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Abstract

This study documented the long–term (> 10 years) impact of
fire on sage grouse (Centrocercus urophasianus Bonaparte) nest-
ing and brood–rearing habitats on the Upper Snake River Plain
in southeastern Idaho. The habitat of the study area is primarily
mountain big sagebrush (Artemisia tridentata vaseyana Rydb.)—
grassland. Twenty different-aged burns were sampled from 1996
to 1997, ranging from wildfires which burned during the 1960s to
prescribed fires set during the 1990s. Canopy coverage and
height of vegetation, and relative abundance of invertebrates,
were estimated at burned and unburned sites within burns.
Fourteen years after burning, sagebrush had not returned to pre-
burn conditions. No difference was detected in forb abundance
between different-aged burns. Relative abundance of ants and
beetles was significantly greater in the 1-year old burn category
but had returned to unburned levels by 3–5 years postburn. No
benefits for sage grouse occurred as a result of burning sage
grouse nesting and brood-rearing habitats. Burning created a
long-term negative impact on nesting habitat because sagebrush
required over 20 years of postburn growth for percent canopy
cover to become sufficient for nesting. 

Key Words: brood–rearing, Centrocercus urophasianus, nesting,
sagebrush

Sage grouse (Centrocercus urophasianus Bonaparte) popula-
tions have declined across their entire range over the past 30
years (Connelly and Braun 1997). Sage grouse require sagebrush
(A r t e m i s i a spp.) habitats at every stage of their life cycle
(Patterson 1952) and the conversion of sagebrush rangeland to
grassland for livestock grazing or for crop production has led to
widespread loss, degradation, and fragmentation of sage grouse
habitat (Braun et al. 1977). Currently, prescribed fire is a popular
tool for removing sagebrush to increase forage production for
livestock (Peterson 1995). 

Several researchers studied short-term effects of fire on sage
grouse habitat (Connelly et al. 1981, Gates 1985, Martin 1990,
Benson et al. 1991, Robertson 1991, Fischer 1994), but no
researcher has addressed longer–term (> 10 years) effects. During
the first few years after burning, nesting habitat is essentially

destroyed and brood-rearing habitat is not improved. Prescribed
burning may have different long-term effects as species diversity
of vegetation and invertebrate food resources change with succes-
sion (Bendall 1974, Fischer et al. 1996), and could result in sub-
optimal habitat for sage grouse.

We investigated the long–term impact of fire on sage grouse
nesting and brood-rearing habitats in Clark and Fremont counties
in southeastern Idaho. At least 186,694 ha of sagebrush were
treated by prescribed burning, spraying, plowing, reseeding and
burned by wildfires in Clark, Fremont and Jefferson counties
from the 1950s through 1994. A prescribed burning program was
instituted in the 1980s and removed 36,444 ha of sagebrush dur-
ing the 1980s and 1990s, and wildfires (fires resulting from light-
ening strikes, humans accidentally or deliberately setting fires on
private land that burned out of control), have burned 80,264 ha.
Concurrently, the breeding population of migratory sage grouse
in the study area declined significantly from the 1950s to the
1990s (Crowley and Connelly 1996).
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Resumen

Este estudio documenta el impacto a largo plazo (> 10 años)
del fuego en los habitas de anidamiento y crianza de polluelos de
“Sage grouse” (Centrocercus urophasianus Bonaparte) en las
planicies altas del ráo “Snake”en el sudeste de Idaho. El h·bitat
del áea de estudio fue principalmente “Mountain big sage-
brush”(Artemista tridentata vaseyana Rydb)—pastizal. De 1996 a
1997 se muestrearon 20 quemas de diferente edad, variando de
fuegos naturales que ocurrieron durante la década de 1960 hasta
quemas prescritas realizadas en la década de los 1990’s. Se
estimó la cobertura de la copa, la altura de la vegetación y la
abundancia relativa de invertebrados en sitios quemados y no
quemados dentro de las áeas incendiadas.  14 años después de la
quema el “Sagebrush” no habáa regresado a las condiciones que
se encontraba antes de la quema. No se detectaron diferencias en
la abundancia de hierbas entre las áeas con diferente edad de
quema. La abundancia relativa de hormigas y escarabajos fue
significativamente mayor en las áeas con quemas de 1 año de
antig¸edad y 3–5 años después la población de estos insectos
regreso a los niveles existentes antes de la quema. La quema del
h·bitat de anidamiento y crianza de los polluelos “Sage grouse”
no produce beneficio alguno para esta especie de ave. La quema
produjo un impacto negativo a largo plazo en el h·bitat de
anidamiento porque el “sagebrush”requirió mas de 20 años
después de la quema para regenerar una cobertura de la copa
suficiente para el anidamiento del “Sage Grouse”.
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Methods

