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Abstract This study investigated the consequences
of passive ecological restoration on a riparian habitat
and on water quality. The restoration plan consists of
excluding livestock by constructing fences along an
entire stream 1 m from the stream bed, with the
assumption that recovering riparian habitat will
restore their ecological processes (e.g., filtration, soil
stabilization). We measured responses of riparian
plant communities and physico-chemical water qual-
ity. We presented data from an 8-year before-after
control-impact design across a reference stream and a
restored stream in a rural landscape in Normandy,
France. Restoration appeared to modify plant com-
munities. After 8 years of restoration, the restored
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stream had a complex riparian bank, similar to that of
the reference stream, with an increase in the number of
trees, a decrease in bare soil, and an increase in habitat
heterogeneity. Despite this modification, water quality
did not improve. The same low water quality in the
reference stream demonstrated the need for a water-
shed-scale approach and for actions to improve
agricultural practices before implementing restoration
practices at a smaller scale. Nonetheless, the lack of
improved water quality does not necessarily mean that
the restoration failed. Other functions and services can
be provided by excluding livestock.

Keywords BACI design - Headwater - Bundles of
ecosystem services - Passive ecological restoration -
Riparian plant communities - Watershed - Water
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Introduction

In a dense river network, headwaters (first- and
second-order streams) can be abundant and represent
therefore major components (Lowe & Likens, 2005;
Finn et al., 2011). Due to their interlinked position
between terrestrial and aquatic systems, riparian zones
play a crucial role not only in the ecological quality of
headwaters but also beyond the watershed, by cumu-
lative effects. Plant communities in this ecotone fulfill
essential functions. Many studies demonstrated that
riparian vegetation (1) improves water quality by
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filtering sediments, pesticides, and particulate organic
matter (e.g., Lowrance et al.,, 1984; Schilling &
Jacobson, 2014) and decreases nitrate, phosphorous,
and other nutrient concentrations in groundwater (e.g.,
Pinay & Decamps, 1988; Sktodowski et al., 2014) (2)
maintains biodiversity by providing heterogeneous
habitats and a physical structure for fauna (e.g.,
Naiman et al., 1993; Suurkuukka et al., 2014), (3)
reduces bank erosion and stabilizes the bank (e.g.,
Abernethy & Rutherfurd, 1998; Rood et al., 2014), (4)
affects river morphology and fluvial processes (Cam-
poreale et al., 2013), (5) increases in-stream aquatic
diversity, and (6) provides recreational opportunities
(Tunstall et al., 2000). Through these functions,
ecosystems can provide goods and services for human
societies and shift toward a more utilitarian role by
providing ecosystem services (Millennium Ecosystem
Assessment, 2005; Palmer et al., 2014).

Watershed disturbance caused by agricultural
expansion and intensification in the twentieth century
may affect headwater health and ecosystem services
provided by riparian zones (Harding et al., 1998;
Richardson & Danehy, 2007; Palmer et al., 2014).
Ecological restoration appears a promising response to
this degradation to maintain the essential role of
riparian ecosystems (Clewell & Aronson, 2006; Nai-
man et al., 2010). Through the diversity of existing
methods to restore streams (Mclver & Starr, 2001),
from gravel deposits in stream beds to channel
reconfiguration, a recent meta-analysis of 644 river
restoration projects concluded that most focused on
physical manipulation of channels, while few (17%)
implemented riparian restoration (Palmer et al., 2014).
For rivers degraded by intensive livestock grazing,
however, restoration of riparian zones is essential.
Livestock grazing directly increases nutrient inputs
(from manure), alters vegetation due to trampling and
consumption, compacts soil, and collapses stream
banks due to trampling (Armour et al., 1991; Belsky
et al., 1999; del Rosario et al., 2002; Sweeney et al.,
2004). These effects negatively affect upland erosion,
turbidity, nutrient concentrations in stream, stream
shading, stream temperature, stream channel mor-
phology, and aquatic and riparian wildlife (Knapp &
Matthews, 1996; Belsky et al., 1999; Sweeney et al.,
2004; Hansen & Budy, 2011).

