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Abstract 

A study was conducted to determine the influence of pre- 
scribed fue on the availability of primary foods of sage grouse 
(Centrocercus urqhasianus Bonaparte) chicks at Hart Mountain 
National Antelope Refuge, Lake County, Ore. from 1987 to 1989. 
Responses of certain primary foods and general food categories 
to fire were evaluated in sagebrush (Artemisia tridentata ssp. 
wseyana Beetle)-bitterbrush (Purshia tridentati Pursh.) commu- 
nities with a randomized block design established in stands 
where shrub cover exceeded 35%. Within blocks, habitat 
response was evaluated for 2 growing seasons on 4 plots used as 
controls, 3 plots burned in November 1987, and 4 plots burned in 
March 1988. Fall burning increased (P < 0.05) frequency of taxa 
in the dandelion tribe (Cichorieae). Other primary foods, includ- 
ing microsteris (Microsteris gracilis Hook.), desert-parsley 
(Lomatium spp. Raf.), and ground-dwelling beetles (Scarabaeidae, 
Tenebrionidae) were not influenced by burning. Spring and fall 
burning increased (P < 0.05) total forb cover and diversity, but 
decreased (P < 0.05) sagebrush cover. Prescribed fire may 
increase the supply of forbs available to sage grouse in montane 
sagebrush habitats used for brood-rearing where shrubs domi- 
nate stands at the expense of the herbaceous component. 
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Historically, fire was the primary disturbance process that 
influenced secondary succession in the Inter-mountain West 
(Wright et al. 1979) and fire regularly burned mountain big sage- 
brush (Artemisia tridentutu ssp. vuseyunu Beetle) and bitterbrush 
(Purshiu tridenfutu Pursh) (Klebenow 1969, Kauffman 1990), 
which consists a key brood-rearing habitat of sage grouse 
(Centrocercus urophasiunus Bonaparte) (Klebenow 1969, Klott 
and Lindzey 1990). Prescribed burning increasingly is used to 
manage sagebrush-grasslands for a variety of purposes including 
improvement of wildlife habitat (Bunting et al. 1987, USDI Fish 
Wildl. Serv. 1994). However, short- and long-term responses of 
habitat components to fire are unknown for many wildlife species 
and prescribed burning for sage grouse remains controversial 
(Benson et al. 1991). 

This project was funded by The Order of the Antelope. The National Rifle 
Association, and the U.S. Fish and Wildlie Service. This is publication no. 10.629 
of the Oregon Agricultural Experiment Station. 
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Although prescribed fire is suggested for management of sage 
grouse habitat (Klebenow 1972, Autenrieth et al. 1982), its use to 
enhance food supplies of chicks is untested. Selectively used 
foods (i.e., primary foods) of chicks include the dandelion tribe 
(Cichorieae), milkvetch (Astrugulus spp. L.), microsteris 
(Microsteris grucilis Hook.), desert-parsley (Lomutium spp. 
Raf.), June beetles (Scarabaeidae), and darkling beetles 
(Tenebrionidae) @rut et al. 1994a). The objective of tbis study 
was to evaluate the response of primary forb and insect foods of 
sage grouse chicks for 2 growing seasons following prescribed 
fall and spring fire in sagebrush-bitterbrush. Nomenclature 
sources consist of Hitchcock and Cronquist (1973) for plants and 
Borror et al. (1981) for insects. 

Methods 

Study Area 
The effect of prescribed fire in brood-rearing habitat was evalu- 

ated at Hart Mountain National Antelope Refuge (NAR), Lake 
County, Ore. between 1987 and 1989. Prominent cover types dis- 
tributed in non-riparian locations included Wyoming big sage- 
brush (A. tridentutu ssp. wyomingensis Beetle & Young), low 
sagebrush (A. urbusculu Nutt.), sagebrush-bitterbmsh, western 
jumper (Jzmipenrs occident& Hook.), mountain big sagebrush, 
and quaking aspen (Populus tremuloides Michx.). Mountain big 
sagebrush-bitterbrush was selected for evaluation of the effects of 
prescribed fire based on its use as brood-rearing habitat 
(Klebenow 1969, Klott and Lindzey 1990) and accessibility for 
study at Hart Mountain NAR. 

