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ABSTRACT. To evaluate the outcome of restoration projects, an overall goal, reformulated to specific subgoal s or targets, must
be explicit and trandlated into scientifically measurable ecological attributes. Monitoring ecological attributes is necessary to
assess restoration progress. Datafrom long-term monitoring are rarely avail able when restoration interventions are planned and
implemented. In this study, we show how short-term monitoring data are incorporated into the planning of the large-scale
restoration of aformer military training area: the largest restoration project approved in Norway, covering more than 165 km?
and intended to enhance nature conservation.

A pilot project wasinitiated in 2002 that removed 1.2 km of roads and tested three restoration treatmentsto facilitate vegetation
development: stirred topsoil (C, contral), fertilizer added to the stirred topsoil (F), and fertilizer and commercial grass seeds
added to the stirred topsoil (FS). Vegetation turfs were transplanted in all treatments. A monitoring program was established,
and three ecological attributeslinked to the specific targets for vegetation devel opment (vegetation cover, species richness, and
presence of non-native species) were sampled at 2 yr and 7 yr after the intervention.

We discuss pilot project results in relation to the temporal scale and to the type of intervention of the restoration treatments
(introduction of non-native seedsand nutrient addition) in an ecosystem with slow nutrient turnover. We consider theimplications
of the short-term data for the large-scal e restoration and describe the cooperation between devel opers, research ecologists, and
contractors, illustrating how adaptive management is relevant to large-scal e restoration projects.
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INTRODUCTION

During the past decade, ecologica restoration has been
approved both palitically and scientifically as atool to assist
the recovery of degraded land (MEA 2005, Comin 2010) and
the delivery of ecosystem services (Rey Benayas et al. 2009,
Bullock et al. 2011, Suding 2011). Ecological theory is an
important basisfor the science of restoration ecology (Palmer
et a. 2004, Young et a. 2005), but there is also a growing
understanding of an integrated approach including a
socioeconomic framework to meet the society’s needs for
sound restoration projects (Hagen 2003, SER 2004, Clewell
and Aronson 2007).

The evaluation of a restoration project’s outcome should
alwaysbeanintegrated part of restoration projects (Hobbsand
Norton 1996, Tischew et a. 2010). This will alow for
correction if the development is on the wrong track,
ecologically or socialy, justify the use of public or private
money, and collect valuableinformation for futurerestoration
activities (Suding 2011).

All restoration projects should have an overall goa. Goalscan
be rather general and unspecific while still functioning as
guiding light and motivation for the project and its involved
partners and communi cated to stakehol dersand other rel evant
groups (e.g., Hekluskogar at Iceland; Aradéttir 2007). For
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evauating an outcome of restoration, a number of specific
subgoals, or targets, must be formulated. Such targets form
the basis for planning and implementation of the project. A
restoration project will benefit from an evident link between
an overall, paramount goal and specific, measurable targets,
in particular in large and complicated projects (Grant 2006).

Anecosystem’ sproperties, e.g., itsspeciesdiversity, potential
for self-sustainability, landscape integrity, and internal
processes, often form the basis for formulating targets and
criteriafor evaluation (SER 2004, Ruiz-Jaen and Aide 2005a).
However, many ecosystem properties and corresponding
targets can be difficult to measure. Hence, it is essentia that
targets are trandated into ecologica attributes that are
scientifically measurable for a clear and objective evaluation
of arestoration’s outcome (Hildebrand et al. 2005, Ruiz-Jaen
and Aide 2005h, Zedler 2007).

Regular monitoring of an area under restoration is necessary
to assess the restoration’ s progress. Unfortunately, data from
long-term monitoring are only rarely available when
restoration interventions are being planned and implemented.
In some fortunate instances, data from short-term monitoring
represent the best available information. A sensible
management strategy utilizes these short-term data optimally
and accommodates for adjusting methods and procedures if
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further monitoring data indicate a need (Howell et al. 2012).
Thistype of strategy corresponds with adaptive management
(Holling 1978) and uses the best available knowledge
including local knowledge, formulating goals, embracing
uncertainty, and evaluation procedures as its essentia
components (Gardner 2010, Keith et al. 2011).

