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Abstract
Conccrn o\er the apparent \carcit) ofrall willows promptcd changes in livestock grazing nanagement in a soulhwcstcm N{onlana
nountain valley ro al'oid degradation ofripadan and aquaric habitats. \\'e assessed poiential improvement in fic abundancc oftall
willorls follorving imflementrtion ofa new nanagcmcnt strategy b,v derermining the efiect of hisloric grazing pattcms on willo$
caropy rlong slrcans within the USDA Forest Service grazing aliotmcnt. Willow canopy cover bl streanl reach was neasured
from lrir phoros lakcn in 19,12. 1965, and 1987. Coler lion each ycar $as compared for change over the:16-r-r record. Willow
canop) coler llucruard along the streams in the aLlotlnenr, bul the gencral trcnd was up$ard from 19.12 to 1987. Willow sten
population denography was eraluated to asceftain whelher hinoric graTing patterns had affected stem replacenent. Slem xge
classes wei: normally distributed with a fephcenenr clcle similar 1o those reported in othef eas of the westem United S|a|es
and Canada. These data sets suggest t\at exrended pcriods of rest (> 3 ],r) are not necessar,,_ fbr willow recolcry il livcllock or
{ i ld l i i !  use is  c loselv contro l led.

lntroduction

The contribution ofwoody vegetation to the prcper
function of riparian nreas has been recognized since
the 1970s (Meehan et al. 1977, Jahn 1979). As
awareness of the importance of woody species
gre$' the Westen Division of the American Fish-
erics Society published a position statemenl call-
ing for the immediate application of best man
agternent  p rac t i r .es  to  ma in t r in  r ipar ian  - t ream
ecosystems to pelpetuate the quality of western
streams forllsh. wildlife. and general recreational
use (Wcstem Division of the Amerjcan Fisherics
Society 1980). Even though public agencies and
private landowners moved to implcment best
management practices following published guide-
lines (Chaney et al. 1990, USDI Bureau of Land
Management and USDA Forest Service 1994).
the rcsults have recently bccn cdticized as inad-
equate (Fleischner 1994, Belsk), et al. 1999). Pafi
of the reason lbr the slow or limited improve-
nrcnt. noted h1 lhe.e rulhtlr. mr) he our incotn
p le te  undcrs t rnd ing  o l  hou uood l  r ip r r iun  'pe-
cics respond to livestock grazing.

Even though willows and cotton$,oods are the
most common woody riparian species in the west-
crn United States (Mitsch and Gosselink 1986).
there was, and is, rclatively litde infomation about
hou, much grazing thesc species can withstand
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without becoming decadent (Thomas ct al. 1979).
Although four of the repofis published prior to
1990 (Behnke and Raleigh 1979, Knopfand Can-
non 1982, Rinne 1985, EImore and Beschta 191i7)
made no mention of appropriate browsing levels,
they consistently recomnended 3- l2 yr of com-
plete rest for the recovery of heavily grazed wil-
lows. Schulz and Leininger (1990) reported that
even though willow density irside and outside of
a grazing exclosure was similar, the willows pro
tected from gaz ing fbr 29 yr had 8 times the canopy
cover than those in the grazed area. This led to
their recommendation ofat least 5 yr of rest fiom
grazing to initiate willow recovery. However,
Kovalchik (1991) repofied that cefiain wil low
species tumed over or replaced portions of their
stem population every 15 18 yr. This meant that
a large proportion of willow stems could die at
any time during a rest period, which would rc-
quire extension of the nongrazing treatment to
achieve management goals. Taken in total this
inlormrtion :ugge\led feu management options
other than to exclude livestock grazing for a dc-
cade or more. Elmore and Beschta (1987) cau-
tioned managcrs and lardowners to avoid the temp
tation to relax management prescriptions at the
conclusion of the rest treatment or risk the loss
of improvements gained during the livestock ex-
clusion period.

