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Abstract
Restoration of degraded riprdan ccosystems is of great impofiance fbr the recoler] oI dcclining and endangered stocks of
Columb ia River salmoDids .rs lrcll as riparian obligate wi ld life species. Willo$ s (Sdltjr qT,. ). thj n leaf alder (A l"!r in.and ), and
hlack cotionwood (Poprl|us trie hoeupu) are important feaiufes of westefl riparian ccosyslcms having multiple functionalroles
thal influence biological divcrsity. r'arer quality/quantity, and aquaric/tencnrjal ibod vebs and habitats. Removal of domestic
livestock and rhe consrruction of big game exclosures have been hypothcsized to be etTective restoration techniques for ripariaD
ecosysten as well as lbr salmonid habirar recor'ery. Folbwing more than a ccntury of livestock grazing, cattle \lere removed
from Meadow Creek in l99l and the rares of riparian shrub recovery were neasured for thc lwo years following. Elkanddeef-
proof exc lo\ures *,ere construcled lo quantify lhe browsing influences of native luge ungulates. Thc inilial mean height of 5 1 5
deciduous trees and shrubs (1.1 species) $as ,{7 cn. After mo }ears in the absence of livestock. signillcant incrcases in height,
crown area. crown rolume. sten diitmeter and biomass were measured both outside and inside of the exclosurcs. Mcan crown
!olume of willo\\'s increased 550t insidc ol lvild ungulate exclosures and 1957. oulside. Black coltonwood incrcased 773'l.
inside and 808f. outside, while thin lcaf alder increased 10.16% inside and 1987. oulside. lnitial shrub dcnsities on gravel bars
were low aleraging 10.7 $oody planl\/ l00mr. Shrub numbers significantly increased =507. (lo 15.8 plants/100n: m or one ne$
shrub fof e\'ery 9 meters of transcct length) outside of elk and deer proof exclosurcs lhrough both clonal and seedling establish-
ment. At the beginning of(hc stL.rdy (1991). catkin production on willows was low (i.c.. only l0% produced catkins). $'ild
herbivores had a significant inlluence on fic reproductive output of wilb\l\: in 1993 catkins wcrc produced by 3,1% ofthe tagged
willo$s within exclosures but only 27 oursidc of cxclosurer. Wild herbivores were fbund to have signilicant inilucnccs on thc
ra|e olhcight growth ofblack cottonwood. For willows. wild herbivores had a significant influence on the rate ofgrowlh lbr the
paramctcrs ofheight, cro\ln area. crc$n volulne..rnd nanding bjomass. Neverrheless. duetolhe inherent resilience and adaptions
ro nurural djsturbance processes displayed by the riparian spccic!. there was a rapid and positive response to cessation of lhose
land usc activilier (i.e. cattle gfazing) that caused habilal dcgradation and/or were preventrng recovery.

Introduction

Globally, riparian/aquatic ecosystems are being
altered, degraded, or lost at a greater rate than
any other time in recorded history and far faster
than they are being restored (National Research
Council 1992). Degradation of riparian/stream
ecosystems by anthropogenic activities along with
dams, fishing, and hatchery pructices are suggested
to have the most pronounced influences on the
decline of salmonids in the Pacific Northwest.
(Nehlson etal. l99l). In the semiarid fbrests and
rrngelandr ol 'the Pacific Nonhwe.t riparian zones
are areas ofhigh biological diversity and produc-
tivity (Thomasetal. 1979. Skovlin 1984, Kauffman
and Krueger l98,1). Records ofexplorers and fur
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trappen in the Columbia Basin described the land
as abounding with wildlife, and streams rich with
salmonids and beaver (.CLstor canadensis)
(Thwai tes  l905,  Ro l l ins  1935,  Ogden 1950,
Naimen et al. 1988). Streambanks were often
noted to be dominated by dense stands of willow
( Salix spp. ), aspen ( Populus tremuLoides 1, andblack
cottonwood (Pr.rprllri s tichocarpa) (Elmore 1992).
By the early 1900's, many of these stands had
been severely degraded or eliminated in parl due
to the influences of livestock grazing (Chaney et
al. 1990, Elmore and Kauftman 1994, Fleischner
1994). Because caltle (-B.ri larrur) tend to con
gregate within riparian areas (Roath and Krueger
1982. Gil len et al. 198,+), many of these zones
have remained overgrazed (Armour et al. 1991,
Fleischner 1994). The biological consequences
of overgrazing resulting in riparian degradation
a.re dispropollionately high because of the di versity
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and large number of aquatic and terrestrial or-
ganisms that utilize these ecosystems (Carothers
1977, Thomas et al. 1979).