Aerial photographs were used to delineate a 100~km* study area 
that corresponded with the distribution of mountain big sage- 
brush-bitterbrush. Within the study area, sagebrush-bitterbrush 
was distributed on ridges, slopes < 30%, and alluvial fans where 
elevations ranged from 1,675 to 1,980 m, mean annual precipita- 
tion ranged from 30 to 41 cm, mean annual air temperature 
ranged from 5 to 7” C, and the frost-free period ranged from 50 to 
90 days (USDA Soil Conservation Serv. 1994). Soil taxa includ- 
ed Harcany loamy-skeletal, mixed Pachic Cryoboroll (1 block), 
Fitzwater loamy-skeletal, mixed, frigid Aridic Haploxeroll (1 
block), and Newlands fine-loamy, mixed, Argic Cryoboroll (2 
blocks) derived from basaltic and tuffaceous alluvium and collu- 
vium (USDA Soil Conservation Serv. 1994). 

Mean precipitation measured between September and July at 
the NAR headquarters (1,680 m elevation) was 27 cm from 
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1941-1987 and 22 cm from 1988-89. Mean air temperature 
between March and July was 13” C from 1939-1987 and 10” C 
from 1988-89. Density of sage grouse was estimated at 2.5 birds 
per km2 during the 1980s and productivity averaged 1.7 chicks 
hen-’ in 1988-89 (B. Reiswig, USDI Fish Wildl. Serv., pers. com- 
mun.). 

Experimental Design 
A randomized block design was used for the experiment. Four 

blocks were selected for study from available sagebrush-bitter- 
brush stands. Within blocks, three 25 x 40-m treatment plots 
were established and randomly assigned to control, fall bum, or 
spring bum treatment. Preliminary sampling conducted in June 
and July 1987 revealed that blocks selected for study supported 
high shrub cover (36-53%) and low forb cover (2-10%). Such 
shrub and forb cover levels receive limited use by sage grouse 
broods (Klebenow 1969, Dunn and Braun 1986, Drut et al. 
1994b). 

Vegetation of treatment plots was ignited in a strip-headfire 
pattern with a drip torch. Water or water mixed with detergent 
was applied to the perimeter of treatment plots to maintain fires 
within plot boundaries. Timing of fall and spring treatments was 
designed to correspond to the usual period of plant dormancy 
which occurred between October and April. Above-ground tissue 
of plants appeared dormant when fall bums were conducted in 
November 1987. However, leaves of bitterbmsh had emerged and 
growth had initiated for some annual forbs (e.g., microsteris) 
when spring bums were conducted in March 1988. Cattle were 
excluded from plots with electric fences during the post-treatment 
period. 

Fuels, weather, fire characteristics, and residual shrub stems 
were sampled for comparison with post-treatment vegetal 
response. Before burning, standing residual herbage was clipped 
in twenty 0.4-m plots, dried to constant weight, and weighed to 
estimate biomass of fine fuel in the understory. Ten samples of 
soil, standing residual herbage, and live shrub foliage were col- 
lected, weighed, dried to constant weight, and reweighed to esti- 
mate moisture content. Wind speed, air temperature, and relative 
humidity at ignition were recorded to the nearest hour by an auto- 
mated weather station located c 11 km from treatment plots at 
1,683-m elevation. Depth of heat input to soils was measured 
with fusion pyronometers marked at temperatures of 93 and 260” 
C and inserted at a soil depth of O-7 cm (Fenner and Bentley 
1960). After burning, residual size of dead sagebrush and bitter- 
brush stems was measured for 20 randomly selected dead plants 
of each species in each treatment plot to index fire severity 
(Blaisdell 1953). 

Vegetation was sampled during June of 1988 and 1989. Cover 
of forbs and grasses was sampled with a IO-point frame set at a 
45’ angle (Sharrow and Tober 1979). Sample size was computed 
with the “n-test” (Bonham 1989). Sample size was based on total 
forb cover and established at 48 frames in each treatment plot. 
Shannon’s diversity index (H’) was computed from the natural 
log of proportional forb and grass cover (Magurran 1988). 
Frequency of forbs and grasses was sampled in nested quadrats, 
each 250, 500, l,OOO-cm’, at 48 locations in each treatment plot 
(Smith et al. 1986). Point-intercept cover of shrubs was sampled 
with a 36-point frame at 20 random locations in each treatment 
plot in 1989 (Floyd 19S2). Relative abundance of insects was 
sampled in 15 pitfall traps (Morrill 1975) randomly located in 
each treatment plot and opened for 10 days in mid-June of 1988 
and 1989. 
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Data Analysis 
A hierarchal approach was used for analysis of vegetation and 

insect responses to bum treatments. Response was determined at 
the level of individual priniaxy foods of chicks (e.g., genus) and 
forage class (e.g., total perennial forbs). Data were analyzed with 
2-way analysis of variance (ANOVA) for a randomized block 
design with repeated measures (Sokal and Rohlf 1981). ANOVA 
was applied with the general linear model procedure for unbal- 
anced data (Statistical Analysis Institute 1985), which resulted 
from exclusion of data from 1 plot that did not bum because of 
high relative humidity and low wind speed. Examination of stan- 
dardized residuals revealed that the assumption of constant resid- 
ual variance was met for dependent variables; analysis, therefore, 
employed untransformed means. 