Natural recovery from human degradation in apine areas is
limited by abiotic factors such as low temperatures, a short
growing season, and low water and nutrient availability
(Ebersole 2002, Willard et al. 2007), factors that reduce these
systems' resilience, i.e., the ability to return to the original
state following a disturbance (Pimm 1984). Physical
interventions and vegetation treatment can be used to assist
the natural recovery, increasing the resilience and vegetation
cover development (Skrindo and @kland 2002, Whisenant
2002). A number of procedures are available for this purpose
and are each influenced in different ways by ecological,
monetary, aesthetic, logistic, and speed considerations
(Perrow and Davy 2002). In alpine areas, three main groups
of techniques havetraditionally been applied: (1) remediation
of soil and terrain, (2) adding nutrients, and (3) seeding or
planting (Urbanska and Chambers 2002, Krautzer and
Wittmann 2006).

We use the restoration of a former military training area in
alpine central Norway as a case study to illustrate the link
between an overal goal, ecological targets, measurable
attributes, and restoration intervention levels (Fig. 1) and
illustrate how short-term monitoring data on vegetation
recovery are used in the planning and implementation of the
ongoing restoration activities in the area.

Fig. 1. Thelink between the overall goal, specific targets,
ecological attributes, and the vegetation treatments in the
restoration of aformer military training area. The
comprehensive overall goal is broken down into a number
of specific, ecological targets. Ecological attributes are
measureabl e surrogates for each of the specific targets.

Overall “Restore the ecosystem to original state
goal and for future nature conservation"
Initiate and promote Approach the species Not allow for introduced
Specific natural recovery of diversity and plant cover of plant materials/
target native species adjacent, undisturbed sites non-native species
Ecological Vegetation Plant species Presence of non-
attributes cover richness native species
Vegetation treatments (restoration techniques)
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The overall goal of this project was to “reset the area for
civilian use and to restore the ecosystem to its original state
and for future nature conservation (National Park)” (Ministry
of Defence 1998). A “Plan for Restoration” was formulated,
dividing this comprehensive goal into a number of specific,
ecological targets for the vegetation development (http://
www.forsvarsbygg.no/hjerkinn; Fig. 1). A pilot study tested
three restoration treatments for facilitating vegetation
recovery, and a monitoring program evaluated the effects on
vegetation development as specified by three ecological
atributes (Fig. 1). We (1) evaluated the effects of the
restoration treatments on short-term vegetation devel opment
in terms of vegetation cover, plant species richness, and the
presence of non-native species; and (2) elaborated how the
ecologica results are implemented in the running restoration
of the area and can contribute to meeting the overall goal of
the restoration project.

METHODS

Study area

The study areais the Hjerkinn firing range, aformer military
training area situated between 1000 and 1700 m above sea
level (asl.) in Dovrefjell, centra Norway, surrounded by
nature conservation areas (Fig. 2). Themilitary activity started
in 1923 and expanded extensively from the 1960s with the
development of heavy infrastructure, such asmilitary training
facilitiesand anetwork of roads. It becamethelargest military
area in South-Norway, covering 165 km2. The surrounding
conservation areashold popul ationsof wild reindeer (Rangifer
tarandus), wolverine (Gulo gulo), and arctic fox (Mulpes
lagopus), and the Dovrefjell area is described as “the last
nearly intact high-mountain ecosystem in Europe” by
Norwegian management authorities (Directorate for Nature
Management 2012).

