrubs 36.1 1.1 33.8 1.7 N/A 
Grasses 21.7 0.7 20.2 0.8 N/A 
Forbs 21.1 0.7 22.8 1 .O N/A 
"P-values kom univariate r-tests (log transformeci data) were conducteci after Hotelling's li resulted 
in significant differences in total shnib height. 

Table. B- 18. Habitat components at male sage grouse summer (n = 1 16) and winter (n = 
14) use sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Summer Wint er Variable weights' 

Habitat Components X SE x SE Lo wer Upper 
Sagebrush 20.8 1.1 30.5 3.5 0.225 1.149 
S erviceberry 1.6 0.4 4.4 1.8 -0.210 1.330 
mer-shrubs 9.5 0.9 5.4 1 .O -1.330 0.266 
Grasses 17.1 0.8 N/A N/A N/A N/A 
Forbs 11.0 0.5 N/A N/A N/A N/A 
Bare Ground 40.4 1.5 N/A NIA N/A N'A 
Shmb Ht.(cm) 48.1 1.3 64.7 3.8 .O05 0.564 
"Variable weights d e h e d  by difference of means (log transfonned) simuftaneous confidence intervals 
fiom Hotelling's p, intemals excluding zero were significant 



Table. B19. Vegetation height (cm) at d e  sage grouse summer (n = 1 16) and winter (n 
= 14) use sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Siimmer Whter 

Habitat Components x SE x SE P-valuesa 
Sagebrush 49.3 1.2 63.9 2.8 <O.OOO 1 

Grasses 21.7 0.7 N/A N.A NIA 
Forbs 21.1 0.7 NIA N/A N/A 
aP-vaIues fkom mivariate t-tests (log transformed data) were conducted d e r  HoteIhg's T' resulted 
m significant ciSeraices m total shrub height 

Table. B-20. Habitat components at female sage grouse summer (n = 84) and winter (n = 
1 1) use sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Females 
Siimmer Winter Variable weightsa 

Habitat Components x SE x SE Lo wer Upper 
Sagebrusà 12.9 2-1 25 -4 4.2 -0.181 2.025 
Servicebey 5.1 O. 8 10.3 4.1 -0.939 1.486 
Other-shbs 8.7 0.8 13.2 3.3 -0.614 1.218 
Grasses 17.2 1.1 N/A N/A NIA NIA 
Forbs 10.7 I .O NIA N/A N/A N/A 
Bare Ground 45 .6 1.7 N/A N/A N/A N/A 
S hrub Ht.(crn) 45.2 1.9 74.4 13.1 -0.005 0.832 
' Variable weights defined by ciifference of mcms (log transformed) sirndtaneous confidence intervals 
from Hotelling's T2, intervals excluding zero were significant. 

Table. 8-2 1. Vegetation height (cm) at female sage grouse summer (n = 84) and wlliter 
(n = 11) use sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Siunmer Wiit  er 

Habitat Components x SE x SE P-valuesa 
Sagebnish 46.6 2.0 69.6 3.3 <O.OOO 1 
S e ~ c e b e n y  63.6 5.4 13 1.5 38.4 0, 129 
Other-shru bs 33.7 1.3 62.7 14.8 0.080 
Grasses 19.8 O. 8 N/A N/A N/A 
Forbs 21.3 0.9 N/A N/A N/A 
"P-values fkom mivariate t tests (log transformeci data) were conducted afier Hotelling's resulted 
m significant ciifferences in total shrub height 



Table. B-22. Habitat components at fernale (n = 1 1) and male (n = 14) sage grouse winter 
use sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Fernale Male Variable weightsa 

Habitat Components x SE x SE Lo wer U~oer  

Se~ceberry 10.3 4.1 4.4 1.8 -1.543 2.248 
ûther-shrubs 13 -2 3.3 5.4 1.6 -0.654 2.234 
Grasses N/A NIA N/A N/A NIA N/A 
Forbs N/A N/A N/A NIA N/A N/A 
Bare Ground NIA N/A N/A N/A N/A N/A 
S M  Ht,(cm) 74.4 13.1 64.7 3.8 -0.740 0.724 - - 
a Variable weights d&ed by difference of meam (log transformeci) sirnultan- amfidence mtervais 
fiom Hotemg's T2, intervais excludmg zero were si@cant 