I he\c mcncgemenl recommendations were
met with considerable resistance by livestock pro-
ducers because of the potential for substantial
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reduction in livestock grazing opportunities on
public lands during the initial reco\ery effort. Many
public land grazcrs f'clt that prolonged periods of
nonuse could be avoided with more detailed in-
fbrmation on willow or cottonwood response to
intensive grazing nlanagement.

The inplementation of a new allotment man-
agement plan specitically to protect and enhance
willou,s on a USDA Forest SeNice (USFS) cattle
allotment in the Centennial Vallcy of south\'",est-
e rn  Mon lana p lo r ided a  t ime l ] ,  opponun i t )  ro
cvaluate the proposals made by l ivestock grazing
intcrests and to add to the infirrmation base on
woody riparian spccics. The intense interest
in protccting both riparian woody specres
and public land grazing dcmanded tield
melhods  rha t  eou ld  separa te  ch lnge.  in
wilkru'cover and regeneration caused by
historic grazing pattcms tiom those produced
under the new grazing prescription (Knopfand
Cannon 1982, Rinne 1985). Bccause early USFS
monitoring effofis concentrated on upland plant
communities, we had to reconstruct the effect of
previous l ivestock grazing on the wil low com-
munity in thc Long Creek Cattle Allotment fiom
a series of aerial photographs. We based our analy
sis or the infbmation available in 1990 when the
allotment management plan was
amended. We hypothesized that
analysis of aerial photos would
indicate that thc fragmentation of
wil low canopy cover along the
streams in 1965, when the rest ro-
tation grazing system was inlplc-
mented, would bc l itt le ditferent
from that along the same streams
in 1987 because of insufficient (<
10 consecutive years) rest from
grazi ng.

Study Area

The Long Creek Cattle Allotment
ofthe Beaverhead National Forest
is located on the Centcnnial Divide.
-71 km southeast of Dil lon, Mon-
tana (Figure 1). The allohrent en-
compasses nearly 2200 ha, annual
precipitation averages ,180 nn.
and elevation is -2300 m (Caprio
et al., 1994). Upland vegetation is
within the big sagebrush/Idaho
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fescue (Arterri.rlt,.i de ntata/ Festuctt iduho ensis)
habitat type (Mueggler and Stewart 1980). Ri-
parian vegctation is dominated by Geyer willow
(Salix gete riana). B<toth willou' (S br.,otlrll). sedges
(Cnre-r spp..). and Kentucky bluegrass (Poa
praten.sis). Mature plants of both willows in the
study area normally occur as multi-stemmed shrubs
> 3 ln tall.

The area has a record ofcombined sheep. horse.
and cattle grazing since thc turn of the century.
Unrestricted grazing prior to l935. coupled with
custodial management unti l 1962. necessttated
rangeland rcnovation and the implementation of

1.5 km

Long Creek Cattle Allotment

Figurc L Thc locaiion of thc USDA Foresl Serlice Long Creek cattle allotmen!
in southwertem N4ontana. Pasrr.rrcs scrled as replic.rtes in analysis of
chanees in willow canop,v coler from 19,121o 1987.
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grazing control practices to reverse an apparent
downward trend in ecological condition of thc
uplands. As piirt of the renovation effort herbi-
cide uas applied in 1963 and 196,1 to reduce the
abundance of mountain big sagebrush (Artenl-
sia trilentuta vosel-arrir. This action was followed
by extensive cross t 'encing to tncil i tate the imple-
mcnlalion of a rcst-rotation grazing system. The
allotment was divided into four grazing pastures
to allow one pasturc to bc left ungrazed (rested)
each year to promote recovery of upland plant
communities (Figure 1). To provide water for livc-
stock. the fencing design incorporated reaches of
Pole Creek. Jones Crcek, and Long Creek. Con-
sequently, each of the four pastures in the Long
Creek Cattle Allotment had stream reaches q'ith
similar riparian vegetation composition (Figure 1).