Mean annual temperature (1997-2006) at the closest weather
station (Fokstugu, 973 m a.s.l.) is 0.8°C, with mean annual
precipitation of 444 mm (Norwegian Meteorological Institute
2010). The bedrock is dominated by Precambrian
metamorphosed rock covered by till (Norwegian Geological
Survey 2011). The study sitesare situated in dry and medium-
dry alpineheath dominated by lichens, dwarf shrubs, and some
grasses and herbs.

The Norwegian Parliament decided in 1999 to close down the
firing range and restore the area to its natural state (Ministry
of Defence 1998). This project is managed by the Norwegian
Defense Estate Agency and represents the largest restoration
project ever approved in Norway, including removal of more
than 100 buildings, butts, gravel pits and other installations,
and 90 km of roads. The project also involves removing
undetonated explosives, foul matters, and other pollutants.
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Fig. 2. The study areain Hjerkinn firing range situated at
the Dovrefjell mountain area, central Norway (red line),
surrounded by protected areas (green color).
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Three specific targets for vegetation development are
formulatedintherestoration project. Thephysical intervention
and vegetation treatments should accomplish the following:
(1) initiate and promote natural recovery of native species, (2)
approach the species diversity and plant cover of adjacent,
undisturbed sites, and (3) not alow for introduced plant
materials/non-nativespecies. Thesetargetsrelatetotheoveral
project goal, which isto restore the area for future wilderness
and nature conservation.

A pilot project removing 1.2 km of roads began in 2002 and
was designed to verify the safety and effectiveness of the
technical and ecologica methods as well as the economic
calculations for the large-scale restoration. A monitoring
program recorded the recovery of the vegetation following
different treatments, using three ecological attributes to
evaluate the effects of restoration treatments on vegetation
development: vegetation cover, species richness, and
abundance of non-native species.

The full large-scale ecological restoration and removal of
technical infrastructure and roadsstarted in 2008. Native seeds
of Festuca ovina, acommon pioneer speciesin the area, were
propagated and made available for the large-scale restoration
(Martinsen and Oskarsen 2010), although they were not ready
for use in the 2002 pilot project.

Study design of the pilot project

Thepilot project wasestablished along threeroads(total length
of 1.2 km) that were constructed during the 1960s by adding
crushed stone and gravel on top of undisturbed vegetation. In
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August 2002, a shell-proof excavator removed the crushed
stonedown to theoriginal terrain surface, and the original soil
top layer wasstirred downto 20 cm asthe excavator grab lifted
the compressed surface (Fig. 3).

Fig. 3. Pilot project design, with aroad divided into blocks,
each allocated to one treatment type, and plots located in
blocks. Treatment 1 is control (C; stirred top-soil, no further
treatment), 2 isfertilization treatment (F; 20 g/m2 of
granulated NK P-fertilizer added to the stirred top-soil), and
3isfertilization and seeding treatment (FS; in addition to
fertilizer 7 g/m2 of commercial seeds of Festucarubrawere
added to the stirred top-soil). Turfs of vegetation are
transplanted into all treatments. Five permanent plots are
placed randomly in each block.

O Permanent plots

Threevegetation treatmentsweretested: (1) control (C; stirred
topsoil, no further treatment), (2) fertilization (F; 20 g/m? of
granulated N-K-P fertilizer added to the stirred topsoil), and
(3) fertilization and seeding (FS; both 20 g/m? fertilizer and 7
g/mz2 of commercial seeds of Festuca rubra were added to the
stirred topsoil). Plots or turfs of vegetation act as seed sources,
seed traps, or sources for vegetative regeneration (Aradottir
2012). We therefore transplanted <1 m2 vegetation turfs from
nearby road margins into all vegetation treatments, at a 5-10
m planting distance. We followed a strict protocol for
collecting theturfsto avoid causing damageto the surrounding
intact vegetation.

Each road was divided into three approximately 100 m long
blocks, and thevegetation treatmentswererandomly allocated
among the blocks in each road. To monitor vegetation
development, 5 permanent plots (0.5 x 0.5 m? were
established in each block, giving atotal of 45 plots (5 plots
per block, 3 blocksper road, 3 roads; Fig. 4). All road sections
were situated in flat heath vegetation at about 1000 m a.s.l.

