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Abstract

Restoration of degraded riparian ccosystems is of great importance for the recovery of declining and endangered stocks of
Columbia River salmonids as well as riparian-obligate wildlife species. Willows (Salix spp.), thin-leat alder (Alnus incana), and
black cottonwood (Populus frichocarpa) are important features of western riparian ccosystems having multiple functional roles
that influence biological diversity, water quality/quantity, and aguatic/terrestrial food webs and habitats. Removal of demestic
livestock and the construction of big game exclosures have been hypothesized to be effective restoration techniques for riparian
ecosystem as well as [or salmonid habitar recovery. Following more than a cemury of livestock grazing, cattle were removed
from Meadow Creek in 1991 and the rates of riparian shrub recovery were measured for the two years following. Elk and deer-
proof exclosures were construcied 10 quantify the browsing influences of native large ungulates. The initial mean height of 515
deciduous trees and shrubs (14 species) was 47 cm. After two years in the absence of livestock, significant increases in height,
crown area, crown volume, stem diameter and biomass were measured both outside and inside of the exclosures. Mean crown
volume of willows increased 550% inside of wild ungulate exclosures and 195% outside. Black cottonwood increased 773%
inside and R08% outside, while thin-leaf alder increased 1046% inside and 198% outside. Initial shrub densities on gravel bars
were low averaging 10.7 woody plants/|00m? Shrub numbers significantly increased =50% (1o 15.8 plants/100m? m or one new
shrub for every 9 meters of transect length) outside of elk and deer proof exclosures through both clonal and seedling establish-
ment. At the beginning ol the study (1991), catkin production on willows was low {i.c., only 10% produced catkins). Wild
herbivores had a significant influence on the reproductive output of willows; in 1993 catkins were produced by 34% of the tagged
willows within exclosures but only 2% outside of exclosures. Wild herbivores were found to have significant influences on the
rate of height growth of black cottonwood. For willows, wild herbivores had a significant influence on the rate of growth for (he
parameters of height, crown area, crown volume, and standing biomass. Nevertheless, due to the inherent resilience and adaptions
to natural disturbance processes displayed by the riparian species, there was a rapid and positive response to cessation of those
land use activities (i.e, cattle grazing) that caused habitat degradation and/or were preventing recovery.

Introduction trappers in the Columbia Basin described the land
as abounding with wildlife, and streams rich with
salmonids and beaver (Castor canadensis)
(Thwaites 1905, Rollins 1935, Ogden 1950,
Naimen et al. 1988). Streambanks were often
noted to be dominated by dense stands of willow
(Salix spp. ), aspen { Populus tremuloides), and black
cottonwood (Populus frichocarpa) (Elmore 1992).
By the early 1900's, many of these stands had
been severely degraded or eliminated in part due
to the influences of livestock grazing (Chaney et
al. 1990, Elmore and Kauftfman 1994, Fleischner
1994), Because cattle (Bos faurus) tend to con-
gregate within riparian areas (Roath and Krueger
1982, Gillen et al. 1984), many of these zones
have remained overgrazed (Armour et al. 1991,
— Fleischner 1994). The biological consequences

Globally, riparianfaquatic 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
ecosystermns by anthropogenic activities along with
dams, fishing, and hatchery practices are suggested
to have the most pronounced influences on the
decline of salmonids in the Pacific Northwest.
{Nehlson etal. 1991). In the semiarid forests and
rangelands of the Pacific Northwest riparian zones
are areas of high biological diversity and produc-
tivity (Thomas et al. 1979, Skovlin 1984, Kauffman
and Krueger 1984). Records of explorers and fur
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of overgrazing resulting in riparian degradation
are disproportionately high because of the diversity
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and large number of aguatic 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 terms of struc-
ture, composition, and edge:area ratios (Kauffman
and Krueger 1984). Riparian plant communities
are integral to stream function and aquatic pro-
ductivity (Murphy and Meehan 1991, Swanston
1991, Lietal. 1994}. For example, inlow-order
streams, riparian vegetation strongly influences
stream temperature (Li et al. 1994), channel form,
habitats of fish and aquatic invertebrates (Sullivan
etal. 1986, Sedell and Beschta 1991, Elmore 1992),
and are the predominant sources of nutrients and
carbon via allocthonous inputs (Cummins 1974).
Vegetation also protects streambank soils through
root strength, deflection, and dissipation of streaim
flow energy. Acting as a roughness element, veg-
etation enhances sediment, debris, and nutrient
retention, and hence, channel and floodplain for-
mation {Meehan et al. 1977, Elmore and Beschta
1987, Gregory et al. 1991, Elmore 1992). Ri-
parian vegetation also functions to increase channel
diversity and aquatic habitats through creation of
overhanging banks and coarse wood debris in-
puts (Sedell and Beschta 1991, Maser and Sedell
1994},