Study Area and General Methods
The study area, in southeastern Idaho on

the Upper Snake River Plain in Clark and
Fremont counties, encompassed approxi-
mately 40,000 ha (44° 00' N, 111° 45' W).
Ownership is divided among state, Bureau
of Land Management, and private lands
and includes parts of the Sand Creek
Wildlife Management Area (WMA).
Approximately 20,000 sheep and 1,660
cattle graze the area each year from
May/June to September/October (G.
Dawson, BLM, pers. comm.).

Mean spring and summer precipitation
ranges from 20 cm on the southern end of
the WMA to 46 cm in the north, and tem-
peratures range from 4° C to 38° C during
spring and summer (D. Aslett, IDFG, pers.
comm.). Elevation ranges from approxi-
mately 1,430 m to buttes of 2,440 m
(Crowley and Connelly 1996). Mountain
big sagebrush (Artemisia tridentata
v a s e y a n a Rydb.) is the most common
sagebrush subspecies, but three-tipped
sagebrush (A. tripartita Rydb.) occurs as
well. Other shrubs include bitterbrush
(Purshia tridentata (Pursh) DC.), rabbit-
brush (C h r y s o t h a m n u s spp. Nutt.), and
horsebrush (Tetradymia canescens D C . ) .
Sand dunes in the southern end of the
study area support stands of chokecherry
(Prunus virginiana L.). A variety of grass-
es and forbs occur, including arrowleaf
balsamroot (Balsamorhiza sagittata
(Pursh) Nutt.), tailcup lupine (L u p i n u s
c a u d a t u s Kell.), bluebunch wheatgrass
(Agropyron spicatum (Pursh) Scribn. &
Smith), thick-spiked wheatgrass (A. dasys -
t a c h y u m (Hook) Scribn.) and Nevada
bluegrass (Poa nevadensis Vasey) (Dalke
et al. 1963). 

By 1997, there were 8 wildfires and 12
prescribed burns in the study area (D.
Aslett, IDFG, pers. comm., Crowley and
Connelly 1996). Size and season of burn
for the 4 oldest wildfires were not avail-
able, but mean size of 4 wildfires was 390
ha. Average size of 12 prescribed burns
was 975 ha. We sampled the 20 burns
from May through August during 1996
and 1997. Within unburned areas, vegeta-
tion was considered ≥ 37 years old; in
burned sites, age of vegetation was based
on time-since-burned. Vegetation was
classified as unburned if there was no visi-
ble sign of fire (blackened stumps and
blackened standing dead sagebrush) and
no record of it having burned in the past
37 years. We sampled burns from 1 to 6
years old in both 1996 and 1997. All other
burns were sampled in either 1996 or

1997, and the year in which they were
sampled was determined randomly.
Because of the mosaic nature of burns in
sagebrush, we randomly sampled 4 times
within each burn, twice in burned vegeta-
tion and twice in unburned vegetation. We
sampled every site twice each field season,
with approximately 1 month between sam-
ples, to incorporate variations in plant phe-
nology and invertebrate abundance as the
season progressed. At each site we laid a
50-m tape, oriented north-south, to mark
the sampling transect.