Table. B-23. Vegetation height (cm) at female (n = 1 1) and male (n = 14) sage grouse 
winter use sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Femaie Male 

Habitat Components a SE x SE P-valuesa 
Sagebmh 69.6 3.3 63 -9 2.8 N/A 
Serviceberry 23 1.5 38.4 79.0 18.5 N/A 
mer-shrubs 62.7 14.8 54.3 11.9 N/A 
Grasses N/A N/A N/A N/A N/A 
Forbs N/A NIA NIA N/A N/A 
"P-values fiom univariate &-tests (log transformeci data) were conducteci after HoteIIing's redted 
in significant différences in totai s h b  height. 

Table. B-24. Habitat components at male sage grouse winter use (n = 14) and random (n 
= 14) sites, Piceance Basin, Rio Blanco Co-, Colorado, 1997-98. 

Sites 
Use Random Variable weightsa 

Habitat Components x SE x SE Lower Upper 
Sagebrush 30.5 3.5 22.7 2.7 -1.752 1.009 
Se~ceberry 4.4 1.8 7.7 3.5 -2.020 2.604 
Other-shnibs 5.4 1.6 7.4 1.8 -0.787 1.331 
Grasses N/A N/A N/A N/A N/A N/A 
Forbs N/A N/A N/A N/A N/A N/A 
Bare Ground N/A N/A N/A N/A N/A N/A 
Shrub Ht.(cm) 64.7 3.8 68.1 11.2 -0.495 0.462 
"Vanable weights dehed by différence of means simdtaneous confidence intavals &om Hdelling's p. 
intervais excluding zero were s i w c a n t  



Table. B-25. Vegetation height (cm) at male (n = 14) sage grouse winter use and random 
sites (n = 14), Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Use Randorn 

Habitat Components x SE x SE P-valuesa 
Sagebnish 63.9 2.8 58-6 2.5 NIA 
Service berry 79.0 18.5 89.0 15.8 N/A 
Other-shbs 54.3 11.9 3 9.2 4.9 N/A 
G m s e s  NIA N/A N/A N/A NIA 
Forbs NIA N/A NIA NIA NIA 
'P-values &orn Mivariate r-tests (log îransfmed data) were cooducted a f k  Hotehg's d t e d  
m significant differences m total h b  heigk 

Table. B-26. Habitat components at fernale sage grouse winter use (n = 1 1) and random 
(n = 1 1) sites, Piceance Basin, Rio Blanco County, Colorado, 1997-98. 

Sites 
Use Random Variable weightsa 

Habitat Components f SE x SE Lower Upper 
Sagebnish 25.4 4.2 19.0 4.1 -1.925 1.400 
Service berry 10.3 4.1 11.2 3.5 -1.93 1 2.509 
Other-shmbs 13.2 3.3 20.3 6.6 -1.344 1.645 
Grasses N'A NIA NIA N/A NIA N/A 
Forbs NIA N/A NIA N/A N/A N/A 
Bare Ground N/A N/A NIA N/A NIA N/A 
Shnib Ht.(cm) 74.4 13.1 95.6 21.4 -1.108 1.194 
Srariable weights deked  by ciifferaie of meam sirnuitanmus confidence intervais tom Hotelling's P. 
intervais excluding zero were significant 

Table. B-27. Vegetation height (cm) at fernale sage grouse winter use (n = 1 1) and 
random (n = 1 1) sites, Piceance Basin, Rio Blanco County, Colorado, 1 997-98. 

Sites 
Use Random 

Habitat Components x SE x SE P-valuesa 
Sagebnish 69.6 3.3 22.7 2.7 N/A 
Serviceberry 131.5 38.4 7.7 3 -5 NIA 
Other-shrubs 62.7 14.8 7.4 1.8 NIA 
Grasses N/A NIA NIA NIA N/A 
Forbs N/A NIA NIA N/A NIA 
"P-values ftom uniwiate t-tesis (log trausformed data) were cmducted &a Hoteiiing's d t e d  
in significant differences m total s h b  height 



Table. B-28. Topographic locations of sage grouse m e r  use sites, Piceance Bask 
Rio Blanco County, Colorado, 1997-98. 