When livestock or wild ungulates are present
during the growing season, the palatable willow
or cottonwooed 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). In Yellowstone
National Park, Kay (1994) 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 recruitment or stand
establishrnent, riparian hardwood communities
progressively senesce and eventually are elimi-
‘nated from the ecosystem (Kauffman 1988, Busse
1989, Kauffman et al. 1993). Livestock are a major
factor contributing to the decline of riparian com-
munities (Platts 1978, Bull and Skovlin 1982,
Fleischner 1694),

In order to survive the high frequency and
variable magnitudes of disturbance events, veg-
etation of riparian 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,
Kauffman 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 1993), but
few studies have quantified rates of individual
shrub growth, reproductive effort and changes in
riparian shrub density when herbivory by cattle,
mule deer (Odocoileus hemionus) and elk (Cervus
elaphus) have been eliminated (Crouse and
Kindshy 1984, Platts and Rinne 1983).

This project was initiated to improve our un-
derstanding of the resilience of riparian hardwoods,
in particular the natural ecosystem recovery pro-
cess following implementation of a passive res-
toration approach associated with the removal or
diminution of herbivore grazing pressure. Our
objectives were to quantify rates of shrub growth
and re-establishment following the cessation of
livestock grazing alene 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
lower Snake River Basin. Elevation of the site is
1130-1400 m. Mean annual precipitation is ap-
proximately 60 cm, with two-thirds fatling as snow
during winter. Stream annual average discharge
varies between 0.056 and 5.60 m’s!, with annual
peaks occurring most often in March, but can occur
anytime between January and June (McIntosh
1992). Uplands are dominated by ponderosa pine
(Pinus ponderosa) and grand fir (Abies grandis)
on north slopes and by ponderosa pine and bunch-
grass communities on the south slopes. Over the
4 km study reach, average channel gradient is 10
m km™ and average sinuosity is approximately
1.13 m m” (Ganskopp 1978). Gravel bars con-
sisting of coarse to fine-textured alluvium pro-




vide many suitable sites for the potential estab-
lishment of willows, thin-leaf alder (Alrus incana)
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
was characterized by a depauperate composition
of streambank shrubs and a relatively shadeless,
simplified. riffle-dominated channel (Beschrta et
al. 1991, Mclntosh 1992).

Domestic livestock grazing along Meadow
Creek began in the 1860°s with stocking rates
varying between .81 ha and 3.0 ha/animal unit
month (AUM) until 1975 (Harris 1954, Skovlin
1991). From 1975 until this project began in 1991,
utilization levels were maintained at approximately
70% of herbaceous growth with a grazing inten-
sity of 3.2 ha/AUM (Skovlin et al. 1977). Prior
to livestock remaoval, Bryant and Skovlin (1982)
reported that shrub utilization was 60 - 65% in all
treatments and suggested that elk and deer brows-
ing accounted for about 25% of this impact.

Riparian Vegetation

Planned livestock grazing was terminated along
Meadow Creek following the 1990 grazing sea-
son. However, some trespass cattle grazed the
area each year. Vegetation was measured in 1991
(reflective of a century of livestock grazing), and
in 1992 and 1993 (one and two years without live-
stock).