In the semiarid west. intact riparian plant com-
munities are typically diverse in tenns of struc-
twe. composition. and edge:uea ratios (Kauffman
and Krueger 1984). Riparian plant communities
ar(' inlegral to stream funclir\n antl Jquutic pro
ductivity (Murphy and Meehan 199.[. Swanston
1991, Li et al. 1994). For exanple, in low-order
streams, ripadan vegetation strongly influences
stream temperature (Li et al. 1994). channel form,
habitats offish and aquatic invertebrates (Sullivan
et al. 1986. Sedell and Beschta 1991, Elmorc 1992),
and are the predominant sources of nutrients and
carbon via allocthonous inputs (Cummins 1974).
Vegetation also protects sfeambank soils tbrough
root strcngth, deflection, and dissipation ofstream
l1ow energy. Acting as a roughness element, veg-
etation enhances sediment, debris, and nutrient
retention, and hence, channel and lloodplain for-
mation (Meehan et al. 1977, Elmore and Beschta
1987, Gregory et al. 1991, Elmore 1992). Ri-
pa.ian vegetation also functions kr increasechannel
diversity and aquatic habitats through creation of
overhanging banks and coarse wood debris in
puts (Sedel1 and Beschta 1991. Maser and Sedell
199,+).

When livestock or wild ungulates are present
during the growing season, the palatable willow
or cottonw(x)d shoots are vulnerable to excessive
herbivory (Kovalchik and Elmore 1992). In ad-
dition, reproduction can be greatly diminished
or non-existent when shrubs are repeatedly over-
grazed (Kay and Chadde 1992). ln Yellowstone
National Park, Kay (199,1) found a complete ab-
sence of catkins on willows which were <2.5m
in height and a mean of 670 catkins on plants
above this height. Without rccruitment or stand
establishment. riparian hardwood communities
progressively senesce and eventually are elimi-
nated fromthe ecosystem (Kauffman 1988. Busse
1989, Kauffman et al. 1993). Livestock are a major
factor contributing to the decline ofriparian com-
munities (Platts 1978, Bull and Skovlin 1982,
Fleischner 199,1).

In order to survive the high frequency and
variable magnitudes of disturbance events, veg-
etation of dpadan ecosystems display adaptations
facilitating rapid recovery following such events.
A passive restoration approach has been suggested
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as the logical first step in successful ecological
restoration. Passive restoration is defined as the
removal of human activities that cause degrada-
tion or prevent recovery (Kauffman et al. 1995.
Kaulfman et al. 1996). Shrub recovery can be
dramatic following the elimination of livestock
grazing (Platts and Rinne 1985, Elmore and
Beschta 1987. Green and Kauffman 1995), but
few studies have quantit'ied rates of individual
shrub growth, reproductive effort and changes in
riparian shrub density when herbivory by cattle,
mtie deer ( Odocoile us henionus) and. elk ( Ce rv us
elaphus) hate been eliminated (Crouse and
Kindshy 198.+. Platts and Rinne 1985).

This project was initiated to improve our un-
derstanding of the resilience of riparian hardwoods,
in particular the natural ecosystem recovery pro-
qs.s follou ing implementation of a prssive res-
toration approach associated with the removal or
diminution of herbivore grazing pressure. Our
objectives were to quantify rates ofshrub growth
and re-establishment following the cassation of
Iivestock grazing alone and in combination with
the removal of all large animal herbivory. Elk
and deer-proof exclosures were utilized to quan-
tify recovery with and without native ungulate
influences.

Methods

Study Areas

The study site is located on Meadow Creek, at
the Starkey Experimental Forest, Wallowa-
Whitman National Forest in the Blue Mountains
of northeast Oregon. Meadow Creek is a third
order tributary of the Grande Ronde River in the
Iower Snake River Basin. Elevation of the site is
1130-1400 m. Mean annual precipitation is ap-
proximately 60 cm, with two thftds falling as snow
during winter Stream annual average discharge
varies between 0.056 and 5.60 mrs r, with annual
peaks occuring most often in March, but can occur
anytime between January and June (Mclntosh
1992). Uplands are dominated by ponderosa pine
(Pinus pontlerosa) and grand fir (Abies granclisl
on north slopes and byponderosa pine and bunch-
grass communities on the south slopes. Over the
4 km study reach, average channel gradient is l0
m km I and average sinuosity is approximately
1.13 m mr (Ganskopp 1978). Gravel bars con-
. i r t rng  r r f  coarse  to  [ ine- te r tu reJ  a l lu r ium pro-



vide many suitable sites 1br the potential estab-
lishment of willows, thin leaf alder (Alzirs urr:rara)
and black cottonwood (Busse 1989)

The Meadow creek watershed and riparian zone
have experienced a long history of logging, splash
dams. roads, railroads, and livestock grazing. At
the onset of this study in 1991, Meadow Creek
\\as,.hariicterizeJ by a r.lepuuperute L omptl. it irrn
of streambank shrubs and a relatively shadeless,
simplified. riffle dominated channel (Beschta et
al. 1991, Mclntosh 1992).