We recorded vegetation in the plots and measured distance to
transplanted turfs in 2004 and 2009, 2 yr and 7 yr after the
intervention and vegetation treatments. We recorded the
abundance of vascular plants as presence/absence of each
speciesin 16 subplots (12.5 x 12.5 cm?) per plot. In addition,
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Fig. 4. Restoration of military access road (width of road is5 m) by removing added gravel and stone,
stirring the original topsoil, and transplanting turfs from the road margins. Left: the road before restoration
(2002). Right: the road three years after restoration (2005). The arrow indicates a fixed point for

comparison between the pictures.

Military access road 2002

we recorded total vegetation cover, cover of dead organic
matter, and cover of bare soil (%). In the seeded plots, we
recorded the percentage cover of F. rubra. Deschampsia
cespitosa isanative speciesin the study areabut isnon-native
in alpine heath vegetation. It is expanding into disturbed sites
and is an invasive species in heath vegetation, and it is
conseguently not awanted speciesin restored vegetation, i.e.,
not in accordance with the ecological targets (Fig. 1).

Weused datacollected previously from 32 plotsin undisturbed
vegetation close to the study site (Stremsagther 2006) to serve
as reference data. These data described presence/absence and
total vegetation cover only and did not include species
abundances. Therefore, we chose not to incorporate these data
inour statistical analysesbut rather present theminthefigures
referred to as reference vegetation.

Statistical analysis

Weused linear mixed-effect model s(Pinheiro and Bates2000)
to evaluate the impact of vegetation treatments on (1)
vegetation cover, (2) species richness, and (3) non-native
species.

To incorporate the nested structure of the pilot study (blocks
in roads, plots in blocks) and repeated measurements on the
same plots, we included plot nested in block nested in road as
random factors in the models. Fixed factors were the
explanatory variables year (factor variable), treatment type
(factor variable), and distance to nearest transplanted
vegetation turf (continuous variable, log, transformed), with
all relevantinteractions. Weused Akaikeinformation criterion
(Crawley 2003) for model selection and present only the most
parsimonious models. Data on vegetation cover were square-

root transformed prior toanalysestoreduceheteroscedasticity.
Models with species richness were run with Poisson error
distribution. All analyses were carried out with the software
R (R Development Core Team 2011), packages Ime4 (Bates
and Maechler 2010) and nime (Pinheiro et a. 2011). All
figures show back-transformed values.

RESULTS

The model that fit vegetation cover best included year,
treatment, and the interaction between them (Table 1a). The
FS treatment resulted in higher vegetation cover than the C
treatment, with F having intermediate values (Fig. 5a).
Vegetation cover increased from 2004 to 2009, but more in
the C treatment than in the FS treatment, reducing the
differencein cover between treatmentsin 2009. Therewasno
effect of distance to transplanted turfs on vegetation cover.

The model that fit species richness best included year,
treatment, and the interaction between them, as well as
distanceto nearest transplant (Table 1b). Speciesrichnesswas
lowest in the FS treatment both in 2004 and 2009. Species
richness increased from 2004 to 2009 in dl treatments, but
with a lower rate in the F treatment, giving relatively small
differences in species richness between treatments in 2009
(Fig. 5h). Therewas an additional positive effect of closeness
to transplants; species richness decreased with increasing
distance.

Two graminoid species present in the plots were non-native
inthesevegetation types, theseeded F. rubraand D. cespitosa.
F. rubracovered onaverage41% of the plotswith FStreatment
in 2004 and 48% in 2009 (Fig. 5a), with no significant change
in abundance over time (F, ,, = 0.594, P = 0.456). The grass
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Table 1. Linear mixed-effect model results of a) vegetation cover (%, square-root-transformed), b) species richness (modeled
with Poisson distribution), and c) abundance (subplot frequency, square-root-transformed) of Deschampsia cespitosa as a
function of time, treatment, and distance to transplanted vegetation turfs. Intercept refers to averages for the control treatment
(C) in 2004. C = control/soil, CF = fertilizer, and CFS = fertilizer and seeds. Parameter estimates of random effects (plot nested
in block nested in road) are not shown.