Vegetation canopy cover and forb
abundance

We measured percent shrub cover by
species with the line intercept method
(Canfield 1941), and at 5-m intervals
along the transect, we measured grass
height (cm) at the tape and the tallest sage-
brush plant (cm) within 1-m radius of the
tape. Forb composition and abundance
were measured with a 2- x 5-dm frame
(Daubenmire 1959), placed at 1-m inter-
vals along the transect. We recorded the
percent cover of grasses, litter and bare
ground, and percent cover of the following
forbs known to be important in the diet of
sage grouse, associated with good brood-
rearing habitat, or indicators of distur-
bance: western yarrow (Achillea millefoli -
u m L.), buckwheat ( E r i o g o n u m s p p .
Michx.), P h l o x spp. L., false dandelion
(Agoseris glauca (Pursh) Raf.), wild onion
(Allium spp. L.), dandelion (T a r a x a c u m
o f f i c i n a l e Weber), rosy pussytoes
(Antennaria rosea Rybd.), death camas
(Zygadenus venenosus Wats.), prickly pear
(Opuntia polyacantha Haw.), sego lily
(C a l o c h o r t u s spp. Pursh.), lupine (L u p i n u s
spp.), prickly lettuce (Lactuca serriola L . ) ,
hawksbeard ( C r e p i s spp. L.), common sal-
sify ( T r a g a p o g o n spp. L.), and prairie
starflower ( L i t h o p h r a g m a spp. Nutt.)
(Klebenow and Gray 1968, Peterson 1970,
Wallestad et al. 1975, Drut et al. 1994b,
Pyle and Crawford 1996). We categorized
these forbs as major forbs and other forbs
encountered as miscellaneous forbs. 

Relative invertebrate abundance
We used pitfall traps (modified from

Fischer 1994) to sample the relative abun-
dance of invertebrates within burns.
Sixteen test tubes were sunk flush with the
ground 50 cm apart in a 4 x 4 grid, located
in a random direction 20 paces south of
each vegetation transect. The test tubes
were filled with a 1:1 solution of water
and ethylene glycol and sealed with a cork
until sampling began. During sampling,
pitfalls were opened for 24 hours.

Invertebrates from all tubes at each grid
were combined and stored in 70% alcohol.
Invertebrates were separated into
Hymenoptera (ants), Coleoptera (beetles),
and Orthoptera (grasshoppers) in the labo-
ratory, and all other invertebrates were
categorized as miscellaneous. Samples
were oven dried for 24 hours at 40° C, and
weighed to 0.01g.

Statistical Analysis
We used SAS (SAS Inst., Inc. 1988) and

SPSS (SPSS Inc. 1992) to analyze the data
and considered differences significant if P
≤ 0.05. We transformed proportional data
with the arcsine of the square root (Zar
1984) and plotted histograms to determine
whether data were normally distributed.
For univariate tests, we used the appropri-
ate non-parametric test when data were
non-normal. We were unable to determine
whether or not vegetation had burned in
areas categorized as burned by wildfire
before the 1970s due to regrowth of vege-
tation. As a result we considered all vege-
tation from these sites as unburned. We
pooled data between months and years for
the prescribed burns from 1 to 6-years old
that were sampled in both years, and
pooled data between months for all other
transects that were sampled in either year.
This pooling resulted in a total of 84 tran-
sects, 38 which were from burned vegeta-
tion and 46 from unburned vegetation.

We used an exploratory cluster analysis
(Hair et al. 1995) to produce a natural
structure of vegetation characteristics
based on a multivariate profile, including
10 variables known to be important in
nesting and brood-rearing habitats (Dalke
et al. 1963, Wallestad 1971, Peterson
1970) and/or strongly affected by fire
(Bunting 1985, Wright 1985). These were:
(1) percent sagebrush cover, (2) percent
bitterbrush cover, (3) percent cover of
standing dead shrubs, (4) percent total live
shrub cover, (5) sagebrush height in cm,
(6) grass height in cm, (7) percent grass
cover, (8) percent litter cover, (9) percent
cover of major forbs, and (10) percent
cover of miscellaneous forbs. The number
of clusters chosen from the cluster analy-
sis for use in subsequent analyses was
based on the minimum number of clusters
that were characterized by identifiable and
useful (from a management perspective)
vegetation age categories. 

