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Abstract 

Influences of livestock grazing o n community structure, fire 
intensity. and no rmal fire frequency in the Douglas-fir/ ninebark 
(Pseudotsuga menziesii/ Physocarpus rna/vaceus) habitat type 
were studied Mt the University of Idaho 's experimental forest in 
northern Idaho. Livestock grazing caused increased tree numbers, 
decreased production. conc. and frequency of major palatable 
grasses. a nd a ltered dominance of shrub and forb species. Grazing 
influences o n comm unity structure were increased accumulation of 
do wned wood )' (uel in ever )' sil.e class. increased fo rest fl oor duff. 
and decreased herbaceous fu els. Lh'es tock graz ing innuences were 
discussed in light of their significance in potentia l fire intensit y and 
fi re frequ ency in Douglas-fir forest communities. 

ll i~torie.llly. fire exerted a strong innue nee on the eco logy of 
western forest co mmuni ties. and the history has been wide ly st u­
died. Arno (1976) reported the significance of fire in forest devel­
opment. Howcver. little information was available on the fre-
4uency and in tl'nsity of fires in the Douglas-fir I ninebark (Pseudol­
.'iu!ta men;:h'.fii / Ph.r.wcarpIlJ malvaceus)l habitat type. Wellner 
( 1970) H.·poned th.1t theM: rore~t:. experienced fires that caused 
~l ight to extreme damage. Arno (1976) ~tatcd that fires in Douglas­
fir forests of western Montana were frequent prior to 1900 (mean 
fire-free periods ranged from 7 to 19 years). and fire damage was 
usually not ext reme. Fire .was a major force in stand development. 
bUI duri ng the last 50 years. its role has been red uced to one of 
minor ~ig n jfica nee because of effective fi re suppression and loggi ng 
activi ties. 

Since different animals have different food preferences. seasons 
of u:.e. and grating intensities. they inOuence the forest community 
!'l tructurc d iffe rently . Changes in overstory structu re and in 
shrubby and herb<Jceous density and composition can affect the 
intensity and freyuency of fires in forest communities. Grazing has 
exerted ~ Irong innuences on the ecology of forest communitics 
(Daubcnmire 1968). Livcstock grazi ng has been effcctivc in rcduc­
ing the fire h<llard in the forests of the western Unitcd States 
(Adams 1975. Ingram 1931) !)ince Ihe early part of th is cent ury 
(Hatton 1920). Range managers have shown that graz ing has 
innuc nccd vegeta l development and that it can change the path of 
secondary succession. Long-term interactions of livestock grazi ng 
wildfire. however. Il<Ive not been reportcd . 

Author, .arc graduate rc,,:arch a~'l\tant and <l!>!>ociate rrorc~!>o(. College of FOIe· 
'tr~' . Wlldhfe. and Kangl' SClencc. Ilnt\cr'lty of Idaho. Moso.:nw. 

I h,' an,dc '>.' ~· ""pcr:II"t' ~H .. h ""h Ihc Un'~'cnll)' "f 1I.! .. h" .wd Ihc FIlC on 
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Cholewa ( 1977) and Froemi ng ( 1974) discussed the importance 
of the Douglas-fir/ nineba rk habita t type. These communi tics sup­
port vege tation which provides adequa te summer forage for liye­
stock. su mmer and winter browse. and both visual and thermal 
cover for big ga me. Characteristically. this vegctation i~ dry in late: 
summer. creating a fuclla yer of high con tinui ty and Oammabili ty. 
If an adequate su pply of dry fucl parltcle~ 10 l-centlml.:ter and 
smal ler size classes is available. fi re ca n be ignited ea~ily iind spread 
rapidly (Dodge 1972). LiveMod: grazing has ea~ed fire ignition and 
spread by removing herbaceous undergrowth and reducing the: 
number of fuel particles and by hastening dccay of litter through 
trampli ng (Halton 1920). 

T his st udy was designed to determine inOucnces of lives tock use 
in the Douglas-fir/ ninebark habitat type of northern Idaho. Spe­
cifica lly. the goal was to determine changes in community struc­
ture. composition, and distribution of fucl caused by livestock 
grazi ng. and to assess the extcn t to which these changes mOdify fire 
frequency and intensity. 

Study A rea 

The study was conducted in the forested hill s along the weste rn 
slope of the Bitterroot Mounta ins on the Unive rsity of Idaho 
Experimental Forest loca ted approximately 20 km (12 mil nor­
theast of Moscow in Latah County. Idaho. 
. Eleva tion of the a rea ranged from a pproximately H53 m (2.800 
ft) to ncar 1.006 m (3.300 ft) with slopes v<lrying fro m 5 to 40%. The 
area co ntained 2 mai n soi l series. Areas with 5 to 20% slope, 
comprised of deep. moderately well-dr'lined soils formed in deep 
loess. were classified as Carlinton silt loams. Steeper slopes. mod­
erately well drained throughout. formed from granodiorite resi­
duum with somc loess innuence. were classified as Uvi silt loams. 

