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a  b  s  t  r  a  c  t

Riparian  vegetation  may  recover  quickly  from  disturbance  when  the disturbance  vector  is  removed  or
reduced.  Grazing  is a disturbance  that  removes  plant  biomass  through  herbivory,  while overgrazing  is a
more severe  disturbance  that  can  deplete  plant  propagule  pools  and  inhibit  plant  community  recovery.
We  tested  the  hypothesis  that  riparian  vegetation  communities  can  shift  quickly  from  ruderal  grasslands
to  hydrophytic  shrubs  and  graminoids  when  grazing  is  largely  eliminated  from  riparian  areas.  We  used
a  before-after-control  study  design  to  collect  vegetation  community  data  at  six  restored  reaches  and
two  grazed  control  reaches  prior to and  immediately  following  the  construction  of a  cattle  exclosure.
We  identified  trends  in Carex  and Salix  species  abundance  and  quantified  shifts  in  riparian  vegetation
community  composition  across  time  at each  reach  using  PERMANOVA,  multi-level  pattern  analysis  and
non-metric  multidimensional  scaling.  Vegetation  composition  changed  rapidly  in  the  four  years  following
removal  of grazing  disturbance.  Indicator  species  for all impact  reaches  shifted  away  from  grazing  tolerant
graminoids  and  forbs,  and  toward  hydrophytic  graminoid  and shrub  species.  Over  the  same  timespan
control  reach  indicator  species  remained  grazing-tolerant  graminoids  and  forbs.  There  was  little change
in Salix  abundance  over  time  at control  or impact  reaches  but Carex  abundance  increased  at restored
reaches.  We  conclude  that herbaceous  plant  communities  may  recover  rapidly  following  the  removal  of

grazing disturbance,  but that  woody  species  may  lag  in recovery  without  active  vegetation  manipulation.
We  postulate  that  low  woody-species  recruitment  may  affect  the  potential  of the riparian  zone  to quickly
shade  stream  channels  and facilitate  undercut  bank  formation,  common  riparian  restoration  objectives.  To
prevent  halted  riparian  succession,  designers  should  proactively  identify  potential  limitations  to woody
vegetation  colonization.  We  close  discussing  active  approaches  to overcome  stalled  riparian  ecosystem
development  and suggest  metrics  for assessing  woody  species  recovery.

o
t
2
c

. Introduction

Passive restoration may  be appropriate for the improvement of
egraded ecosystems in which primary processes such as hydrol-

gy, soils, plant propagule dispersal, etc. remain intact (Whisenant,
999). Livestock grazing in riparian zones is an example of a dis-
urbance that can result in either chronic (e.g. Beever et al., 2003)

� This article is a U.S. Government work and is in the public domain in the USA.
∗ Corresponding author at: Department of Watershed Sciences, Utah State Uni-
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r acute (e.g. Walker, 1993) ecosystem impairment, depending on
he intensity, timing and duration of grazing (McInnis and McIver,
009; Sternberg et al., 2001). In small streams and rivers, grazing
an destroy natural bank structure and deplete riparian vegetation
Beschta et al., 2012; Chambers et al., 2004), increasing instream
urbidity, reducing stream shade and increasing stream temper-
tures, altering patterns of substrate deposition and erosion and
xerting a strong influence on stream channel forms (Myers and
wanson, 1996a). These impacts to the riparian zone can nega-

ively affect instream biota and physical processes that create fish
abitat (Magilligan and McDowell, 2007). By reducing or removing
razing disturbance from streams with some existing level of bank
tability and riparian vegetation, autogenic primary processes may
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llow some level of recovery to in-stream habitats (Magilligan and
cDowell, 2007; Myers and Swanson, 1996b) and riparian vegeta-

ion. Riparian vegetation community composition may shift from
razing-tolerant species to grazing intolerant hydrophytic species
hen released from livestock grazing disturbance (Chambers et al.,

004; Sarr, 2002). These changes in vegetation composition may
ccur in parallel with or drive instream habitat improvements such
s the recovery of bank structure, stream shading from trees and
hrubs, and instream wood contributions that perpetuate geomor-
hic change over time. We  assess changes in riparian vegetation
ollowing grazing exclusion, asking the question: do riparian vege-
ation communities respond rapidly to release from cattle grazing?