We used a confirmatory MANOVA
(Hair et al. 1995) to establish that clusters
were statistically distinct and report the P
values as descriptive measures of these
differences. We used a Kruskal-Wallace
one-way analysis of variance (Zar 1984)
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to test whether the 6 forbs identified in the
literature as the most important food items
in sage grouse diet (common yarrow, sego
lily, hawksbeard, prickly lettuce, dande-
lion and yellow salsify) (Peterson 1970,
Wallestad et al. 1975) differed in abun-
dance among different-aged burns. 

We used the same grouping of transects
suggested by the vegetation cluster analy-
sis to analyze the invertebrate data and
used a MANOVA (Hair et al. 1995) to test
if relative invertebrate abundance differed
among different-aged burns. In both
MANOVA’s we used Pillai’s trace statistic
as the test statistic, Tukey’s multiple com-
parison test (Zar 1984) for post-hoc com-
parisons, and a canonical analysis (Hair et
al. 1995) to determine which variables
were most important in separating clusters.

Results

Cluster composition
We selected 5 clusters for analyses and

excluded 1 transect that did not enter a
cluster. We described clusters according to
the age of the majority of the vegetation in
each cluster. Four relatively distinct age
classes emerged, although clusters includ-
ed transects from burns older or younger
than the age class used to identify the clus-
ter. One cluster was difficult to describe
with respect to vegetation age and other
criteria, such as elevation and soil, were
used to characterize it.

The first cluster (n = 5) contained char-
acteristic post-disturbance vegetation, with
an absence of shrub cover and an increase
in canopy cover of aggressive colonizers
such as the dandelion tribe (T a r a x a c u m
officinale and Agoseris spp.). Four of the 5
transects were from 1-year old burns and
the remaining transect was from a 14-year
old burn. The second cluster (n = 9) was

representative of an early seral stage.
Facultative seral species such as western
yarrow and rosy pussytoes had increased
in canopy cover, and bitterbrush had
begun to return. Eight transects came from
burns ranging from 3 to 5-years old, and
the remaining transect was from a 27-year
old burn. The third cluster (n = 16) con-
tained 11 vegetation transects ranging
from 6 to 14-years old, and was represen-
tative of mid-seral vegetation. Sagebrush
had begun to contribute to the shrub cover,
there was a decrease in canopy cover of
some early seral stage forbs, such as dan-
delion, false dandelion and western
yarrow, and forbs typically damaged by
fire, such as Eriogonum, had increased in
canopy cover. This group also contained 3
transects from unburned vegetation 36
years old, and 2 transects from younger
burns (4 and 5 years old). The largest clus-
ter (n = 48) comprised 40 unburned vege-
tation transects 36 to 37-years old and was
representative of late seral vegetation,
with sagebrush and bitterbrush at their
greatest canopy cover. Within this cluster
8 transects were from burned vegetation
12 to 27-years old. The last cluster (n = 5)
contained 2 unburned vegetation transects
36 years old, 2 transects from 10-year old
burns, and 1 transect from a 16-year old
burn. This cluster was difficult to charac-
terize by vegetation age, but all transects
were from the lowest elevations sampled.
These 5 transects also had very sandy soil,
were heavily grazed by cattle and sheep,
and were some of the most southerly and
westerly sites sampled. In total, 73 (88%)
of 83 transects clustered as expected based
on years since burned.

Effect of time-since-burned on
vegetation

Vegetation characteristics differed (F =
8.95, P = 0.0001) among burns based on

the 10 variables selected for the cluster
analysis, plus elevation. The first canoni-
cal variable described 80% of the variation
in the data. Sagebrush height and percent
canopy cover, percent total shrub cover,
and percent grass cover were primarily
responsible for the separation of clusters
with canonical coefficients of 1.82, 0.72,
0.65, and –0.58, respectively. The absolute
value of all other canonical coefficients
was < 0.39. Percent grass cover was
inversely related to sagebrush height and
cover and to total shrub cover. 

All variables in the univariate tests dif-
fered (P ≤ 0.05) among the 5 vegetation
clusters, except for percent cover of the
major and miscellaneous forbs and grass
height (Table 1). Sagebrush canopy cover
was less in 1-year old burns, 3 to 5-year old
burns and 6 to 14-year old burns than in
unburned vegetation. Low elevation sites
did not differ in sagebrush canopy cover
from unburned vegetation and 6 to 14-year
old burns but had more sagebrush than
younger aged burns. Total shrub cover was
greater in unburned vegetation than in all
other clusters, and unburned vegetation had
taller sagebrush shrubs compared with all
other clusters except the low elevation sites.
The 1-year old burns and 3 to 5-year old
burns did not differ in sagebrush shrub
height, but both had smaller sagebrush
shrubs than 6 to14-year old burns.

