BSc. — thesis May 2021

Response of plant functional groups to
grazing exclusion and fertilization in the
Icelandic highlands

Hanna Laufey Jénasdottir

= Landbunadarhaskdli islands
Agricultural University of Iceland







Response of plant functional groups to grazing exclusion and
fertilization in the Icelandic highlands

Hanna Laufey Jonasdottir

10 ECTS thesis submitted as a part of

Bachelor of Science degree in Natural and Environmental Sciences

Academic advisors: Isabel C. Barrio and Ingibjorg Svala Jonsdottir

Name of department: Nattlra & skégur
Agricultural University of Iceland

Hvanneyri, April 2021



islenskur titill: Vidbrogd virknihopa plantna vid aburdargjof og atilokun beitar 4 islenska halendinu.
Enskur titill: Response of plant functional groups to grazing exclusion and fertilization in the Icelandic
highlands.

10 eininga lokaverkefni sem hluti af Bachelor of Science

Hofundarréttur © 2021 Hanna Laufey Jonasdottir
Oll réttindi askilin

Heitir brautar: NattGru- og umhverfisfraedi
Heiti deildar: Nattara & skdgur

LandbUnadarhaskoli islands
Hvanneyri

311 Borgarnes

Simi: 433 5000

Skréaningarupplysingar:
Hanna Laufey Jonasdottir, 2021, Response of plant functional groups to grazing exclusion and
fertilization in the Icelandic highlands. BS ritgerd, Bavisindi, Landbtnadarhéskoli islands, 37 bls.



Yfirlysing
Hér med lysi ég pvi yfir ad verkefni petta er byggt & minum eigin athugunum, er samid af mér
og ad pad hefur hvorki ad hluta né i heild verid lagt fram &dur til heerri profgradu.

#&/7/74 /_aa@ j&naidé%?f

Nafn nemanda



Abstract

From the time of settlement the Icelandic highlands have undergone a drastic ecological change. This is
partly due to climate and geological factors, but the introduction of large herbivores at the end of the 9™"
century had a strong influence on the ecosystems, especially those in the highlands. Nowadays, grazing
practices in lIceland rely on extensive sheep grazing in summer rangelands, mainly located in the
highlands, from June and until the autumn. Centuries of high grazing pressures in these ecosystems have
driven some of them to a degraded state, with little chance of recovery unless active restoration measures

are implemented.

In this study, | use plant community data from a field experiment to examine the effects of two
management practices, grazing exclusion and fertilization, on the cover of different plant functional
groups after four years of treatment. Plant functional groups are groups of plants that share similar
characteristics and functions in an ecosystem. In this study | categorized plants into three groups:

facilitating, neutral and retarding, depending on their effects on ecosystem processes.

Following my expectations, the facilitating group showed a positive response to the fertilizing
experimental treatments and increased their cover in response to fertilization. The neutral plant
functional group did not respond to the treatments, and the retarding group reduced its cover in favor of
the facilitating group. Grazing exclusion did not show a strong effect on the cover of the different plant
functional groups, but this was to be expected given the relatively short duration of the experiment (4
years). Grazing exclusion generally needs more time to have an effect on ecosystems than fertilization.

Keywords: Plant functional groups (PFGs), fertilization, grazing, grazing exclusion, rangelands,
rangeland degradation, Icelandic highlands.



Agrip

Fré& timum landnams hefur islenska halendid gengid i gegnum miklar vistfreedilegar breytingar. bar hafa
ad hluta til oroid vegna breytinga & loftslagi og einnig vegna jarofreedilegra patta, en pad ma med sanni
segja ad innflutningur beitardyra til landsins i lok niundu aldar hafi haft gridarleg ahrif & vistkerfi
islands, einkum pau & halendinu. Enn pann dag i dag liggur god afkoma husdyra, sérstaklega fjar, a
beitarlondum hélendisins, par sem féid gengur fra jani og fram & haust. Har beitarprystingur a pessi
vistkerfi hefur ryrt framleidslugetu og stédugleika peirra svo mikio ad Gliklegt er ad pau nai fyrri

stodugleika sjalf og an inngrips er hatta 4 ad morg peirra ryrni enn frekar.

I pessari rannsokn nota ég gdgn um plontusamfélog til ad skoda ahrif tveggja adferda, aburdargjafar og
atilokun beitar, & pekju virknihépa planta eftir fjogurra dra medferdartimabil. Virknihopar eru hopar
plantna sem hafa &lika virkni og hlutverk i vistkerfi. I pessari rannsokn flokkadi ég pléntutegundir i prja

hopa: virkar, hlutlausar og hindrandi, eftir ahrifum peirra & vistkerfisferli.

Likt og vid var buist syndi hdpur virku platnanna jakveed viobrégo vid aburdargjof og jok pekju sina.
Hlutlausi hépurinn syndi litil sem engin vidbrégd vid adferdunum. Hindrandi hopurinn drog ar pekiju
sinni og peer virku komu par inn i stadinn. bad ad Utiloka beit hafdi ekki marktaek ahrif & neinn af
virknihépunum, en pad kom ekki & dvart par sem ad tilraunin hafdi ekki verid i gangi nema i fjégur ar
pegar gégnunum var safnad. bad ad utiloka beit eda draga Ur henni hefur ekki eins snor ahrif & vistkerfi
og aburoargjof.