. Site description and restoration

Spawn Creek is a spring-fed, 2nd-order tributary to Temple
ork, which is a tributary to northern Utah’s Logan River (USA,
41.82835, W-111.57795). The Logan River and specifically Spawn
reek are primary habitat for native Bonneville cutthroat trout
Oncorhynhcus clarki utah; herein cutthroat trout) and have his-
orically suffered from instream and riparian degradation due to
ivestock grazing (Budy et al., 2007). During the twentieth century
ivestock grazed Spawn Creek and the surrounding Cache National
orest intensively, leading to widespread bank destabilization and
igh instream phosphorus levels (Budy et al., 2007). As many as
5,000 sheep and 22,500 cattle and horses were grazed annually in
he Cache National Forest for periods of 48–82 days between 1935
nd 1972 (Budy et al., 2007). In 1991 grazing density within the
llotment containing Spawn Creek was 1488 head of cattle for a
05-day season. In response to drought, stocking was reduced by
0% annually from 1999 onward to 622 cows in 2005, the final year
f permitted grazing.

Because Spawn Creek is important cutthroat trout spawning
abitat (Bernard and Israelsen, 1982), passive riparian restora-
ion was initially undertaken to increase vegetation density and
bundance to meet instream habitat and fishery restoration goals
Hansen and Budy, 2011; Budy et al., 2007). The primary project
oal was to shade the stream with recolonizing vegetation and
educe whirling disease prevalence by reducing stream temper-
ture. As woody vegetation recovered from grazing, it was thought
hat shrubs and tall graminoids would shade the channel and
educe stream temperatures, facilitate undercut bank formation
nd reduce the abundance of the Tubifex tubifex host of the para-
ite that causes whirling disease in salmonids, Myxobolus cerebralis
Hansen and Budy, 2011). In 2006, prior to summer grazing, 6 km of
ouble split rail fence was installed, excluding 67-ha surrounding
pawn Creek from livestock grazing (Fig. 1). The fence is raised at
everal points (<3 m each) each fall following cattle trailing to allow
or native ungulate migration and winter foraging. Full descrip-
ions of Spawn Creek and initial stream responses to restoration are
vailable within Budy et al. (2007) and Hansen and Budy (2011).

. Methods

Vegetation monitoring data was used to detect changes in plant
ommunity composition and in the abundance of species within the
enera Salix (willows) and Carex (sedges) prior to and following the
onstruction of the cattle grazing exclosure at Spawn Creek. Carex
nd Salix species were measured because both genera are gen-
rally good indicators of hydrologic connectivity between stream

hannels and streambanks (Winward, 2000), and have been shown
o respond rapidly to release from grazing disturbance (Schulz
nd Leininger, 1990). Six 160–200 m reaches across the restored
mpact area at Spawn Creek were repeatedly measured between

y
t
e
t

ig. 1. Map  of the Spawn Creek restored impact (I) and Spawn Creek and Temple
ork grazed control (C) reaches within the Logan River Watershed in northern Utah,
SA.

004 and 2009. Two grazed control reaches (∼180 m)  were mon-
tored prior to and following restoration, one below the grazing
xclosure on Spawn Creek and a second just upstream of Spawn
reek’s confluence with Temple Fork (Fig. 1). As the entire lower
pawn Creek watershed was fenced, it was  not possible to have
n upstream control (Fig. 1). Vascular species cover was sampled
cross the greenline at each reach within 50 cm × 20 cm Dauben-
ire quadrats (Winward, 2000). The greenline is the first point

f rooted perennial vegetation at channel bankfull width or on
 depositional feature (Winward, 2000). At the reaches sampled
ithin Spawn Creek and Temple Fork, the greenline occurred at

tream bankfull width. There were 36–44 evenly spaced quadrats
ampled at each reach depending on reach length. Physical habitat
arameters, including bank stability, instream wood volume and
requency, and percent undercut banks were also measured and
veraged across each reach (Appendix 1; Table A.2). Vegetation size
as not measured as the methods of the PACFISH/INFISH Biological
pinion were used for vegetation sampling in all years (PIBO EM,
012). All impact and control reaches were sampled in 2004, 2006
nd 2008, and most were also sampled in 2005 and 2009.