Grass cover in 3 to 5-year old burns and
low elevation sites was greater than grass
cover in 1-year old burns, 6 to 14-year old
burns and unburned vegetation, among
which there was no difference in grass
cover. Litter cover did not differ among
clusters, except in 1-year old burns which
was lower compared to all other clusters 

Bitterbrush canopy cover was less in 1-
year old burns compared with 3 to 5-year
old burns and unburned vegetation.
Unburned vegetation had more bitterbrush

Table 1. Characteristics of different-aged burn clusters from the Upper Snake River Plain, SE Idaho, 1996–1997.

Cluster
1–year old burn 3 to 5–year old burns 6 to 14–year old burns Low elevation Unburned vegetation

Variable Mean Variance Mean Variance Mean Variance Mean Variance Mean Variance

Elevation (m)1 1698a 239 1728a 4310 1759a 10928 1623b 7861 1730a 7643
Sagebrush (%) 0a 0 0a 0 8b 32 12bc 27 18c 58
Total shrub (%) 0a 0 10b 17 16bc 45 19c 27 35d 63
Sagebrush height (cm) 9a 127 11a 33 49b 121 63c 43 71c 55
Grass (%) 25a 159 48b 160 33a 82 65b 72 34a 102
Litter (%) 68a 33 84b 5 82b 13 86b 2 83b 85
Bitterbrush (%) 0a 0 7bc 22 6ab 31 5ab 43 16c 83
Standing dead shrub (%) 2a 3 5ab 8 3a 5 6ab 28 6b 12
Miscellaneous forbs (%) 10a 22 17a 114 15a 97 13a 29 12a 35
Major forbs (%)    11a 5 15a 13 15a 42 12a 6 14a 23
Grass height (cm) 17a 13 26a 13 19a 36 26a 50 24a 44
1Within row means significantly different at ∝ = 0.05 have different letters.
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than other clusters, except burns from 3 to
5-years old. However, this is probably a
result of high variance in 3 to 5-year old
sites and unburned sites. The 1-year old
burns and 6 to 14-year old burns had less
standing dead shrub cover than unburned
vegetation. 

The abundance of major and miscella-
neous forbs was similar among clusters
(Table 1). Major food items, common
yarrow, lily, hawksbeard, prickly lettuce,
dandelion and yellow salsify, did not dif-
fer in abundance among different–aged
burns (Table 2). 

Effect of time-since-burned on
invertebrate relative abundance

Relative abundance of invertebrates,
measured as dry weight in grams, differed
among vegetation age clusters (F = 3.16, P
= 0.001), and we rejected the null hypoth-
esis that there was no effect of time-since-
burned on invertebrate abundance. A
canonical analysis revealed that relative
abundance of beetles was most influential
in separating clusters. In univariate tests,
relative abundance of ants and beetles dif-
fered among vegetation age clusters
(Table 3). There were significantly more
beetles in 1-year old burns than in all other
age clusters. The 1-year old burns also
contained more ants than 3 to 5-year old
burns and unburned vegetation, but there
was no difference in the relative abun-
dance of grasshoppers or miscellaneous
invertebrates among different–aged burns. 

Discussion

Response of vegetation to fire can vary
considerably because of differences in
topography, slope, fine fuel load, moisture
content of vegetation, fire intensity, season
of burn and postburn climatic conditions
(Daubenmire 1968, Winward 1985).
Inherent variation in vegetation responses
to burning can render predicting the long-
term effects of fire difficult. Ten transects
were not clustered as expected based on
years since burned. This finding possibly
resulted from variations in vegetation due
to topography, grazing pressure, post-cli-
matic conditions or fire intensity. For
example, transects from young burns clus-
tered with older burns may have been due
to rapid recovery from low-severity fires.
Transects from older burns clustered with
younger burns could be a result of heavy
grazing pressure. Despite many factors
contributing to variable responses of vege-
tation to fire, some clear long-term effects
of fire upon sage grouse habitat were
detected on the Upper Snake River Plain.