Riparian zone restoration can be “passive,” in
which the disturbance is identified and removed and
spontaneous succession is used, or “active,” in which
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technical intervention such as planting or weeding is
performed (Society for Ecological Restoration, 2004).
Frequently, riparian restoration projects plant riparian
vegetation and/or remove non-native riparian vegeta-
tion (Holmes et al., 2005; Palmer et al., 2014).
However, passive ecological restoration (PER), such
as livestock exclosure, is promoted (Mclver & Starr,
2001; Prach & Hobbs, 2008) because it saves time,
effort, and money and can be implemented along an
entire stream, whereas active restoration often occurs
only on a short river section (Jihnig et al., 2010).
Many studies report the success of PER on plant
communities, with a decrease in bare soil, an increase
in tree cover, and recovery of riparian communities
(Kauffman et al., 1997; Hansen & Budy, 2011; Forget
etal., 2013; O’Donnell et al., 2014), even if PER is not
appropriate in all situations and is less successful in
multifactor contexts (Mclver & Starr, 2001; Sarr,
2002). Although it is well documented that excluding
livestock improves riparian habitat recovery, the few
studies assessing ecosystem function after PER have
conflicting results. Some studies observed a decrease
in nutrient concentrations after PER, suggesting
recovery of the filtering function of riparian zones
(Van Velson, 1979; Li et al., 1994; Sweeney et al.,
2004; Hansen & Budy, 2011). Other studies observed
little or no difference in stream nutrient concentrations
after PER (McKergow et al., 2003; Hughes & Quinn,
2014; Summers et al., 2014).

In general, all restoration projects fail to assess
fauna components and ecosystem processes, and
questions remain about the effectiveness of restoration
for fish, invertebrates, and water quality, because the
assumption is that by restoring the riparian ecosystem,
ecological functions and processes associated with
riparian zone recovery will follow (Palmer et al.,
2014). Responses of fish communities, invertebrate
communities, and water quality have not shown
consistent trends and remain problematic. Several
studies observed a positive effect of river restoration
on fish (Paller et al., 2000; Raposa, 2002; Whiteway
et al.,, 2010; Lorenz et al.,, 2013), invertebrates
(Muotka et al., 2002; Raposa, 2002; Sudduth &
Meyer, 2006; Sarriquet et al., 2007), and water quality
(Osborne & Kovacic, 1993; Sarriquet et al., 2007;
Hansen & Budy, 2011; Richardson et al., 2011), but
others observed little or no difference on fish (Moerke
& Lamberti, 2003; Shields et al., 2003; Moerke et al.,
2004; Baldigo & Warren, 2008; Stoll et al., 2013,
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2014), invertebrates (Moerke et al., 2004; Jihnig et al.,
2010), or water quality (Hansen & Budy, 2011; Kail
et al.,, 2012). Recent reviews (Roni et al., 2002;
Nilsson et al., 2014; Palmer et al., 2014) mention this
lack of response by fauna components and water
quality. This failure can be explained by the fact that
(1) habitat improvement offers few benefits for
functional restoration; thus, the previous assumption
is false (Jahnig et al., 2010; Palmer et al., 2010; Kail
et al., 2012), (2) restoration projects are implemented
too locally without considering watershed effects and
integration at this large scale (Wohl et al., 2005; Stoll
etal., 2013, 2014; Pander & Geist, 2013; Pander et al.,
2014), and (3) monitoring occurs at an inappropriate
temporal scale (Bash & Ryan, 2002; Roni et al., 2008).
Since natural variability makes each stream unique, it
is meaningless to evaluate success of riparian restora-
tion based only on comparing the number of species,
composition, and structure of a stream’s plant com-
munity to those of a non-existent reference stream. In
contrast, focusing on the recovery of processes and
functions of the riparian ecosystem may be a better
indicator of restoration success (Wohl et al., 2005).
In the present study, we investigate biological
responses through plant communities, and functional
responses, through water quality, of riparian restora-
tion. This paper examines the influence of riparian
PER on (1) riparian plant communities and (2) water
characteristics in headwaters in Normandy (France)
and tests the assumption that restoring a stream’s
riparian ecosystem will restore its ecological func-
tioning. The goal is to assess how PER can benefit
riparian plant communities and water quality after
several years. We compared data from an 8-year
before-after control-impact (BACI) design on a
restored stream and a reference stream in the same
watershed. Since riparian habitat heterogeneity is
crucial for in-stream biodiversity (Le Pichon, 2006),
evaluation focused not only on responses of plant
community species richness and its similarity to that
of the reference stream after PER, but also on habitat
heterogeneity along the stream. We hypothesized that
PER will (1) enable recovery of plant communities
similar to those of the reference stream, with an
increase in tree recruitment and a decrease in bare soil,
(2) increase riparian habitat heterogeneity by increas-
ing natural tree recruitment, (3) reduce water stream
temperature by increasing riparian shading, and (4)
reduce nutrient input in stream due to the absence of