We  tested the preliminary hypothesis that species pools differed
etween the eight reaches in 2004 prior to grazing exclusion using
ERMANOVA (Anderson, 2001). PERMANOVA is a non-parametric
ultivariate test for compositional dissimilarity between groups

Anderson, 2001). This initial model identified unique vegetation
omposition between all reaches prior to the restoration treatment,
uling out direct comparisons of restored and unrestored vegeta-
ion across all reaches and over time. Accordingly, analyses were
erformed on each sampled reach as individual case studies for the

ears in which they were sampled. PERMANOVA models were used
o assess differences in vegetation community composition within
ach reach between the 2004 and 2005 pre-restoration communi-
ies and each post-treatment year. All PERMANOVA models used



N. Hough-Snee et al. / Ecological Engineering 58 (2013) 371– 377 373

−0.2 −0.1 0.0 0.1 0.2 0.3 0.4

−
0.

3
−

0.
2

−
0.

1
0.

0
0.

1
0.

2
0.

3
0.

4
I1

Axis 1

A
xi

s 
2

−0.3 −0.2 −0.1 0.0 0.1 0.2 0.3 0.4

−
0.

4
−

0.
3

−
0.

2
−

0.
1

0.
0

0.
1

0.
2

0.
3

I2

Axis 1
A

xi
s 

2

−0.2 −0.1 0.0 0.1 0.2 0.3 0.4

−
0.

3
−

0.
2

−
0.

1
0.

0
0.

1
0.

2
0.

3

I3

Axis 1

A
xi

s 
2

−0.3 −0.2 −0.1 0.0 0.1 0.2 0.3 0.4

−
0.

4
−

0.
3

−
0.

2
−

0.
1

0.
0

0.
1

0.
2

0.
3

I4

Axis 1

A
xi

s 
2

−0.4 −0.2 0.0 0.2

−
0.

4
−

0.
2

0.
0

0.
2

0.
4

I5

Axis  1

A
xi

s 
2

−0.2 −0.1 0.0 0.1 0.2

−
0.

2
−

0.
1

0.
0

0.
1

0.
2

0.
3

I6

Axis 1
A

xi
s 

2

−0.2 0.0 0.2 0.4

−
0.

2
0.

0
0.

2
0.

4

C1

Axis 1

A
xi

s 
2

−0.2 −0.1 0.0 0.1 0.2 0.3 0.4 0.5

−
0.

2
−

0.
1

0.
0

0.
1

0.
2

0.
3

0.
4

C2

Axis  1

A
xi

s 
2

2004 plots
2005 plots
2006 plots
2008 plots
2009 plots

F eek an
N tween
w

B
d
t
F
r
t

o
c
c
d

b
b
t
b
c
C
i

ig. 2. NMDS ordination plots for the six impact reaches (I1–I6) within Spawn Cr
MDS  solutions converged within 1000 iterations and had stress values ranging be
ere  <0.05 for ordination final stress values at all reaches.

ray–Curtis distance matrices of the untransformed vegetation
ata. Monte Carlo randomization (9999 unconstrained permuta-
ions) was used to calculate probability (p) values for the resulting
-statistic as recommended by Legendre and Legendre (2012). This
esults in p-values based on 9999 random samples of the data plus
he actual experimental data (10,000 total samples).

Non-metric multidimensional scaling (NMDS; Kruskal, 1964)

rdination plots were created to visualize shifts in community
omposition at each reach between years. NMDS solutions were
alculated from a random starting configuration using Bray–Curtis
istance. NMDS was used as a visualization tool to examine the

a
s
C
1

d control reaches at Spawn Creek (C1) and Temple Fork (C2). Three-dimensional
 15.0 and 19.1. Monte Carlo simulation generated p-values (999 randomizations)

etween-year compositional differences at each reach identified
y PERMANOVA models using the same distance measure. To iden-
ify which species were responsible for compositional differences
etween years, indicator species analysis was  performed for all year
ombinations at each reach using multi-level pattern analysis (De
aceres et al., 2010). Multi-level pattern analysis is an extension of

ndicator species analysis and is based on the product of the relative

bundance and relative frequency of each species within a given
et of years and is tested for statistical significance using Monte
arlo randomizations (1000 permutations; Dufrêne and Legendre,
997). Multi-level pattern analysis identifies species with fidelity
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Table 1
Multi-level pattern analysis results for all impact reaches at Spawn Creek and the control reaches at Spawn Creek (C1) and Temple Fork (C2). The indicator value is calculated
as  the product of a species’ relative abundance and relative frequency within a given year. All indicator species presented below were significant at the p < 0.05 level. Species
are  presented top-to-bottom within each reach from single year indicator species to multiple year indicator species.