Except for occasional sprouting by
threetip and silver sage (A. cana, which
was not present within the study area),
sagebrush species are nonsprouters and are
easily killed by fire (Tisdale and Hironaka
1981, Blaisdell et al. 1982). Although
sagebrush was beginning to re-establish in
6 to 14-year old burns on the Upper Snake
River Plain, mean sagebrush canopy cover
14 years postburn was less than one-half
that of unburned vegetation and mean

sagebrush height was 69% of unburned
vegetation. In general, mountain big sage-
brush usually re-establishes within 5 to 10
years (Winward 1985), and may return to
preburn density and cover within 15 to 20
years postburn (Bunting et al. 1987).
However, severe fires can slow re-estab-
lishment, so that sagebrush takes longer to
recover and dominate an area (Bunting et
al. 1987). This factor may explain why
sagebrush in many burns on the Upper
Snake River Plain took relatively longer to
return to preburn levels. After a severe fire
on the US Sheep Experimental Station in
southeastern Idaho, 30 years passed before
sagebrush was once again the dominant
species (Blaisdell et al. 1982). 

Eighty-six percent of transects from 36-
year old burns were clustered with
unburned vegetation, suggesting that 36
years is sufficient time to recover. Our
ability to more precisely define how long
vegetation takes to return to preburn con-
ditions on the Upper Snake River Plain
was limited by the lack of burns 20 to 30
years old. Even though 3 of the 4 transects
from fires between 20 and 30 years old
were clustered with unburned vegetation,
it is not possible to conclude that this is
sufficient time for all burned areas to
return to preburn conditions. These 3 tran-
sects may have recovered sooner than
average due to other influences, such as
being lightly burned and/or having favor-
able postburn climatic conditions.
Information from burn reports provided
little help in resolving these questions.

Removing the shrub component through
fire may allow grasses and forbs to
increase in productivity and abundance. In
general, total herbage production of grass-
es reaches a maximum 2 to 5 years after
burning, after which it declines as sage-
brush and other shrub species increase
(Blaisdell et al. 1982, Bunting 1985). In
short-term studies, Martin (1990) found
significantly more grass cover 2 years
postburn, but Pyle and Crawford (1996)
reported a significant reduction in total
grass cover 1 year postburn, and no differ-

Table 2. Composition of major sage grouse food forbs in different-aged burn clusters, Upper
Snake River Plain, SE Idaho, 1996–1997.

1-year old 3 to 5-year 6 to 14-year Low Unburned
Forb genera burn old burns old burns elevation P

Achillea 0.571 1.73 1.08 0.84 1.12 0.11
Calochortus 0 0 0 0.51 0 0.28
Crepis 0 0 0.53 0.51 0.52 0.23
Lactuca 0 0.54 0.69 0.57 0.57 0.41
Taraxacum 1.47 1.18 0.84 1.63 0.76 0.07
Tragapogon 0.68 0.57 0.59 0.93 0.58 0.06
1Mean percent canopy cover of each forb in different-aged burn clusters.

Table 3. Dry weight of invertebrates in different–aged burn clusters, Upper Snake River Plain, SE Idaho, 1996–1997.

Cluster
1–year old burn 3 to 5–year old burns 6 to 14–year old burns Low elevation Unburned vegetation

(n=5) (n=9) (n=16) (n=5) (n=48)
Variable Mean Variance Mean Variance Mean Variance Mean Variance Mean Variance

(g) (g) (g) (g) (g)
Ants1 0.46a 0.40 0.08b 0.01 0.15ab 0.07 0.25ab 0.09 0.09b 0.02
Beetles 1.7a 1.36 0.39b 0.02 0.42b 0.08 0.73b 0.13 0.54b 0.13
Grasshoppers 0.81a 0.58 0.28a 0.05 1.22a 8.1 0.13a 0.02 0.42a 0.83
Miscellaneous 0.02a 0.00 0.09a 0.00 0.05a 0.04 0.07a 0.00 0.07a 0.01
1Within row means significantly different at a = 0.05 have different letters.
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ence between treatment and controls 2
years postburn. Grass cover on the Upper
Snake River Plain was greatest in 3 to 5-
year old burns, which had very sparse
shrub cover and had returned to preburn
levels by 6 to 14 years postburn as the
shrub canopy cover increased.