cattle and recovery of the riparian habitat’s filtering
function.

Methods
Study site

The study site is located on the Oir River watershed,
20 km east of Mont Saint-Michel Bay (Fig. 1, south-
ern Normandy, France). This watershed has been
intensively studied by the French National Institute of
Agricultural Research (INRA) because it is a large
nursery for wild Atlantic salmon and brown trout
(Bagliniére et al., 2005) offering a long-term series of
ecological datasets. We focused on two second-order
tributaries of the Oir River: Vallée-Aux-Berges
(VAB), the restored stream, and La Roche, the
reference stream. These streams have similar widths
(mean = 1 m) and lengths (mean = 4 km). Both
occur in landscapes traditionally used for pasture and
crops. Land use and agricultural practices changed
little over the study period: 2004 (when the PER
began) to 2012 (end of monitoring) (Bal et al., 2011).

Approach for riparian passive ecological
restoration

VAB was highly degraded by cattle pressure (inten-
sive trampling and grazing on the banks). In August
2004, river managers from local organizations and
public agencies collaborated on a riparian restoration
project to conserve migrating fish populations and to
reach a good ecological state of surface water. A PER
approach was suggested and tested on the VAB
stream. Fences were erected along the entire stream
I m from the stream bed and drinking troughs for
cattle were installed along the stream. Since the
farmers own the stream bank, the distance for the
implementation of the fences from the stream bed is
set only after debates between farmers and river
managers. One meter from the stream bed is the
maximum distance obtained by river manager; a wider
buffer zone is not that easy to implement, because it
would be a grazing land loss to farmers. The PER goal
was to stop trampling and allow bank vegetation to
recover without initiating or accelerating its recovery
(i.e., no planting, seeding, or soil treatment). Unlike
VAB, the entire length of La Roche has always been,
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historically and due to current landowner practices,
protected by fences from the impact of cattle, and its
riparian vegetation has been relatively undisturbed by
livestock pressure; thus, it was considered as a
reference stream for riparian plant communities in
the watershed.

Riparian vegetation monitoring

To test effects of PER on establishment of riparian
plant communities, vegetation was monitored in May
(corresponding to period where most species are
present) 2004 (3 months before restoration), May
2005 (after 1 year of restoration), May 2006 (after
2 years), May 2010 (after 6 years), and May 2012
(after 8 years). To be able to compare community over
years, the same monitoring and the same period are
crucial. To compare riparian vegetation between the
restored VAB stream and the reference stream, La
Roche was monitored with the same vegetation
monitoring protocol in May 2010 and May 2012 to
evaluate variability in vegetation response to potential
climate variations over these 2 years. For each stream,
vegetation was monitored on the river bank at points
equally distributed along the stream. A total of 36
permanent 1 m x 15 m plots were sampled along
each stream. In each plot, we recorded the number of
trees, the percentage of plot surface area covered by
bare soil, and the percentage of plot surface covered by
each species using the following scale: 0.5 for species
covering less than 1%, 1 for species covering between
1 and 5%, 2 for 5 and 25%, 3 for 25 and 50%, 4 for 50
and 75%, and 5 for more than 75%.
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Physico-chemical water sampling and analysis

VAB and La Roche water quality was monitored every
month at the same location, downstream of each stream,
from January 2004 (8 months before VAB restoration)
to December 2012 (after 8 years of restoration). Each
month, water level (cm), pH, temperature (°C), and
electrical conductivity (uS cmfl) were measured
directly in the field. Two hundred and fifty mL of
surface water was taken and stored in a refrigerator until
laboratory analysis for NH,*, NO; ™, and PO,>". In the
laboratory, NH, ", NO; ™, and PO43_ were determined
by colorimetric methods with WTW kit (NH,: 14752,
NO;™: 14773, and PO,>~: 14848).