Lykilord: Virknihopar plantna, aburdargjof, beit, stddvun beitar, beitarlond, grédurhnignun beitarlanda,
halendid.
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1. Introduction

1.1 Rangeland degradation

Rangelands are an integral part of animal husbandry in many places around the world and play
a key role in food security worldwide. Rangelands are a source of income for many local
communities, especially in developing countries (Reid, Ferndndez-Giménez and Galvin, 2014),
and are important for maintaining biodiversity and providing diverse ecosystem services
(Alkemade, Reid, van den Berg, de Leeuw, and Jeuken, 2013). For example, rangelands are a
source timber, medicinal herbs and other important products, and they also provide recreational
opportunities. For all these reasons, we need to see to their continued health and make sure they
are used sustainably (Lund, 2007, Archer and Stokes, 2000).

However, in many parts of the world, rangeland degradation has become a serious concern.
Stocking (1996) estimated that up to 73% of rangelands in drylands worldwide are degraded,
mainly in Asia, Africa and South America. In contrast, other estimates of rangeland degradation
worldwide go as low as 20% (Lund, 2007). Those varying numbers are to be expected since
definitions of degradation are not set in stone. For instance, the IPCC report from 2019 (Olsson
et al. 2019) found that there are no reliable estimates about how much land in the world has
been degraded or to what extent. Gibbs and Salmon (2015) estimated the amount of land
degradation worldwide to be somewhere between <6-40%. In all, it is very challenging to assess
the extent of land degradation because of conflicting definitions of what a degraded land is. A
common definition of degraded land is land “characterized by reduction in productivity of the
land or soil” (Archer and Stokes, 2000). If we go by that, what looks like a perfectly healthy
land can be in a state of degradation, because by only looking at an area we are not always able

to assess its productivity and stability.

1.2 Rangeland degradation in Iceland

Land degradation is also a main environmental concern in Iceland (Arnalds, 1987). Icelandic
ecosystems have changed dramatically since human settlement ~1100 years ago. It has been
suggested that the total loss of cover of birch forests since settlement has been around 50% and
up to 90% in some parts of the country (Olafsddttir, Schlyter, and Haraldsson, 2001). At present,
it is estimated that 42% of the land in Iceland has minimally degraded vegetation cover, and

3.8% is covered in moss (Arnalds, 2011). The rest of Iceland’s 103.000 km? are in a declining



or vulnerable ecological state, with some areas completely devoid of vegetation (Arnalds,
2011).

Before human settlement, the ecosystems in Iceland were in a climate driven decline
(Olafsdottir, Schlyter, and Haraldsson, 2001) or perhaps in somewhat of a transitional state
where the ecosystems moved from one threshold to another without human interference
(Arnalds, 2015). The total vegetation cover declined steadily from a maximum extent around
3500 BP until the settlement of Iceland (Olafsdéttir, Schlyter, and Haraldsson, 2001). This
decline was accelerated by the arrival of the first humans and large herbivores in Iceland
(Dugmore et al. 2005). The import of domestic animals and need for wood were some of the
factors that pushed the ecosystems in an already compromised state over the brink (Arnalds,
2015, Rannveig Olafsdattir, Schlyter, and Haraldsson, 2001). The severe climatic conditions of
the so called “little ice-age”, starting in the 11th century and persisting into the late 19th century
did not help the matter (Miller et al. 2012). The lack of knowledge of the first settlers about the
climate and ecosystems in this new land, which was deceptively similar to other North-Atlantic
agricultural areas, was another unexpected problem. Soon many areas in Iceland became

degraded and are still recovering to this day (Arnalds, 2015, McGovern et al., 2007).

But what is so different in Iceland? The new settlers were farmers that had successfully farmed
the neighbouring countries for a long time and even had laws in place to prevent the overuse of
land (Karlsson, Sveinsson og Arnason. 1992). One of the main differences between Iceland and
its neighbouring countries lies in the soil composition of the island and the introduction of large

herbivores into an environment where they had not been before.

Andosols, the main soil type in Iceland, originate from volcanic parent materials and are one of
the rarest soil types in the world (Arnalds, 2015). Andosols lack phyllosilicates which provide
cohesion. They are also able to hold great amounts of water and seem dry until a disturbance
happens, which can result in water erosion and landslides. This innate lack of cohesion
combined with a lack of coarse parent material makes them extremely susceptible to wind
erosion once the vegetation cover has been removed (Arnalds, 2015). The high susceptibility
of andosols to wind and water erosion makes them highly unstable and renders land use very

challenging.