Variable estimate SE. df t p

a) vegetation cover

Intercept 2.846 0.721 40 3.948 <0.001
Fvs.C 1.668 0.967 4 1.725 0.160
FSvs. C 3.6901 0.697 4 3.818 <0.001
2009 vs. 2004 3.042 0.432 40 7.048 <0.001
F x 2009 -0.773 0.605 40 -1.278 0.205
FS x 2009 -2.097 0.610 40 -3.435 0.001
b) species richness

Intercept 1.206 0.201 40 5.988 <0.001
Fvs.C 0.379 0.223 4 1.695 0.090
FSvs. C -0.577 0.264 4 -2.184 0.029
2009 vs. 2004 0.980 0.156 40 6.271 <0.001
log?(distance to transplant) -0.064 0.023 40 -2.830 0.005
F x 2009 —-0.467 0.210 40 —-2.228 0.026
FS x 2009 0.386 0.258 40 1.495 0.135
¢) Deschampsia cespitosa abundance

Intercept 0.259 0.098 40 2.626 0.012
Fvs. C 0.225 0.139 4 1.617 0.181
FSvs. C -0.242 0.139 4 -1.737 0.157
2009 vs. 2004 0.227 0.048 40 4734 <0.001
F x 2009 -0.034 0.067 40 -0.507 0.615
FS x 2009 -0.202 0.068 40 -2.975 0.005

D. cespitosa was present in 2004 in both the C and the F
treatment plots, with highest abundance in the F treatment
(Table 1c, Fig. 5¢). The abundance of D. cespitosa increased
from 2004 to 2009, althoughthe abundanceinthe FStreatment
remained low (significant treatment x year interaction; Table
1c). The visua landscape effect of removing the road was
striking after 3 yr (Fig. 3).

DISCUSSION

To achieve the overall goal in large or complex restoration
projects, itisuseful toformulate specifictargetsthat arelinked
to measurable ecological attributes. Although the targets-to-
attributeshierarchy improvestheeval uation of project process
and restoration outcome (Fig. 1), it does assume a connection
between the ecological attributes and the targets. We briefly
discuss the effect of vegetation treatments on the ecological
attributes. Table 2 givesasimplified summary of theseresults
and what direct implications they have on the large-scale
considerations. We elaborate on how these results are
incorporated into the large-scal e restoration project.

Effects of vegetation treatments on the ecological
attributes

Slow nutrient cycling in alpine ecosystems causes a lack of
available nutrients (Walker and del Mora 2003), and

application of limiting resourcesisacommonly used approach
in restoration (Whisenant 1999). Adding fertilizer can rapidly
increase the vegetation cover. However, our results showed
only a small, nonsignificant difference in vegetation cover
between the fertilized plots and the control plots. Fertilizer
treatments can favor the growth of nutrient-adapted species
such as grasses and thereby displace or impede colonization
by other speciesin the community (Densmore 1992, Smits et
a. 2008, Moulton and Gough 2011). The presence in the
fertilized plots of D. cespitosa, which does not occur in the
undisturbed vegetation, can beinterpreted asan early warning
that this displacement is taking place. Although D. cespitosa
is native to Norway and common in moderately disturbed
mountain ecosystems, it isastrong competitor and non-native
in alpine heath vegetation and therefore not desirable in the
restoration scheme at Hjerkinn. Future monitoring data will
be important for setting recommendations for the use of
fertilizer for the restoration program.