Data analysis

To analyze effects of riparian PER on riparian plant
communities, we compared means of species richness,
percentage of bare soil, and the number of trees of
VAB in 2004 (3 months before restoration), VAB in
2012 (after 8 years), and the La Roche reference in
2012. Since no obvious changes in the plant commu-
nity were observed at La Roche between 2010 and
2012, we only performed analysis with La Roche 2012
(see supplementary material, no significant difference
in species richness, in bare soil, and in number of trees
in La Roche in 2010 and in 2012). Since the data did
not conform to parametric conditions, we performed
Kruskal-Wallis and pairwise Wilcoxon tests with a
P value adjustment according to the simple Bonferroni
method, in which the p values are multiplied by the
number of comparisons.
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Changes in community structures following ripar-
ian PER were examined with correspondence analysis
(CA) of the vegetation data from VAB in 2004, VAB
in 2012, La Roche in 2010, and La Roche in 2012 (144
plots x 135 species). To analyze differences between
VAB before restoration (VAB 2004) and VAB after
8 years of restoration (VAB 2012), we applied non-
parametric multivariate analysis of variance (MAN-
OVA) to the vegetation data (Anderson, 2001).

To assess riparian habitat modification after
restoration, a measure of riparian vegetation hetero-
geneity along the stream was calculated for VAB in
2004, VAB in 2012, and the La Roche reference in
2012. According to Anderson et al. (2011), hetero-
geneity represents a difference in species composition
between two plots and can be estimated by the Bray—
Curtis dissimilarity index, based on species abun-
dances (Raup & Crick, 1979). For each plot surveyed,
the mean Bray—Curtis index was calculated between it
and the other plots in the stream. An index of zero
means that two plots have the same species compo-
sition (i.e., no heterogeneity between plots), while an
index of 1 means that they have no species in common
(i.e., high heterogeneity between plots).

To test impacts of PER on water quality, we
conducted an 8-year BACI (Green, 1979) design. BACI
design is used to measure effects of perturbation (i.e.,
restoration) on an ecosystem (i.e., the stream) by
following two sites, “control” (i.e., the reference La
Roche) and “impacted” (i.e., the restored VAB), before
and after the perturbation. This approach considers
natural variability among years by simultaneously
monitoring water quality at the La Roche reference site
and the restored VAB site before and after restoration.
Since the natural variability among years at the restored
site is estimated by that measured at the reference site, it
is essential to select a reference site that is as similar as
possible to the restored site to ensure that both sites have
the same responses to natural variations in their
environment and that the differences observed at the
restored site before and after restoration are due to this
(Duhaime & Pinel-Alloul, 2005). Since they lie within a
mean of 2 km of each other in the same watershed, we
assumed that VAB and La Roche were similar and
equally influenced by any natural variability.

To analyze effects of PER on water quality
variables, data were divided into a pre-PER period,
January to August 2004 (i.e., 8 months), and a post-
PER period, January 2006 to December 2012 (i.e.,

7 years). The same period names (“pre-PER” and
“post-PER”) are used for La Roche even though it was
not restored. Data from September 2004 to December
2005 were excluded from analysis because it was
considered a transitional period.

Many studies have demonstrated the dependence of
water quality variables on river water level (Helsel &
Hirsch, 2002; Hughes & Quinn, 2014). To exclude
effects of water level, we developed a linear model of
each water quality variable (pH, conductivity, tem-
perature, NH, ™, NO;~, PO,*", and turbidity) as a
function of water level. We then compared means of
model residuals (i.e., each water quality variable
adjusted for water level among pre-PER La Roche,
post-PER La Roche, pre-PER VAB, and post-PER
VAB) using Kruskal-Wallis and pairwise Wilcoxon
tests because data did not comply parametric condi-
tions. Evidence of a restoration effect required
observing a significant change at the restored VAB
site pre- and post-PER and an absence of change at the
La Roche reference site pre- and post-PER. If the same
temporal changes were observed on both rivers,
natural variability was considered as the agent of
change rather than restoration.