For each response variable, ANOVA entailed testing all higher- 
order effects (year, block, treatment) and 2-factor interactions, 
elimination of non-significant effects and interactions, and selec- 
tion of the best-fit model, which in most cases involved compari- 
son among treatments within year. Consequently, treatment 
means for response variables were partitioned, analyzed, and dis- 
played by year for consistency. If a significant (P < 0.05) treat- 
ment effect was detected, treatment means were compared and 
tested with the least significant difference (LSD) procedure 
(Sokal and Rohlf 19Sl). 

Results 

Analysis of treatments indicated that spring fires were more 
severe than fall fires (Table 1). Significantly drier grass and lower 
humidity apparently increased the consumption of above-ground 
matter by fire in spring compared with fall. Correspondingly, 
spring fires heated soils to significantly greater depths (6.8 com- 
pared with 0.9 cm for 260” C) and consumed significantly larger 
stems of sagebrush (2.7 compared with 1.1 cm diameter) than fall 
fires. 

Table 1. Physical characteristics of treatment plots before, during, and 
after prescribed burning in fall and spring, Hart hlountain, Ore., 
1988-89. 

Sample period Fall burn’ 
x (.5y3 

Spring bum’ 
and characteristic R (sn)3 FJ 

Before burning 
Fine fuel load (kg ha-‘) 325.3(38.9) 326.8(52.6) 0.124 
Wind speed (I;ph) 12.3(0.5) S.O(O.7) 0.003 
Air temperature (“C) 14.5(2.S) 17.3(1.7) 0.67 1 
Relative humidity (%) 4S.O(2.0) 16.8(1.0) 0.000 
Soil surface moisture (8) 15.2(1.1) 23.0(2.4) 0.018 
Dry grass moisture (%) 18.2(2.4) 6.5(0.9) 0.005 
Live foliage moisture (%) 40.8(0.4) 72.S(l.5) 0.000 

During burning 
Soil depth (mm) 
93 “C 6.5(1.1) 15.5(1.0) 0.002 

260 “C 0.9(0.4) 6.S(O.9) 0.003 
After burning 
Residual stem diameter (cm) 
Sagebrush l.l(O.2) 2.7(0.5) 0.039 
Bitterbrush 0.3(0.1) 0.4(0.1) 0.479 

‘Fall treatments burned on 4 Nov. 1987; spring treatments burned on 17 Mnr. 198s. 
%mbability that row means were dirferent (P < 0.05). 
3SE = Standard Error. n = 3 (fall treatment) nnd n = 4 (spring treatment). 
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Cichorieae, desert-parsley, microsteris, sagebrush, June beetles, 
and darkling beetles were consistently found on plots and conse- 
quently were tested for response to burning (Table 2). Milkvetch 
was found in only 2 blocks and consequently was not tested. 
Frequency of Cichorieae was not different among treatments in 
1988, but was greater (P c 0.05) on fall-burned plots than other 
treatments in 1989. Frequency of microsteris was least (PcO.05) 
on spring-burned plots in 1988, but was not different in 1989. 
Cover of sagebrush was reduced (PcO.05) by burning. Desert- 
parsley, June beetles, and darkling beetles were not affected by 
burning. 

Prescribed fire affected forbs and shrubs more than grasses 
(Table 3). Cover of annual forbs decreased (PcO.05) on spring- 
burned plots in 1988; however, it increased (PcO.05) in 1989. 
Perennial forb cover, total forb cover, and total forb diversity 
were not influenced by fall and spring burning in 1988. In 1989, 
spring and fall-burned plots had greater (PcO.05) perennial forb 
cover, total forb cover, and total forb diversity than controls. 

Prescribed fire reduced (PcO.05) total grass cover in 1988 
(Table 3). Plants apparently recovered because cover and diversi- 
ty of grasses were not different among treatments and controls in 
1989. Shrub cover decreased (PcO.05) on treatment plots (Table 
3). despite resprouting by bitterbrush, gray horsebrush 
(Te~rudymiu canescens DC.), green rabbitbmsh (Chrysothamnus 
viscidifforus (Hook.) Nutt.), and mountain snowberry 
(Spphoricarps oreophihs Gray) following burning. 