Reach Species Indicator value

2004 2005 2006 2008 2009

Impact 1 Epilobium ciliatum 43.6
Carex pellita 37.8
Salix  drummondiana 37.8
Cirsium arvense 26.7
Equisetum hyemale 26.7
Juncus ensifolius 41.1 41.1
Glyceria striata 39.8 39.8
Poa  pratensis 64.3 64.3 64.3
Medicago lupulina 34.8 34.8 34.8
Symphyotrichum eatonii 77.7 77.7 77.7
Agrostis stolonifera 64.2 64.2 64.2
Carex nebrascensis 67.3 67.3 67.3 67.3

Impact 2 Epilobium ciliatum 36.7
Trifolium repens 30.9
Equisetum laevigatum 26.7
Poa trivialis 26.7
Carex praegracilis 30.9
Salix  lemonii 49.1 49.1
Glyceria striata 41.2 41.2
Poa  pratensis 65.4 65.4 65.4
Agrostis stolonifera 50.9 50.9 50.9
Carex utriculata 41.8 41.8 41.8
Carex pellita 45.4 45.4 45.4
Cardamine cordifolia 37.8 37.8 37.8
Symphyotrichum eatonii 73.3 73.3 73.3 73.3
Salix  geyeriana 59.8 59.8 59.8 59.8

Impact  3 Medicago lupulina 34.9
Salix monochroma 27.1
Symphyotricum foliaceum 51.3
Poa trivialis 28.1
Carex microptera 22.9
Carex utriculata 56.7
Cardamine cordifolia 42.2
Juncus ensifolius 43.9 43.9
Carex pellita 43.3
Epilobium cilliatum 40.7
Poa  pratensis 63.1 63.1 63.1
Agrostis stolonifera 60.2 60.2 60.2
Populus tremuloides 44.8 44.8 44.8
Symphyotrichum eatonii 75.9 75.9 75.9

Impact  4 Agrostis stolonifera 61.3 61.3 61.3 61.3
Poa  pratensis 64.9 64.9 64.9
Medicago lupulina 40.0 40.0
Symphyotrichum eatonii 88.6 88.6 88.6
Carex utriculata 47.2 47.2 47.2
Glyceria striata 35.5 35.5
Juncus balticus 66.8
Carex pellita 31.0
Epilobium ciliatum 30.9
Juncus ensifolius 32.5
Trifolium repens 29.1

Impact 5 Juncus ensifolius 51.7 51.7
Epilobium ciliatum 50.0
Trifolium repens 30.2
Poa  trivialis 53.5
Symphyotrichum eatonii 69.3 69.3

Impact  6 Glyceria striata 46.2 46.2 46.2
Muhlenbergia filiformis 37.6 37.6
Juncus ensifolius 53.1
Epilobium ciliatum 37.3
Symphyotrichum eatonii 70.5 70.5
Cardamine cordifolia 41.5
Carex utriculata 33.5
Salix melanopsis 26.7
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Table 1 (Continued)

Reach Species Indicator value

2004 2005 2006 2008 2009

Control 1 Spawn Creek Medicago lupulina 32.7 32.7
Juncus ensifolius 58.0 58.0
Muhlenbergia filiformis 51.3 51.3 51.3
Symphyotrichum eatonii 66.7 66.7 66.7
Trifolium repens 38.5

Control 2 Temple Fork Carex pellita 33.7
Mentha arvensis 29.5
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o multiple treatment groups (years). Using this approach, species
hat were indicators of both pre-restoration and post-restoration
ondition at restored reaches could be identified. To examine differ-
nces in sedge and willow abundance in the years following grazing
etirement, non-parametric Kruskal–Wallis tests were used and
airwise comparisons were made between years for each reach
sing Bonferroni corrected p-values (Cabin and Mitchell, 2000).