Seeded species in revegetation projects are traditional ly fast-
growing and nutrient-adapted grasses, providing a rapid
development of vegetation cover. However, because these
grasses are able to establish permanently and occupy space at
the cost of native plant species (Rydgren et al. 2011), seeding
can cause a reduction of species diversity compared to
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Table 2. Summary of the response of ecological attributesto the vegetation treatments after two (2004) and seven (2009) years,
with links to specific targets and overall goal for restoration (see Fig. 1 for relationships between the levels). The consequences
for large-scale interventions are briefly elaborated, see text for more details. Presence of non-natives includes both the seeded
Festuca rubra and the Deschampsia cespitosa, which occurred naturally in other sites the area, but act as an invader in alpine
heath vegetation. Links between ecological attributes and the specific targets are slightly, moderately, or strongly negative,(-),
—or — —, respectively, neutral (0) or slightly, moderately, or strongly positive, (+), + or + +, respectively.

Action (pilot)

Relationship between ecological attributes and specific targets Treatment assessment Implications for the large

scale restoration

Vegetation treatment  Vegetation cover  Species richness Presence of non- Linkingtargetsand  Present use
natives overall goal

2004 2009 2004 2009 2004 2009
Stirred topsoil (C) (+) + (+) ++ ) @) OK, but slow start. Basic treatment.
Stirred topsoil & (+) + + ++ - - No additional positive Not used yet.
fertilization (F) effect.
Stirred topsoil,, + + (+) ++ - -- Quick development of Seeding of native species
fertilization, and cover. Dominanceof usedin large sites.
seeding (FS) seeded species.
Vegetation turf 0 0 + + not tested not tested Positive effect on Basic treatment in narrow
transplants species richness. Sites.

nonseeded sites (Densmore 1992, Holl 2002, Gretarsdottir et
al. 2004). Inlinewith this, we found the fertilizer and seeding
treatment to give a rapid development of a stable vegetation
cover, and thisvegetation cover wasmainly constituted by the
seeded species with lower species richness than the other
treatments. Species richness generally increases community
resilience through providing a greater variety of regrowth
strategies following a disturbance event, i.e., higher response
diversity (Walker etal. 1999, EImgvist et al. 2003). Our results
alsoindicatethat seedinginhibitsestablishment of native plant
species on a short-term basis.

Transplanting of vegetation turfs has been applied to improve
vegetation recovery in disturbed apine sites (Conlin and
Ebersole2001, Bay and Ebersol e2006). Using turfsintroduces
new plants, seeds, or vegetative units as a foundation for new
vegetation (Arad6ttir 2012), and at the same time, turfs can
work as safe sites for establishment. We found that the
proximity to transplanted turfs had no effect on vegetation
cover but did increase species richness, independent of other
treatments, indicating that the turfs function as seed sources.
Because of small seedling size, high seedling mortality, and
slow plant growth (Erschbamer et al. 2001, Forbis 2003), the
short-term contribution of seedlingsto vegetation cover could
be expected to be small. However, at longer time scales, both
the establishment and growth of seedlings and vegetative
expansion from the turfs can increase vegetation cover. The
results point to planting of turfsasahighly relevant restoration
methodinsmaller disturbed siteswhen arelatively high supply
of turfs can be supported, eg., aong roads with well-
developed vegetation along the margins. Larger sites rarely
have sufficient vegetation to provide enough turfs without

causing considerable damage, in addition to likely having a
greater distance to intact vegetation. Combination with other
treatments must therefore be considered for restoration of
vegetation at large sites.