In addition, the first settlers introduced large mammalian herbivores to the ecosystems in
Iceland. Nowadays, sheep and lambs are gathered up in early summer and moved to the grazing

commons, most of them located in the highlands (>400 m above sea level). The size of the



commons ranges from 400 km? and up to >1000 km?. The sheep spend up to 4 months in the
highlands and are then rounded up and moved to lowland pastures (Arnalds, 2015, Arnalds and
Barkarson, 2003, Ross et al., 2016). The sustainability of grazing practices in Iceland has been
repeatedly questioned and the condition of the grazing commons has been severely
compromised, with 40% of them currently considered in poor condition (Marteinsdottir et al.,
2020). Similar patterns of rangeland degradation are also seen in other areas in the North-
Atlantic region, such as Norway, Scotland, Faroe Islands and Greenland, where extensive
summer grazing by sheep is a common practice (Ross et al., 2016). The condition of the
commons in Iceland varies across the country. The most degraded areas are located near or
inside the active volcanic zone, while areas outside the active volcanic zone can be in good
condition (Arnalds, 2015, Marteinsdottir et al., 2020).

The management of the commons is in the hands of local government or counsels of farmers,
who decide the length of the grazing period and stocking rates (Arnalds and Barkarson, 2003).
Subsidies from the government aim at encouraging more sustainable management practices and
in recent years, a warmer climate coupled with lighter grazing pressures have had positive
outcomes, especially outside the active volcanic zone (Ross et al., 2016). However, some areas
within the active volcanic zone are still in very poor condition and some would require total
exclusion of grazing for a long period of time to prevent further degradation (Arnalds, 2015,
Ross et al., 2016).

1.3 Processes and recovery of rangelands.

Grazing at moderate intensities can increase the presence of graminoids (Pakeman and Nolan,
2009). In some tundra ecosystems, grazing can cause a shift towards grass-dominated states
(van der Wal, 2006). Graminoids are more capable of sustaining grazing than other types of
plants, such as dwarf shrubs and mosses, and therefore become dominant (van der Wal et al.,
2003). However, if the stocking rates increase further, palatable species like grasses decrease
in abundance, with a parallel increase in the relative abundance of unpalatable plants (Brathen
et al., 2007). In the highlands of Iceland, heavy grazing has a negative impact on palatable
species. As well, mosses and lichens decline in grazed areas even though they are not grazed
by sheep because they are sensitive to trampling (Jonsddttir, 1984).

Natural recovery of ecosystems can be a very long process. In the last 100 years or so, there has
been increased interest from private groups and the public sector to recover ecosystems in

Iceland, among them highland areas which are or have been grazed in the past. Restoration



efforts have shown great progress, with new forests being planted and areas becoming more
vegetated (Aradottir and Halldorsson, 2011). Grazing exclusion and fertilization are good ways
to improve ground cover and biomass. Grazing reduces plant cover and biomass and excluding
it has positive effects, although these effects may take time to show (Mulloy, Barrio,
Bjornsdottir, Jonsdattir and Hik, 2019). In the long-term grazing exclusion increases biomass,
above- and below ground, and cover (Cheng, Jing, Wei and Jing, 2016). Changes in species
composition also occur as a response to grazing exclusion. Often, there is a decrease in species
diversity following grazing exclusion when more dominant species, such as graminoids, are
able to grow without interference from grazers. This leads to those dominant plants to
monopolize resources, reducing the likelihood of new, subordinate species to gain ground in an
ungrazed system (Hill, Evans and Bell, 1992). Van der Wal (2006) showed that moss and
lichens will give way to graminoids and other species in grazed systems, leading to increased
plant diversity. In turn, fertilization can drive rapid changes in species composition by providing
opportunities for certain species, such as graminoids, to thrive, while reducing the abundance
of mosses and lichens in a system (van der Wal et al., 2006). This can have cascading impacts

on an ecosystem leading to a great change in a short time.

1.4 Plant Functional Groups

Plant functional groups (PFGs) are groups of plants that have similar roles in ecosystem
processes and respond similarly to stress, disturbance and other environmental factors. There
are several ways to group species together in PFGs based on the different characteristics chosen
for grouping the species. The ecosystem and environment, as well as the aim of the particular
study, play a main role in the choice of these characteristics and groupings (Lavorel, Mclintyre,
Landsberg and Forbes, 1997).

Individual plant species can tell us much about the general state of a particular ecosystem, but
the responses might be difficult to generalize to ecosystems with different species composition.
Therefore, it may be more informative to identify groups of plants based on their traits. As such,
PFGs can be used as more general indicators of ecosystem processes. PFGs can be used as
indicators of change in vegetation, whether they are caused by environmental changes or by
management practices, for example in rangelands. Such changes can give an idea about how
the ecosystem responds to changes in management practices and give indications of which
management practices should be implemented (Dias, Briske, and Mcintyre, 2002). It is
therefore important to link together PFGs and ecosystem functions to further assess land use
and uphold ecosystem sustainability (Dias, Briske, and Mclintyre, 2002).
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The dominance of a particular PFG can give an idea of the state of an ecosystem. Grime (1998)
suggested that the group with the most biomass in an environment would be driving the
functioning of the ecosystem. This theory was however refuted by McLaren and Turkington
(2010) who found that the identity of these groups (graminoids, legumes and non-legume forbs)
was more important. They found that graminoids had the greatest ability to compensate for lost
biomass, compared to other groups. Graminoids also had the most impact on light interception,
soil moisture and nutrients. These characteristics make the graminoids fall into a facilitating
PFG, as they are productive, palatable and resistant to grazing, being able to quickly regrow

after disturbances like grazing (Coughenour, 1985).

