
1

1 Resilience of riparian vegetation composition and diversity following cessation of livestock 

2 grazing in northeastern Oregon

3

4

5 J Boone Kauffman 1*, Greg Coleman1, Nick Otting1, Danna Lytjen1†, Dana Nagy1 and Robert L. 

6 Beschta2

7

8 1 Department of Fisheries, Wildlife and Conservation Sciences, Oregon State University 

9 Corvallis, Oregon, United States of America  

10 2  Department of Forest Ecosystems and Society, Oregon State University, Corvallis, Oregon, 

11 United States of America 97331  

12

13

14 *Corresponding author:  

15 Email:  Boone.kauffman@oregonstate.edu

16 †deceased

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 8, 2021. ; https://doi.org/10.1101/2021.04.08.438927doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.08.438927
http://creativecommons.org/licenses/by/4.0/


2

18 Abstract   

19 Riparian ecosystem restoration has been accomplished through exclusion of livestock using  

20 corridor fencing along hundreds of kilometers of streams in the western USA, for the benefit of 

21 riparian-obligate wildlife and endangered fishes.  Yet few studies have evaluated shifts in the 

22 vegetation composition and diversity following the cessation of livestock impacts.  We sampled 

23 riparian vegetation composition along 11-paired grazed and ungrazed (exclosed) stream reaches 

24 in northeastern Oregon, USA.  Exclosure ages ranged from 2 to >30 years and grazing treatments 

25 varied from light grazing every one out of three years to heavy season-long grazing.  Species 

26 richness and diversity was higher in the ungrazed  reaches (p =0.002). The abundance of native 

27 sedges (Carex spp.) and broad-leaved forbs were also significantly (p < 0.05) greater in ungrazed 

28 areas. In contrast, exotic species adapted to grazing such as Poa pratensis and Trifolium repens 

29 were more abundant in grazed stream reaches.  The prevalence of hydrophytic species 

30 significantly increased (p ≤ 0.01) in ungrazed reaches, (based on wetland species  indicator 

31 scores), indicating that wetland-dominated communities within the ungrazed stream reaches were 

32 replacing ones adapted to drier environments.   The increased abundance of facultative and 

33 wetland-obligate species in ungrazed reaches compared to grazed reaches suggests that livestock 

34 grazing exacerbates those climate change effects also leading to warmer and drier conditions. 

35 Further, riparian-obligate shrub cover along the streambank was higher in 7 of 8 exclosures that 

36 were older than 5 years. As a restoration approach the inherent resilience of  riparian ecosystems 

37 exhibited in ungrazed riparian zones suggest positive feedbacks to other beneficial ecosystem 

38 processes such as increased species and habitat diversity, increased carbon sequestration, 
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39 enhanced allochthonous inputs and greater sediment retention, that would affect the aquatic and 

40 terrestrial biota, water quality, and stream morphology.

41  

42 Introduction

43 Riparian areas are zones of contact between land and water ecosystems, represented by mesic, 

44 productive environments bordering streams, rivers, lakes, and springs [1]. Whereas riparian zones 

45 comprise only 1-2% of western USA landscapes, they provide habitat for more wildlife species 

46 than any other vegetation type [2]  For example, about 70% of the wildlife species in the Pacific 

47 Northwest region ,  USA depend on riparian areas for all or part of their life cycle [3].  It has been 

48 estimated that 204 (77%) of the 266 species of inland birds that breed in Oregon and Washington 

49 do so in riparian and wetland environments [3]. 

50

51 Riparian vegetation is a keystone ecosystem feature that exerts a strong influence on adjacent 

52 uplands and aquatic ecosystems.  Riparian plant communities are integral to stream 

53 function/aquatic productivity, especially in low-order streams where they strongly influence 

54 stream temperatures [4] channel form [5], and the habitats of fish and aquatic invertebrates [6,7] 

55 In addition, they are the predominant in-stream sources of nutrients and carbon via allochthonous 

56 inputs [7,8]. Through interactions of soil, vegetation, and water, riparian areas retain and filter 

57 sediments, stabilize stream banks, and moderate stream and groundwater flows through storage 

58 and flood attenuation. Productivity of riverine fish communities is determined by both habitat 

59 and food resources, factors that are intricately linked to the structure and composition of 

60 riparian zones [7]. 

61
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62 Riparian zones and other palustrine/riverine wetlands are also important sinks of atmospheric 

63 carbon, underscoring their values for inclusion in climate change mitigation and adaptation 

64 strategies.  Nahlik and Fennessy [9] reported that soils of palustrine/riverine wetlands of the USA 

65 had mean carbon stocks of 3687 Mg C ha-1 and that western wetlands stored 236 Mg C ha-1.  

66 These stocks are about 3 to 6 times that of adjacent upland forests (≈61 Mg C ha-1) of the Blue 

67 Mountains of Oregon (the location of this study; [10]). 

68

69 Given the important ecosystem functions and ecological services provided by riparian vegetation,  

70 shifts in structure and composition would like have far reaching effects on both adjacent 

71 terrestrial and aquatic ecosystems.  In the western USA, livestock grazing is the most widespread 

72 land use on public lands and has been suggested to be a significant influence affecting riparian 

73 ecosystem structure, diversity, and function [11-13]. Cattle tend to prefer and congregate in 

74 riparian areas because of the abundant forage, proximity to water, relatively level terrain, and 

75 favorable microclimate, thus causing substantial damage to stream and riparian ecosystems 

76 [11,12,14].

77

78 Livestock grazing has been the most prevalent cause of ecological degradation of riparian/stream 

79 ecosystems in the Intermountain west [11,15,16].  Elmore and Kauffman [12], Beschta et al. [17] 

80 and Kauffman et al. [18] suggested that the cessation of livestock grazing in riparian zones of 

81 eastern Oregon was the single most ecologically and economically effective approach for 

82 restoring salmonid habitats. 