Annual rates of growth, changes in structure,
and reproductive effort were measured on a total
of 244 shrubs consisting of 8 species that were
permanently 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
utilizing the formula:

A=(mxw xw,)/4

where w is the maximurmn crown diameter and
w, is the perpendicular 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 quantified through measurement
of 52 permanent belt transects that were 2 x 25 m

insize. These permanent transects generally par-
alleled the stream course 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 exclosures
were constructed on the upper, middle, and lower
end of the study site. This allowed for the quan-
tification of shrub growth with and without the
influence of large herbivores. One fourth of all
tagged shrubs (n=02) occurred within the elk
exclosures. Eight of the 52 transects occurred
within the exclosures.

Standing biomass and rates of accumulation
were calculated from predictive equations devel-
oped specifically for these riparian shrubs and trees
(Case 1995). Differences in shrub crown area,
crown volume and biomass (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-
nificance 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 were conducted using paired 7-tests,
Between year changes in density (transect data)
were also tested using the paired r-test.

Results

fnitial Shrub Composition and Stature

In 1991, a depauperate riparian composition and
structure reflected a century or more of heavy
utilization by domestic livestock. The initial mean
height of the 244 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 general structure of the plants indicated that
the majority were not seedlings, but individuals
maintained in a low stature by grazing for many
years. Sandbar willow (Salix exigua var
melanopsis), Mackenzie willow (S. rigida var.
mackensieana), and Booth willow (8. boothii) 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).
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TABLE 1. Change (%} in height, crown arca, crewn volume, mainstem diameter, number of stems and biomass for thin-leal
alder, black cottonwood, and willows outside (Out) and inside (In) of elk and deer exclosores at Meadow Creek
lolicwing the termination of livestock grazing (1991-1993).

Sample Crown Mainstem  Number of
Species size Height Crown Area volume Diameter Stems Biomass

Out In Out In Out In Out In Out In Out In Qut In

Thin-leaf alder 27 4 467 1297 1120 4057 1987 1046° 46 105° 43 -5 1527 422"
Black cottonwood 23 17 72% 151" 268" 248" 808 773 39 59" 3% 23 568" 316"
Willows combined: 117 41 18™  Re" 132%™ 2287 195 5507 44 38 49 490 2357 4397
Coyote willow 8 16 271020 30 303 47F 0 7050 21f 42 57 75 487 7457
Sandbar willow 29 5 3¢ 59" 87" 63 o7 1227 5% 62" 637 100" 84T 1317
Whiplash willow I8 7 330560 1947 133 2600 263 77 54" 68 37 358" 216"

Lemon’s willow 3 — 2 — 138 — 153 — 300 — 71 — 105 —
Mackenzie willow 33 2 147 107 1067 175" 161° 488" 49 36 58" 58 415 606"
Booth willow 38 I 37 80" 159" 240" 270" 586 3% 200 15* 18° 157+ 239°

A superscripted * indicates a significant difference between years (1991-1993), but within the treatment. A superscripted # over
data in the Qut column indicales a sigaificant difference in total growth when comparing plants inside and outside the exclosures
(p<0.10).
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Figure 1. Mean crown volume outside and inside exclosures following livestock removal at Meadow Creek,
Oregon (1991-1993}, Thin bars represent one standard error. An asterisk (*) indicates a significant
difference in growth outside (out) vs. inside {in) of elk and deer proof exclosures.
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Figure 2. Mcan height of thin-leaf alder, black cottenwoed, and willow spp. cutside and inside of exclosures

following the cessation of livestock grazing at Mecadow Creek, Oregon. Thin bars represent one
standard error. An asterisk (*) indicates a significant difference (p<0.10) in height growth 1991-1993

outside vs inside of exclosures.

Initial shrub densities in 52 gravel bar transects
was low with a mean of 10.7 plants/100m? (a range
in density of 0-102 plants/100m?). Only eight
transects had densities »20 plants/100m”. Den-
sity of all willows combined was 6.7 /100m?, while
density of black cottonwood and thin-leaf alder
was 1.3 and 1.0 /100m?, respectively. Density
of all other species combined was 1.6 plants/100m?)
(Table 2).