The neutral PFGs, as the name suggests, play a lesser role in ecosystem processes. Thus,
increases or decreases in the relative abundance of this group in a community have little to no
impact on ecosystem processes (Brathen et al. 2007). Neutral PFGs can be removed from an
area completely and that will have less impact on an ecosystem than the removal of graminoids
(McLaren and Turkington, 2010). This group usually includes forbs and shrubs.

Finally, retarding PFGs are generally species such as lichens and mosses or evergreen shrubs.
Retarding PFGs can colonize barren areas and once established, can maintain their presence for
a long time. They however make an otherwise inhospitable landscape more hospitable overtime
for other PFGs (Cutler, Belyea and Dugmore, 2008). The dominance of retarding PFGs in
grazed systems may increase because those species are generally unpalatable to grazers
(Brathen et al. 2007). Another fact is that retarding species keep the soils unproductive and
cold, slow down nutrient cycling, and many are able to secrete secondary metabolites that

decrease the productivity of the soil and prevent the growth of other plants (van der Wal, 2006).

1.5 Aim of the study
In this thesis | aim at understanding how a degraded rangeland ecosystem changes in response

to two common management practices: addition of fertilizer and grazing exclusion. To address
this goal, I assess how the plant community as a whole responds to those factors, by looking at
the changes in the cover of different plant functional groups in response to four years of grazing
exclusion and fertilization in two locations in the Icelandic highlands. | hypothesized that the

effects of the treatments on the PFGs would be as follows:

1) facilitating PFGs will respond positively to both fertilization and grazing protection
treatments and increase in cover,

2) neutral PFGs will not be affected by the experimental treatments, and



3) retarding PFGs will respond negatively to all the treatments and reduce in cover.

These hypotheses are in line with previous studies that have shown that certain plant groups
respond differently to grazing exclusion (Brathen et al., 2007, Jonsdéttir, 1984, Lavorel et al.,
1997, Medina-Roldan, Paz-Ferreiro and Bardgett, 2012) and fertilization (McLaren and
Turkington, 2010, van der Wal et al., 2003).



2. Methods

For this thesis | used data collected by others from an ongoing field experiment. In the following
sections (2.1 and 2.2) | describe the study sites, the experimental design and the data collection
as reported by the researchers collecting the data, to provide the context for the study. In
sections 2.3 and 2.4, | describe how I classified plant species into functional groups and the data

analyses that | conducted using this dataset.

2.1 Study sites
The field experiment was established in 2016, in two locations in the highlands of Iceland,

Audkuluheidi and Theistareykir (Mulloy et al., 2019). Audkuluheidi (65°13°N, 19°42°W; 470
m above sea level) is situated in the county of Austur-Hunavatnssysla in NW Iceland on basaltic
bedrock covered by glacial deposits from the last glaciation (Arnalds, 2015). The climate is
described as oceanic-subarctic-alpine (Bjornsdottir, 2018), and the average annual temperature
is around 1.02°C and average precipitation is 311.3 mm (2006-2016) (Mulloy et al., 2019).

Theistareykir (65°52°N, 17°03’W; 380 m a.s.1.) is located within the active volcanic zone in the
county of bingeyjarsveit, in NE Iceland. The study area is situated on a <7,000 year old post
glacial lava shield; 2,400 years ago there was a volcanic event which deposited what is now
known as Theistareykjahraun (lava field) (isor, jardfreedikort-kortavefsja). Data from the
weather station Stadarholl, approximately 20 km away from the study site, show a mean annual

temperature of 1.74 °C and an average precipitation of 576.9 mm (Mulloy et al., 2019).

Both areas have been used as summer ranges for extensive sheep grazing for centuries and are
still being used today for summer grazing. Vegetation is dominated by dwarf shrub heathlands
interspersed with eroded gravelly deserts. The field experiment targeted adjacent patches of
these two habitats at each site (Mulloy et al., 2019).