All tests were performed using R 2.12.0 (R
Development Core Team, 2010) with a P = 0.05
threshold using the “ade4” package (Dray et al., 2007)
and the “vegan” package (Oksanen et al., 2008).

Results
Effect of restoration on plant communities

We found no significant difference in plant species
richness at VAB after 8 years of PER (25.0 £ 0.7 in
2004 vs. 22.8 £ 1.41in 2012, Fig. 2A), and the species
richness of VAB was similar to that of the reference
(223 £ 1.4 in La Roche 2012). However, after
8 years of PER, VAB had significantly less bare soil
than before PER (7.7 £ 1.5% in 2004 vs. 0.7 &+ 0.7%
in 2012, Fig. 2B) and than the reference (2.5 = 1.0%
in La Roche 2012). The number of trees significantly
increased after 8 years of PER (1.0 & 0.2 in 2004 vs.
1.9 £ 0.2 in 2012, Fig. 2C) but was still lower than
that present in the reference stream (3.2 £ 0.4 in La
Roche 2012). The Bray—Curtis dissimilarity index was
significantly higher in VAB after 8 years of PER than
before PER (0.1 & 0.01 in 2004 vs. 0.3 &+ 0.02 in
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2012, Fig. 2D) and approached the values of the
reference (0.3 £ 0.01 in La Roche 2012), indicating
an increase in vegetation heterogeneity along the
stream after PER.

Non-parametric MANOV A showed that restoration
significantly modified plant community composition
after 8 years of restoration, between VAB in 2004 and
VABin 2012 (df = 1, F = 27.8, P = 0.001). The CA
based on species abundance highlights these results.
The first axis of the CA (8%; Fig. 3) discriminated
VAB in 2004 from the other three communities (the
reference stream in 2010 and 2012 and VAB in 2012,
after 8 years of PER). The VAB stream in 2004 was
composed of mesophyllous meadow species, such as
Trifolium repens L. and Lolium perenne L. Species
composition of VAB in 2012 was similar to that of the
reference stream in 2010 and in 2012 and was
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characterized by more ruderal species (e.g., Rubus
fruticosus L., Geum urbanum L., and Galium aparine
L.), tree species (e.g., Alnus glutinosa (L.) Gaertn.,
Quercus robur L., and Salix atrocinerea Brot.) and
forest species (e.g., Hedera helix L.). No obvious
differences between La Roche in 2010 and in 2012
were observed. The barycenters of VAB’s plant
community between 2004 and 2012 suggested that
the community converged towards that of the refer-
ence stream.

Effect of restoration on water quality

Temperatures in the restored VAB stream exhibited
patterns similar to those in the La Roche reference, with
a mean of 11.4°C (Fig. 4A). Likewise, pH and
conductivity were similar between periods (ca. 7.02
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Fig. 3 Ordination plot of a correspondence analysis based on
species abundance of the 135 species present in at least five plots
(144 plots x 135 species) on the La Roche reference in 2010
(light gray, 36 plots) and in 2012 (light gray, 36 plots) and on
restored VAB stream in 2004 (before restoration, dark gray, 36
plots) and in 2012 (after 8 years of restoration, dark gray, 36

and 201.8 pS cm™', respectively) in both streams
(Fig. 4B, C). No significant difference was observed
in pre- and post-PER adjusted NH, ", NO; ™, and PO,>~
concentrations (Fig. 4D-F). In both streams and both
periods, PO43_ concentrations exceeded 0.12 mg 1,
NH, "~ concentrations exceeded 0.07 mg 171, and NO;™~
concentrations exceeded 35.3 mg 17",

plots). Dark lines represent the succession of vegetation in the
restored stream from 2004 to 2005, 2005 to 2006, 2006 to 2010,
and 2010 to 2012, according to the position of their barycenters.
In the interests of clarity, only the 29 species with the highest
contributions to axes are shown