Vcgetation of the area was characteristic o( Douglas-firl ninebark 
habitat type as described by Daubenmire and Daubenmire (1968). 
Vegetation was cover mapped by Basile (1954) and updated by 
Thilen ius ( 1960). Overstories were a mixture of Doug13s-fir and 
ponderosa pine (Pinus ponderosa). U nderstorics varied greatly but 
were gene rally domi na ted by ninebark (Physocarpus m alvaceusj, 
oceall.l'pray (!-/%discus discolor). and sno\l"'berry (Symphoricar­
pos a/bus). Graminoid s. comprised primarily of pincgrass (Cala' 
magroslis rubescens). clk sedge (Carex geyeri). bluebunch wheat­
grass (Agropyron spicatum). and Idaho fescue (Fesluca idahol!lIsisj. 
combined with an abundanl number of forbs. formed the ground 
layer. 

··High grade"logging occurrcd on the !)tudy area in 1925. Cut­
ting practices ra nged from light. selective cutting to clearcutting, 
and most of the merchantable timber was harvested regardless of 
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species (Basile 1954). During the early I 940·s. unregulated grazing 
byboth caltle and sheep occurred on the area. Construction of the 
enclosure ex.:!uded livestock. but at va rious locations the fence fell 
into disrepair and did not consistently restrict big game use orthe 
area. Observations showed that whitetail and mule deer and elk 
util ized areas both inside and outside the enclosure throughout the 
year. From 1945 to 1967. the area was utilized by a large number of 
domestic livestock. nnd it was grt17ed very heavily . During this 
period. for 5 months each yea r. the slOcking rate was nearly doub le '" 
the herbaceous ca rrying capacity.! In 1969 a management plan was 
written that provided for gradual reduction in animal numbers and 
for shortening the grazing seaso n to 4 months. Currently. the area 
su rrounding the enclosure is gra7cd by cattle during the spri ng, 
summer. and fall. 

Utiliza!ion of the graminoids for the last 20 years averaged 85% 
(one animal pcr 13 hal with a maximum of 99% in 1966 and a 
minimum of 43% in 1972 (U .S. Forest Service). Prior to 1968. 
utilization exceeded 90%. based on U.S. Forest Service records. 
Grazing records wcre incomplcte prior to 1959 and grazing was not 
unirorm across the study area. but the area was very heavily grazcd. 
Browsing by big game was probably never very high in the study 
arra and had been insignificant for the last 20 years (ThiJenius and 
Hungerford 1967). 

Organii'ed fire protection has becn provided in the arca since 
sometime in the 1920 's. The o nl y fire on record was a wildfire that 
burned a sma II port ion. about I H ha. of the study area in 1963. Fire 
scars o n many maturc ponderosa pines were evidence that perio­
dic.low intensity fires histo rically occur red in the area about every 
22 yea rs, Fire f req uencies were not adequately determined for these 
specific st3nds. but in similar Douglas-fir stand s of western Mon­
tana the mean fire frequency was 19 years (Arno 1976), 

Methods 

Vegetat ion was sampled in the Douglas·fir / nincbark ~abitat 
type using a series of macroplols established both inside and out­
side the endosurc during 1978. Each pair of grazed and ungrazed 
macroplols were: on the same slope. aspect. and soil se ries. At least 
a 3-m distance wa s maintained as the minimum buffer width 
between plots and the enclosure fence to eliminate any bias asso­
ciated with the fence right·of-way. A total of eighteen 15 X 25-cm 
(375 m~) macroplots were sampled. Variables measured included 
cover. frequency. production. number of trees. basal area. shrub 
density. and <lccumulation of downed woody fuels . 

Each manoplol was further subidived into three 5 X 25-m ( 125 
m~) sectiono.; . Along the cen tra l section. fifty 20 X 50-cm (. 1 m2) 
microplots wen." placed at 1-01 intervals . In these microplols. the 
paramelt.·rs of co\'er. frcquency. and production Wl' re measured. 
Cover \Va:"> estim:lIcd using 6 co\'er classes for plants inside the 
microplot!> (Daubcnmirc 1959). Rooted frequency was determined i for all specie .... Herbaceous plant species in every third micro plot 
were clipped. oven dried. weighed. and convened to kilograms per 

I hectare to obtnin production val ues, Gra7ing was unrestricted for 
!h~gra7ed plols. but very rew ~\n imal s were observed in the slands 
prior to the sampling period . 

I Trees were tallied by 1/ 2-dm di3n1eter classes as measured at 
hreast height (I 4 01). All trees of this height and wller were 

" mtasurt'd in the macroplol. Rasal area W<lS calculated by the 

J 

fonnula : 

11:1 :;: , I:': d) ~ X rr. 

""herl'd equal..; di:ln1t,tt't at brl'ast height (Mucller-Domhois and 
Ellcnht:rg 19 74 ). J)en'Hic~ 01 Irce~ Ics~ than brc;l ~ t he igh t and 
~hrubs \\lTC' mea.;un.'d in :! bt'll transects. I X 25 m. which were 
located along the cen tral 5 X 25-01 sec tio n of the macroplol. 
Average tree ages were estimated by obtaining increment cores 

lFlat Crc:c:l-llalltr Creel.. Allotment Managemtnt Plan , Coopc::rtlli\'( plan de\'<:Ioped 
by Iht Unl\a~lI)' of Idaho. Paloust Kangn Distr ict ,USFS). and Latah Soil and 
Wala Corh<:r\,:tlll1n Dt,tnc\. Un fill' :tl Pa !(l\l~r; Rang~' Station. Pollatch. Ida , 
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from a minimum of 2 trees per diameter class in each plot and 
counting annual rings . Downed woody fuel accumulations were 
measured by the planar intersect method (Brown 1974) in two 10-m 
line transects. This teChnique provided the following information: 

I. Weights per hectare of downed woody mate rial for: 

a. Diameter size classes 0 to 0.6 em (0 to 0.25 inch) 
0.6 to 2.54 cm (0.25 to I inch) 
2.54 to 7.62 cm (I to 3 inches) 

b. Sound and rotten fuel particles of diameters of 7.62 em 
larger . 

c. Forest floor duff. 
2. Depth of fuel and fo rest noor duff. 