Table 2. Cover, frequency, and abundance of primary foods of sage 
grouse chicks after prescribed burning in fall and spring, Hart 
hiountaln, Ore, 1988-89. Row means with different uppercase letters 
are different (P<O.O5). 

Characteristic, Control 
taxon, aad year 8 (SE)3 

Fall bum 
si (SE)’ 

Spring bum 
?I (SE)’ 

Cover (76) 
Cichorieae’ 
1988 OS(O.2) 
1989 1.2(0.2) 

Desert-parsely 
1988 0.9(0.4) 
1989 0.9(0.3) 

Microsteris 
1988 O-3(0.3) 
1989 0.9(0.3) 

Sagebrush’ 
1989 13.4(4.9)A 

Frquency (%) 
Cichorieae 
1988 47(10) 
1989 50(7)A 

Desert-pmley 
1988 34(15) 
1989 46(12) 

hlicrosteris 
1988 42(7)A 
19s9 SW) 

Insect abundance (number trap-t) 
Darkling beetles’ 

198s 3.0(0.4) 
1989 2.2(0.5) 

June beetles 
198s 0.3(0.2) 
1989 0.3(0.2) 

2.6(0.7) 
3.6(0.3) 

0.7(0.4) 
1.9(1.0) 

1.9(0.7) 
2.9(0.9) 

0.5(0.5) 
0.S(0.6) 

O.l(O.1) 
0.3(0.3) 

wo 
0.6(0.4) 

‘W’P WP 

W3) 
7S(l)B 

40(11) 
67(5)AB 

38(15) 
ww 

34U6) 
44(15) 

22(6)B 
W) 

ww 
48(12) 

2.0(0.3) 
1.7(0.5) 

2.1(0.6) 
2.2(0.7) 

0.3(0.3) 
0.2(0.2) 

0.6(0.3) 
0.3(0.2) 

‘Tmtment effect and block X trecrtment interaction were significant (PcO.05). 
kissing data for 1988 control plots. 
3SE= Standard Error. n = 4. 
%E=StmdxdE~0r,n=3. 
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Table 3. Cover and diversity of plants by vegetal class after prescribed 
burning in fall and spring, Hart Mountain, Oregon, 1988-89. Row 
means with different uppercase letters are different (P<O.Os). 

Characteristic, Control Fall bum 
taxon, and year X (SE)* R (SE)3 

Spring bum 
K (SE)’ 

Plant cover (%) 
Forbs 
Annuals 

1988 
1989 

Perennials 
1988 
1989 

Total forbs 
1988 
1989 

Grasses 
Annuals 
1988 
1989 

Perennials 
1988 
1989 

Total grasses 
1988 
1989 

Shmb$ 
1989 

Plant diversity (H,)4 
Total forbs 

1988 
1989 

Total grasses 
1988 
1989 

2(0.3)A Ul)~ 
3(1)A 3U)A 

50) 7(3) 
5U)A lO(3)B 

f% S(3) 
7WA 13(3)B 

O.l(O.l)B 
5U)B 

6(l) 
lO(3)B 

@U 
15(3)B 

S(3) 
40) 

21~4) 
WV 

28(3)A 
2X4 

35(4)A 

40) 
70) 

14(4) 
2w 

1 S(4)B 
26U) 

2(l) 
3(l) 

lO(4)B 

13(2)B 
24(l) 

5(3)B 

0.57(0.11) 0.86(0.18) 0.88(0.11) 
0.64(0.06)A 0.95(0.21)B 1.05(0.12)B 

1.26(0.07) 1.26(0.12) 1.13(0.08) 
l.ll(O.06) 1.20(0.08) 1.25(0.08) 

iMissing data for 1988 control plots. 
3SE = Standard Error. n = 4. 
3SE = Standard Error; n = 3. 

Shannon’s Diversity Index. 

Discussion 

Fall burning increased frequency of Cichorieae, but burning 
had no apparent stimulatory effect on other primary foods. The 
response observed for Cichorieae was similar to other studies that 
evaluated prescribed burning in mountain big sagebrush range- 
lands (Blaisdell 1953, Mangan and Autenrieth 1985, Martin 
1990). Additionally, Humphrey (1984) and Koniak (1985) mod- 
eled secondary succession after summer-fall wildfires and report- 
ed that annual and perennial Cichorieae were most prominent in 
early and mid-succession stages (i.e., c 20 years after fire). 