Topographic 
location Female me n df 

Drainage 4 6 10 0.0 1 
f (0 4. O 6. O 

Upper dope 23 33 56 0.026 1 
f fi) 22- 4 33.6 

Middle slope 13 34 47 2.982 1 
f (0 18.8 28.2 

Lo wer slope 7 12 19 0,078 1 
f fi) 7.6 11.4 

Ridge top 64 84 148 0.648 1 
f (0 59.2 88.8 

Totals 111 169 280 3.737 4 
x2 Criticai value (4 df) = 9.488, f (i) = expected eequency. 

Table. B-29. Topographic locations of sage grouse &ter use sites, Piceance Basin, 
Rio Blanco Co- Colorado, 1997-98. 
To pographic 

location Female me n 2 df 
Drainage 5 10 15 1 .O85 1 
f (0 7. O 8. O 

Upper dope 20 17 37 0.792 1 
f ( i )  17.3 19.7 

Middle dope 7 9 16 0.058 1 
f (0 7.5 8.5 

Lower slope 2 3 5 0.092 1 
f (9 2.3 2.7 

Ridge top 39 42 81 0.063 1 
f fi) 37.9 43.1 

To tals 73 81 154 2.090 4 

x2 Critical value (4 df) = 9.488, f (i) = expected fiequency. 



Table. B-30. Topographie locations of sage grouse summer and winter iise sites, 
Piceance Basin, Rio Blanco County, Colorado, 1997-98. 
Topo graphic 

location Sumner Wmter n 2 df 
Drainage 1 O 15 25 6.564 1 
f 69 16.1 8.9 

Upper dope 56 37 93 0.752 1 
f(i) 60. O 33. O 

Middle dope 47 16 63 2.800 1 
f(i) 40.6 22.4 

Lower dope 19 5 24 2.250 1 
f (0 15.5 8.5 

Ridge top 148 8 1 229 0.00 1 1 
ffl 147.7 81 .3 

TotaIs 280 154 434 12.366 4 
X2 Criticai value (4 df) = 9.488, f fi) = expected fkequency. 

Table. B-3 1.  Ridge aspect of sage grouse summer use sites, Piceance Basin, Rio 
Blanco County, Colorado, 1997-98. 

Aspect FemaIe Male n 2 df 
East 17 21 38 0.4 12 1 

f (0 
North 

f (0 
Noaheast 

f (il 
Northwest 

f 6) 
South 

f (0 
Southeast 

f (0 
Southwest 

f (0 
West 
f (0 

To tals 111  169 280 19.987 7 
x2 Criticai vdue (7 df) = 14.067, f (0 = expected fiequency. 



Table. B-32. Ridge aspect of sage grouse winter use sites, Piceance Basin, Rio 
Blanco County, Colorado, 1997-98. 

Aspect Femde Male n t df 
East 6 14 20 2.254 1 

f f l  9.4 10.6 
North 27 22 49 1.372 1 

f (i) 22.9 26.1 
Northeast 6 12 18 f .302 1 

f fi) 8.4 9.6 
Northwest 7 7 14 0.059 1 

m 6.5 7.5 
South 9 8 17 0.26 1 I 

f ( i ,  7-9 9.1 
Southeast 9 5 14 1.728 1 

f(i) 6.5 7.5 
Southwest 3 2 5 0.352 1 
f (i) 2- 3 2.7 

West 5 12 17 2.053 1 
f (i) 7.9 9.1 

Totals 72 82 154 9.384 7 
x2 Cntical vdue (7 df) = 14.067, f (i) = expected fiequency. 