In Audkuluheidi the dwarf shrub heath had >90% vegetation cover, dominated by dwarf shrubs,
forbs, graminoids and other vascular plants and mosses. The main vascular plant species found
in the area alongside the dominating Betula nana, are Empetrum nigrum, Vaccinium uliginosum
and Silene acaulis. The gravelly desert in Audkuluheidi is sparsely vegetated with <10% cover
of, mostly, graminoids and forbs. The main species found are Armeria maritima, Cerastium
alpinum, Arabidopsis petraea and Juncus trifidus (Miguel, 2017, Mulloy et al., 2019). The
dominating cryptogams in Audkuluheidi are Racomitrium lanuginosum and Cetraria islandica
(Jonsdottir et al., 2005)



The site in Theistareykir has many similarities to Audkdluheidi but there are some differences
in species composition of the vegetation. The dwarf shrub heath, like in Audkuluheidi, is
dominated by B. nana and E. nigrum, but Calluna vulgaris and Loiseleuria procumbens are
also common. The gravelly desert has less than 10% cover and the main species found are A.
maritima, C. alpinum, A. petraea and J. trifidus (Miguel, 2017). Mosses are more abundant in
Theistareykir compared to Audkuluheidi, with R. lanuginosum being most common
(Bj6rnsdottir, 2018).

The different soil properties of the heath and gravel desert contribute to the difference in
vegetation cover. Soils in the gravelly desert habitat are classified as Vitrisols, while soils in
the heath have a higher carbon content, falling into the category of Brown-Andosol (Arnalds,
2015).

2.2 Experimental design

At each of the study sites and in each of the habitats, six pairs of plots were set up in late spring
2016. Each plot was 12x12 meters in size, and plots within a pair were separated 4 m. Pairs of
plots were at least 100 meters apart, and two pairs of plots constituted a block (Figure 2-1). In
each pair, one of the plots was randomly allocated to a grazing exclusion treatment, while the
other was left unfenced and served as a control. The fenced plots were closed off by fences that
were 1.2 m tall. The mesh size was 20 x 10 cm and intended to exclude the larger herbivores in
the area (sheep). Fences were not meant to exclude smaller herbivores such as geese and
ptarmigan, but their activity within the plots was minimal (Mulloy et al., 2019).



BLOCK |

pair of plots

BLOCK Il

>100 m

Figure 2-1 — The experimental plots were arranged in pairs, where one plot was fenced and the other left open to grazing. Two
pairs formed a block; there were three blocks in each habitat and each site. One pair of plots within each block received
fertilizer (NPK) or remained as a control.

One of the pairs within each block was treated with fertilizers (NPK) and the other left
untreated, as a control. Within each plot a smaller 5x5 m experimental plot was established for
the fertilizer treatment. Half of the plots were assigned to fertilization treatments while the other
half remained as non-fertilized controls. Plots were fertilized with nitrogen (10 g/m?),
phosphorus (10 g/m?), and potassium (10 g/m?) every year in early summer between 2016 and
2019. The first year of the experiment micronutrients were added alongside the standard
fertilizer (Table 2-1), following the protocols of the Nutrient Network (Borer et al., 2014).

Each block included one plot of each kind: control, control fenced, NPK and NPK fenced
(Figure 2-1). In total there were 12 blocks in the experiment (3 blocks per habitat in each of two

sites).



Table 2-1 — Micronutrients (amounts in g/m?) were added together with the fertilizers in 2016.

Added micronutrients (g/m?)
Fe S Ca Mg Mn Cu Zn B Mo
17 12 6 3 2.5 1 1 0.1 0.1

In 2016 local farmers accidentally fertilized and seeded (Festuca rubra) three pairs of plots
(one fertilized pair and two control pairs) in the gravelly desert in Theistareykir, adding 5 g/m?

of nitrogen and 0.4 g/m? of phosphorus to these plots.

2.2.1 Data collection
The data was collected in summer 2019 by Isabel C Barrio, Tara Mulloy and Ingibjorg Svala

Jonsddttir, by visually estimating the percent cover of each species of vascular plants and
cryptogams. Cover was estimated in a permanently marked plot (1x1 m) within each of the

experimental plots.

2.3 Classification of plant species into plant functional groups
Classification into plant functional groups is a common approach in plant ecology that allows

generalizing the ecological responses of different plants irrespective from their species identity
(Lavorel et al. 1997). These classifications can differ depending on the objectives of the study
and the traits chosen to represent each group (Fry, Power and Manning, 2014). | used the
classification proposed by Brathen et al. (2007) as a base for my classification, with some
modifications. Brathen et al. (2007) based their classification on palatability of the plants along
with the facilitating and retarding traits in ecosystem processes, classifying them into
facilitating and neutral species, slightly retarding and, finally, retarding. Here, | classified all
species into facilitating, neutral and retarding PFGs based on the classification of Brathen et al.
(2007) with some modifications (Appendix 7-1). For example, they classified V. uliginosum as
slightly retarding but here I classified this species as a neutral PFG because it sheds its leaves
in the autumn unlike evergreens such as E. nigrum, that is more clearly in the retarding PFGs.
Other difference between the classification in this study and Brathen et al. (2007) is that |
included mosses and lichens along with the vascular plants. The facilitating group was thus
mostly composed of graminoids, sedges and Salix species while the retarding group was made

up of mosses, lichens and evergreen shrubs (Appendix 7-1). | calculated the cover of each PFG
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as the sum of the cover of all species within that PFG. Therefore, the total cover of PFGs could
exceed 100%.