Linking ecological attributes and tar gets

Reference sites that represent the goal ecosystem are useful
for evaluating links between ecologica attributes and
formulated ecol ogical targets (Ruiz-Jaen and Aide 2005a) and
can partly compensate for the lack of long-term monitoring
data. Our short-term monitoring data show low vegetation
cover and high species richness compared with reference
vegetation (Fig. 5), mainly due to high abundance of woody
speciesand lichensinthereferencesites. These speciesgroups
have slow inherent growth rates and low recovery rates
(MacGillivray et al. 1995, Den Herder et al. 2003), although
other studies have shown that cryptogam communities return
faster to the “reference point” than vascular plant
communities, at least under wet conditions (Rydgren et al.
2011). Becausethepilot study plotsareinanearly successional
phase, the speciesrichnessishigh compared withthereference
vegetation, with an anticipated reduction in the number of
species per plot as the sizes of individua plants/ramets
increase with time. Nevertheless, environmenta factors like
soil moisture and nutrient levels are likely to differ between
disturbed and undisturbed alpine sites. Therefore, even late-
successional vegetation will diverge from an undisturbed
reference state (Odland and Munkejord 2008, Rydgren et al.
2011).

Theeffect of vegetationtreatmentson themeasured ecol ogi cal
attributes (cf. Table 2, Fig. 1) could be expected to be context
dependent because abiotic and biotic conditions vary among
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Fig. 5. Mean (+ SE) a) vegetation cover (%), b) species richness, and c) abundance of Deschampsia cespitosa (recorded as
subplot frequency in 16 subplots per plot) in 2004 and 2009 in the vegetation treatments and the undisturbed reference site. In
a) dark grey barsin the FS treatment show means cover of the seeded Festuca rubra. C = control/soil, F = fertilizer, and FS =

fertilizer and seeds, reference is the undisturbed reference site.
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sites. Our short-term monitoring data showed alarge increase
in vegetation cover and number of speciesfrom 2004 to 2009
inthe control treatment and suggest that the fertilizer and seed
application are superfluous under the conditions provided in
the monitoring sites. However, on steep slopes exposed to
water or wind erosion, the quick establishment of agrasscover
can beawanted strategy to impede further degradation. Under
such conditions, a vegetation cover will stabilize the soil,
capture nutrients and water, and potentially provide safe sites
for native species over the long term (Delach and Kimmerer
2002, Urbanska and Chambers 2002). The observed results
from this pilot study or any other case study can partly be
generalized, but links between the targets and the restoration
interventions depend on the ecological and logistic relevance
of the measured attributes (Table 2).

Incor por ating the ecological data into therestoration
program

The pilot project was intended to produce data to help guide
the large-scale restoration at the Hjerkinn site. After 7 yr of
monitoring, we can evaluate the ecological and logistical
relevance of these data.

Our datashow that the vegetation devel opment convergesover
time in the plots exposed to different vegetation treatments.
Using alesscostly and less complicated treatment, such asthe
stirred topsoil in combination with vegetation turfs, would
therefore be apreferred strategy for such small and relatively
flat sites (Table 2). Both rapid establishment of species and
low abundance of non-nativesare congruent with the project’s
specific targets. However, slow establishment of avegetation
cover can be a problem where there is arisk of erosion, like
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on steep slopes or in exposed and dry sites with sparse
vegetation. In the large-scale restoration project, stirring of
thetopsoil has been applied as the basic treatment since 2008,
based on the eval uation of the ecological dataand becausethe
sites restored so far mainly have been flat sitesin low-alpine
vegetation.

Fertilizer applications produce greater biomass in instances
when some vegetation, vegetative units, or seeds are already
present than in sites without a vegetation cover (Kelley and
Epstein 2009). The fertilizer treatment has not been used in
the continued large-scale restoration because so far no sites
have had these characteristics. Continued monitoring will help
detect whether the non-native competitive grass D. cespitosa
establishes more rapidly in the fertilized sites and displaces
other species.