Domestic l ivestock grazing along Meadow
Creek began in the 1860's with stocking rates
varying between 0.81 ha and 3.0 ha/animal unit
month (AUM) until 1975 (Hanis 1954. Skovlin
1991). From 1975 unti l this project began in 1991,
utilization levels were maintained at approximately
70 ' ,  o l  herhuceou.  g rowth  w i rh  r  g r r / ing  in ren-
sity of 3.2 ha./AUM (Skovlin et al. 1977). Prior
to l ivestock removal, Bryant and Skovlin (1982)
rcported that shrub utilization was 60 - 657o in all
treatments and suggested that elk and deer brows-
ing accounted fbr about 25% ofthis impact.

Fiparian Vegetation

Planned livestock grazing was teminated along
VerJow Cree l  fo l lou ing  the  lQQO gr ru  ing : .e r -
son. However, some trespass cattle grazed the
area each year. Vegetation was measured in 1991
(ref' lective ofa century ofl ivestock grazing). and
in 1992 and 1993 (one and two years without live-
stock).

Annua l  ra te .  o f  g rou  th .  changes in  s t ruc tu re .
and reproductive effort were measured on a total
of 244 shrubs consisting of 8 species that were
pemanently tagged and mapped. Measurements
included height, elliptical crown area, number of
basal stems, and mainstem diameter at the soil
surface. Elliptical crown area (A) was calculated
util izing the fonnula:

A = ( n x w , x w , ) / 4

where wr is the m&\imum crown diameter and
w. is the peryendicular diameter at its midpoint.
Crown volume was calculated by multiplying the
elliptical crown area by height. Herbivory by
beaver, insects, and large herbivores (deer and
elk) was also recorded for each individual. All
measurements were taken in late June each year

Density and establishment rates of riparian
hardwoods were quantilied through measurcment
of52 permanent belt transects that were 2 x 25 m

in size. These permanent transects generally par-
alleled the stream cou$e on gravel bars that are
typical of habitats occupied by members of the
Salicaceae (Busse 1989). The species and height
of all shrubs within the transects were recorded.
All field measurements were made from late June
to early July each year

In the Fall 1991, three large game exclosurcs
were consfucted on the upper, middle. and lower
end of the study site. This allowed for the quan-
tification of shub growth with and without the
influence of large herbivores. One lirurth of all
tagged shrubs (n=62) occuned within the elk
exclosures. Eight of the 52 transects occurred
within the exclosures.

Standing biomass and rates of accumulation
were calculated fiom predictive equations devel-
oped specifically fbrthese riparian shrubs and trees
(Case 1995). DilTerences in shrub crown area.
crown volume andbiomass (inside the exclosures
vs. outside) were tested using a co-variate analy-
sis of variance with log transformed variables.
Crown volume was used as the co-variate; sig-
niflcance levels were set at p<0.10. Between treat
ment comparisons of height, mainstem diameter
and number of stems were determined using analy-
sis of variance with untransformed variables.
Between years analyses of individual species
characteristics werc conducted using paired t-tests.
Between year changes in density (tmnsect data)
$ere also tested using the paired t-test.

Results

lni t  a l  Shrub Composit ion and Stature

In 1991, a depauperate riparian composition and
structure reflected a century or more of heavy
utilization by domestic livestock. The initial nean
height ofthe 24,+ tagged individual shrubs (8 spe-
cies) was 57 cm. The mean width of black cot-
tonwood exceeded its mean height (44 cm and
35 cm, respectively). The mainstem diameter and
the genenl structure of the plants indicated that
the majority were not seedlings, but individuals
maintained in a low stature by grazing for many
1ears .  Sandbar  u  i l l ou  rSa l l r  e r ipua r r r .
melanopsis), Mackenzie willow r/S. rigida "/aL
mackensiearut), andBooth willow (J. lrool?llJ were
the most abundant of the tagged willows (Table
1). The structure of willows (i.e., height, and crown
volume) also reflected extreme utilization by graz-
ing animals (Figures 1 and 2).