O ne-way analysis of variance and Student's I-test were used for 
statistical analyses of differences between grazed and ungrazed 
stands for all variables. Throughout the paper the term significant 
refers to P<:0.05. 

Results and Discussion 

Overstory Structure 
The largest number of trees in both grazed and ungra7ed stands 

were in the smaller diamete r classes, As dia mete rs increased. total 
number of trees decreased, Number of ponderosa pine and 
Douglas-fir in grazed stands were greater than in ungra zed stands 
in every diameter class up to 4 dm (Fig. 1,2). but. more signifi­
cantly. in the .5 to 2~m classes. There were no large or consistent 
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differences between the stands in the number of trces in diameter 
classes larger than 3 dm. In gra7ed stands there were more 
Douglas-fir trees than ponderosa pine in nearl y every diamcter 
class. In Ihe ungrazcd stand. with the exception of the .5-dm 
diameter class, there was a similar number of each tree species. 
However. in grared stands, Douglas-fir were more abund,ant than 
ponderosa pine in the smaller size classes. 

Number of Douglas-fir seedlings was about the same (1.277.6 / ­
hal on grazed and ungrazed stands. Number of ponderosa pine 
seedlings was significantly different. with only 55.6/ ha on grazed 
stands but 555.6 / ha on ungrazed stands. Many researchers have 

105 



fo.und an increased number of seed lings following nat ural regener­
ation on moderately grazed sites in freshly cut forested stands (c.r. 
Adams 1975, Young el al. 1942. Tisdale 1950). bUI Ihis benefil is 
apparently reduced for ponderosa pine when succession advances. 
In grazed s tands. ponderosa pine regeneration was reduced as the 
quantity of shading and duff increased. Douglas-fir is more shade 
tolerant than ponderosa pine. is climaxed on these si tes. and has 
the greater ability to regenerate in both open areas of ungrazed 
stands and shaded areas of grazed s tands. In the long term. heavy 
grazing is more beneficial for Douglas-fir regeneration than for 
ponderosa pine. 
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Increase in young t ree densities has been attributed to the remo­
val of the competing herbaceous layer by heavy grazing (Pearson 
1923. Leopold 1924, Arnold 1950, Cooper 1960. Tisdale 1960. 
Pearson 1942.and Youngetal. 1942). Wea ve r ( 1950) repo rt ed that 
overgraz.ing resulted in development of abnormally dense sta nds 
be.cause It resulted in breakup of original sod and preparation of 
mlncra.1 see~bed. Ru~mcll (1951) concluded that hea vy grazing 
was pnmanly responsible for dense tree reproduction in central 
Washington . 

In the majo.rit y of diameter classes. tree growth rates in grazed 
stand s were sligh tly less than in ungrazed stands (Table I). Lower 
growth rates in areas heavily grazed were reported by Adams 
(1975). Higher tree densities resulting from li vestock grazing may 
have been the cause for decreased tree growth rates in grazed 
stands. Competition in dense stands reduced the growth and vigor 
of_all tre:s. resulting in diameter growth reductions (Smith 1962). 

rree diameter classes which had the greatest difference between 
grazed and ungrazed stands (.5 to 2 dm). ranged in age from 16 to 
56 yea rs (Table I) . Thus. most of smaller diameter trees had 
beco.me es~ablished dur!ng the past 50 years. a period of heavy 
gra1.lOg. Livestock grazmg was probably the principal factor in 
creating and maintaining conditions that ravored inc reased tree 
rcgeneration. 

There was a sign ifican tly higher mean basal area in gra7.cd s tands 
(37 m' / ha) Ihan in ungrazed stands (22 m' / ha) (Fig. 3). This large 
diffe rence may be attributed to increased number of smaller trees 
in the grazed stands. 
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Table I. A,'erae:c tree IIRC by diameter cllISS for ponderosa pine and 
Douglas-fir in graud and ungraud stands. 

Agc l 

Diameter class Pill/IS pom/noso Ps~tldolstlga "'~ntiesiil 

1.5 dm) Gra1.cd UngraJcd Grtl1.cd Ungrazcd 

.5 20.25 15.67 2:2. 14 22.50 
1.0 32.20 26.67 34.H6 30.00 
1.5 .16.50 J~.OO 41.3:\ 35.60 
2.0 42.71 55.75 48.83 32.20' 
2.5 55.20 51.17 51.17 41.33 
.1.0 67.67 61.50 59.40 43.00 
3.5 64.67 65.20 67.25 39.00 
4.0 96.00 91 .00· 81.00 I t2 .00 · 
4.5 123.00· · 74.00 · b 97.75·1, 86.50' 
5.0 105.33 11 9.00 80.00' 
5.5 108.00 96.00 
6.0 104.00· 
6.5 165.00· 98.00 ' 

I:'.PCCICS 3ges followed by different kners 3fe significantly diffclent 31the 0.05 level. 
I I ree ages followed by differelll numbers arc significantly different at [he O.OS leveL 
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ulIgro=l'd Slands. 