83 Several studies have examined effects of livestock effects on riparian vegetation including effects 

84 on root mass [19], wetland species abundance [20], and vegetation structure [21,22]  Most studies 
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85 that have quantified the vegetation differences between grazed and ungrazed stream reaches in a 

86 wide diversity of stream types in the Pacific Northwest have focused on the shrub component [21-

87 23].  However, few studies have examined how livestock affect riparian composition as 

88 manifested in species diversity, and richness.

89

90 Kauffman et al. [24] suggested the first logical step in riparian restoration is the implementation 

91 of “passive restoration” defined as the cessation of those activities that are causing ecosystem 

92 degradation or preventing recovery.  Cessation of livestock grazing via exclusion fencing along 

93 salmonid bearing streams has been a common passive restoration approach to fish and wildlife 

94 habitat restoration in the Interior Colombia Basin of Oregon and Washington.  Because the 

95 vegetation of riparian zones are adapted to frequent fluvial disturbances [7], many species possess 

96 adaptations facilitating a rapid recovery following both natural and anthropogenic disturbances.  

97

98 The objective of this study was to quantify changes in the composition and structure, of the 

99 riparian vegetation composition along 11 experimental streams where passive restoration 

100 (corridor fencing or livestock exclosures) had occurred.  From measurements of species cover, we 

101 calculated composition, richness, and diversity in paired reaches that included livestock exclusion 

102 with an adjacent reach where the riparian zones were grazed by domestic cattle.  We hypothesized 

103 that given the inherent resilience of riparian vegetation and physical shifts that occur due to 

104 livestock removal [19], the composition of ungrazed stream reaches would have a greater 

105 dominance of hydrophytic vegetation, as well as increased, species richness, and diversity. 

106
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107 Methods

108 To examine how streamside riparian vegetation differed between grazed and ungrazed stream 

109 reaches a total of 11 Northeast Oregon streams were selected.  These streams were all tributaries 

110 of the Columbia River (Fig 1). Land tenure consisted both of public and private ownership.  Each 

111 study stream consisted of two reaches, a grazed reach and an exclosed (ungrazed) reach (Table 1).  

112 Grazed reaches were those in which livestock grazing (principally cattle) was a dominant use in 

113 the riparian zone and surrounding uplands.  Exclosed reaches were those where livestock grazing 

114 had been eliminated through the construction of riparian exclosures or corridor fences.  Riparian 

115 livestock exclosures are essential research tools for the study of ecosystem processes, recovery, 

116 and to better inform livestock management [25]  A major advantage of using small exclosures is 

117 that environmental site variability (precipitation, geology, flow regime, etc.) is practically the 

118 same for adjacent grazed and ungrazed areas, thus isolating the potential influence of livestock (or 

119 livestock removal [20,25].

120

121 Figure 1.  Location of the 11 study stream reaches selected for study in Northeastern Oregon, 

122 USA  

123  

124 Exclosure ages ranged from ~2 to 37 years (Table 1).  Criteria for site selection included paired 

125 reaches (grazed and ungrazed) that were as geomorphically similar as possible, streams with 

126 salmonids, knowledge of the history of the exclosure, and owner permission. Our assumptions 

127 were that prior to the construction of exclosure fences the vegetation composition was similar 

128 between reaches. The adjacent nature of sampled areas with similar geomorphic surfaces 

129 increased the likelihood that differences between grazed and ungrazed areas were largely due to 
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130 differences in land use.  As is the case for most livestock exclosures, occasional trespass grazing 

131 occurred for many of the sites and wild ungulates, such as Rocky Mountain elk (Cervus 

132 canadensis) and mule deer (Odocoileus hemionus), had free access to the exclosures.  Uplands 

133 were dominated by ponderosa pine (Pinus ponderosa) and mixed conifer forests.

134

Table 1. Site characteristics of the 11 stream reaches selected for study in northeast Oregon, USA.  

Site

Period of 
exclusion 
(years)

Site elevation
(m)

Mean annual ppt
(in)

Drainage 
area

(km2)
Sinuosity

(m/m)
Valley gradient

(%)

Channel 
gradient

(%)
Bear Creek (Silvies) 2 1554 27 39.2 1.55 0.99 0.64
Camas Creek 5 1240 25 95.3 1.22 0.72 0.58
Chesnimnus Creek 14 1305 19 40.5 1.27 1.77 1.39
Camp Creek 36 1467 25 16.4 1.33 3.43 2.58
Devil's Run Creek 10 1285 19 29.0 1.75 1.86 1.05
Middle Fk John Day 3 1292 21 97.6 1.91 0.43 0.23
Murderers Creek 30 1347 19 36.3 1.58 0.52 0.34
Summit Creek 22 1506 23 77.3 1.45 0.90 0.62
Lower Swamp Creek 13 1123 19 79.9 1.29 0.60 0.46
Upper Swamp Creek 13 1142 19 74.6 1.33 0.77 0.56
Tex Creek 23 1359 19 31.6 1.24 1.11 0.90

135

136 Each grazed and ungrazed study reach was first delineated into pool-riffle channel units. 

137 Vegetation community composition was determined for each channel unit on both sides of the 

138 stream by calculating the percent cover of each plant species occurring in 1 x 4 m plots (N ≈ 40 

139 plots/reach).  Plots were positioned so that its center was mid-way along a a riffle or midway 

140 along a pool.  Plots were then placed at the innermost edge on the green line which is the 

141 transitional point along a streambank edge where terrestrial vegetation dominates ground cover 
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142 [26].  All plant species with a canopy cover 5% or more within the plot were recorded.  