APPENDM C 

CLARIlFICATION OF VEGETATION 

SAMPLING METEODOLOGY 



C.O. INTRODUCTION 

Studies of w i l m e  often attempt to identify the structure or composition of habitat 

tbat animak are 'selecting. ' Such anaiyses vary in s a l e  fiom macro habitat (e.g., cover 

types, patch size) to micro habitat (e.g., species composition, vegetation height) and some 

encompass a gradient of the two. Further, one can generate predictive models of habitat 

use based on these parameters (Manly et al. 1993). Enumerating such relationships can 

assist biologists in identfyhg important habitats and managing them accordingly. A 

cornmon approach is to quantifl the abundance/composition of habitat variables (biotic 

or abiotic) at activity sites, and compare these values to those a. randorn points (Lhaitis 

et al. 1996). One approach involves establishing a sampling plot (e.g., between 25 to 900 

m2) over the center of the observed activity site (e.g., nest, den, forage, or flush location) 

and another point at some random distance and direction (Duesser and Shugart 1 978, 

Litvaitis et ai. 1996). Habitat composition is then compared between 'use' and 'randoq' 

sites and relationships of selection, pre ference, or avoidance are then determined nom 

these habitat associations (Johnson 1980). 

Recently, much debate has focused on definitions of habitat availability (Johnson 

1 M O ) ,  seasonal variation (Schooley 1994), and statistical analyses of these data 

(Alldredge and Ratti 1986, 1992; Thomas and Taylor 1990; Cheny 1 996). 

Comparatively, the collection of microhabitat data, which c m  determine use and 

availabiiîty, may have k e n  overlooked. Workers ofken use a systematic design such 



that the lines of the transect (or layout of quadrats) emanates in the four cardinal 

directions nom the plot center (Fig. C- 1). Admi.tt:edlyy the example given (Fig. C- 1 .) is 

superfici& but it illustrates the bias associated with perpendicdar layout of sarnpling 

units. This layout is problematic as the center of the plot is over sampled while some 

perîpheral areas are ignored (Greig-Smith 1957). Thus, estimates of the mean, standard 

error, etc., wiU be biased by this sampiing (Anderson et ai. 1979). There is a need to 

c w  systematic sampling design as it pertains to locating sampling unÏts (e-g., quadrats, 

he-intercepts) for characterizhg wildlife habitats. 

My objectives in this appendix are to 1) c- the use of systematic samphg 

design in the context of the established methods (e.g., Canfïeld 1941, Daubenmire 1959) 

to provide an alternative protocol2) and compare the results of these methods with an 

example data set fkom a sagebrush (Arîemisia spp.) ecotype. 

C L  METHODS 

Literature-I reviewed papers published in the J o d  of Wildfe Management 

fiom 1966 to 1996 tbat examined habitat use as t pertained to microhabitat variables. I 

evaiuated the methods used for quantifying variables at 'use' and 'random' sites. I 

specincally assessed whether the sampling design used a perpendicular or intersecting set 

of transects or quadrats. I reviewed only those papers that evaluated habitat use at the 

microhabitat scafe. Papers that were examining macrohabitat variables were considered 

only if they included microhabitat analyses. 1 also reviewed the onginal articles by 

Canfïeld (1 94 1), Daubenmire (1 959)' and James and Shugart (1 970) to ver@ the 

methodologies that had been established. 



Example DateData  were fiom a study of radio-marked sage grouse 

(Cenirocercus wuphasanus) in inorthwestern Colorado, 1997-98. Vegetation cover was 

estimated at radio-marked grouse flush sites (n = 25) and randomly chosen sites (n = 25). 

However, for the purposes of this paper these samples were pooled as the objective was 

to dent* bias in sarnphg technique, w t  between use  and randorn locations. Both 

distance and direction traveled to random sites were selected using the second hand on a 

watch. Nine 1-m2 quadrats were placed dong 2 30-m tcaosects that were centered on the 

location that a grouse flushed or was observed foraging. The transect lines were placed iu 

the 4 cardinal dnrections and each quadrat was spaced 7.5 m apart. Percent cuver was 

recorded to the nearest 5% as well as height (cm) for big sagebrush (A. tridentuta), 

serviceberry (Amelanchier utahensis), antelope bitterbnish (Purshia Iridentuta), 

rabbit b a h  (Chysothmnus spp.), sno wberry (Symphoricarpus oreophilus), other bnish, 

grass, forb, and bare ground (no height). Grid samples were recorded at corresponding 

use and random sites. Additionally, 4 1 -m2 quadrats were p k e d  15 m and pardel to the 

outer most quadrats (Fig. C-1.). The end of each transect was marked with a stake and 

compas readings were noted for each tramect h e .  The location of the 4 quadraîs was 

ascertained as one worker paced 15 m fkom the end of each transect. Compass bearings 

were taken fkom the new quadrat location to ensure that it was parallel to endpoints of 

eac h transect. 