2.4 Data analysis
To describe the baseline conditions at each site and habitat, | analyzed the data from non-fenced

and non-fertilized plots (control; n=3 plots per habitat and site) and compared the cover of
facilitating, neutral or retarding PFGs in control plots using linear models (LM). The percent
cover of each plant functional type was included as response variable and the combination of

habitat and site was included as predictor variable.

To assess the effects of the experimental treatments on the cover of each PFGs in both habitats
at the two study sites, | used Linear Mixed Effects Models (LMM). Block identity was included
as a random effect in the models to take into account the hierarchical structure of the study
design, as each block was comprised of four plots. The response variables included in the three
models were the cover of facilitating, neutral and retarding PFGs. As predictor variables, |
included experimental treatment, habitat, site and their three-way interaction. Experimental
treatment was a categorical variable with four levels, corresponding to the experimental
manipulations possible within a block: non-fenced and non-fertilized plots, non-fenced
fertilized plots, fenced non-fertilized plots and fenced fertilized plots. From the models with the
three-way interaction, | simplified the model structure when interactions were not significant,
so that the final models contained only significant interactions and main independent terms.
The significance of the interactions or the main terms was assessed by comparing models with

and without the corresponding term and are reported here as Log-Likelihood Ratio Tests (LRT).

| ran all analyses with and without the gravelly desert plots in Theistareykir that had been
accidentally fertilized in 2016. Since excluding these plots did not affect the results, | report
here the outcome for the analyses when all plots were included. All statistical analyses were
performed in R 4.0.1 (R Core Team 2020), using the library nlme to build LMMs (Pinheiro,
Bates, DebRoy and Sarkar, 2020).
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3. Results

3.1 Differences in percent cover of PFGs between habitats and sites
The cover of facilitating PFGs did not differ significantly between habitats and sites (LM;

F=0.662, p=0.62; Figure 3-1), and was consistently low (<8%). However, the cover of neutral
PFGs (LM; F=10.68, p=0.004) and retarding PFGs (LM; F=16.56, p=0.001) differed
significantly between the sites and habitats. The cover of neutral PFGs was highest in the heath
in Theistareykir, while retarding PFGs had the highest percent cover in the heath in
Audkuluheidi. In the gravelly desert habitat the percent cover of the three PFGs was more

similar and was generally low.

Cover of different functional groups in control plots
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Figure 3-1- Mean percent cover of PFGs: facilitating (F), neutral (N) or retarding (R), in the control plots of the experiment
separated by site and habitat.

3.2 Effects of the experimental treatments on the percent cover of PFGs
The cover of PFGs was affected differently by the experimental manipulations, and in some

cases depended on the sites and the habitats. The final models are shown in Table 3-1. The
difference between the cover of the different PFGs in the habitats, sites and treatments are

detailed in Appendix 7-2.
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Table 3-1- Linear Mixed Effects Models (LMM) for the effects of habitat, site and treatment on facilitating, neutral and
retarding PFGs. Block identity was included as random effect to take into account the experimental design.

Variable Final model

Facilitating PFGs cover ~ habitat + treatment*site

Neutral PFGs cover ~ treatment + habitat*site
Retarding PFGs cover ~ habitat*treatment + habitat*site

3.2.1 Facilitating PFGs
The cover of facilitating PFGs did not significantly differ between the habitats (LMM;

LRT=2.688, p=0.10), but there was a significant interaction between treatment and site (LMM;
LRT= 15.48, p=0.002), indicating that the responses to the experimental treatments differed
between two locations. In Audkuluheidi, the cover of facilitating PFGs in the habitats increased
from an average of 3% (sd= 2.2) in the non-fenced and fenced unfertilized plots to 50%
(sd=22.2) and 88% (sd=29.1) in the non-fenced and fenced plots with the added fertilizer
(Figure 3-2). This represents a 16-fold increase in the cover of facilitating PFGs in the non-
fenced fertilized plots, and a 29-fold increase in the fenced and fertilized plots relative to the
control. Fenced plots with added fertilizer had a significantly higher cover of facilitating PFGs
compared to fertilized plots open to grazing (LMM; t=3.56, p=0.003).

In Theistareykir the increase was more moderate. The cover of facilitating PFGs in the control
plots (non-fenced, non-fertilized) was 7% (sd=6.7), slightly higher than in Audkuluheidi. The
cover of facilitating PFGs increased significantly in the non-fenced fertilized plots and fenced
fertilized plots (Figure 3-2). In non-fenced plots where fertilizer was added there was a four-
fold increase in the cover of facilitating PFGs, from 7% to 30%. In the fenced fertilized plots
there was an increase from 7% to 50%, or seven times more than in the control plot. As in
Audkuluheidi, in Theistareykir fenced plots with added fertilizer had a significantly higher
cover of facilitating PFGs compared to fertilized plots open to grazing (LMM; t=2.44, p=0.023).
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Figure 3-2 — Mean percent cover of facilitating PFGs in the two study sites, Audkuluheidi and Theistareykir, in the experimental
treatments: control (C), control fenced (CF), fertilized (NPK) and fertilized fenced (NPKF) plots. Asterisks indicate significant
differences relative to the control (* p<0.05; *** p<0.001)