143 Taxonomy largely follows that of Hitchcock and Cronquist [27]. 

144

145 From the plot data, we calculated species richness (number of species per experimental reach), 

146 species diversity, and similarity.  Species diversity (H’) was calculated using the Shannon Index, 

147 where:

148  H’ = -∑pi ln(pi).

149 The quantity pi is the proportion of cover of the ith species relative to the sum of cover for all 

150 species.  We also report species diversity as the exponent of H’ which is equivalent to the number 

151 of equally common species required to produce the value of H’ [27]

152  

153 The similarity between grazed and ungrazed reaches was calculated using Sorenson’s quantitative 

154 measure of similarity [27]. Similarity ranges from 0 (no species in common) to 1 (all species and 

155 their cover are identical).  Similarity (CN) was calculated using the formula:

156 CN = 2jN/aN + bN

157 Where: 

158 jN = sum of the lower of the two abundances (cover) of all species occurring on the grazed 

159 and exclosed reaches.

160 aN = The sum of plant cover in the exclosed reach

161 bN = The sum of plant cover in the grazed reach

162

163 The wetland species prevalence index, also referred to as the wetland score, was calculated for 

164 each grazed and ungrazed reach to determine predominance of hydrophytic (wetland) vegetation 
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165 [29].  This prevalence index was computed by weighting the species cover from plots with index 

166 values for wetland indicator categories (Supporting Information Table S1). Wetland indicator 

167 values were assigned to each species using the National List of Plant Species that Occur in 

168 Wetlands ([29], Supporting Information Table S1).  By assigning the composition to the wetland 

169 indictor scores we derived a wetland score for each grazed and ungrazed reach.  These scores can 

170 range from 1 (all species wetland-obligate) to 5 (all species upland-obligate).  The wetland 

171 prevalence index was calculated as follows:

172 Wetland prevalence index = ∑Ai Wi / ∑Wi 

173 Where: 

174 Ai = abundance (cover) of species i 

175 Wi = indicator index value for species i

176 i = species

177

178 Riparian shrub and tree composition was measured via the line intercept technique.  Two transects 

179 were established along the entire length of the sampled reaches; one on each side of the creek and 

180 running along the green line. The total length of these transects in the study reaches ranged from 

181 188 to 688m.  All shrubs were identified to species. The cover of every individual shrub or tree 

182 overhanging the green line was measured regardless if there was overlap with other individuals.  

183 From these measurements, woody plant composition and streamside cover was determined.  

184

185 Vegetation overstory and emergent cover over the stream was measured along each channel unit. 

186 The overstory cover can not only include streamside vegetation but also tall trees (conifers) in 

187 adjacent uplands that may function as providing stream shade.   This measure utilized a concave 
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188 spherical densiometer.  The densiometer was taped so that there was a “V” exposing only 17 of 

189 the grid line intersections following the methods of Platts et al. [31].  Cover was measured 

190 approximately 30 cm above the surface of the water, at approximately 30 cm from each bank as 

191 well as the middle of the stream. One reading at each bank was taken and four readings were 

192 taken in the middle of the stream. The four readings in the middle included readings upstream, 

193 downstream, towards right bank and towards left bank. If emergent plants (principally 

194 Cyperaceae and Juncaceae) were present in the channel, their cover relative to the entire water 

195 surface area of the channel unit was estimated.

196

197 To statistically determine if there were differences between grazed and ungrazed treatments, the 

198 study reach was used to represent an experimental unit.  Paired t-tests and the Wilcoxen sign tests 

199 were used to test for differences in prevalence indices, diversity indices and cover between grazed 

200 and ungrazed treatments [32].  Given the inherently high variation in composition, land use 

201 histories and differences in  stream geomorphology, we assumed statistical differences existed 

202 when p-values were ≤ 0.10 but report the actual values.  We used simple linear regression to 

203 assess the relationship between riparian vegetation variables (i.e., species diversity, individual 

204 species abundances, richness, and wetland prevalence index) with time since exclusion and 

205 channel gradient. 

206

207 Results

208 Riparian zones are environments  of high species richness and diversity.  There were 128 plant 

209 species encountered with a cover of at least 5% in one of the microplots (Supporting Information 

210 Table S3).  At all sites we found significant differences in vegetation composition and structure 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 8, 2021. ; https://doi.org/10.1101/2021.04.08.438927doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.08.438927
http://creativecommons.org/licenses/by/4.0/


11

211 that we attribute to livestock exclusion.  The cover of native sedges (Carex spp.) was significantly 

212 greater (p=0.004) in ungrazed areas (Fig. 2).  Forbs (broad-leaved herbs) were more prevalent 

213 ungrazed reaches (P=0.05) and shrub cover was greater in 88% of the ungrazed reaches that were 

214 >5 years old.  In contrast, bare ground was higher in 63% of the grazed reaches (Table 2). 

215

216 Figure 2.  Comparison of sedge cover for 11 paired grazed and ungrazed riparian reaches in 

217 Northeast Oregon, 2000.  If there was no change in the abundance of sedges between grazed and 

218 ungrazed areas the data points would be expected to fall on or near the line.  Data points above 

219 the line indicate a higher abundance of sedges in ungrazed areas compared to grazed reaches.  The 

220 abundance of sedges in exclosures was significantly greater P = 0.004) than in grazed areas.
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221 Table 2  Herbaceous vegetation cover (%) and bare ground (%) of riparian vegetation life forms in 11 paired exclosed (ungrazed) and grazed 

222 reaches in northeastern Oregon. Cover of herbaceous components are the means of 40 plots per experimental reach.  Emergent and overstory cover 

223 is that which occurs over the stream channel.  