Height and canopy cover of sagebrush
and grass are important characteristics of
sage grouse nest sites. Sage grouse need a
minimum of 15% overall sagebrush
canopy cover for successful nesting
(Wallestad and Pyrah 1974). Height of
nest shrubs ranges from 36 cm to 70 cm
(Patterson 1952, Wallestad and Pyrah
1974, Rothenmaier 1979, Wakkinen 1990,
Sveum et al. 1998), and sagebrush canopy
cover at nests ranges from 15 to 40%
(Klebenow 1969, Wallestad and Pyrah
1974, Braun et al. 1977, Rothenmaier
1979). Sagebrush canopy cover measured
within a 1-m2 plot at nest sites averaged
51% and 59% in  a  2 year study in
Washington by Sveum et al. (1998). Only
unburned vegetation on the Upper Snake
River Plain offered both sagebrush height
and cover within the range of conditions
most frequently used for nesting as report-
ed in the literature. Sagebrush height was
within the range used by nesting grouse by
6 to 14 years postburn, but sagebrush
canopy cover (only 8%) was insufficient
for nesting. Insufficient sagebrush canopy
cover may result in hens nesting under
other shrub species. Hens have been found
nesting under non-sagebrush shrubs (e.g.
snowberry (Symphoricarpos oreophilus
Gray), bitterbrush, rabbitbrush), but nest-
ing success was lower compared to birds
nesting under sagebrush (Connelly et al.
1991). Compared with the 20% to 40%
total shrub canopy cover used by sage
grouse (Braun et al. 1977), total shrub
canopy cover in burns up to 14 years old
on the Upper Snake River Plain did not
provide adequate canopy for nesting.

Grass height and percent grass cover
adequate for nesting occurred in nearly all
burn clusters. Mean grass height at nests
was reported at 19 cm (Wakkinen 1990,
Connelly et al. 1991). Only 1-year old
burns failed to provide sufficiently tall
grass. Grass cover measured at nest sites
ranges from 3.7% to 27% (Klebenow
1969, Wakkinen 1990, Connelly et al.
1991, Musil et al. 1994, Sveum et al.
1998), and percent grass cover in all burn
clusters provided as much, or more, cover.

Brood-rearing occurs in a wide range of
shrub heights and densities. Shrub heights
at brood locations range from 15 to 37 cm
(Martin 1970, Wallestad 1971). Sagebrush
canopy cover ranges from 6% to 31% for

feeding during the day (Klebenow 1969,
Peterson 1970, Martin 1970, Wallestad
1971, Klott and Lindzey 1990), to denser
cover and taller shrubs at night for roost-
ing (Dunn and Braun 1986). Burns > 5-
years old on the Upper Snake River Plain
provided shrubs of height and density
within the range of conditions used by
broods. While mean sagebrush heights in
6 to 14-year old burns and unburned vege-
tation may exceed 37 cm, the variance of
sagebrush heights in these clusters was
large (Table 1), indicating that sagebrush
of preferred heights occurred.

Brood-rearing habitat must provide forbs
and insects for food. Total forb cover in the
different-aged burns on the Upper Snake
River Plain fell within or exceeded values
reported in the literature as preferred brood-
rearing habitat, ranging from 12 to 14%
(Drut et al. 1994a) to 17% (Klott and
Lindsey 1990) to 22% (Wallestad 1971).
The abundance of major forbs and average
grass height in the understory of unburned
vegetation was similar to burned vegetation,
and the increase in grass cover in burned
vegetation was short-lived. In general, total
herbage production of forbs reached a maxi-
mum 2 to 5 years postburn, after which it
declined as sagebrush and other shrubs
increased (Bunting 1985). Perennial forb
cover, total forb cover, and total forb diver-
sity increased during the second growing
season after a fire in Oregon (Pyle and
Crawford 1996), and forbs increased the
first 2 years post fire in eastern Idaho
(Martin 1990). Harniss and Murray (1973)
found that forbs on burned plots maintained
a greater biomass for 5 to 15 years after
burning compared to control plots. 