3.2.2 Neutral PFGs
Experimental treatments did not have a significant effect on the cover of neutral PFGs (LMM,;

LRT=1.84, p=0.61). However, there was a significant interaction between habitat and site
(LMM; LRT= 6.91, p=0.009). This indicates that the cover of neutral PFGs differs between
habitats in each site. At both sites the mean cover of neutral PFGs was higher in the heath, but
this difference was more pronounced in Theistareykir, where the cover of neutral PFGs in the
heath (57.3%, sd = 17.7) was 5.8 times greater than in the gravel desert (9.9%, sd= 9.7). In
Audkuluheidi, the cover of neutral PFGs (30.3%, sd= 20.0) was 7.4 times higher in the heath
than in the gravel desert (4.1%, sd= 2.3; Figure 3-2).
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Figure 3-3 — Mean percent cover of neutral PFGs in the two study sites, Audkuluheidi and Theistareykir, in the two habitats.
Asterisks indicate significant difference between the two habitats (*p<0.005, **p<0.001).

3.2.3 Retarding PFGs
The cover of retarding PFGs responded differently to the treatments depending on the habitat,

as indicated by a significant interaction between treatment and habitat (LMM; LRT= 40.82,
p<0.001). As well, there was a significant interaction between habitat and site (LMM; LRT=
7.87, p=0.005), indicating that differences in cover of retarding PFTs between the habitats were

different between the sites.

When looking at the heath, there was a sharp drop in the cover of retarding PFGs when fertilizer
was added (Figure 3-3a). The control plots showed more cover than the non-fenced fertilized
plot and more cover than the fenced and fertilized plots, where the cover of retarding PFGs was
virtually zero. However, there were no significant differences in the cover of retarding PFGs
between the fertilized fenced and non-fenced plots (LMM; t=-1.17, p=0.26). These patterns
were not observed in the gravelly desert habitat, where there were no significant differences
between treatments in comparison with the control (Figure 3-3a) and the cover of retarding

PFGs was consistently low.

Similar to the cover of neutral PFGs, the differences in cover of retarding PFGs between the
two habitats differed between the two sites (Figure 3-3b). In both cases the cover of retarding
PFGs was higher in the heath, but this difference was more pronounced in Audkuluheidi where

the mean cover in the gravel desert was only 0.3% while it was 40% in the heath (LMM; LRT=
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34.6 p <.0001). In contrast, in Theistareykir the cover of retarding PFGs in the heath was only
3.3. times more than in the gravelly desert (LMM; LRT= 15.2, p=0.002).
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Figure 3-4 — The cover of retarding PFGs responded differently to the experimental treatments in the two habitats (A). The
differences between habitats were stronger in Audkuluheidi than in Theistareykir (B). Asterisks indicate significant
differences relative to the control (* p<0.05; ** p<0.01; *** p<0.001)
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4. Discussion

Overall, the cover of facilitating and retarding PFGs responded differently to the treatments,
while neutral PFGs did not respond to the experimental treatments. The facilitating PFGs were
positively affected by fertilization and grazing exclusion and showed an increase in cover at
both sites. The cover of retarding PFGs decreased significantly when fertilizer was added,
irrespective of the plots being fenced or not. The only differences in the cover of neutral PFGs
were found between the sites and habitats indicating that factors not related to the experimental

treatments were responsible for the differences in cover of neutral PFGs.

The results show that different PFGs respond differently to the experimental treatments,
combining fertilization and grazing exclusion. The facilitating and retarding PFGs had a strong
response to the treatments in the relatively short time (4 years) during which the treatments
were applied. As expected, the facilitating PFG increased in cover and the retarding PFG

reduced in cover, only in response to fertilizer applications.

Other studies assessing changes in PFGs mainly report responses of biomass, especially above
ground biomass, while the present study reports changes in cover. However, the responses of
cover and biomass are strongly correlated (Jiang et al., 2017, Roéttgermann, Steinlein,
Beyschlag and Dietz, 2000). In arctic and subarctic ecosystems, the biomass of facilitating
PFGs, like grasses and herbs, generally increases following the addition of fertilizers, while
retarding PFGs, like mosses, often decrease (Jiang et al. 2017). In the short term, facilitating
graminoids and other herbaceous species allocate most of the extra nitrogen available into
above ground growth, while other plants like shrubs allocate it to increases below ground
growth (Raéttgermann et al. 2000). In the long term, herbaceous species and deciduous shrubs
can gain a competitive advantage relative to mosses and retarding shrubs in response to
fertilization (Sorensen, Michelsen and Jonasson, 2008, Graglia et al., 2001). Graglia et al.
(2001) found similar changes over a 10 year period, where graminoids and herbaceous plants
along with deciduous shrubs and forbs increased steadily in response to fertilization, while
mosses, lichens and evergreens decreased. Such changes were more pronounced in the longer
term (10 years) than in the short term (3 years). Interestingly, this change was not as strong in
plots that were experimentally warmed, indicating a slower response to fertilization under a
warmer climate (Graglia et al., 2001). These changes however, also indicate that experimental
treatments as short as 3-10 years can push a system into a new equilibrium, promoting stable
changes that persist even after treatments have been discontinued (Graglia et al., 2001., Liu,

Michelsen and Rinnan, 2020). Such persistent changes can have direct application to
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management practices in higher altitude systems or under sub-arctic and arctic conditions. In
this sense, fertilization treatments may not need to be applied continuously to retain a certain
ecological state, as treatments over a few years may be enough.