Cover (%)

 Bear Camas Chesnimnus Devils Lower Swamp Upper Swamp

 p- value Exclosed Grazed Exclosed Grazed Exclosed Grazed Exclosed Grazed Exclosed Grazed Exclosed Grazed

Sedges 0.004 29.6 18.4 20.6 17.1 9.2 1.5 14.7 0.7 38.7 4.6 33.8 4.7

Rushes 0.375 2.2 9.5 8.0 4.2 0.4 0.3 0.9 0.4 14.9 0.4 13.5 0.9

Grasses 0.156 23.1 30.3 37.9 33.9 33.1 33.0 41.9 58.1 39.8 68.1 35.9 35.2

Forbs 0.048 49.0 68.7 40.5 41.6 50.5 36.2 59.5 46.0 35.2 20.4 43.1 31.7

Bare Ground 0.129 25.4 9.6 25.1 19.7 14.3 24.1 4.7 12.2 1.7 8.0 0.4 36.2

Emergent 0.067 1.4 0.5 5.3 6.8 0.6 1.0 3.1 0.8 23.5 2.5 11.8 2.9

Overstory 0.207 18.0 19.8 56.8 3.7 39.8 48.3 38.7 10.4 51.5 78.5 31.2 35.8

224
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 Table 2. (continued)

 Cover (%)   

 Mid Fk John Day Murderers Summit Tex Camp All sites  

 Exclosed Grazed Exclosed Grazed Exclosed Grazed Exclosed Grazed Exclosed Grazed Exclosed    Grazed  

Sedges 46.6 12.7 33.4 29.4 54.7 20.9 5.7 4.4 12.7 10.6 27.2 11.4

Rushes 14.2 1.6 51.8 68.6 10.2 6.5 0.1 3.3 26.7 18.0 13.0 10.3

Grasses 37.5 66.5 42.0 30.6 11.1 11.1 41.3 35.6 52.5 61.9 36.0 42.2

Forbs 48.5 28.0 50.9 21.1 43.9 50.4 61.6 40.4 74.3 67.6 50.6 41.1

Bare Ground 15.9 15.4 4.4 6.0 10.6 22.9 1.9 10.9 0.6 10.0 9.5 15.9

Emergent 13.8 12.8 13.3 8.2 3.6 4.4 3.7 0.6 5.3 1.4 7.8 3.8

Overstory 2.7 0.4 32.4 13.2 22.1 4.2 70.3 67.2 56.8 43.9 38.2 29.6
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226 Species richness (p =0 .08) and diversity(P= 0.002) was significantly greater in the ungrazed 

227 reaches (Table 3).  The highest species richness was found in ungrazed reaches of Camp (S=50), 

228 Camas (S= 45), Chesnimnus (S= 45) and Devil Creeks (S=45).  The greatest differences in 

229 species richness were in the heavily grazed Devil’s Creek study reach where the ungrazed portion 

230 had 17 more plant species than the grazed portion.  Species diversity (exp H’) was as low 4.7 and 

231 5.5 in the grazed reaches of the Middle Fork John Day and Murderer’s Creek, respectively.  

232 However, the ungrazed reaches of these two streams had species diversity values of 14.6 and 

233 12.7, indicating that livestock were limiting species diversity on these sites (Table 3).  Similarly, 

234 there was a large difference in the species diversity in the grazed and ungrazed reaches of Summit 

235 Creek (9.1 and 17.7, respectively).  Sites with the fewest differences included the recently 

236 established Bear (2 yrs) and Camas Creek (5 yrs) sites, as well as the forested Tex Creek (23 yrs).  

237 Tex Creek was a moderately constrained reach with a dense conifer overstory canopy and light 

238 grazing regime, understory composition was most similar at Tex Creek (a similarity index of 

239 0.73).  
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241 Table 3  Plant species richness (S) , species diversity (H’ and exp H’), similarity (CS), wetland 

242 species prevalence indices (WPI), and dominant species and cover (%) for paired exclosed 

243 (ungrazed) and grazed stream reaches in northeastern Oregon.

    
Site S H’ exp H’ CS WPI Dominant species (% cover)

    
Bear    

Exclosed 40 3.10 22.10 0.62 2.82 Poa pratensis (10), Fragaria virginiana (10), Carex pellita (9)
Grazed 41 3.02 20.54 3.00 Equisetum arvense (19), Trifolium repens (16), Poa pratensis (15)

Camas
Exclosed 45 3.17 23.83 0.55 2.73 Poa pratensis (19), Carex pellita (7), Juncus balticus (5)
Grazed 45 3.11 22.42 2.89 Poa pratensis (15), Trifolium repens (7), Phleum pratense (7)

Chesnimnus
Exclosed 45 2.80 16.48 0.41 2.60 Equisetum arvense (30), Poa pratensis (22), Salix fragilis (18)
Grazed 36 2.61 13.54 3.28 Poa pratensis (27), Pseudotsuga menziesii (11), Trifolium repens (11)

Devils
Exclosed 45 2.90 18.09 0.35 2.68 Myosotis scorpiodes (32), Agrostis stolonifera (15), Alnus incana (10)
Grazed 28 2.17 8.76 3.57 Poa pratensis (37), Trifolium repens (19), Phleum pratense (17)

Lower Swamp
Exclosed 36 2.74 15.50 0.34 2.50 Agrostis stolonifera (25), Carex utriculata (20), Alnus incana (18)
Grazed 34 2.02 7.50 3.04 Alnus incana (52), Poa pratensis (49), Agrostis stolonifera (10)

Upper Swamp
Exclosed 35 2.92 18.46 0.42 2.46 Agrostis stolonifera (18), Erigeron philadelphicus (15), Alnus incana (13)
Grazed 30 2.67 14.37 2.53 Juncus balticus (13), Poa pratensis (9), Trifolium repens (9)