In contrast to the above studies, no sig-
nificant difference in forb cover was
detected among different-aged burns on
the Upper Snake River Plain. This finding
is similar to what Fischer et al. (1996)
reported from a study of the effects of fire
in the Wyoming sagebrush (A. tridentata
w y o m i n g e n s i s Nutt.) habitat in southeast-
ern Idaho, where forb cover was similar in
burned and unburned habitat up to 3 years
postburn. Fischer et al. (1996) concluded
that drought conditions might have limited
forb response to reduced shrub competi-
tion. The Upper Snake River Plain region
also experienced drought conditions through-
out much of the 1980s and early 1990s (D.
Aslett, IDFG, pers. comm). Approximately
7,900 sheep graze the 3 to 5-year old burns
from May/June through September/October
each year (Greg Dawson, BLM, pers.
comm.), and livestock may remove enough
forb biomass so that postburn response was
not detectable. The lack of forb response

could be a combination of drought and live-
stock grazing (Coggins 1998). 

Invertebrates are essential in the diet of
sage grouse chicks (Patterson 1952,
Klebenow and Gray 1968, Peterson 1970),
and the amount of insects consumed is
positively correlated with chick survival
and growth (Johnson and Boyce 1990).
We found no long-term effect of fire on
invertebrate abundance. However, Fischer
et al. (1996) found significantly fewer ants
2 to 3 years postburn in burned compared
with unburned vegetation. The increase in
Coleopteran abundance 1-year postburn
on the Upper Snake River Plain has not
been reported in other studies (Fischer et
al .  1996, Pyle and Crawford 1996),
although Rickard (1970) found that some
Coleopteran species were less abundant in
burned habitat compared with unburned
habitat. The initial increase in ant and bee-
tle abundance after a fire observed on the
Upper Snake River Plain may be of limit-
ed value to sage grouse chicks because
most shrub cover was removed, potential-
ly increasing chick vulnerability to preda-
tion when foraging in open areas.

Conclusions and Management
Implications

Burning to remove sagebrush on the
Upper Snake River Plain is not justifiable
as a sage grouse management practice
because only unburned vegetation in the
area offers suitable nesting habitat. No
brush control work should occur where
live sagebrush cover is less than 20%
(Braun et al.1977), as it is in unburned
vegetation on the Upper Snake River Plain.

Each burn may seem inconsequential in
relation to the entire area of sagebrush
habitat apparently available to sage grouse
on the Upper Snake River Plain. However,
the cumulative effect of burning upon crit-
ical nesting and brood-rearing habitats
could be seriously detrimental to a sage
grouse population if vegetation over a
large area remains in sub-optimal condi-
tions for many years. From 1980 through
1996, 11,676 ha were burned by pre-
scribed fire, which accounted for
approximately 29% of the study area, none
of which is currently suitable nesting habi-
tat and much of which is not good brood-
rearing habitat. Many of these burns are
juxtaposed to create large contiguous areas
of sub-optimal nesting habitat. Burn pro-
grams should be planned to avoid creating
a landscape of adjacent young burns, espe-
cially of burns younger than 14-years old.
Future research should involve mapping the
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pattern of burned/unburned sagebrush on
the Upper Snake River Plain to better plan
and implement future prescribed burns. 

Scheduling when a habitat is burned
should not be predetermined by the length
of time since the area last burned.
Although other studies suggest that sage-
brush returns to preburn conditions by 15
years postburn (Bunting et al. 1987), our
results demonstrate that this is not the case
for sagebrush in the Upper Snake River
Plain. By measuring 3 variables (sage-
brush height, percent sagebrush canopy
cover and percent total shrub cover) at
permanent, randomly located transects
within burned vegetation, a fast and effi-
cient monitoring program to follow the
recovery of vegetation could be imple-
mented. The recovery of burned vegeta-
tion with respect to sage grouse nesting
and brood–rearing requirements could
then be evaluated.
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