Control of grazing \\,as enhanced by coupling
a lower stocking rate (number ofcattle for a spe-
cific period) and a shift in grazing season (from
I June - 31 October to 16 July - l5 October) to
the construction of the four pastures. These ac-
tions appeared to arrest the downward trend in
ecologic condition unti l 1986 $,hcn the l ivestock
pcmlittcc voluntarily reduced livestock numbers
fiom 800 cow/calf pairs to 600 because of an in-
crease in sagebrush cover. Shoftly after that de-
cision was made, USFS personnel concluded that
the tall-willow (plants greater than 1.8 m in height)
conrponent of the allotment's riparian zone had
declined. The perceived decline heightened man
agement conccrns bccausc fiagmented wil low
canopy cover could lead to decreased steambank
stability, higher water temperature, and degraded
riparian and aquatjc habitats (Platts 1991,
Fleischner 199,1). To reverse the perceived tiag-
mentation of the tall willow communiq' and thereby
avoid potential riparian and aquatic degradation,
the USFS proposed that thc rcccnt livestock re-
duction becomc pcmancnt. The pennittee opposed
the long-term reduction, but was willing to work
u  i th  L  SFS tu  u rnend lhe  e \ i . t in !  ! rJ r ing  man-
agement plan to extend the scheduled rest period
fbr each pasture to 2 yr. In retum the permittee
requested that an outside party, the Montana Ag-
ricultural Experimentation Station, monitor the
response of thc wil lo$, community to the longer
rest period. This provided the opportunity to con
tast the extent of \\, illow cover along streams under
custodial l ivestock management (1942 to 1965)
to that undgr rgst rotation grazing management
(1965 to  1987) .

Methods

Wil ow Canopy Cover

Three sets of aerial photographs spanning a 46-
yr period were used to determine the change in
u i l lru canop; corerulong the three muin itream.
in the Long Creek Allotment. Aerial photognphs
from 1942 were purchased f'rom the National
Photographic Archives, Atlanta, Georgia and pho
tographs taken in 1965 and 1987 wcre purchased
fiom the Natural Resource Conservation Service
Air Photo Field Officc, Salt Lake City, Utah. Pho-
tographs were ordered at an enlarged scale of I
cm =  l21 .92  m.

The photo scale was checked with a topographic
map and recognizablc landscape t'eatures. Clear
22 x 28 cm acetate sheets were placed on indi-
vidual photos. covering the length ofeach stream
within a pasture. Because each of the four allo!
ment pastures had a stream, tall willow commu-
nities. and received a common treatment (rested
one year in four), the pastures wcre treated as
replicates for statistical analyses. This necessi-
tated delineation of pasture boundaries on each
set of acetate sheets. The area occupied by wil-
lo\\, s along each strcam reach was traced onto the
acetate sheets. Apparentbreaks in willow canopy
cover were identilied and marked on the acetate
sheets. A standardized dot grid template, 100 dots
per 1.2 cmr, was then placad over the acetate sheets.
The number of dots within the outlined willow
area and number of dots touching willows were
tot?Lled for each canopy cover break (Tueller | 977).
The total numberofdots was dividedinto the num-
bcr ofdots touching willows to approximate per-
cent canopy cover. However, because a single
canopy measure fbr each pasture would provide
little infomation on fragmentation of the tall
willow community cover, estimatcs were then
stratif ied into five cover classes (Daubenmire
| 959). Strati i l  ing the \ irnup) co\ er mea\ures into
cover classes allowed us to approximate willow
canopy cover tiagmentation over the period the
r l lo tmen l  w l .  under  re . t  ro ta t ion  graz ing  man
agement. Because none of the canopy cover brerks
me;lsured on the aerial photognphs had 2 757o
canopy only cover classes | (0-56/(,).2 (5 25%).
3 (25 5070), and.l (50-757o) were used.