Mid Fk J. Day
Exclosed 32 2.68 14.62 0.34 2.11 Carex pellita (30), Solidago lepida(15), Deschampsia cespitosa (15)
Grazed 23 1.55 4.71 3.71 Poa pratensis (64), Solidago lepida (11), Carex pellita (10)

Murderers
Exclosed 32 2.54 12.70 0.59 1.86 Juncus balticus (44), Poa pratensis (23), Carex utriculata (21)
Grazed 21 1.74 5.45 1.63 Juncus balticus (67), Carex nebrascensis (27), Poa pratensis (24)

Summit
Exclosed 37 2.88 17.74 0.38 1.95 Carex nebrascensis (19), Carex pellita (16), Carex utriculata (14)
Grazed 29 2.21 9.12 3.32 Trifolium longipes (31), Poa pratensis (10), Carex pellita (9)

Tex
Exclosed 36 2.63 13.86 0.73 2.76 Alnus incana (54), Poa pratensis (16), Symphyotrichumfoliaceus (11)
Grazed 39 2.53 12.59 2.92 Alnus incana (40), Poa pratensis (14), Equisetum arvense (8)

Camp
Exclosed 51 3.01 20.21 0.63 2.86 Poa pratensis (34), Alnus incana (30), Juncus balticus (24)
Grazed 41 2.80 16.50 3.15 Poa pratensis (51), Trifolium longipes (26), Juncus balticus (16)
P-value 0.08 0.002 0.004 0.01

244

245 The changes in species richness and diversity reflect significant changes in species composition 

246 between the grazed and ungrazed reaches.  Plant species composition were least similar (0.34-
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247 0.38) between reaches of Devils, Lower Swamp, Middle Fork John Day, and Summit Creeks.  

248 These were all comparatively low gradient reaches where sedges and relatively hydric species 

249 were found in greater abundance in ungrazed areas.  The relatively young age of some of these 

250 exclosures demonstrates that species composition shifts of the herbaceous component can occur 

251 in a relatively short period of time following cattle exclusion.  We found the most similar 

252 composition between grazed and ungrazed sites to be in the forested reaches with a relatively high 

253 gradient (i.e., Tex and Camp Creek) and at some of the recently established exclosures.  

254 Combining all sites in the analysis we found no strong relationships (r2 =0.01) between gradient 

255 and shifts in sedge composition.  There were also no strong relationships between channel or 

256 valley gradients with the shifts in the parameters of diversity.  

257

258 Wetland-obligate and facultative wetland species were found in greater abundances in exclosures.  

259 Wetland species prevalence indices were consistently and significantly lower (p = 0.01) in the 

260 ungrazed reaches compared to the grazed reaches (Fig. 3, Table 3).  This indicates increased 

261 hydric conditions and soil moisture available for riparian plant use following cessation of grazing.  

262 Combining all sites, we found a statistically significant increase in native sedge (Carex spp.) 

263 abundance (largely wetland-obligate and facultative-wetland species (Fig. 2) with concomitant 

264 declines in the abundance of the facultative exotic grass Kentucky bluegrass (Poa pratensis)(Fig 

265 4).  The only site where we did not find a shift towards wetlands species prevalence was at Tex 

266 Creek (a partially constrained forested reach; Fig.3).  

267

268 Figure 3  The relationship of wetland prevalence index for 11 paired grazed and ungrazed 

269 riparian reaches in Northeast Oregon.  If there was no difference in the index between grazed and 
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270 fenced areas the data points would be expected to fall on or near the line.  Data points below the 

271 line indicates a greater abundance of wetland species in ungrazed areas compared to grazed 

272 reaches.  There was a significance difference (P =0.01) in the wetland indicator scores of grazed 

273 and ungrazed areas. 

274

275 The greatest shifts in wetlands species abundances were in low-gradient reaches (e.g., Middle Fk 

276 John Day, Summit Creek, and Lower Swamp Creek).  For example, at Summit Creek, wetland 

277 scores were 41% lower in ungrazed reaches (1.95) compared to grazed reaches  (3.32); the 

278 streambank in the ungrazed reach was dominated by wetland-obligate and facultative wetland 

279 species while streambank in the grazed reach was dominated by facultative and facultative upland 

280 species.   For example, Carex species (wetland obligates) were most common in ungrazed reaches 

281 (55% cover) while facultative species Poa pratensis and Trifoliun longipes dominated the grazed 

282 reaches (50% cover; Table 3).  Hydric species such as Carex spp., Glyceria spp., and Scirpus 

283 microcarpus were more abundant in the ungrazed reaches while species more adapted to grazing 

284 and drier conditions (e.g., Poa pratensis, Phleum pratense, Trifolium spp., and Taraxacum 

285 officinale) were usually more abundant in grazed reaches (Fig. 4).  There was a mean 49% 

286 decrease in the cover of the exotic grass Poa pratensis in ungrazed reaches (p = 0.03, Fig 4).  

287

288 Figure 4 . The relationship of the cover of an exotic grass, Kentucky bluegrass (Poa pratensis) 

289 adapted to herbivory, within  11 paired grazed and ungrazed riparian reaches in Northeast Oregon 

290 2000. If there was no difference in the abundance of this species between grazed and exclosed 

291 areas the data points would be expected to fall on or near the line.  Data points  below the line 
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292 indicates a lower abundance of P. pratensis in ungrazed reaches compared to grazed reaches. The 

293 abundance of Kentucky bluegrass  in was significantly less (p = 0.03) in ungrazed areas. 