Shrub Layer 
Tota l shrub de nsi ty did not difrcr signi ficantly between heavily 

grazed and ungra7.cd stands. but individu.1I specics density did 
(Table 2) . Of the 12 s hru b spccics sampled. only 3. serviceberry 
(A melanchier ailli/olia). ninebark. and white spiraea (Spiraea 
betuli[0fia). had a greater den~ity in grazed stand~ . Serviceberry 
was either very tall and out or reach of li vestock a nd big game. or 
very small and unutiliLcd . The 9 other species had greater densities 
in ungrazed s tands. but o nl y rcdstcm ceanothus (Ceal1orhuJ san­
guilleus). chokecherry ( PrwllIs l'irgilliollo). aJld ycrba buena 
(StJlurejtJ doug laJii) densit ies were ~ ign ifica ntly greater. Redstem 
ceanot hus. apparently ~uppre~scd through hcavy usc by livcstock 
and big gamc: was nea rl y absent in grazed stands. Chokecherry 
and scou lcr Willow (Solix sco lliericma) occurred in s uch low dcnsi­
tics in all ~l"lnd s that cOInpari,un :-. were n o t meaningful. Yerba 
bucna. kinnikilln id: (ArctusTophylos u\ ·a-ursi). and creeping Ore­
go n g rape (Berberis rt'I'{'II.\ ). were probably less re~istantlo tram­
pling by li vestock due to thei r sma ll ~ize and :,hallow rhizomes, and 
were present in lesser amounts in gra7.ed s tands. Little wild rose 
(Rosa gymllocarpa) u.nd snowberr), al so had higher densities in 
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Table 2. 
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T.ble 2. Numbers per hec lare. pe rcn! COVN , and ave-rage pt' rctnl frequency for majo r shrub species. 

I 
I , 
I 

I 
J 

Number of sh rubs 1 

Species Grazed Ungrazcd 

Amelanchin alnifolia 5622 1755+ 
ArcllJslaphy/o.f lI\'a-lirsi 2JJ 755 
&rb('fis (j·fJI.'ns 1600 1755 
CranorhlJs sanguineus 122 :WU· 
Holodisclls disculor 522 989 
Physocarpus ma(l'oaus 2077 1611 
PrtmllS I·jrginiana 0 67' 
Rosa gymnot·orpa -'489 45 10 
Salureja (/ollgla.fii 78 700' 
Salix sCOIl/l'rialla 67 253 
Spiraea bt'rulifolia 7900 5033 
S)'mp"oricar{Jo.~ a/bllS 9767 12377 

Total for all shrub s pecies 31477 318.18 

ISptcie-s mc-an) folto\\cd by an aSIe-risk arc SIgnificantly differcnt at the 0.05 lew\. 
lNumb.:-rs rcpreJ.enl perccnt (o'cr (fir)!) and :I\'crage frequency (second) . 
IVa!ucs k~, Ih;ln O. r arc rcpfcwnlcd b) * . 

ungra7.ed stand s indicating that livestock gra7ing retarded their 
spread, possibly through rhizome damage by trampling. 

Total percent cover for all shrubs was significantly lower in 
gra7cd stands (15.8% ) than in ungra7cd stand s (24.5CJr ) (Table 2), 
This reduction in cover suggested that shrub specie:. sus tained 
heavy usc: by livestock. Because of the unequal silt distribution of 
individu~ll pl.10lS. ninebark and white spiraea had higher cover and 
rrequency valuc!o in gra7r:d stand s. Serviceberry had higher fre­
quency in the gra/cd s tands but equal cover in hOlh grand and 
ungra7cd stands . All nine of the othl:r individual species had higher 
covcr and frequcncy in ungrai'cd stands. Five of these, redstern 
cc:anolhus. occanspr;'ly.little wild rose, yerba buena. and snowberry 
were significa ntl y higher. Kr ueger and Winward ( 1974) found 
similar results wilh oceanspra y and snowbcrry in northeastern 
Oregon. Thcy also found that ninebark had lower percent cover in 
stands gra7r:d by cattle and big game in stands gra7cd by big game 
only. Rl.:dstem cr:anolhus oc(:urrcd frequt:ntly with o ne of the 
higher cover values in the ungrai'cd s tand -;. but was not encoun­
tered in microplots in gra /r:d stands. 

Herbaceous Ls)'er 
Production. perccnt cover. and frequency of grasses indicated 

that livestock gra7ing was a substantial influence Crable J). Pro­
duclion of bluebunch wheatgrass. pinegrass. and Idaho fescue 
were significantly lower in gra7cd sta nds. Bluebunch whea tgrass 
production in gr~17ed Sla nds was nea rly 140 limes grea ter than that 
in stands gra7cd by livcstock . Pint:grass production in gra7ed 
stands was only 2H~i of that found in ungfillcd stands (a reduction 
of nearly nCr). Idaho fescue was absenl in stands gra7ed by live­
stock (E\3nko and Petr: rson 1955). Columbia brome ( Bromus 
vulgaris) production was s lightly less in grazed stands. Kentuck y 
bluegrass (Poa "raft'"sis) ilnd elk sedge production increased in 
gra7.ed stands and was nearly absent in ungraz.cd stands. 