An examination of the literature revealed no information on the 
response of desert-parsley to fire. Our observations for micros- 
teris contrasted findings from Idaho where maximum cover of 
microsteris occurred on burned sites in early succession 
(Humphrey 1984). This response was expected based on the 
annual growth-form, seed morphology, and germination charac- 
teristics of microsteris (Evans and Young 1970, Hitchcock and 
Cronquist 1973). Burning during germination in spring followed 
by occurrence of drought may partly account for the different 
responses of microsteris in this study and the Idaho study 
(Humphrey 1984). 

June and darkling beetles were unaffected by prescribed fire. 
Similar responses were reported in studies that removed 
Wyoming big sagebrush with prescribed burning or mechanical 
means (Parmenter and MacMahon 1984, Winter 1984). 

-..- - - _--. _ --- 



Persistence of June and darkling beetles after shrub removal was 
associated with maintenance of their food and cover components 
in the understoIy (Parmenter and MacMahon 1984). 

Perennial forb cover, total forb cover, and total forb diversity 
increased after prescribed burning of sagebrush-bitterbrush 
rangeland at Hart Mountain National Antelope Research (NAR). 
Total forb cover ranged from 13-15% on burned plots to 8% on 
unburned controls during the second growing season. This 
response is consistent with previous studies of prescribed fire 
effects in mountain big sagebrush (Blaisdell 1953, Mueggler and 
Blaisdell 1958). Compared with controls, forbs on burned plots 
maintained greater biomass for 5-15 years after burning (Hamiss 
and Murray 1973). Variability in the type and duration of forb 
response was attributed primarily to differences in fire severity 
and post-fire succession rates among treatment sites (Blaisdell 
1953, Martin 1990). 

Burned plots at Hart Mountain NAR were dominated by native 
perennial bunchgrasses, whose relative composition increased to 
>50% of total vegetation cover in 1989. Other studies indicated 
that cover of native grasses gradually increased during early and 
mid succession after burning (Harniss and Murray 1973, 
Wambolt and Payne 1986). Burned plots were not degraded by 
increase of cheatgrass (Bromus tectorum L.). 

Prescribed fire reduced total shrub cover, which is a primary 
factor that determines competitive interaction between forbs and 
shrubs (Sneva et al. 1984, Winward 1991). Reduced shrub cover 
was associated with increased forbs, including the primary food, 
Cichorieae. Reduced shrub cover may increase the accessibility 
of forbs and insects to chicks on burned sites (Hurst 1971, 
Klebenow 1972). Amount of forb cover found on burned sites in 
1989 was similar to the amount (i.e., 12-14%) considered mini- 
mally suitable for sage grouse broods in Oregon (Drut et al. 
1994b). Fall-burned sites were perhaps most suitable to broods 
because they supported the greatest frequency of Cichorieae. 

Prescribed fire reduced sagebrush, which therefore diminished 
its value as a food and cover source for broods. However, previ- 
ous study disclosed that sagebrush was not a consistently impor- 
tant food source of chicks during the early brood-rearing period 
in upland and riparian habitats (Savage 1969, Drut et al. 1994a). 
Furthermore, the amount of dietary sagebrush was inversely relat- 
ed to the amount of dietary primary forbs and productivity rates 
@rut et al. 1994a, 1994b). 

Brood cover was changed but not eliminated by prescribed fire. 
Cover was altered from dominance by shrubs before burning to 
dominance by forbs, grasses, and resprouting shrubs after bum- 
ing. Previous studies indicated that hens with broods foraged in a 
variety of habitats, including sites devoid of sagebrush 
(Autenrieth 1969, Savage 1969). However, sagebrush is a princi- 
pal component of habitat adjacent to foraging sites devoid of the 
shrub (Autenrieth 1969, Klebenow 1985). 

Conclusion 

Fall and spring prescribed fiie in dense sagebrush-bitterbmsh 
stands did not adversely influence most primary insects and forbs 
available on burned sites. Indeed, the food supply on burned sites 
was enhanced based on the increase in Cichorieae frequency, 
total forb cover, total forb diversity, and habitat heterogeneity. 
Although prescribed fire increased the supply of forbs available 

JOURNAL OF RANGE MANAGEMENT 49(4), July 1996 

to chicks, its utility as a habitat enhancement practice for sage 
grouse requires further investigation. Sage grouse broods require 
sagebrush for cover on a daily basis (Savage 1969, Dunn and 
Braun 1986), so burning or other practices conducted in montane 
settings could reduce foraging habitat if an interspersion of treat- 
ed and untreated sites is not maintained (Autenrieth et al. 1982). 
The proper pattern of interspersion and ideal size of burned sites 
for enhancement of chick foods remains unknown. 
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