Herbivory and Recovery ofWillows and Cottonwood ll'7



TABLE L Change (c.,) in height, crown arca. crown volume. mainsten diaDreler, nunber of stems and biomass fbr rhin lcal
alder, black collonwood. and willows outside (Out) and inside (In) of elk and dcer ercbsures ar Mcadow Creek
lo l iowing the ierminal ion 0f  l i lestock graTing (1991,1993).

Species
S.rmple
Height

Cro$n
volumc Biomass

Mainsrem Number of
Diameter Stems

Thin lcal alder 21

Black co! !on$ood 23

Wil lows conbined:  I  l7

Coyotc willow 8

Sandbar $illo\i 29

Whiplash $i l lo$ l8

Lemon s willow 5

Nlackenzie willou 33

Booth \lillow 38

Out In

-5 r52' 422-

21 568' 316-

49' 235t ,139-
'75' .18 i 7.15'

100 '  8 ,1 '  l 3 l '

37 35E', 216'

105

58 .115' 606',

18 r57+ 239',

A supencripted * indicatcs a silnificant difference between yearr ( 1991 1993). but within the lreaimenr. A supcrscripted # over
dan in fte Out column indicalcs a significant differcnce in total growth when comparing plants inside and outsidc the exclosurer
(D<0.101.

,l .16' t29'

t  /  121 t5t '
.11 18* 86-

t6  2 "  102

5  3 "  5 9 '

7 33',  56'

2 -

2 11'- 10',7'

1 r  37 *  80 '

I  l l  , l05

268' 248'

l l2j  228'

30" 303',

87' 63'

19'1' .  r3-l

106' 175-

159- 2,10-

198'. 1046' .161 r05', ,13',

808',  773' 59- 59'.  35-

1951 550' 11' 38' 19'

11t 705' 2t4 12' 57

91' 122', 51 62', 65'

260' 261', t]', 5,1' 68',

153 30' Tl

16l '  ,188' ,19' 36 58'

270',  586' 38',  20- 15,

6

o
q)

: l r .

B 0.8

0.4

9t 92 93 9t 92 93
Outside Inside

ALDER

9t 92 93 91 92 93
Outside Inside

COTTONWOOD

9t 92 93 91 92 93
Outside Inside

WLLOW*

Figure l. Mean crcwn lolumc outside and inside exclosures follo{'ing liveslock removal at Meadow Creek.
Oregon (1991-1993). Thin bars represen! one slandard error. An asterisk (+) indlcates a significanl
djffercnce ir sro$,th outside (our) !s. inside (in) ofclk rnd deer proof exclosures.
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Initial shrub densities in 52 gravel bar transects
was low with a mean of 10.7 plants/l00mr (a range
in density of 0 102 plants/l00m'?). Only eight
transects had densities >20 plants/l00mr. Den-
sity of all willows combined was 6.7 /100mr, while
density of black cottonwood and thjn-leaf alder
was 1.3 and 1.0/l00mr. respectively. Density
ofall other species combined was L6plants/100n')
(Table 2).

Jn t  uences  o f  W ld  Herb ivores  on  R ipar  an
Shrubs

Initial shrub responses were drcmatic following
the removal of livestock but with the contlnueo
presence of wild ungulates. For thin leaf alder.
black cottonwood, and willow species combined,
all of the measured shrub parameters (except the
number of sterns) signifi cantly increased fiom 1991
to l993.Atthe beginning ofthe study, mean bio-
mass of thin-leaf alder, black cottonwood, and
willow specics outside ofelkexclosures was 343
g, 38 g, and 84 g, respectively. Two years follow-
ing the removal oflivestock. increases in biomass

9t 92 93
Inside

9t 92 93
Outside

ranged from 487. to 568c/o outside of exclosures
and fron 13l7c to 745cl,: inside exclosures (Table
1). During this same time period, shtub crown
volume increased 47-808c/r for all tagged species
outside of exclosures (Table l). Within the
exclosures, the range in crown volume lncrease
by species was 122-10:16cl,: (Table l). Small shrubs
displayed proportionately greater increases than
larger shrubs, and lbr this reason a crown vol
ume co variate was used tbr between treatment
analyses (inside vs outside ofexclosures). Brows-
ing by large ungulates was apparent on 727. of
the tagged shrubs in 1992 and 73% in 1993.