In gr..l7t:d stands, cowr of Columbia brome and Kenlucky blue­
gra ss was .. ignific:lOtly highcr. whilt..· cove r of blul'bunch whcat­
grass. pinl:gralls. and Idaho fr:scllt~ was lower. Pinegras:. had the 
largest dillerence. wit h cove r in gra7ed stands less th:l n one-h'llf the 
cover in ungra/cd stands. Elk scugc COVl:r was thl' sarnt: in gr,lIcd 
and ungra7cd stands. In cr:ntra l Washington ponderosa pine 
stands. Rummell (1951) found that the mos t ,triking cffect of 
heavy gW/ing \,:t!o rcuucl ion of gra .. sc!o . prilll'ipally pincgrass. 10 
half or lcss of the cover found in ungra/r:d stands. R . and J . 
Daubenmirc (196R) rr:ported that Kentucky bllH::gras!o inc reased 
under heavy grai'ing. 

Combined production of all forb species was found 10 be signifi­
cantly lower in s tand s grazed by livestock (340 kg/ hal than in 
ungrazed stands (469 kg/ ha)(Table 3). Bigleaf sand wort (A renaria 
macrophyl/a) a nd mounta in sorrel (Rumex p"llc{(o/ia) product ion 
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Cover . Frequency 

Grazcd UnJtrazed 

0.3 2.2 0.3 • 2.0 . ' • 0.4 0.2 • 2.0 
0.7 · 4.0 1.1 • 5.8 
0.0 • 0.0 2.7 • 5.3+ 
0.6 1.3 2.6 • 4.4+ 
2.3 6.9 1.7 4.4 
0.0 • 0.0 0.0 • 0.0 
1.2 8.2 2.1 • 12.4-
• 0.4 0.5 · 3.3+ 

0.0 0.0 0.2 • 0.9 
1.8 • 42.0 4.7 · 32.0 
4.6 26.0 7.2 · 39.3+ 

15.8 • 24.5+ 

was higher in grazed stands. Producton of Piper's a nemone (Ane­
mune piperi). race me pussy toes (Amennaria racemosa). showy 
aster (Aster cOllspicuus). pinewoods pea vim: (LAthyfUS bijugatus). 
western sta rOower (TriemaJis lati/olia). American vetch (Vida 
allleric"ana), and early blur.! violet (Viola ac/unca) was lower in 
grazed stands. No mcaningful responses to gra7ing were found for 
other spec ies. 

Total forb cover was nOI substantially different between the 
stands (Table J). However. bigleaf sandwort. heartleaf arnica 
(Arnh'a cordi/olia), and narrowleaf collomia (Collomia linearis). 
had significantly higher cover in gr<17Cd stands. Raccme pussytor.!s . 
showy aster, mountain sweetroot (Osmorhiza c!Ji/ensis). Gaird­
ncr's yampa (Perideridia gairdneri), cinquefoil (Polemilla gracilis). 
western starnower. and American vetc h had significantly lower 
cover in gra7cd s lands. There were no substilntial differences in 
cover of other species. 

Frequcncy of forb species in gnt7ed and ungra7ed stands gener­
ally followed the same trends observed in production and cover 
(T.abk 3). but somc very distinct changes in species occurrence 
were obvious. In gra7ed slilnds. Piper's anemone and western 
slarOower decreased markedly from (22.2% 10 12.2% and from 
15.6% to 3.1 % . respectively) and bigleaf sand wort increased sub­
stantially (from 15.8% to 39. 1%). Krueger and Winward (1975) 
found that frequency of forbs generally increased under heavy 
grai'ing pressure. 

Fuel Accumulatio n 
Livestock gra7ing did nOI directly alter the fud loading. How­

ever. gra7.ingdid change the densit y and composition of woody and 
hr:rbaceous matcrial. which indirectly influenced the fuel accumu­
lalion. Total accumulalion of downed woody malerial was found 
to be greatest in stands gra7.ed by livestock (75.804 kg / ha com­
pared to 53.984 kg/ hal (Fig. 4) . Inspection of downed woody 
material accumulation by si7c classes revealed that stands used by 
livestock contained higher wcights pcr arca in evcry ca tegory (rig. 
4). The largest differenct:s wcrt: found in the 7.62 em and larger si7e 
classes. with sound particles of this sin' comprising 9.200 kg/ ha 
(5.1 [ tons / acrc) in gnl7r:d and only JJSX I kg/ ha (2. 1 6 tons / acre) in 
ungra7ed stands. Rotten particles of this si71' comprised 9,759 
kg j ha (5.42 tons/ acre) in £r.17I:d and 5.729 kg j ha (.1 .X I tons/ .lcre) 
III ungra?ed stands. In each of thc smalkr sii'c classes. grai'ed 
stand s contained nearly double 'Ihe amount of fuel found in 
ungra7.ed sl;'lnds. Accumulations of duff comprised Ihe highcst 
weights per area of any single calegory in both grai'cd and 
ungrazed stands. Stands grazed by livestock had 52,563 kg/ ha 
(29.2 tons / acre) of duff. Grazing has reduced duff accumulation by 
compacting litter and increasing the rate of decomposition of 
western forests (Hattin 1920. Weaver 195\). However. as tree 
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Tablr 3. rroductiun in kilograms per hrctare. percrnt cover. and avuage pucent (requency (or major herbaceous species.1 