Fig. C- 1. A cornmon quadrat layout (solid quadrats) implemented for sampling 
wildlife microhabitat variables. Habitat A represents 4 0 %  of the plot and B -40% 
and the perpendicdar layout ove~mples  Habitat B with 7/9 of the sampling units. 
The grid method (dashed-line quadrats) would inchde the outer 4 quadrats and 
exclude the 4 plots adjacent to the center point. The grid layout would represent each 
habitat proportionally as they occur on the landscape. The quacirat is used by way of 
example, this diagram would also apply to the h e  intercept method, using 3 parallel 
Iines. 



C.2. RESULTS 

Literaîme-Thirty--three of 85 microhabitat studies (39%) implemented the 

perpendiculat layout. The majority (78%) were avian studies (n = 26) folIowed by 

'hooved' (n = 5) and small mnmmals (n = 2) (Table C-1). Ga.lhaceous bird studies 

represented the majority (57%) of papers tbat used a perpendicular iayout. 

Table C- 1. Vegetation sampling design nom microhabitat studies (n = 85) published in 
the J o d  cf WiIdfe Magement ,  196696. AH sampling u d s  were centered on the 
activity site of the animal. 

Vegetation Samphg 

Animal n Transecta circularb Randomc I?erpendiculard 
Birds 

Waterfo wl 6 1 

Mammals 
'Hooved' 19 7 3 4 

a A paralle1 set or single iine traosect was centered on the use site. 
Ocdar estimation of a circular plot centered on the use site. 

'Random saxnphg was implemented using quadrats near the use site. 
d Perpendicular transects fhm which Line intercept or quacirais were used. 



ExarnpZe DateThe average percent cover estimates (n = 50) showed M e  

difference between sampling methodology (Tabie C-2). There was some variability 

between height. This suggested that some sites had talier shmbs which the grid iayout 

detected while the perpendicular did not However, the differences did not suggest 

statistical nor bio logicaI signincance. 

Table C-2. Habitat components (% cover) at 50 sites using grid and 
perpendicuiar layouts of 1-m2 quadmts. 

Gr id Perpendicular 
Habitat Components x SE x SE - 

Sagebrush, % 15.9 1.5 18.0 1.7 
Height, cm 56.0 2.1 53.1 2.0 

Serviceberry, % 2.0 0.4 2.6 0.6 

Height, cm 71.7 9.1 62.3 6.4 
Bitterbnish, % 2.6 0.7 2.3 0.7 
Height, cm 37.5 2.6 37.2 2.8 

Rabbitbrush, % 4.0 0.5 4.0 0.5 
Height, cm 

Snowberry, % 

Height, cm 
Otherbrush, % 

Height, cm 
Grass, % 
Height, cm 

Forbs, % 

Height, cm 
Bare Ground, % 

C.3. DISCUSSION 

Literature-The prevalence of this layout used in aviau studies was. Bir& were 

either observed at nest or foraging sites; these centers of use were readiiy identifieci. The 

lack of ungulate studies using this design may be attributed in part to the abundance of 

nutritional studies, which use different methods of sampling (e.g., Hobbs et ai. 1983). 

C-131 



The use of the perpendicular layout may be more widespread in the small rnarnmal 

literature, but studies of this type may be under represented in JWM (see Duesser and 

Shugart 1 978 and references therein). One peripheral goal of reviewing the broad scope 

of JWM papea was to identq the original reference for the perpendicdar layout. 

Workers were implementing this design as early as 1966. However, no reference was 

located that cited a primary source of the perpendicular layout. James and Shughart 

(1970) were the fist to clearly describe the layout of perpendicular am-length transects 

to estimate s h b  density in the JomaZ of Field Ontithologv, but did not describe the use 

of quaciraîs or line-intercepts dong these axis. However, these authors were rareiy cited 

in the JWlM. 

The authors fkom plant ecology that established the common sampling rnethods, 

all describe using a random or systematic placement of the sampling unit. In the latter 

case this design is also referred to as the representative sample (e.g., uniform, dispersed). 