Discussion

After 8 years, PER changed the riparian plant com-
munities. Livestock exclusion enabled an increase in
tree recruitment, a decrease in bare soil, and a
modification of the plant community toward riparian
and ruderal species. The increase in heterogeneity
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clearly reflects the change in plant community com-
position and tree recruitment; the latter is not as
homogenous and evenly spaced and linear along the
stream as tree planting, as it is recommended in active
restoration (Mclver & Starr, 2001). Since livestock
grazing reduces riparian vegetation and the riparian
stream bank surface (Armour et al.,, 1991) and
decreases tree germination (Dembélé et al., 2006),
cattle exclusion and the subsequent absence of tram-
pling and foraging promote natural plant regeneration
from the seed bank and seed rain. Similar responses
have been observed in other studies that observed
significant recovery of riparian plant communities
after fencing the riparian zone (Kauffman et al., 1997;
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La Roche La Roche VAB VAB

Roche reference stream (white bars) and in the restored VAB
stream (gray bars). The X* of Kruskal-Wallis tests performed
are shown above the bars (NS: non-significant)

Mclver & Starr, 2001; Sarr, 2002; Hansen & Budy,
2011; Forget et al., 2013; O’Donnell et al., 2014). The
larger area of bare soil in the reference stream than the
restored stream can be a long-term consequence of
excluding livestock. Trees in La Roche are older than
those in VAB (Forget et al., 2013; Sawtschuk et al.,
2014), creating more shade and thus reducing viability
of groundcover vegetation. This argument is sup-
ported by previous work that highlights the loss of
dense grass groundcover due to increased shading
(Quinn et al., 2009; Hughes & Quinn, 2014). The
convergence towards ruderal species after 8 years of
PER can be explained by the recovery of filtration
functions in the riparian zone, which helps to retain
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nutrients. Indeed, the riparian zone, by retaining more
sediment and nutrients, seems to favor nitrophilous
species.

However, water quality measurements in the
restored stream did not have the expected results;
thus, the attempt to recover the filtration function by
restoring riparian habitat was not successful. No
significant difference in water quality variables was
observed between pre- and post-PER. Width of the
riparian zone can affect filtration function (Osborne &
Kovacic, 1993), and in our PER, fences may have been
implemented too close to the stream bed to ensure
filtration. Effects of excluding livestock on water
quality in the literature were equivocal and did not
reach a consensus. Some authors observed a decrease
in stream nutrient concentrations after PER (Van
Velson, 1979; Li et al., 1994; Sweeney et al., 2004;
Hansen & Budy, 2011). Other studies observed no
differences in stream nutrient concentrations after
PER (McKergow et al., 2003; Hughes & Quinn, 2014).
The variability in responses illustrates the complex
nature of the water quality, which is not a result of
local process but a watershed-scale process dynamics,
explaining why in some situations and not in others,
nutrient concentration changes in water following
PER. Moreover, water quality measurement in the La
Roche reference stream remained the same as those in
the restored VAB stream, revealing a slightly alkaline
pH and poorly mineralized water. La Roche and VAB
have high nutrient concentrations, especially nitrates
near the upper threshold (low water quality) according
to regulations of the Water Authorities and Ministry of
Ecology. This water quality is representative of most
of the human-impacted and rural streams in Normandy
and Brittany (Baglinicre et al., 2005; Sarriquet et al.,
2007) as a result of intensive agriculture (crops and
livestock) in the watershed. In our experiment, PER
undertaken to improve water quality was not effective
on an intensively cultivated watershed, confirming
that water quality is a result of watershed-scale process
(Mitsch & Gosselink, 2000; Shields et al., 2010).

In contrast, in a healthy watershed with a relatively
short agricultural history and low-intensity land use,
Hughes & Quinn (2014) noticed a positive and rapid
effect on stream water clarity after excluding livestock
from the banks. Water quality and external nutrient
inputs to streams are strongly influenced by watershed
disturbance (Mitsch & Gosselink, 2000; Shields et al.,
2010); therefore, an intensive watershed strongly

decreases the ability of riparian filtration to reduce
nutrient inputs.