To comparc canopy cover fragmentation along
sreams within a givcn year, and to estimate canopy
cover changes ovcr the 46-yr period, \\, e determined
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the percentage of the streaur reach within each
pilsture that was occupied by each canopy cover'
class. The percentage ofstream falling within cach
of the four cover classes was dctcmined by placing
a nl]w sct of acetate sheets over each set of aerial
photographs. The stream channel, brcaks in the
canopy cover. and the associated cover classes
werc marked onto thcse acetate sheets. The length
of stream $'ithin each cover class was measured
by a digitizer. using the Signa Scan 3.10 pro-
gram. Sigma Scan was calibrated to thc scale of
the photographs by tncing aknown distance with
an electronic pointcr on an clectronic pad. The
pointer md pad were used to measure total length
of each stream from the strcam channel acetate
sheets. Stream channels uere re-mgasured on
photos from 19.12. 1965, and 1987. The total length
ofindividual cover classes was also measured from
stream channel acetates. Stream length occupied
by individual cover classes was divided by the
total stream length. This calculation represented
the percentage of steam occupied by the indi-
vidual covcr classes. Changes in the percent of
strcarl rcach occupied by each cover class over
time were used as the primary indicator of wil-
low canopy cover l'ragmentation.

Stem Age

In 1991, we selected five locations. evenly dis-
tdbuted along thc lcngth of streams in each of
the tbur pastures, as collection sites for willow
stems. Two average size *illows, one eachofGeyer
and Booth, were collected for stem aging at each
location. Individual willows were chosen based
on comparable height and diamctcr with other
wil low clumps at the location.

The base ofeach wil low was measured with a
2-m ruler along a nofih-south axis. Five stems
equally spaced along each axis wcrt: sclected for
removal. Each stem was cut at ground level. Stems
were shortened to 20 cn, pemancntly tagged,
and transferred to the lab. The narro$,est diam-
eter of each stem was measured to the nearcst
mill imeter.

The end of the sterr closcst to the ground was
shaved with a sharp knife to produce a smooth
surlace and dipped in watcr to accentuate growth
rings. Annual growth rings were counted under a
I x l0 binocular microscope. We analyzed 195
stems, 50 each fiom Long Creek, Jones Creek,
and Lone Butte Pastures. Fifty stens were also
collected tiom Pole Creek Pasture, however, five
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stems were lostresulting in only 45 tbr Pole Creek
Pasture. Due to the tumover rate of willow stems
within a willow clurnp, these data do not indicate
the agc of the original root crown but rather the
c lonr l  s tem.  For  th i .  re i i :on .  c ro \ .  da l in f  $  i t \  no l
required. Multiple regression analyses wcre used
to detemine the conelation of species and diam
eter on stem age by pasture. Correlation analysis
(P = 0.05) was then used to detennine the rela-
tion between stem dianeter and stcm age fbr all
195 stens.

Data Ana ysls

A one way ANOVA was uscd to test dift'erences
between the four canopy cover classes within each
year (n = zl). The same statistical procedure was
also used to test for differences in each covcr class
among yea$ (n = 3). Pastures were used as repli
cates with P = 0.05 set for detemining signifi-
cance. Mean separation was pcrformed with a least
significant difference test.

Besults

W ow Canopy Cover

In 1942, the distribution of the various willow
canopy coverclasses along the three streams flow
ing through the allotment appcared to be relatively
unitbrm (Table l). After 23 yr of custodial man-
agement ( I 942- I 965 ) the percent of stream reaches
occupied by the smallest and largest covcr classes
had declined while those reaches covered by willow
canopies of 5-25Va antl,25-50c/c had increased.
In 1965 the difference in strcam reaches with more
than 50clc wil low canopy cover and those with
lesser  amounts  was no t  s ign i f i can t  (P  =
0.07)(Table 1).