. Results

PERMANOVA results for the six impact reaches showed that
egetation communities within each reach diverged over time
Appendix 1; Fig. 2). Within the impact reaches’ PERMANOVA mod-
ls, R2 values increased with each additional year since grazing had
ast occurred (e.g. the R2 for the models comparing the years 2004
nd 2009 was greater than the R2 for the model comparing years
004 and 2006). These results contrasted with the Spawn Creek
nd Temple Fork control reaches (Controls 1 and 2), where R2 val-
es remained stable across all combinations of years and lower
han those in the impact reach models. Multi-level pattern analysis

ielded indicator species sets for impact reaches that shifted over
ime from grazing tolerant species such as Poa pratensis, Glyceria
triata, Agrostis stolonifera and Trifolium repens to less disturbance
olerant forbs, graminoids and shrubs (Table 1). In 2009 and 2008,
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arex and Salix indicator species occurred within all impact reaches
Table 1). However, at control reaches there were very few indicator
pecies and little change in their composition over time as indicated
y PERMANOVA results and NMDS biplots (Fig. 2). Common indi-
ator species within control reaches were introduced forbs or grass
pecies that persist under grazed conditions (Table 1).

Carex abundance increased significantly between 2004–2005
nd 2009 at five of the six impact reaches and did not change
ver time at the grazed control reaches (Fig. 3). Dominant Carex
pecies included Carex utriculata and Carex nebrascensis (Table 1),
oth rhizomatous wet meadow sedges, and Carex pellita,  an obli-
ate wetland sedge. Based on multi-level pattern analysis, Carex
pecies were more frequent and abundant following restoration at
mpact reaches (Table 1). Salix species abundance increased over
ime at one impact reach (I5), and did not change at either control
each (Fig. 3). Salix species that occurred at Spawn Creek included
alix melanopsis, Salix boothii, Salix drummondiana, Salix geyeriana,
nd Salix exigua as well as hybrid individuals of these species.

. Discussion and conclusions
Vegetation communities at impact reaches developed rapidly
fter grazing pressure was  removed. Plant communities at impact
eaches changed incrementally over time, shifting away from
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isturbance-tolerant pasture species as the time since grazing
emoval increased. There was little change in the riparian vege-
ation communities at grazed control reaches (Table 1 and Fig. 2).
s the time since last grazing activity increased during favorable,
et years (Fig. A.1), indicator species shifted to hydrophytic plant

pecies that may  have been suppressed by prolonged cattle graz-
ng. Specifically, we saw dramatic increases in Carex abundance
t impact reaches and reduced pasture grass abundance. 2009
ost-restoration Carex abundance at Spawn Creek is comparable to
he greenline vegetation of riparian meadows at northern Oregon
treams (Dwire et al., 2006, 2004). In headwaters of the Columbia
asin, Hough-Snee et al. (2013) showed that high bank stability
nd bank undercutting are correlated to riparian sedge-willow
ommunities. These sedge-willow reaches were in better physi-
al condition than heavily grazed, semi-arid reaches elsewhere in
he Columbia Basin that largely lacked Carex species (Hough-Snee
t al., 2013). In the future, Spawn Creek’s bank condition may  con-
erge with conditions of other meadows (high stability; Table A.2)
s deep-rooted Carex species expand.

The observed trajectory of passive riparian restoration at Spawn
reek supports two related concepts in stream restoration: (1)
emoving disturbance from riparian systems allows herbaceous
lant communities to recover rapidly (Dobkin et al., 2008). (2) Veg-
tation recovery may  eventually correspond to improvements in
nstream physical habitat quality (Herbst et al., 2012). At Spawn
reek, bank stability increased with time after grazing removal
Table A.2; Budy et al., 2007), illustrating how rapidly habitat can
hange as riparian vegetation recovers from disturbance. Hansen
nd Budy (2011) also found passive restoration at Spawn Creek
o reduce the prevalence of Myxobolus cerebralis,  the parasite that
auses whirling disease, although they could not directly decouple
estoration effects (e.g. stream shading from Salix recovery) from
nterannual climatic variability.