Previous studies showed no effect after stream
restoration measures (Roni et al., 2002, 2008; Jahnig
etal., 2010; Kail et al., 2012; Stoll et al., 2013; Nilsson
et al., 2014; Palmer et al., 2014), indicating that local
restoration actions cannot compensate for watershed-
scale degradation (Sudduth & Meyer, 2006). Before
focusing on local restoration actions, the watershed
scale should receive more attention to reduce external
nutrient inputs and improve water quality by improv-
ing agricultural practices. Previous studies emphasize
the need to consider the watershed-scale restoration
approach, potentially constraining the effectiveness of
local restoration measures (Roni et al., 2002; Jéhnig
et al., 2010; Ouyang et al., 2011; Kail et al., 2012).
This new approach challenges implementation of the
European Water Framework Directive (European
Commission, 2000), which aims to restore a “good
ecological status” of water bodies in all Member
States, which is often realized through local restora-
tion measures. The European Water Framework
Directive requires appropriate prioritization of stream
restoration planning, and practitioners should consider
the watershed scale more often. Even if watershed
scale was not integrated for restoration projects, the
filtering function of the riparian zone could however
be tested by sampling nutrient concentrations across
the riparian zone, before and after PER, to assess the
evolution of nutrient input.

Our study is consistent with many other studies on
stream restoration measures, and suggested that even if
plant communities change, there is no guarantee that
functions will be restored (Jihnig et al., 2010; Kail
et al., 2012; Nilsson et al., 2014; Palmer et al., 2014).
Our findings highlighted the importance of using
multiple indicators to assess restoration success and
the caution about the interpreting of only one indicator,
not reflecting ecosystem functionality. This also high-
lights the importance of having a functional perspective
in restoration to regain the full suite of biogeochemical,
ecological, and hydrogeomorphic processes (Palmer
et al.,, 2014). As Wohl et al. (2005) state, “because
natural variability is an inherent feature of all river
systems, restoration of process is more likely to succeed
than restoration aimed at a fixed end point.”

This does not necessarily mean that PER in an
intensive watershed will fail, even if improvement in
water quality is not expected and the watershed scale is
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not addressed. Riparian zones are not only a tool to
reduce nutrient uptake, but can also offer other
services. By restoring the riparian habitat, PER may
potentially contribute to a more diverse and functional
stream ecosystem. Riparian habitat restoration can
improve stream bank stability and reduce erosion. This
bank stability function could be tested by measuring
water turbidity. Riparian habitat heterogeneity is
usually associated with high habitat diversity, which
affects in-stream structure (Kail & Hering, 20009;
Lorenz et al.,, 2013) and may lead to a more
heterogeneous in-stream habitat. Tree recruitment
and the presence of roots in the stream can create
meanders, increase sinuosity, and create refugia and
diversify hydromorphology and flow facies. Riparian
habitat may also provide an ecological corridor for
aquatic and terrestrial wildlife. The concept of
amenities, which evokes pleasant aspects of the
environment, should also be a positive effect of
PER. Research should be performed on the bundle
services associated with restoration.

These bundle services may also help implement
restoration, especially if functions are beneficial to
farmers. Livestock exclosure needs to be sociologically
and economically acceptable to farmers and can only be
successful with their involvement. This PER plan is an
initial step in the dialog between farmers and river
managers, and since the farmers own the small stream
banks, acceptance of a fence and a natural edge along
the stream is a positive result. Evidence from the
literature suggests that excluding livestock from
streams can be economically beneficial for farmers,
leading to increases in cattle weight gain (Willms et al.,
2002; Zeckoski et al., 2007) or milk production
(Landefeld & Bettinger, 2002; Zeckoski et al., 2007).
Additionally, studies have shown a decrease in cattle
disease (Pfost et al., 2007). Despite these benefits,
Zeckoski et al. (2007) noticed that many farmers in
Virginia, USA, were slow to adopt stream exclusion
systems. A similar study to investigate farmers’ benefits
and constraints in the intensive agricultural watershed
of the Oir River could improve restoration actions and
consider farmers as a key to restoration success.

Conclusion

This study evaluates effectiveness of PER on a riparian
habitat and on water quality. Livestock exclusion can
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successfully restore riparian habitat, but in this study, it
did not decrease nutrient inputs to the stream because
they are directly related to the level of disturbance in
the watershed. Although the watershed scale should be
considered and agricultural practices need to change,
PER may potentially provide bundles of ecosystem
services by restoring riparian habitat, and this should
be tested and validated in further studies. Since farmers
are essential for implementing PER, evidence of its
ecological and economic benefits is needed.
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