Influences of Wild Herhivores on Riparian
Shrubs

Initial shrub responses were dramatic following
the removal of livestock but with the continued
presence of wild ungulates. For thin-leaf alder,
black cottonwood, and willow species combined,
all of the measured shrub parameters (except the
number of stems) significantly increased from 1991
to 1993, At the beginning of the study, mean bio-
mass of thin-leaf alder, black cottonwood, and
willow species outside of etk exclosures was 343
g, 38 g, and 84 g, respectively. Two years follow-
ing the removal of livestock, increases in biomass

ranged from 48% to 568% outside of exclosures
and from 131% to 745% inside exclosures (Table
1}. During this same time period, shrub crown
volume increased 47-808% for all tagged species
outside of exclosures (Table 1), Within the
exclosures, the range in crown volume increase
by species was 122-1046% (Table 1). Small shrubs
displayed proportionately greater increases than
larger shrubs, and for this reason a crown vol-
ume co-variate was used for between treatment
analyses (inside vs outside of exclosures). Brows-
ing by large ungulates was apparent on 72% 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 cottonwooed within exclosures in-
creased =50cm (151%) in height. Outside of
exclosures cottonwood height increases were
=25cm (72%). From 1991 to 1993, the mean height
of willows increased from 63 to 73 ¢m outside
exclosures and from 53 to 100cm inside of
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TABLE 2. Shrub density on grave! bars at Meadow Creek, Oregon {1991- 1993), Numbers are mean and
standard error {in parenthesis), Taxonomy follows that of Hitchcock and Cronquist (1973) and

Brunsfeld and Johnson (1985).

Density (#/100m?)

Species 1992 1993
Thin-leaf alder

(Afnus incang) (.96 0.22) 1.19 (0.39) 1.58 (0.47)
Black cottonwood

(Populus trichocarpa) 1.28 (0.67) 1.88 (0.7%8) 2 (0.94)
Coyote willow

{Salix exigua var, exigua ) 0.28 (0,17 0.62 (033 0.69 (0.41)
Sandbar willow

{Salix exigua var. melanopsis) 5.00 (2.4 6.23 (2,98) 6.96 (3.25)
Pacific willow

(Salix lasiandra var. caudata) 0.16 (0.08) 0.38 (0.12} 0.38 (0.12)
Lemon’s willow

(Salix lemmonii) (.04 10.04) 0.04 (0.04) 0.04 (0.04)
MacKenzie willow

(Salix rigida var. mackenzieana) 0.52(0.17) 0.77 (0.23) 0.58 ((.18)
Booth willow

{Salix boothii) 0.88(0.24) 0.81 (0.23) 0.88 (0.26)
Red-oster dogwood

{Cornus siolonifera) 0.12 (0.09) 0.15(0.17 (.15 ¢0.09)
Black hawthorn

{Crataegus douglasiiy 012 (012 0.15(0.09) G.12¢0.11)
Stinking currant

{Ribes hudsonianuny) 0.92 (0.46) 0.96 (0.13) 1.38 (0.51)
Common snowberry

fSvimphoricarpos albus) 0.36 (0.22) 0.58(0.27) 0.88 (0.37)
Wax currant

{Ribes cerurn) 0.04 (0.04) 0.15(0.32) 0.04 (0.04)
Pearhip rose

{Rosa woodsii) 0.04 (0.04) 0.15 ¢0.15) 0.12 (0.08)
Service berry

{Amelanchier ainifolia) .04 (0.11) 0.04 (0.04)
Red Raspberry

(Rubus idaeus) 0.04 (0.04) 0
Totals 10.72 14.14 15.84

TABLE 3. Mean height growth (em} during 2 seasons out-
side and mside of eik/deer exclosures, ar Meadow
Creek in northeast Oregen. Numbers in paren-
thesis are standard errors.

SPECIES 1991-1992 1992-1993

Outside Inside  Outside  Inside

Thin-leal alder 233) 26 (9) 15 (4) 23 (6)
Black cotlonwoed 24 (4 1714y 1 (5) 31 (5%
Willow spp. 10 (2) 28 (3)* 1(2) 18 (d)*
All spp. combined 13 (2) 25 (3y* 3{2) 22 (3%

*Indicates a significunt diffcrence inside vs. outside of
exclosures (p<0.10)
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exclosures (Figure 2). In 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% (arange of 80- 439 g) inside the exclosures
and 235% (83-178 g) outside of exclosures. In-
creases in crown volume of ali willow species
combined was 5350% inside and 195% outside of
exclosures. Crown volume of thin-leaf alder in-
creased 198% outside of exclosures but 1046%
inside the protected exclosures, The small sample
size for thin-leaf alder inside the exclosures limited
statistical interpretation, Black cottonwood crown



volume growth was 808% outside and 773% in-
side exclosures during the 2 year period (Table 1) .