There were significant differences in both the
annual height growth and total height for willows
and black cottonwood comparing inside and out-
side exclosures (Table 3 and Figure 2). In two
years, black cottonwood within exclosures in-
creased =50cm (151%) in height. Outside of
exclosures cottonwood height increases were
=25cm (127a) . From 199 I to 1993. the mean height
of wil lows increased from 63 to 73 crn outside
exclosures and from 53 to l00cm inside of

9t 92 93
Outside

9t 92 93
lnside

COTTONWOOD* WILLOW+

Figure 2. Ntcan height of thinleaf alder, black cottonnood. and willow spp. outside and inside of exclosures

follo$,mg the ces\alion of livestock grazing at Mcadow Creek, Oregon. Thin bit* rcprcscnl one

\tandird eror. An arterisk (") indicates a signitlcant ditTerence (p<0.1U) in height gro\!th l99l-1993

outs ide vs ins ide ofexclosures.
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TABLE 2. Shrub densiry on gfavel bars at Meado$ Creek. Oregon 0991 1993). Numberi arc mean and
standard eror (in pdrenthesis). Taxonomy lbltows lhat of Hitchcock and Cronquist (197j) and
Brunsfeld and Johnson (1985).

Den\ t \  l#/ luorr l

Spccies
'fhin 

leafaldcr

Black cotton!r'ood
(Potulus ttirho.ary0)
Co)ote wi l low
( Salix exigtu \at. eri gua )
Sandbar !rill()$
(SalLe e\isud y,r. neL0 opsis)
Pacific witlo$
(S.li\ la\i1ndr(t wr tdutldtd)

\,lac Kcnzie willow
(Salit ri<ida \,ar nu|ke :iedna)
Booth willow

Red osier dogwood
lCorat\ stolon;f"ru)
BIack hawlhorn

lCrataegut do glatii)
Stinkirg currant
(Rihe\ hudsonidnun)
Cornmon sno$berry
($mphoriurpos albusl

Pearhip rose

Service beny
(AncIa chier eltlifuIia)
Red Raspberry

l 99 l

0.96 (0.22)

1.28 (0.67)

0.2E (0.17)

5.00 (2.,{01

0.16 (0.08)

0.0,1{0.0,1)

0.52 (0.17)

0.88(0.24)

0.l2 (0.09)

0 .12  (0 .12 )

0.92 (0.46)

0.16 (0.21)

0.0,1 (0.0,1)

0.0.1 (0.0:1)

L991

l . r 9  (0 .39 )

1.88 (0.78)

0.62 (0.33)

6.23 (2.98)

0.38 (0.12)

0.04 (0.04)

o.77 (0.23)

0.8r (0.23)

0 . r5  (0 .17 )

[J. ls (0.09)

0.96 (0. i5)

0.58 (0.27)

0 .15  (0 .32 )

0 . r5  (0 .15 )

0 .0 , t  ( 0 .1 l )

0.04 (0.0,1)

1993

1.58 (1..17)

2 (0.94)

0.69 (0.:11)

6.96 (3.15)

0.38 (0. r2)

0.0,t (0.0:1)

0.58 (0. r8)

0.88 (0.26)

0.i5 10.09)

0 .12  (0 .  )

1 .38  (0 .51 )

0.88 (0.37)

0.04 (0.04)

0 .12  (0 .08 )

0.0,+ (0.0,1)

0

1O.',72 14 .1 .1 15.8.1

TABLE 3. Mean height growlh (cn, during 2 seasons our-
srde and inside ofelk/deerexclosures, at Meadow
Creek in ronheart Oregon. Nunbers in paren-
thests are standard efiors.

SPECIES l 99 t  -  l 99 l t992-1993

exclosures (Figure 2). ln addition, for willows
we detected significant differences in the increases
of crown area, crown volume and biomass be-
tween plants outside and within exclosures. The
average biomass of all willows combined increased
439% (a range of 80 439 g) inside the exclosures
and,235Vc (83-l78 g) outside of exclosures. [n-
creases in crown volume of all willow species
combined was 5507e inside and l95% outside of
exclosures. Crown volume of thin-leaf alder in-
creased 198'/o outside of exclosures but 10,16olc
inside the protected exclosures. The small sample
size for thinleafalder inside the exclosures limited
statistical interpretation. Black cottonwood crown

Outsidc Inside Outs ide lnside

Thin leafalder 23 (3)

Black coltonlvood 2:1 (,1)

Wiiloq spp. l0 (2)

Al l  spp.  combincd 13 (2)

26 (9) rs (.1) 25 (6)

17 (.1) I  (5) 31 (s)*

28 (3)i '  r  (2) lE (,1)*

25 (3)* I  (2) 22 (3)+

* Indicares a s igni f icant  d i f fcrence inside vs.  outs ide of
exclosures (p<0.I0 l
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volume grcwth was 808% outside and 773clo in-
side exclosures during the 2 year pe od(Table l).

Indrr rduallS. co; ote u i l l , ru (.Sa/lr r rlsti.t viu.
eriguq), and Booth willow were signilicantly
influenced by wild ungulates 1br the variables of
height. crown area and biomass (Table 1). For
example. the increase in average biomass ofBooth
willow from 1991 b 1993 $,as 65 to 168 g/plant
out ofexclosures. and 9l 308 g in the exclosures
(an increase of 157ola and 238%, respectively).