294

295 Stream reaches also varied in their potential to support tree or shrub-dominated communities 

296 (Table 6).  Streamside cover of woody vegetation ranged from 0.7% in the low gradient, meadow-

297 dominated Middle Fk John Day to 129% in the relatively steep-gradient, forested Tex Creek.  The 

298 most abundant woody species was  Thin-leaf alder (Alnus incana), which was present in 10 of the 

299 11 sites.  A total of 6 willow species (Salix spp.)  were encountered in the study but never in great 

300 abundance. Overall, we encountered 28 shrub and tree species in the study with Salix spp. being 

301 present at all sites.

302

303 Total shrub cover was higher in ungrazed reaches for six of the 11 study sites; riparian-obligate 

304 shrub cover was greater in ungrazed reaches for seven of the 11 study sites.  Cover differences 

305 can be largely explained by the age of the exclosure. Of the four study streams where cover was 

306 equal or less in ungrazed compared to grazed areas, 3 of them were less than 5 years old.  In 7 of 

307 8 study streams where exclosures were >5 years in age, shrub cover was greater in the ungrazed 

308 areas.  The greatest differences in shrub cover were in the oldest 4 exclosures (>20 years).  For 

309 example, woody vegetation cover at Summit creek (22 years) was 26 and 6% in ungrazed and 

310 grazed reaches, respectively, while woody vegetation cover at Camp creek (36 years) was 74 and 

311 35%, respectively (Table 4).  This finding indicates that 20 years or more of livestock exclusion 

312 may be required to allow significant recovery of woody vegetation.  The benefits, ecosystem 

313 services, and values of the stream reaches excluded from livestock increase through time and may 

314 not be fully realized until decades after exclusion.
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Table 4.  Shrub and tree cover (%) along the streambank (greenline) of selected stream study reaches in northeastern Oregon .    
Wetland 
Indicator 
status Bear Camas Chesnimnus Devils

Lower 
Swamp Upper Swamp

Species Excl Graz Excl Graz Excl Graz Excl Graz Excl Graz Excl Graz
Acer glabrum Torr. FAC 0.3
Alnus incana (L.) Moench ssp. tenuifolia (Nutt.) Breitung FACW 3.0 3.2 0.0 0.1 2.2 4.6 12.2 1.01 29.0 62.9 29.9 20.3
Amelanchier alnifolia (Nutt.) Nutt. ex M. Roemer FACU 0.0 1.3
Artemisia tridentata Nutt. ssp. vaseyana (Rydb.) Beetle UPL
Cornus sericea L. FACW 0.0 2.9 0.3 0.0
Crataegus douglasii Lindl. FAC 7.6 16.4 0.0 0.9 0.2 0.0
Juniperus occidentalis Hook. UPL
Larix occidentalis Nutt. FACU 0.0 0.4
Pinus contorta Dougl. ex Loud. FAC 8.8 8.9 0.8 1.3 2.1 0.0 0.8 2.2
Picea engelmannii Parry ex Engelm. FAC 1.10 0.00 4.00
Pinus ponderosa P.& C. Lawson FACU 1.9 0.0 2.0 0.0 0.0 1.1
Populus trichocarpa Torr. & A. Gray FAC 4.8 0.0
Populus tremuloides Michx. FAC 0.8 0.0
Pseudotsuga menziesii (Mirbel) Franco UPL 0.0 23.7 0.0 1.1
Ribes aureum Pursh FAC 0.0 0.5
Ribes cereum Dougl. FACU 0.0 1.8 0.00 0.79
Ribes hudsonianum Richards. OBL 1.3 4.1 6.5 0.0
Ribes lacustre (Pers.) Poir. FAC 0.00 2.18 3.73 0.00 0.4 0.0
Rosa woodsii Lindl. FACU 1.3 0.6 0.1 0.0 0.0 1.4 0.0 1.4
Salix spp (English willow) FACW 20.8 0.0
Salix bebbiana Sarg. FACW 0.9 0.0
Salix boothii Dorn OBL 2.3 0.0
Salix exigua Nutt. var. exigua OBL 2.7 0.0
Salix geyeriana Anderss. FACW 0.0 0.1 0.0 1.2
Salix lasiandra Benth. var. caudata (Nutt.) Sudw. FACW 0.2 0.3 0.0 2.5 0.7 0.0 0.0 0.9
Symphoricarpos albus (L.) Blake FACU 0.0 0.5 4.8 0.0 0.8 4.8 0.6 0.9
 Total shrub cover (%) 11.9 12.4 3.1 5.1 43.0 57.1 33.9 4.0 30.6 74.6 31.6 27.9
Riparian obligate cover (%) 3.2 3.6 2.3 3.8 32.2 11.6 19.9 1.9 29.0 62.9 29.9 20.3
shrub spp richness 3.0 4.0 2.0 4.0 9.0 11.0 10.0 4.0 3.0 7.0 4.0 6.0