Production 

Grazed Ungrazcd 

Graminoids: 
Agropyron spicalum 0.17 23.98 ' 
8rOlllUS vu/goris 1.00 2.00 
Ca/amagroslis rubesc'ens 47.09 165.48' 
Corex ge)'er; 114.26 57.48 
FeSluco idall()(>flsis 0.00 10.8S ' 
Poa praltmis 16.95 0.00' 

TOlal (or all graminoids 188.83 273.47 

Forbs: 
Achilleo mille/oliulII SII.20 KJ . IO 
Apocynum olldrusoemijolium 25.30 UO 
Anemone piperi 1.30 4.00' 
Afl(ennaria raCl'moso 0. 10 0.30 ' 
Arenaria macropJrylla 5.20 1.90' 
Arnica cordijolia 6.90 6.60 
ASler cotlspicuus 0.00 4.S0 ' 
Collom;a /inearis 4.20 6.90 
Collinsia parl'ijlorus 0.00 0.00 
CrJ'plamJra ecJr inella 41 .70 34.00 
Fragaria virginiona 2.00 2.70 
GaUum boreo/e 161.80 196.00 
Goodyera ob/ongijolia 18.80 34. 10 
Gypsophi/a poniculolo 0.20 0.30 
iAfJiyrus bijugolus 3.40 7.40· 
Lupinus st'ficeus 9.00 22.00 
Madia exiguo 0. 10 2.40 
Osmorl!iza chi/emis 0.03 0.12 
Perideridio goird1ler; 0.30 1.00 
Po/emilio glandulosa 0.00 28 .70 
Potentilla gracilis 3.20 10.00 
Rumex aC('/osella 0.40 0.10 
Rumex paucijolia 1.00 0. 10' 
Smi/acina s fellala 3.20 1.30 
Taraxacum o/Jicinale 0.20 i .30 
n,aliclfutll occidentale 1.30 2. 10 
Tritntol;'s /otijolio 0.60 1.90 ' 
Vieja atllt'ficatlO 0.00 1.30' 
Viola adullca 0.03 1.40' 

Total fo r all (orbs 340.46 469.72' 

densities increased in dry Douglas-fi r sta nds following grazing. the 
quantity of litter fall increased and the composition of the duff 
changed . Probably this created a microenvironment that was not 
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Cover Irequcncyl 

Grazed Ungrazcd 

. J 0.9 0.5 10.2' 
1.3 24.0 0.7 19.3' 
0.8 21.3 2.1 34.2' 
2.5 49 .6 2.6 44 .9 

0.0 0.4 8.2 ' 
0.9 14.7 0.0 0.0· 
5.9 6.3 

0.9 15 .X 0.7 16.2 
0.4 4.7 0.5 5.3 
0.8 12.2 1.1 22.2 

• 0.2 0. 1 1.8' 
2.9 39. 1 0.6 IS.M· 

2.9 27 .8 I.S 26.2 ' 
0.7 0.4 4.4' 

0.2 9.8 0.1 44 ' 
0.2 6.9 0.2 8.7 
0.1 1.1 • 1.6 
4.2 39.8 4.9 SO.7 
0.4 6.0 0.4 9.8 

• 0.7 • 0.7 

• 1.6 1.1 
0.5 12.0 0.6 10.9 
0.7 6.4 0.8 8.9 
0.2 1.8 • 3.4 

• 1.6 0.4 6.2' 

• 0.2 0. 1 2.9 ' 
0.3 4.0 0.4 5.8 

• 0.2 0.2 1.8' 

• 0.9 • 0.4 
0.2 2.4 1.3 
0.7 6.0 0.4 2.4 
0.3 4.0 0.2 7. 1 
0.6 6.2 0.7 8.4 
0.2 3.1 0.5 IS.6· 

0.2 0.2 S.6-

0.2 3. 1 0.3 8.0 

17.6 17.3 

conducive to increased litter fall or red ueed rate of decomposition. 
Heavily grazed sta nds had greater accumula tions of duff and 
downed woody fuel suppression mo rtality and lower branch drop 
that followed the ca nopy closu re. Heavy grazing indirec tly increased 
the accumulatio n of organ ic debri s in the grazed stand s of this 
study. 

In general. in fi re-danger ra tings. li ving fuels a re burnable fine r 
fuels when dry and are part herbaceous and part non herbaceous 
materia l (Fosberg a nd Schroeder 1971). Nonherbaceous fine fuels I 
arc perennial fo liage of sh rubs and tree reproduction. and woody 
s tems less tha n .6 cm in diameter. Herbaceo us fine fucls are com­
prised of vegeta tion such as grasses . sedges. a nd forbs. Nonher- I 
baceous fine fuels were not measured in this study because of 
sa mpling difficulty. Total live herbaceous fine fuels were found to 
be significa nt ly lower in gra 7.ed (467 kg/ hal tha n in ungrazed 
>lands (7 19 kg/ hal (Table 3). 