Bates of Estab shment, Dens t es and
Seed Production

Two years lirllowing the removal of livestock,
the total number of all shrubs encountered in all
transects increased by 50% (i.e., from 271 in 1991
to,1l2 in 1993). This is equivalent to a one new
shrub for every 9 meters of tmnsect length. The
greatest measuled increase was for sandbar wil-
low; 257c ofthe 144 new plants were ofthis spe
cies. Sandbar wi11ow, which had the highest den-
sity ofall species on the transects, increased from
5 to 7 plants/l00m'z (Table 2). lndividuals from
this species can readily establish from stems de-
posited on gravel bars during high flows. ln ad-
dition, it was one of the tew shrub species that
commonly produced catkins (Table 4). The sec-
ond most abundant species was black cottonwood
r,vhich increased fuom 1.3 to 2.0 plants/l00mr,
while the third most abundant. thin leaf alder in-
creased from 0.9 to 1.5 plants/l00mr. All other
shrub species combined increased =0.5 plants/
100mr.

Most of the increases in density of individual
species occuned u'ithin the same transects in which
they were originally encountercd; the increases

'Ir\BLE.1. 
Number of $ilio\ planls produclng carkinr al

Mcadow Creek.  Oregon f to l l l  l99l -1993.

in the frequency of species (i.e.. the percent of
transects in which individual species occurred)
uere  r l igh t  fo l low ing  two 5ears  o f  g r rz ing  ce ' -
sation. Sandbarwillow occurred on more transects
than any other (36% in l99l and 387c in 1993).
Frequency of thinleaf alder was 247c 1n 1991
and increased to 291c by 1993. Black cotton
*ood occurred in 20clo of the tansects in 1991
and did not change during the 2 years. Frequenc)'
of whiplash willow (Salix lasiontlntvar cuuduta)
incfeased from 8a/o to 17Vc- and other willows
showed no, or only slight increases or decreases
in frequency of occurrence. Other common shrubs
which increased in frequency included stinking
curant (Ribes /rasonla'irn) (an increase trorn 207o
to 28%), and common snowberry (Symphori-
carpos aLbus), (an increase from 8ic to 116/c).

Limitations to shrub recovery may partially
be explained by a lack ofreproductive vigor; only
107e of willows produced catkins following live-
stock removal (Table 4). Sandbar willow and
coyote willow were the most prolific making up
807o of the individuals that produced catkins. Of
the individual plants that produced catkins. the
mean number per plant increased three-fbld lrom
the first season (i.e.. 55/plant in 1991 to 164 and
135/plant in 1992 and 1993). Most ofthe repro-
ductive individuals in 1993 were inside of the
exclosures; 3,1'lo ofthe willows inside exclosures
produced catkins as compared to 2Tr outside of
exclosures. From l99l to 1993, the mean num-
ber of plants producing catkins outside of
exclosures decreased trom 6 to 3 while the num-
ber inside exclosures increased from 9 to 1,1.

Other ecosystem factors influencing shrub re-
covery included beaver which removed mainstems
from 20clr of willows, I 17c of alder, and 4% of
cottonwood during the study (Figure 3) . Because
they tend to remove the largest of stems, the mag-
nitude of regrowth both within and outside of
exclosures was likely diminished by their influ-
ences. High flows had discernable negative in
fluences on the growth of67o ofthe tagged shrubs
in 1993.

Discussion

lnteractions between biotic, hydrQlogic, and geo-
morphic features detemine the rate of riparian
recovery following natural or anthropogenic dis-
turbances (Kauftman et al. 1996). On Meadow
creek, these ecosystem features have been

r99 l 1992 1993

Sandbt|r $ ill0\i

Coyoie \ l i l lorv

MacKenzie wi l lo\ r

Whiplash \iillow

Total

% of all willows

Mean # catkin,i/plant

5

E

I

I

I

1 6

8

9

)

2

20

t 0
2
t)
i

1 1

9 .2  11 . , 1  9 .8

55 (16) 16,l  ( ,18) 135 (32)

Herbivory and Recovery of Willows and Cottonwood 121



80

60

q)

P 4 0
c)

20

DeeriElk Beaver Insects
Figure 3. The percenragc of mdividuar slnubs bro'r'sed by dcer and erk outside e{crosures in 1993. and ihc

percent broll sed bv beaver and insects oulside durjng rhe l99l- 1993 period a! Meadow Crcek.