TA B I -E L The perceDr of stream reach rvithin the Long Creek
allonDntcoveredby various willo*' canopl' cover
classcs in 1942 (custodial management-no resl
liom grazing), 1965 (initiation of rest rolalion
grazing nuDagement) and 198? (22 ]'ears ofrcst
rotaiion grazing management). Valucs $i1h the
same superscript letters jn l9E7 arc nol signiii
cantl] different at l'=0.05.

Percen! Willos Canopv Covef
<5 5-25 25 50 50-75

1912
r965
r987

35 2'1 16 2E
29 33 38 I
24" 15. 57f 6.



Atier 22 yr of rest rotlltion grazing nranage-
ment (1965-1987) thcrc werc signil icantly more
(P = 0.02) stream rcaches with a willow canopy
coverof25 507r, than any othercover class (Table
l). When the percent of stream reoches covered
by cach cover class in 1942 was compared with
the same measure in 1987. reaches with 25-507c
canopy had increased but not to a signiticant level
(P = 0.06), while nonc of thc othcr cover classes
changed signiticantly during the sanre period.

Stem Age

No significant con'elation existed between spe
cies and stem age. and between pasture and stem
age. Therefbre, all stem data wcrc poolcd and are
presented as an allotment average. The individual
wil lows sampled contained a widc distribution
ofstem ages (Figure 2). While certain age classes
were absent t iom some pasturcs. thc samplcd
population u,ithin the allotment was represented
in all age classes fiom I yr to 19+ yr. Only Jones
Creck had two consecutive years with no appar-

ent stem production. Stem age avcragcd 9.5 vr
en the allotment and fewer than 137a ofthe col-
lections were >1,+ yr old. Additionally, the core
lation between stem diameter and stem age for
all 195 stems was significant (P< 0.0001, rr =
0.63). indicating that larger diameter stems were
oldcr than smaller stems.

Discussion

According to the extensive review ofriparian lit-
erature by Fleischner (199,1) and Belsky et al.
r  lqqqr  Ihe  u i l low c lnop l  r long  lhe  s l re i rm.  in
the Long Creek allotment should have declined
and bccomc fragmented because ofthe allotment's
Iong history of livestock use. However, analysis
of a series of aerial photographs of the allotment
fiom 1942 to 1987 did not reveal the expected
tragmentation ofthe willow community. The nearly
uniform distribution of willow canopy classes along
thc allotment's three streams in 1942 served as
an effective baseline for establishing the fend in

z
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Figure 2. The nem age class disfiburion developed liom collections made irom raDdoniy selected willows in the USDA Forest
Scr\ icc I -ong Creck al lot  cnt .
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u'illow canopy u,ith and without lest ftont graz-
ing. There is little elidcnce that the Long Creek
allotment received any restfromgrazing from 19,12
to 1965. yet $'i l low canopy co.rer rcmilined rela-
tively static (Table l). This pattern would be cx-
pected ifthe willow communitl' had been in high
ecological condition (Knopf and Cannon 1982),
but historic livestock records suggest that willow
condition in the Long Creek allotment in 1942
should have been rclativeiy low. The relative in-
creasc in stream reaches with 5-257r cover and
25-507o cover from 1942 to 1965 (Table l) sug-
gests that the lower stocking rates implcmented
under custodial management maintained willow
canopy cover. However, this increase stands in
s la rk  eon l r r . l  tu  lhe  dec l ine  in  lhe  re  l c t  i r  c  amount
of stream reach with 50-75% willou'cover (Table
l). While the appffent break up of the heavier
willow cover could be attributed to livestock use,
USFS recorLls inJi(rre thar aerial 'prrl ing uas
conducted in 1962 and 1963 to control sagebrush
in  the  up l rnJ ' .  The lack  o [  r ipar ian  rnon i tu r ing
data from that period complicates efforts to de-
terrnine whether livestock use or herbicide drift
was responsible lor the dramatic decline in pro-
poftion of stream rcaches with > 507r willow cover
Nonetheless, thc lack of a significant difference
betwccn streanr reaches with cover classes l, 2.
cnd. l  r t  the  hcg inn ing  o l  the  re \ l  romt ion  gra t  ing
management systcm in 1965 compared to the sig-
nificant diff'erence (Table 1) betwcen the same
cover class disfibutions in 1987 indicate that year
long rest was sufficient to initiatc willow reco\r
ery. The change in the anlount of stream reach
with 50-757c wil low canopy between 1965 and
1987 furthel suggcsts that willow recovery was
unhindered under rest rotation grazing rnanage
ment. Funher support fbr rejecting the study hy-
pothesis adses liom closer exanination of thc
willow stem data.