Little resea rch has been done concerning burning characteristics 
of living fueb. but their importance in reaction intl:n!'oit\"~lnd ra te­
of-spread has been dil>Cussed (Richards 1940. l-osberga nd' Schroeder 
1971. Rothermel 1972). 8a!\ed o n fucl urrangcmenl. Rothermel 
( 1972) indicated that herbaceou!\ fuels were considered as Dash)' 4 
a nd have the highes t potential reaction intensity. He a l!\o showed 
that with the addition of wind. herbaceous fuels had the highest 
rate-of-spread. Richards ( 1940) reported that plant moisture con­
ten t was the major factor controlling vegetative innuence on fire 
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rate-of-spread . Decrea sed moisture content occurring during the 
,ummer resulted in increased flammability. He also found that the 
rates at which plants lost moisture when subjected to fire caused 
different fire behavior. Ha tlon (1920) directly attributed reduc­
tions in the incidence of fire to removal of herbaceous material and 
increased decomposi tion through trampling from grazing live­
stock. Jemison ( 1934) reported that tree colnopy density signifi­
cant ly influenced flammability. Increasing tree canopy density 
reduced temperature. humidity. wind. and evaporation below the 
canopy. which resulted in increased moisture holding capacity of 
understory vcge tati on and reduced nammabili ty . Thus. as live­
stock gra7ing innue nced ca nopy density and reduced fine fuels. it 
also affected the ability of the forest to sustain a surface fire. 

Management Implications 

Livestock gra7ing has altered the composition and qua nt ity of 
ground cover vegetation. Removal of herbaceous competition 
combined with exposure of minera l soil has aided in prepar ing 
stands for increased tree reproduction. Consequently. regenera­
tion success of both ponde rosa pine and Douglas-fi r has increased 
with potentially long-lasting effects. 

Douglas-fir habitat types in northern Idah o have typically sup­
ported uneven-aged forests with many age and diameter classes 
represented . The proportion of trees in each diameter class has 
remained relatively constant o\'er time (until complete c rown clo­
sure has occurred). \\ith thc diameter distribution usually taking 
the form of a falling exponential curve with the number of trees 
plotted against diameter. In gra7ed stands the balance in forest 
structure o;;hifted 0;;0 that greater numbers of trees now occur in 
smaller sile classes. Overstocked ponderosa pine and Dougla s-fir 
stands may stagn;'lIe. causing red uctions in growth rates. and 
increased susccpti hilit y to damage from insec ts o r disease . I nc re'lsed 

'; slocking levels and basal area ha ve reduced both shrub and her­
baceous layers. In the Douglas-fi r / s nowberry habita t ty pe, under­
sto ry production decreased as tree Cil nopy cover increased (Frocm­
ing 1974). An inverse relationship between overs to ry ca nopy or 
basal area and the density or prOduction of sh rubby and herbace­
ous undcrslories had been reported by resea rchers working under a 
wide "ariety of conditions (Arnold 1950. Tisdale 1950. Pase 1958. 
Coopcr 1960. McConnell and Smith 1965. Hcdrick Cl 01. 1968). 
Also. as stocking levels increased. livestock movement became 
more difficult. Cattle concentra ted in o pen areas. or along roads or 

I 

I 
J 

fe nces. causi ng further pressure on already ove rused range. These 
concentfnti ons may han: caused trampl ing and compaction dam­
age to tree rep roduction. 

Lives tock gra7ing appeared to have no significant influence o n 
density of ).h rubs. ahhough it did cause significant red uctions in 
cover and compo ... ition. Con tinuouo;; hC;I\lY gra7ing suppressed the 
growth of n:<.hll·m ceanolhu ... . . 1 brnw ... e .. pecini highly cJe).irablc 
and important 10 big game species. Thilenius (1960) found thai 
callie fir).t used palatable forage grasses. I hen were forced to subsis t 
on browsc a nd forbs for the remainder of the growing Season. He 
also found that brow,e species com prised the greater part of the 
food sup ply of livestock using forested ranges when the areas were 
overused . Thus. as trec ca no py covcr increased. the browse com­
ponent recl'ivcd hC;I\,il'r lI~C fro m gra ting livestock. c;\Using addi ­
tio na l shrub "'pCl.:ie~ 10 be suppressed . 

Generally. intluence of li\'estock gra7ing o n the herbaceous Ia yer 
was mo-a pronounccd in production . Significant reductions werc 
found In the major palatable gra~ ...... pecie~ and in total forb 
production . 

II appeared th~llli\e'tock gra7ing \ \ ,:1\ responsible for retrogre~­
sion of pia nt succe"'~lon \\ ithin the herbaceous layer. Climax gras~ 
species were replaced by species common to seral communities. 
There were appa rent changes in dominance of certain forb species. 

In the ovc rslory. grazi ng advanced succession. Ponderosa pine 
was the most prevalen t sera l tree species found in these sta nd s. 
although the re were occasio nal lod gepole pine ( Pinus ('on tona). 
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Douglas-fir regeneration was most pronou nced, and comp rised 
the majority of trees in all of the smaller diameter classes . It 
appeared to be gaining dominance in the heavily grazed stands. 

Modifica tio ns in plant succession were not defined as clearly in 
the shrub laye r. Livestock showed preference for the more palata­
ble browse species. which were commonly se ral in this habitat type. 
In climax situations. ninebark was the princi pal species. with 
oceans pray. snowberry, a nd white spiraea also well represented . In 
stands used by livestoc k. ninebark had inc reased, although not 
significantly, but was not the dominant species. ln the grazed 
stands, oceanspray a nd snowberry had decreased while white spi­
raea had increased . 