drarnatically intluenced by the long period of heavy
livestock use as well logging. roads, and other
land use activit ies (Mclntosh 1992). Results of
these ecosystem pefturbations are manifested in
incised channels, simplitied channel morphology,
and changes in hydropeiod (Beschra et al. l99l .
Mc ln lo .h  l9g2 r .  A  h io r ic  d is . 'qu i l ib r ium was re -
flected in the depauperate riparian plant compo-
sition and structure (Tables 2, and Figures I and
2) as well as high densities of wild herbivores
(B. Johnson, USFS La Grande. Oregon. personal
communication). These physical and biotic f'ea-
tures can combine to retard the restoration pro-
cess. Nevertheless, significant increases in both
the structurc and density of the riparian hardwood
componen l  ha .  uc(ured  l f rc r , ,n l )  two )ears  in
the absence of l ivestock use.

While a 507a increase in shrub density may
initially appear to be indicative of successlul re-
covery following the cessation of livestock graz-
ing, this increase must be viewed in terms of the
very low init ial densities. Density ofblack cot-
tonu,ood. thinleaf alder and willow species in
1993 was 2.0. 1.6, and 9.5/100m,. respectivelv
at Meadow creek. In contrast. density of these
same species in a I ightly grazed or cattle-excluded
reach ofCatherine creek (also an upper tributary
of the Grande Ronde River, Northeast Oregon)
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was 35, 6, and 176 /100m'], respectively (Green
and Kauffman 1995). kvine andWest (1979) also
reponed similar high densities of Fremont cot-
tonwood (Populus fremontii, =80/l00mr) and
coyote wil low (=260/100m':) in intact dparian
ecosystems of Southeastern Utah.

Recovery of disturbance dependent riparian
shrub conmunities is a function of seed produc-
tion or vegetative establishment from stem depo-
sition in suitable substrates (Busse 1989, Kauffman
et al. 1985). Ar the onset of the study. neither of
these rgproductive processes were occuning in
measumble amounts at Meadow creek. The low
total aboveground biomass of riparian shrubs as
a result of l ivestock uti l ization would not have
resulted in an abundant source of stem materials
tor vegetative establishment following flood depo-
sition. In addition. only l0% of the wil lows pro-
duced catkins. Similarly, atYellowstone National
Park, Wyoming, catkin production only occurred
on willows above the height ofbrowsing animals
(wild ungulates) (Kay 1994). On Meadow Creek.
the increase in catkin production in exclosures
ilnd the increases in aboveground biomass tbl-
lowing cessation of l ivestock grazing indicates a
greater potential for increased rates of wil low
establishment in the future. For example, in ar-
eas wrth abundant seed and stem souces that werc

E
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W
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ungrazed by domestic l ivestock tbr 10 years,
densities of wil lows and thinleafalder increased
by 3 and 7-tirld. respectively (Creen and Kauffman
r995).

Over-uti l ization by domestic I ivestock result-
ing in the degradation ofdparian and stream eco
systems is among the most significant threats to
biological diversity in the western USA
(Cooperider 1990, Kauffinan and Krueger 198.1,
Fleischner 199.1). A passive restoration approach
which is simply the removal of those anthropo-
genic perturbations that arc causing degradation
or preventing recovery has been suggested to be
lhe  f i r \ l  ne(e \ \ r r )  . tep  in  e r ( ' l , ' g ie r l  res t , . r r r t i , ' n
and probably the most impofiant (Kauffman et
al. 1995). The passivc rcstoration approach in
this study was the removal of high levels of her-
bivory by large ungulates which limited individual
staturc, reproduction, and establishment. The sig-
nificant growth response ofall hardwood species
in the absence of cattle and/or wild ungulate her-
bivory is indicative of the success ofthis approach.

Sinilar responses ofriparian vegetation to the
removal of livestock has been recorded through
out the west (Crouse and Kindshy 198,1. Platts
and Rinne 1985. Busse 1989). ln cattle exclosures
on Catherine Creek, Oregon. height increases fbr
rvillows and black cottonwood were 100 cm over
a l0 yetrr period, while thinlcaf alder increased
200 cm (Green and Kauftman 1995). In our study,
the stongest height respouse was ftom black cot
tonwood protected from wild ungulates (i.e., a
mean heightgrowth of 3l cm in one season. 1992-
1993) (Table 3). Some individual cottonwoods
were observed to have grown >100 cm in a single
season. In Utah, Behnke and Raleigh (1978) re-
corded height growth of willows at 50 cm alter
four years (12.5 cm,/yr). In Montana. sandbar
u,i l low. a proJific sprouter. quickly re-established
u,here it had not been totally removed by grazing
(Hansen l992). AIso in Montana, shrub produc-
tion was found to be 13 times greater inside of
l ivestock exclosures (Marcuson 1977). Shrub
canopy cover in north central Colorado was 8.-5
times higher in protected areas (Schultz and
Leininger 1990). In south central Washington atter
10 years protection frorn l ivestock, woody plants
hadincreased in stature and density to forn a more
or less continuous tee coflidor along the entire
length ofthe strcam (Rickard and Cushing 1982).