Three lines of evidence indicate that rest rota-
tion grazing management promoted \\ illow stem
recmitment. First. the stem-age population curve
u'as fairlv uniform with t'ewer than l37o of the
stems older than 1,1 yr (Fig. 2). Second, skewed
\ tem age group\  inJ ic f l i re  u l 'he  \ )  b rous inEr  u .e
wcrc absent. Third; the llean st(]m age (9.5 yr)
rvas nearly identical to willows protected from
grazing for 29 vr (Schulz and Leininger 1990).

The tumover rate of individual slems in the
Long Creek allotmcnt appears rapid, because 87%
ol thc samples u'ere <l4 yr. Thercfore. wil low
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stempopulations nray have completcly turned over
three times during 1942to l991.Acompletetum-
over ol stems every 15 yr on the Long Creek Al
lotment is similar to stem senescence in Geyer
and Booth wil low at l5-20 yr in central Oregon
(Kovalchik l99l ). Begin and Payette (1991) sug-
gested turnover occurred from 10-i.1 yr for
planeleaf willow (.5. planilblia) along a Quebec
lakeshore. Consequently. it appears that cattle
grazing during 19,12 to 1987 did not alltct naru-
ral tumover pattems and thaL individual willows
could continue to produce replacement stcms at
r  5u f f i c ien t  r r le  under  res l  ro ta l lon  gr . rz ing  to
expand willow canopy cover.

While aerial photographs and willow stem age
data did not provide infonnation about the den-
sity orgeneration ofnew tall willow clumps within
thc Long Creek Allotment. streamside wil low
canopy cover generally increased (Table 1) and
willow stem recruitment was similar to records
from other areas in the west and noftheast (Begin
and Payette 199l, Kovalchik 1991 ). At first glance.
the results ofthis sludy contradict the tindings of
Knopfand Cannon (1982) and recommcndations
that willows nced extended rcstpedods to recover
fionr overuse (Behnke and Raleigh 1979. Rinne
1985, and Elmore and Beschta 1987). However.
ln contrast to these management reconmenda-
tions. the grazing managenlent implemented on
the Long Creek allotment included rest, reduced
stocking rate, a sho er grazing season delaycd
until mid July. and sagebrush control. This man
agement oction follows the reoomnendation that
careful control ol thc season and intensity of live-
stock use tbstered improvcd riparian function
(Elmore and Beschta 1987). Thus. our results
coroborate rather than contradict the earlier graz-
ing studies. Short rest periods (< 3 yr) are prob-
ably inadequate fbr willow rccovery without con
cur:rent changes in season and intcnsity of use.

Even though several authors (Kay and Chadde
1991, Kovalchik 1991, Singer 1996, and Belsky
et al.1999) suggest that willows rcquire extended
rest periods to recover tiom heavy use by live
stock or wildlife, the 46-yr photographic rccord
ofLong Creek indicates that long periods ofnonuse
can be avoided through close contrcl of season
and intensity of ungulate use. The phob record
also supports the recommendation of Clary et al.
(1996) that grazing practices might have to be in
place for several dccades belbre degraded ripar-
ian vegctation begins to improvc.
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