While herbaceous riparian vegetation recovered quickly using a
assive restoration approach, further ecosystem recovery may  not
roceed as rapidly. At Spawn Creek, limited Salix species recruit-
ent may  preclude successful fishery and habitat restoration that

equires stream shade and contributions of wood to the stream
o shape habitat (Hansen and Budy, 2011; Table A.2: Wood vol-
me  and frequency). Grazing retirement effectively allows annual
lants to spread by seed and perennial herbaceous plants to expand
egetatively, but woody species may  be more difficult to restore
sing passive restoration approaches alone. While some studies
how rapid willow recovery following livestock grazing retire-
ent (Booth et al., 2012), historic grazing has been shown to

educe sexual reproduction in willows (Brookshire et al., 2002),
nd there may  be a reproductive lag in willows at Spawn Creek
reventing new individuals from establishing. Willow growth and
stablishment can be constrained by low water tables and soil
oisture availability, as well as native ungulate grazing (Bilyeu

t al., 2008; Chambers et al., 2004; Pezeshki et al., 2007; Wolf
t al., 2007). In North American ecosystems that lack their his-
oric carnivores (e.g. wolves [Canis lupus]), elk (Cervus canadensis)
razing pressure may  prevent willow recruitment in riparian areas
Ripple and Beschta, 2006). The combination of low precipitation,
lk grazing, and historic cattle overgrazing appears to provide
nough inertia against autogenic ecosystem recovery that active
estoration may  be required to move Spawn Creek and compara-
le low-order, grazed systems toward sufficient wood production
nd stream shade to meet instream restoration objectives (McIver
nd Starr, 2001). Whether caused by biotic or abiotic filters, this lag

n riparian woody species expansion directly affects sites’ poten-
ial to reach instream habitat restoration objectives quickly and
ithout active management (e.g. individual tree planting and pro-

ection).
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Restoration designers must anticipate the potential for a site
o respond to disturbance and identify what biotic and abiotic
rocesses may  interact to limit sites’ recovery potential (Bilyeu
t al., 2008; Goodwin et al., 1997). By identifying limitations to the
elf-design (Mitsch and Jørgensen, 2004) of the riparian ecosys-
em at Spawn Creek, such as willow species recruitment (sensu
ergen et al., 2001), limitations to instream restoration may  also be

dentified. Once thresholds in autogenic recovery have been iden-
ified, restoration can continue passively or be assisted through
daptive management. In the case of Spawn Creek, community
omposition measurements fail to identify what environmental
actors may  limit individual willow establishment and growth.

easuring woody species flowering, growth and physiological per-
ormance (sensu Cooper and Merritt, 2012) may better forecast
he outcomes of Spawn Creek’s riparian willows and their poten-
ial to grow wood that can affect geomorphic change or shade the
emperature-impaired stream (Ghermandi et al., 2009). When the
bjective of riparian restoration is to increase stream shade and
educe temperatures to improve biological conditions (Bernhardt,
005; Hansen and Budy, 2011; Roper et al., 1997), shifts in veg-
tation toward hydrophytic herbaceous species may  not lead to
ull fish habitat restoration (Hansen and Budy, 2011). For example,

cBride et al. (2010) found that stream channels in afforested tem-
erate forests widen at rates of only a few centimeters per year.
atanabe et al. (2005) suggests that active restoration is more

ffective when trying to reach time-sensitive instream restoration
bjectives or when design parameter success can fluctuate with
nvironmental variability. Based on the identified limiting factors
o willow recolonization at Spawn Creek, supplementing riparian
reas by planting willows into the recovered, stable, hydrologically
econnected banks may  expedite riparian forest development and
nstream temperature reduction.

Based on our findings at Spawn Creek, we encourage riparian
estoration practitioners to identify the likely trajectories of initial
hange following passive restoration and shift project monitoring
fforts to environmental factors likely to impede further recovery
rom passive restoration. This monitoring may  include measuring
iparian plant properties that correspond directly to stream habitat
hange or using adaptive management frameworks (Bergen et al.,
001) to plan later active restoration stages that would otherwise
tall due to climatic fluctuation, trophic interactions or external
isturbance.
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