Overuse of shrubs by wild ungulales can be
severe when natural processes such as migration

or predatjon are altered, or when management
results in animal densities (domestic and native
grazers) that are beyond the carrying capacity. It
has been suggested that high densities ofelk have
reduqed wil low and cottonwood stands by 907o
o\€r the past decades inYellowstone National Park
(Kay 199,1). In contmst, other studies reported
that large wild ungulates had a minor inlluence
on riparian shrub shucture (Platts and Raleigh
1984). Rickard and Cushing (1982) and Green
and Kauffman (1995) reported increased stature
and density ofwoody plants when livestock were
excluded but with the continued presence of wild
herbivoles.

Wild ungulates along Meadow Creek did in
fluence early recovery after livestock were re-
moved. Mean annual height growth of species
outside of exclosures fiom 1991- 1992 ranged from
10-24 cm (Table 3). During the second season
(l992 1993) wild ungulate impacts were more
severc, reducing height growth for wil lows and
cottonwood to I cm. Height growth inside
exclosures dudng this year was 18-31cm. How-
ever! crown volume and biomass are better indi-
ces to overall growth since they quantify the three-
dimensional changes in shrub stature (Table I and
Figure l). In tenr.n oftotal crown volume growth
over two seasons! black cottonwood increased
'773c/c' 

rnsrde elk exclosures and 8086/c outside.
while wil lows increased 5507o inside and 195%
outside.

Our results may be a reflection of the high
densities of deer and elk on the Starkey Experi-
mental Forest (=5,&m: for deerand 6/kmr for elk).
In addition, natural migrations have been altered
through construction of the 77 kmr big game en-
closure surrounding the Experimental Forest.
Because Meadow Creek is the only area not uti-
l ized by cattle within this enclosed area, wild
ungulate influences on the riparian zone may be
higher than u'ould occur if cattle densrties were
lower throughout this forest.

We fbund that elk and deer use had greater
influences on willows and black cottonwood than
on thinleafalder This pret'erence forwillou's may
be partly explained by its higher nutrient concen
trations. Foliage of coyote and sandbar willow
were found to contain higher concentrations of
crude protein with a lower C:N ratio than black
cottonwood or thin-leaf alder (Case 1995). Oth-
ers have also repofted that willows and cotton-
wood were pret'ered over alders (Kufeld 1972).
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Conclusion

Many riparian zones in the u'est have been dcgraded
since Euro-American settlement with deleterious
conscquences fbr fish. wildlife, and water quality.
The continuous grazing elfects of domestic live-
stock along with wild herbivore inlluences resulted
in the degradation and/or have prcvented the re-
covery of many western riparian systems. Bgcause
traditional livestock grizing strategies have focused
on the ecology and production of upland commu-
nities, riparian/fisheries and wildlife values have
often been or'erlooked (Wagner 1978. Nehlsen et
a]. 1991, Fleischner 199,1). As in many other ri-
parian zones of the interior west, the riparian-obli-
gate hadwoods along Meadow Creek were all but
eliminated. Given their value as providing critical
habitat features fbr both the terrestrial and aquatic
biotl oI there ccos1 .lenrr. itnpror ed ripuriun rnan
agement and ecological restoration are in need of
implementation.

Riparian ecosystems arc zones ofliequent and
varied disturbances at many temporal and spatial
scales (Gregory et al. I 991 ). It was hypothesized
that vegetation recovery firllowing cessation of
high intensities of grazing would be rapid in ri-
parian ecosystems because ofavailable water and
nutrient resources, and because of the inherent
plant adaptations for survival following frequent
nJlurJl disturban(c:. We used il pa.si|e re.l rr-
t ion approach and examined the inherent resil-
ience and early regrowth responses following the
removal of l ivestock, with and without wild un-
gulate brou'sing. Following morc than a century
ofheavy grazing. growth increases were dramatic.
However. wild herbivores had significant and
negative influences on the rate ofrecovery on the
height of black cottonwood. and height, crown
area. crown volunre. biomass and reproductive
output of wil lows.

The rates ofestablishment werc low at Meadow
Creek due to the scarcity ofmature-statured shrubs
and the abscnce of reproduction. Nevertheless,
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