315   
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317    

Table 4. (continued)
MF John Day Murderers Summit Tex Camp

Species

Wetland 
Indicator 
status Excl Graz Excl Graz Excl Graz Excl Graz Excl Graz

Acer glabrum Torr. FAC
Alnus incana (L.) Moench ssp. tenuifolia (Nutt.) 
Breitung FACW 9.4 0.6 19.5 2.2 72.6 40.9 54.8 18.4
Amelanchier alnifolia (Nutt.) Nutt. ex M. Roemer FACU
Artemisia tridentata Nutt. ssp. vaseyana (Rydb.) 
Beetle UPL 0.0 1.3
Cornus sericea L. FACW 0.0 0.3 2.7 1.4 0.0 0.3
Crataegus douglasii Lindl. FAC
Juniperus occidentalis Hook. UPL 0.3
Larix occidentalis Nutt. FACU 3.0 3.6
Pinus contorta Dougl. ex Loud. FAC 0.0 5.3 1.4 0.0 0.0 6.8 3.3
Picea engelmannii Parry ex Engelm. FAC
Pinus ponderosa P.& C. Lawson FACU 0.5 3.7
Populus trichocarpa Torr. & A. Gray FAC
Populus tremuloides Michx. FAC
Pseudotsuga menziesii (Mirbel) Franco UPL 1.7 0.0
Ribes aureum Pursh FAC
Ribes cereum Dougl. FACU 1.6 0.1
Ribes hudsonianum Richards. OBL 20.6 13.6 6.4 2.7
Ribes lacustre (Pers.) Poir. FAC 1.0 1.8
Rosa woodsii Lindl. FACU 0.4 0.7
Salix spp (english willow) FACW
Salix bebbiana Sarg. FACW
Salix boothii Dorn OBL 0.7 1.0 0.0 0.7
Salix exigua Nutt. var. exigua OBL 0.8 0.5 0.0 0.0 0.3
Salix geyeriana Anderss. FACW 0.0 1.1 0.5 0.0 0.0 0.6 0.0 0.7
Salix lasiandra Benth. var. caudata (Nutt.) Sudw. FACW 0.7 0.2 1.0 0.0 0.3 0.1 2.1 1.9 0.4
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Symphoricarpos albus (L.) Blake FACU 4.9 8.8 0.0 4.0
Riparian obligate cover (%) 0.7 1.6 11.7 1.6 20.6 3.5 103.2 59.6 61.5 21.8
Shrub Species richness 1.0 3.0 4.0 2.0 4.0 6.0 7.0 13.0 7.0 9.0
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319

320 While differences in the structure and abundance of shrub species was often related to age since exclusion, we 

321 did not find strong relationships between time since exclusion and either  changes in species richness or species 

322 diversity.  This suggests that potential increases in species richness, diversity, and wetland prevalence indices 

323 were highly variable between sites, perhaps due to differences in geomorphology, edaphic conditions, and land 

324 use history.  

325

326 Discussion

327 Ecological restoration of riparian habitats is defined as the reestablishment of predisturbance riparian functions 

328 and related chemical, biological, and hydrological characteristics [33].  Passive restoration is defined as the 

329 halting of  those activities that are causing degradation or preventing recovery [24]  Reviews of many instream 

330 restoration and enhancement projects throughout the western U.S. clearly reveal that passive restoration, 

331 especially the cessation of livestock grazing was the critical first step in successful riparian restoration programs 

332 [17, 18, 20, 34]. The apparent resilience of riparian vegetation composition reflected in the significant increases 

333 in wetland obligates and species diversity coupled with declines in exotic species and decreases in bare ground 

334 exemplifies the positive outcome of this passive restoration approach.

335

336 Cattle grazing appears to have maintained the presence of some exotic dominants at the exclusion of native 

337 species in most study reaches. In the absence of grazing, native graminoids and dicots increased in abundance 

338 while there was a concomitant decline in the exotic Kentucky bluegrass and  Dutch Clover (Trifolium repens) 

339 was a dominant herbaceous species in 6 of the sampled stream reaches but was much reduced in adjacent 

340 exclosures (Table 3).  Kentucky bluegrass  is a grazing-tolerant nonnative species that has invaded rangelands in 

341 the United States [35] and is currently a dominant in many riparian zones across the western USA.  Kentucky 
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342 bluegrass may reduce the genetic diversity of other species through habitat fragmentation as well as ecosystem 

343 species diversity and, therefore, resilience during future environmental stress events [35].  The prevalence of 

344 Kentucky bluegrass may partially explain the lower species richness and diversity in the grazed riparian reaches. 

345 We found that there was a decline in Kentucky bluegrass dominance in the ungrazed reaches (Fig. 3) with a 

346 concomitant increase in species richness and diversity (Table 3).  Schulz and Leininger [36] also found a 

347 decrease in Kentucky bluegrass in ungrazed riparian zones compared to grazed sites.  

348

349 Willows, thin leaf alder, and black cottonwood (Populus trichocarpa) are important features of western riparian 

350 ecosystems and have multiple functional roles that influence biological diversity, water quality/quantity, and 

351 aquatic/terrestrial food webs and habitat.  While shrub response was most apparent in this study with long term 

352 absence of grazing (>10 years), the rapid inherent resilience of these species has been quantified.  For example, 

353 after two years in the absence of livestock on Meadow creek, Northeastern Oregon, significant increases in 

354 height, crown area, crown volume, stem diameter, and biomass were measured for willows, black cottonwood, 

355 and thin-leaf alder [21]. In addition, Brookshire et al. [22] reported that even relatively light levels of domestic 

356 livestock grazing, when coupled with wild ungulate browsing in riparian zones diminished both plant structure 

357 and  reproduction of riparian willows.

358

359 Regardless of the differences in the manner and intensity in which livestock were grazed in the 11 sampled 

360 stream reaches, we found increases in wetland species and decreases in exotic species.  This is similar to 

361 conclusions of a review by Elmore and Kauffman [12]  that reported livestock exclusion was the most effective 

362 approach to restoring riparian ecosystems..

363
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364 We hypothesized wetland-obligate and facultative-wetland species would increase in abundance in sites 

365 protected from grazing (exclosures).  We found a significant 24% shift in the wetlands species prevalence index 

366 (WPI) towards wetland species in ungrazed sites (Table 3).  The trends in compositional change between grazed 

367 and ungrazed reaches were similar regardless the individual grazing approaches at each site.  Comparing intact 

368 and degraded stream reaches in northeast Oregon, Toledo and Kauffman [37] reported a 29% shift in WPI (1.82 

369 to 2.45) with a loss in wetland obligate species and a concomitant shift to species more adapted to drier 

370 environments in degraded sites. Coles-Ritchie et al. [20] also reported a statistically significant shift in wetlands 

371 species abundance in exclosed compared to grazed riparian reaches in western riparian zones. Differences in the 

372 WPI would suggest that livestock activities have altered the vegetation as well as those environmental and 

373 edaphic conditions that determine which species occupy a site.