The recent availability of seeds of the native F. ovina for the
large-scale restoration provides interesting prospects. In the
pilot study, the seeding treatment was most in conflict with
the ecological targets of the project because of the total
dominance of the introduced F. rubra. The seeding itself
quickly produced a vegetation cover and might facilitate the
establishment of avegetation cover in exposed disturbed sites.
Replacing seeds of an introduced species with native seedsis
a better match for the project’s ecological targets. Use of the
propagated native seed has been proposed for two large sites
where long distance to intact vegetation acting as apropagule
source can hamper colonization of native heath vegetation. In
addition, the availability of turfs for transplanting is limiting
in large sites and in areas with very vulnerable donor
vegetation where mechanical disturbance will incite erosion.


http://www.ecologyandsociety.org/vol18/iss3/art29/

Futurelarge-scal erestoration should employ amix of different
treatments to create amosaic and to prevent the devel opment
of large, homogenous plains.

Cooperation between restoration ecologists, devel opers, and
contractors is essential for the implementation of ecological
results into solutions that are technically and logistically
feasible in the large-scale restoration, both during planning
and the practical work phases. The overal restoration
objective of the project was emphasized in the competitive
bidding, so contractors were informed when applying for the
project. The developer hired arestoration ecologist to follow
the project from start to end. A “green seminar” developed by
the restoration ecologist in cooperation with the Defense
Estate Agency was compulsory to al operating crew
(contractors) and included lectures with topics such as
restoration ecology, practical experiences with restoration,
best and worse practices, and outdoor inspection of the
disturbed sites. During the seminar, the contractors and the
restoration ecologist set a plan for cooperation during the
practical interventions, including a commitment from the
restoration ecologist to be available at any time and also to do
regular inspections with discussion in the field. These
preparations have worked as intended, and there has been a
fruitful exchange of scientific, applied, and local knowledge
so far during the large-scal e restoration, as should be theideal
processin al ecological restoration (Hagen 2003). Thistype
of involvement is known to improve the commitment and
endurance of the actors in restoration projects (Reed 2008,
Reyes 2011). The green seminar has made all partners
conscious of the goals and obligations of the project. The
development of agreen seminar and the mode of cooperation
between the contractors, restoration ecologist, and the
developer can be highly recommended for other restoration
projects.

Future monitoring data will contribute to improving the site-
specific treatments when it comes to the use of nutrients, the
long-term effect of seeding, and how the treatments affect the
occurrence and abundance of non-native species. This could
involve new ecological recommendations that need to be
communicated to contractors. Because of legidation and
competitive bidding, new contractors can be expected to enter
theproject. Repeated green seminarsand strong follow-up are
needed to keep contractors updated and to accommodate
changes in the operating crew.

Adding the ecological targets up to the overall project
goal

The concept of success is complicated when evauating
restoration projects (Zedler 2007). It assumes a precise and
measurable goal that success can be valued against, but which
is often lacking, and the concept may be used as a subjective
value judgment with little scientific relevance (Zedler 2007).
Success must also be evaluated at the appropriate temporal
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scale because the recovery of ecosystems is a slow process
and only rarely do monitoring programs run long enough to
include the long-term ecological processes (Hughes et al.
2011).

The Defense Estate Agency uses the results and experiences
from the pilot project to communicate the large-scale
restoration to local people, to politicians, and also internally
in the Norwegian Defense. The ecological data are expressed
asascientific guarantee for achieving the overall project goal
of therestoration program, also referred to as success (cf. Fig.
1). The large-scale restoration will continue into the next
decade, and one obviouschallengewill beto preparetheactors
and the society to be open to changes in an incorporated
procedure if new monitoring data show results that call for
new solutions.

Successful ecological restoration projects must contend with
the key elements in adaptive management, such as the
formulation of overall goalsandalimited number of ecological
attributes for monitoring, comparative testing of strategies,
accepting modification of restoration strategies based on new
data, and recognizing local knowledge. We find that the case
study described in this paper, the largest restoration project
ever approved in Norway, serves as an example of adaptive
management and illustrates how impediments of adaptive
management can be overcome (Keith et a. 2011). The case
study suggests useful proceduresfor incorporating short-term
monitoring data into a long-term restoration and describes
cooperation systems between actorsthat should inspire future
restoration projects.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i SSUes/responses.

php/5769
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