Livestock grazing increased total accumulations of downed 
woody fuels. While it is poss ible that incidence of low intensi ty 
surface fires was reduced through the inc rease in forest canopy and 
removal of the herbaceous layer. this reduction may not be as 
sign ifica nt as once thought. As the highly pala table species were 
se lec ti vely removed . they were replaced in lesser amounts by 
unpalatable a nd high flammable species. 
Do uglas-fir forest communities a nd environmental co nditions that 
influenced them interacted to estnblish a level of duff accumulation 
a nd decom positio n rates of woody materia l. Livestock grazing in 
these forests increased duff accumulation but apparently did not 
accelc rate decomposi tio n rates . Larger fuels and forest floor duff 
contributed ve ry little to the ratc-of-spread. but once igni ted. per­
sisted in the form of smoldering fires . These smoldering fires arc 
difficult 10 extinguish. providing a source of burning embers for 
further fire spread. Thus. over long periods of time. the physical 
accumulation of large amounts of downed woody fuels and duff 
layers may induce flammability ( Bloomberg 1950.). 

Increased tota l tree numbers and unpalatable shrub species. 
when combined with increased duff and all size classes of dead 
organ ic ma terial. cretlted bridges between the ground layers and 
t ree canopies. This manner of fuel distribution i.s highly cond ueive 
to the vertical spread of fire through a forest canopy. 

Douglas-fir / ninebark forest slands have historically experi­
enced damage from wildfires (Wellner 1970). In western Montana . 
extreme fire damage was. generally. confined to northern expo­
sures. Southern exposures experienced frequent. low intensity fires 
(Arno 1976). Concentrations of nashy or herbaceous fuels and 
moderate stOCking levels permitted surface fires to pass quiCkly 
through sta nds, causing little damage. In the future. if grazing­
induced fuel buildups and fuel ladder si tuatio ns are permitted to 
conlinue. the potentia I destructiveness of crown carrying wildfires 
will increase. 

Several types afforest management practices lend themselves to 
the mitigation of advcrse fuel condit io ns in these sla nds. Pres­
cribed understory hurning can remove he rbaceous fuels . reduce 
litter and downed woody fuel accumula tions. and control excessive.: 
tree reproduction. For dense s.a pling '"lnd po\e; -si7ed stands. pre­
commercial and commercial thinning ca n achieve and maintain 
desi red stock ing lewis. Depending on the residual stand. pres­
cribed burning can be used in conjunction with thinning operations 
to con tro l fuel levels. 

If effects of inte nsive gra7ing arc a llo wed to continue over long 
periods of time. prescribed burning trea lments will he difficult to 
administer . During altempt). 10 c<.Irry nut prcscribed understory 
bu rn ing in grazed and ungra7cd Douglas-fir stand s. Zimmerman 
(1979) found that the 2 a reas could nOI be burned under the same 
fi re weather conditions. He found that temperalure and moisture 
<:onditions suitable for burning quickly drying herbaceous fuels of 
ungra7cd stands created fuel moisture conditions that seve rcl y 
restricted the ignition and spread of fire in the abundant. larger 
fuels of grazed stands. These sta nds only burned under dry. wild­
fire wea the r conditions. 

T he innuence of excessive livestock grazing on community 
st ructure in the Douglas-fir/ ninebark habitat type resulted in mod­
ificat ions of plant cover and fuel distribution a nd composition. 
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The modificat io ns that resulted in fuel di stri but io n a nd composi­
tio n wc re slightly less fa vo rable to freq uent surface fires. highly 
conducive to ve rti ca l spread ing offi re. and poten tially more ca pa­
ble of majo r conflagra tio ns. Therefo re. cont inued livestock graz­
ing without fuel ma nagement will ca use red uctions in the fre­
quency of low in tens ity fi res. bUI will promote conditions tha t 
favor the occu rrence of infrequent. high intensi ty fires . 
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Membership in the Society for Range Management . . . 
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• is open to those engaged in or inlerested in the study. 
management. or use of range ecosystems and the 
intell igenl use of a ll range resourc es 

• includes research scientists. ranchers. govemmental 
agency administratoo and technical per=1nel. 
teac hers. students. and people from the business 
community 

• provides members with two p.blic a tions-one ori­
ented to research (Journal o( Range Management) 
and the other oriented to prac tical resource manage­
ment (Rangelands ) 

" 

• oHers opportunilies for face-te-face exchange of 
ideas a t local. notional. and intemational meetings 
of the Society. 

Dues vary according to type of memb ership and 
geographical secl ion. Far application forms and ad· 
ditional informafion. contael the: 

Society la Range Management 
2760 West Fifth Avenue 
Denver. Colaodo 80204 
[303) 571-0174 

JOURNAL OF RANGE MANAGEMENT 37(2). March 1984 

L. GA 

Iote 
herbic 
efficie 
infeste 
produ> 
invest I 
the br 
greate: 
follow 
Dance 
Irealm 
Intern 
from 1 
by as r 
but wi 

Mac 
rnatcly 
Texas 
trouble 
1966). 
ing the 
sivc a l 
acid ]. \ 
of Mat 
usually 
spring 
broad c 
2.4-D · 
annual 
1966). 

Mu ll 
sive, al 
the gra 
ceptibl. 
several 
applic3 

I 
tial fo r 
ing (S( 
dcvelol 
(IBMS 

I Pra irie 
PreSI 

the coy 
the rno 
198 1). I 
among 
past I 

Authol 
Dcpartm 
nor profe 
Texas AI 

A ppro 
Rccei", 

JOUR~ 