374

375 The shifts in composition due to exclusion may also be reflective of physical changes in soil properties 

376 associated with cessation of grazing.  Kauffman et al. [19] found that soil bulk density was significantly lower, 

377 and soil pore space and soil organic matter was higher in exclosed riparian meadows. The mean infiltration rate 

378 for exclosed dry meadows was 13-fold greater than in grazed dry meadows (142 vs. 11 cm/h, respectively), and 

379 for wet meadows the mean infiltration rate in exclosures was 2.3 times greater than in grazed sites (80 vs. 24 

380 cm/h, respectively). Livestock removal was found to result in significant changes in soil, hydrological, and 

381 vegetation properties that, at landscape scales, would likely have great effects on stream channel morphology, 

382 water quality, and the aquatic biota. For example, Kauffman et al. [19] estimated that under saturated 

383 conditions, a hectare of wet meadows with the pore space measured in the exclosed wet-meadow communities 

384 would contain 121,000 L/ha (121 tonnes/ha) more water in only the surface 10 cm of soil than those in the 

385 grazed wet-meadow communities.

386
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387 The composition of vegetation in the ungrazed riparian areas suggest a number of synergistic effects occur when 

388 livestock are excluded.  In addition, to vegetation composition shifts, Kauffman et al. [19] reported that total 

389 belowground biomass (TBGB), consisting of roots and rhizomes) in dry meadows dominated by Kentucky 

390 Bluegrass  was  over 50% greater in exclosures (1105 and 652 g/m2 in the exclosed and grazed sites, 

391 respectively). In exclosed wet meadows dominated by sedges (Carex- spp), the TBGB was 62% greater in 

392 ungrazed compared to  grazed sites (2857 and 1761 g/m2, respectively).  However, the Kauffman et al. [19]  

393 study may be underestimating true shifts in below ground biomass associated with livestock exclusion.  As we 

394 found shifts in composition from facultative species (Kentucky bluegrass) to wetland-obligate species (sedges.), 

395 relevant comparisons may be that of the root mass in grazed dry meadows to that of exclosed wet meadows (i.e., 

396 a potential increase in root mass of 156 % associated with exclusion).  

397

398 The source of much of the energy, carbon and nutrients of headwater streams originates from streamside 

399 vegetation [38] and both riparian meadows and forested reaches represent an important source of allochthonous 

400 materials for aquatic systems [39].  During peak flows when streamside communities are inundated, plant 

401 materials from meadow-dominated reaches become a source of organic C and nutrients to the stream.  Ungrazed 

402 sites likely have high levels of organic inputs into aquatic systems for at least four reasons: (1) there is no 

403 removal of streamside vegetation via herbivory thus aboveground biomass is relatively high; (2) there is an 

404 increase in species of higher productivity (e.g., sedges. compared to Kentucky bluegrass); (3) there are dramatic 

405 increases in root mass; and (4) there is an increase in shrub and tree canopy and the concomitant increase in 

406 litterfall.  Increases in species richness and diversity also suggest there is likely an increase in the timing and 

407 composition of allochthonous inputs (associated with the increase in plant species diversity).

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 8, 2021. ; https://doi.org/10.1101/2021.04.08.438927doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.08.438927
http://creativecommons.org/licenses/by/4.0/


26

408

409 Shifts in ecosystem structure associated with livestock exclusion are not necessarily limited to vegetation or 

410 surface soils.  Vegetation response to the exclusion of livestock by fencing (e.g., increased vegetation cover and 

411 structure, as well as reduced bare ground) are important factors associated with channel morphology.  For 

412 example, Magilligan and  McDowell [5] reported that livestock exclusion resulted in significant stream channel 

413 adjustments such that channels in ungrazed reaches were narrower, deeper, and had more pool area than the 

414 channels in grazed reaches. The vegetation composition within ungrazed exclosures, as measured in this study, 

415 suggests an increased connectivity of riparian vegetation with their associated aquatic system.  

416

417 While livestock exclusion was associated with a significant increase in sedges, broadleaved herbs, species 

418 richness, diversity and the wetlands species prevalence, there was not a strong relationship with time since 

419 exclusion.  These data suggest that some sites respond more quickly than others, which is consistent with the 

420 concept of variable recovery trajectories after livestock exclusion [25].

421

422 Differences in species composition between grazed and ungrazed riparian reaches may reflect the cumulative 

423 effects of  cattle  grazing species that are less adapted to herbivory (e.g., willows, cottonwoods, and other 

424 keystone vegetation species) coupled with soil trampling that lowers infiltration rates and water-holding 

425 capacities of riparian soils.  Channel degradation associated with bank trampling [5] and the concomitant loss of 

426 root mass associated with herbivory [19, 37] further results in drier conditions, and thus shifts in vegetation 

427 composition toward species adapted to drier environments.  This suggests that cumulative livestock impacts 

428 exacerbate the increases in temperatures and changing hydrological dynamics associated with climate change 

429 that are resulting  in drier conditions [40].  Dwire et al. [41] also reported that the functionality of many riparian 

430 areas has been  compromised by water diversions and livestock grazing, which reduces their resilience to 

431 additional stresses that a warmer climate may bring.  Removal of grazing began to reverse these effects, 
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432 suggesting that cessation of livestock utilization of riparian zones is a viable approach to climate change 

433 adaptation for these important ecosystems.

434
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