The systematic placement of quadrats or transects within a plot is ofien implemented for 

either efficiency or replication of the design. Systematic design can 

provide more information per unit cost than simple random designs (Krebs 1989, Rani 

and Garton 1996). However, ifthe sarnple population is n o n - d o m  (e.g., periodic) then 

systematic design might give biased estimates (Krebs 1989, Ratti and Garton 1 996). To 

alleviateheduce the chance of such biases, the initial plot should be estabiished with the 

first element king randomly chosen (e.g., animal location) and each element is sampled 

at a fked interval thereafter (Ratti and Garton 1996). Thus, a systematic design shodd 

provide a dispersed (e.g., uniform) representation of the sample plots (Greig-Smith 



1 957). The perpendicular layout adheres to the requisite of fixed intervals. However, it Ïs 

the disproportionai representation of the plot inherent in this design that produces biases. 

'Tf systematic sampiing is desired for a pariicular investigation, it is 
important that the pattern of sampluig adopted shouid be such as to give 
uniform representation over the area ûtherwise the advantage that may 
result h m  its use will be Iost. This point is not dways appreciated. For, 
example Brown [ 1 9541 quotes an investigation in which plots, presumably 
rectangular, were examinecl by points placed at equal distances dong the 
two diagonals of the plot and dong lines joining the midpoints of the 
opposire sides. This results in a much greater intensity of sampling 
towards the centre of the plot; halfthe samples are in fact taken fkom a 
quarter of the area (Greig-S mith 1 95 7: 22). " 

Thus, the alternative method should be one that proportionally samples the entire plot. 

The alternative approach (hereafter, grid sampling) is dram fiom standard sampling 

theory (Eberhart 1978, Anderson et ai. 1979, Bumham et al. 1980, Seber 1982). 

Protocol for popdation density estimation via transect sampling asserts that 

transect lines should not overlap as these lines are statisticaily dependent (Anderson et aL 

1979: 76). Sampling theory dictates that overiapping or intersecting lines are not 

statistically independent and wiI.I result in biased parameter estimation (Anderson et al 

1979, Bumham et aL 1980). Biased parameters invalidate the use of standard statistical 

see Bumham et al. 1980: 3 3). One may argue that to adequately characterize a nest site, it 

is important to sample the area in close pro- to the nest. Such an argument is 

plausible, however to violate the f'undamentals of sampling theory renders parameter 

estimation and subsequent analyses useless. Furthemore, to oversarnple the middle is 

erroneous as it is only describes -25 % of the plot with 2 50% sampling unifs. The other 

75% may provide data that elucidates trends of "selection" for habitat structures near the 



middle of the plot and require equal consideration. An alternative method is to use a 

senes of nested grids placed at fixed intervals emauating fkom the middle of the plot. This 

wiU provide an unbiased sample of the vegetation at set intervals away fiom the nest. 

Nested sampling may aiso enable one to apply spatial analyses to idenw patterns of 

selection (P. E. Joyce, Univ., of Manitoba, unpubl. data). 

f imple  Data--Use of the grid method suggested that t de r  shrubs were present 

at sites that went undetected by the perpendicular hyout. Although this may have little 

impact biologicdy (or statistically), it indicates the plots may wt be adequately 

described with the perpendicular method. Although grid and perpendicular rnethods 

yielded comparable results frorn the sagebnish ecotype, vegetation is patchily distributed 

and perpendicdar sampling layouts d i  bias the results. M e r  ecosystems may have a 

greater extent of fine scale heterogeneity. This will have significant impacts on statisticai 

and bio logical interpretation of the results. Rigorous systematic protocols must be 

implemented to ensure that parameter estimation is unbiased. 

C.4. CONCLUSIONS 

The perpendicdar layo ut is prevalent in wrldli£e literature. The biases associated 

wÏth this design can be easily remedied. A simple modification of the perpendicular 

layout includes, moving the inner quadrats (i-e.., adjacent 4 to the center of the plot) to the 

outer corners (Fig. C- 1). Similarly, three p a d e l  he-intercepts cm be used with one of 

these lines intersecting the center of the activity site. The lines should be arranged in a 

rando rnly selected cardinal direction The use of quadrats or line-interapt in the grid 

layout will deviate biased parameter estimation and provide robust models for 

micro habitat analyses. 
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