Individually, coyote wiltow (Salix exigua vat.
exigua), and Booth willow were significantly
influenced by wild ungulates for the variables of
height, crown area and biomass (Table 1). For
example, the increase in average biomass of Booth
willow from [991 to 1993 was 65 to 168 g/plant
out of exclosures, and 91-308 g in the exclosures
(an increase of 1579 and 238%, respectively).

Rates of Establishment, Densities, and
Seed Production

Two years following the removal of livestock,
the total number of all shrubs encountered in all
transects increased by 50% (i.e., from 271 in 1991
to 412 in 1993). This is equivalent to a one new
shrub for every 9 meters of transect length. The
greatest measured increase was for sandbar wil-
low; 25% of the 144 new plants were of this spe-
cies. Sandbar willow, which had the highest den-
sity of all species on the transects, increased from
510 7 plants/100m? (Table 2). Individuals from
this species can readily establish from stems de-
posited on gravel bars during high flows. Tn ad-
dition, it was one of the few shrub species that
commonly produced catkins (Table 4). The sec-
ond most abundant species was black cottonwood
which increased from 1.3 to 2.0 plants/100ny,
while the third most abundant, thin-leaf alder in-
creased from 0.9 to 1.5 plants/100m*. All other
shrub species combined increased =0.5 plants/
100m?.

Most of the increases in density of individual
species occurred within the same transects in which
they were originally encountered; the increases

TABLE 4. Number of wiliow plants preducing catkins at
Mecadow Creek, Oregen from 1991-1993.

1991 1992 1993

Sandbar willow 5 8 4
Coyote willow 8 9 10
MacKenzie willow 1 2 2
Watson's willow 1 0 0
Whiplash willow H 2 1
Total 16 20 17

% of all willows 9.2 11.4 9.8
Mean # catkins/plant 55(16) 164 (48) 135(32)

in the frequency of species (i.e.. the percent of
transects in which individual species occurred)
were slight following two years of grazing ces-
sation. Sandbar willow occurred on more transects
than any other (36% in 1991 and 38% in 1993).
Frequency of thin-leaf alder was 24% in 1991
and increased to 29% by 1993, Black cotton-
wood occurred in 20% of the transects in 1991
and did not change during the 2 years. Frequency
of whiplash willow {Salix lasiandra var. caudata)
increased from 8% to 17%, and other willows
showed no, or only slight increases or decreases
in frequency of occurrence. Other common shrubs
which increased in frequency included stinking
currant (Ribes husonianum) (an increase from 20%
to 28%), and common snowberry (Svmphori-
carpos albus), (an increase rom 8% to 14%}).

Limitations to shrub recovery may partially
be explained by a lack of reproductive vigor; only
10% of willows produced catkins following live-
stock removal (Table 4). Sandbar willow and
coyote willow were the most prolific making up
80% of the individuals that produced catkins. Of
the individual plants that produced catkins, the
mean number per plant increased three-fold from
the first season (i.e., 553/plant in 1991 to 164 and
135/plant in 1992 and 1993). Most of the repro-
ductive individuals in 1993 were inside of the
exclosures; 34% of the willows inside exclosures
produced catkins as compared to 2% outside of
exclosures. From 1991 to 1993, the mean num-
ber of plants producing catkins outside of
exclosures decreased from 6 to 3 while the num-
ber inside exclosures increased from 9 to 14.

Other ecosystem factors influencing shrub re-
covery included beaver which removed mainstems
from 20% of willows, 11% 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 cutside of
exclosures was likely diminished by their influ-
ences. High flows had discernable negative in-
fluences on the growth of 6% of the tagged shrubs
in 1993,

Discussion

Interactions between biotic, hydrologic, and geo-
morphic features determine the rate of riparian
recovery following natural or anthropogenic dis-
turbances (Kauffman et al. 1996). On Meadow
creek, these ecosystem features have been
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Figure 3. The percentage of individual shrubs browsed by deer and elk outside exclosures in 1993, and the
percent browsed by beaver and insects outside during the 1991-1993 period at Meadow Creek.

dramatically influenced by the long period of heavy
livestock use as well logging, roads, and other
land use activities (McIntosh 1992). Results of
these ecosystem perturbations are manifested in
incised channels, simplified channel morphology,
and changes in hydroperiod (Beschta et al. 1991,
MclIntosh 1992). A biotic disequilibrium was re-
flected in the depauperate riparian plant compo-
sition and structure (Tables 2, and Figures 1 and
2) as well as high densities of wild herbivores
(B. Johnson, USFS La Grande, Oregon, personai
communication). These physical and bietic fea-
tures can combine to retard the restoration pro-
cess. Nevertheless, significant increases in both
the structure and density of the riparian hardwood
component has occurred after only two years in
the absence of livestock use.

While a 50% increase in shrub density may
initially appear to be indicative of successtful re-
covery following the cessation of livestock graz-
ing, this increase must be viewed in terms of the
very low initial densities. Density of black cot-
tonwood, thin-leaf alder and willow species in
1993 was 2.0, 1.6, and 9.5/100m?, respectively
at Meadow creek. In contrast, density of these
same species in a lightly grazed or cattle-excluded
reach of Catherine creek (also an upper tributary
of the Grande Ronde River, Northeast Oregon)
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was 33, 6, and 176 /100m?, respectively (Green
and Kauftfman 1995). Trvine and West (1979} also
reported similar high densities of Fremont cot-
tonwood (Populus fremontii, =80/100m?) and
coyote willow (=260/100m?) in intact riparian
ecosystems of Southeastern Utah.

Recovery of disturbance-dependent riparian
shrub communities is a function of seed produc-
tion or vegelative establishment from stem depo-
sition in suitable substrates (Busse 1989, Kauffman
et al. 1985). At the onset of the study, neither of
these reproductive processes were occurring in
measurable amounts at Meadow creek. The low
total aboveground biomass of riparian shrubs as
a result of livestock utilization would not have
resulted in an abundant source of stem materials
for vegetative establishment following flood depo-
sition. In addition, only 10% of the willows pro-
duced catkins. Similarly, at Yellowstone National
Park, Wyoming, catkin production only occurred
on willows above the hetght of browsing animals
(wild ungulates) (Kay 1994). On Meadow Creek,
the increase in catkin production in exclosures
and the increases in aboveground biomass fol-
lowing cessation of livestock grazing indicates a
greater potential for increased rates of willow
establishment in the future. For example, in ar-
eas with abundant seed and stem sources that were




ungrazed by domestic livestock for 10 years,
densities of willows and thin-leaf alder increased
by 3 and 7-fold, respectively (Green and Kauffman
1995).

Over-utilization by domestic livestock result-
ing in the degradation of riparian and stream eco-
systems is among the most significant threats to
biological diversity in the western USA
(Cooperider 1990, Kauffiman and Krueger 1984,
Fleischner 1994). A passive restoration approach
which is simply the removal of those anthropo-
genic perturbations that are causing degradation
or preventing recovery has been suggested to be
the first necessary step in ecological restoration
and probably the most important (Kauffman et
al. 1995). The passive restoration approach in
this study was the removal of high levels of her-
bivory by large ungulates which limited individual
stature, reproduction, and establishment. The sig-
nificant growth response of all hardwood species
in the absence of cattle and/or wild ungulate her-
bivory is indicative of the success of this approach.

Similar responses of riparian vegetation to the
removal of livestock has been recorded through-
out the west (Crouse and Kindshy 1984, Platts
and Rinne 1985, Busse 1989). In cattle exclosures
on Catherine Creek, Oregon, height increases for
willows and black cottonwood were 100 cm over
a 10 year period, while thin-lcaf alder increased
200 cm (Green and Kauffman 1995). In our study,
the strongest height response was from black cot-
tonwood protected from wild ungulates (i.e., a
mean height growth of 31 cm in one season, 1992-
1993) (Table 3), Some individual cottonwoods
were observed to have grown >100 ¢m in a single
season. In Utah, Behnke and Raleigh (1978) re-
corded height growth of willows at 50 cm after
four years (12.5 cm/yr). In Montana, sandbar
willow, a prolific sprouter, quickly re-established
where it had not been totally removed by grazing
(Hansen 1992). Also in Montana, shrub produc-
tion was found to be 13 times greater inside of
livestock 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 after
1} years protection from livestock, woody plants
had increased in stature and density to form a more
or less continuous tree corridor along the entire
length of the stream (Rickard and Cushing 1982).

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

or predation are altered, or when management
results in animal densities {domestic and native
grazers) that are bevond the carrying capacity. It
has been suggested that high densities of elk have
reduced willow and cottonwood stands by 90%
over the past decades in Yellowstone National Park
{Kay 1994). In contrast. other studies reported
that targe wild ungulates had a minor influence
on riparian shrub structure (Platts and Raleigh
1984). Rickard and Cushing (1982) and Green
and Kauffman (1995) reported increased stature
and density of woody plants when livestock were
excluded but with the continued presence of wild
herbivores.

Wild ungulates along Meadow Creek did in-
fluence early recovery after livestock were re-
moved. Mean annual height growth of species
outside of exclosures from 1991-1992 ranged from
10-24 ¢m (Table 3). During the second season
(1992-1993) wild ungulate impacts were more
severe, reducing height growth for willows and
cottonwood to 1 cm. Height growth inside
exclosures during this year was 18-31ecm. How-
ever, crown volume and biomass are better indi-
ces to overall growth since they quantify the three-
dimensional changes in shrub stature {Table 1 and
Figure 1). Interms of total crown volume growth
over lwo seasons, black cottonwood increased
7739 inside elk exclosures and 808% outside,
while willows increased 550% 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/km? for deer and 6/km’ for elk).
In addition, natural migrations have been altered
through construction of the 77 km? big game en-
closure surrounding the Experimental Forest.
Because Meadow Creek is the only area not uti-
lized by cattle within this enclosed area, wild
ungulate influences on the riparian zone may be
higher than would occur if cattle densities were
lower throughout this forest.

We found that elk and deer use had greater
influences on willows and black cottonwood than
on thin-leaf alder. This preference for willows 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 reported that willows and cotton-
wood were preferred over alders (Kufeld 1972).
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Conclusion

Many riparian zones in the west have been degraded
since Euro-American settlement with deleterious
consequences for fish, wildlife, and water quality.
The continuous grazing effects of domestic live-
stock along with wild herbivore influences resulted
in the degradation and/or have prevented the re-
covery of many western riparian systems. Because
traditional livestock grazing strategies have focused
on the ecelogy and production of upland commu-
nities, riparian/fisheries and wildlife values have
often been overtooked (Wagner 1978, Nehlsen et
al. 1991, Fleischner 1994), As in many other ri-
parian zones of the interior west, the riparian-obli-
gate hardwoods along Meadow Creek were all but
eliminated. Given their value as providing critical
habitat features for both the terrestrial and aquatic
biota of these ecosystems, improved riparian man-
agement and ecological restoration are in need of
implementation.

Riparian ecosystems are zones of frequent and
varied disturbances at many temporal and spatial
scales (Gregory et al. 1991). It was hypothesized
that vegetation recovery following cessation of
high intensities of grazing would be rapid in ri-
parian ecosystems because of available water and
nutrient resources, and because of the inherent
plant adaptations for survival following frequent
natural disturbances. We used a passive restora-
tion approach and examined the inherent resil-
ience and early regrowth responses following the
removal of livestock, with and without wild un-
gulate browsing. Following more than a century
ol heavy grazing, growth increases were dramatic.
However, wild herbivores had significant and
negative influences on the rate of recovery on the
height of black cottonwood, and height, crown
area, crown volume, biomass and reproductive
output of willows.

The rates of establishment were low at Meadow
Creek due 1o the scarcity of mature-statured shrubs
and the absence of reproduction. Nevertheless,
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