A recent study at the same sites assessed the impact of fertilization and fencing on above ground
biomass (Mulloy et al., 2019). After two years, they found that fertilized plots were more
attractive to sheep, compared to areas that had not been fertilized, indicating that fertilizer could
be used as a tool to distribute grazing pressures in rangelands. Further, they found that bare
ground did not increase in grazed fertilized plots, where grazing intensity increased, which may

give an opportunity for facilitating species to close those open spots with added fertilizer.

The present study shows that the increase in cover of facilitating PFGs was stronger in the
fertilized plots that were fenced, compared to those that were open to grazing. In the case of
retarding PFGs in the heath, fertilizers reduced their cover, but there were no differences
between fenced and non-fenced fertilized plots, indicating a slight difference in the impact of
the fences on the different PFGs. This was similarly observed by Jonsdottir et al. (2005) where
grazing exclusion of four years yielded negligible results.

18



5. Conclusion

Management interventions, like fertilization and grazing exclusion, affected the relative cover
of different PFGs on ecosystems in the Icelandic highlands. These effects were diverse and
depended on the site and the habitat considered but were detected already in a relatively short
period of time. After four years the relative cover of PFGs in the fertilized plots in the heath
showed the largest changes. There, retarding PFGs were steadily giving way to the more
productive species belonging to the facilitating PFGs. This shows that a relatively stable system
dominated by retarding PFGs does not need a long time of fertilizer application to shift into a
different state and potentially reach a new equilibrium with more productive species dominating

the area.

19



6. References

Alkemade, R., Reid, R. S., van den Berg, M., de Leeuw, J., and Jeuken, M. (2013). Assessing
the impacts of livestock production on biodiversity in  rangeland
ecosystems. Proceedings of the National Academy of Sciences of the United States of
America, 110(52), 20900-20905. doi:10.1073/pnas.1011013108

Archer, S. and Stokes, C. (2000). In Arnalds, O. and Archer, S. Rangeland desertification (pg.
17-38). The Netherlands: Kluwer academic publishers.

Arnalds, A. (1987). Ecosystem disturbance in Iceland. Arctic and Alpine Research, 19(4), 508-513.
doi:10.2307/1551417

Arnalds, O. (2011). Nattarufar. In Asa L. Aradottir og Gudmundur Halldorsson (eds.),
Vistheimt & islandi. (pg. 14-18). Reykjavik: Landblnadarhaskoli islands og
Landgreedsla rikisins. Retreved from https://www.land.is/wp-
content/uploads/2018/01/Vistheimt-%C3%A1-%C3%8Dslandi.pdf 18.4.2021.

Arnalds, O. (2015). The soils of Iceland. Springer: Dordrecht, the Netherlands

Arnalds, O. and Barkarson, B. H. (2003). Soil erosion and land use policy in Iceland in relation
to sheep grazing and government subsidies. Environmental Science & Policy, 6(1). 105—
113. doi: 10.1016/S1462-9011(02)00115-6.

Aradottir, A. L., and Halldérsson, G. (eds.). (2011). Vistheimt & Islandi. Reykjavik:
Landblnadarhaskoli  Islands og Landgraedsla rikisins. Retrieved  from
https://www.land.is/wp-content/uploads/2018/01/Vistheimt-%C3%A1-
%C3%8Dslandi.pdf 18.4.2021.

Borer, E. T., Harpole, W. S., Adler, P. B., Lind, E. M., Orrock, J. L., Seabloom, E. W. and
Smith, M. D. (2013). Finding generality in ecology: a model for globally distributed
experiments. Methods in Ecology and Evolution, 5(1), 65-73. doi:10.1111/2041-
210X.12125.

Brathen, K. A., Ims, R. A., Yoccoz, N. G., Fauchald, P., Tveraa, T. and Hausner, V. H. (2007).
Induced shift in ecosystem productivity? Extensive scale effects of abundant large
herbivores. Ecosystems, 10(5), 773-789. doi: 10.1007/s10021-007-9058-3

Cheng, J., Jing, G., Wei, L. and Jing, Z. (2016). Long-term grazing exclution effects on
vegetation characteristics, soil properties and bacterial communities in the semi-arid
grasslands of China. Ecological Egineering, 97, 170-178.
doi:10.1016/j.ecoleng.2016.09.003

Coughenour, M. (1985). Graminoid Responses to grazing by large herbivores: Adaptations,
exaptations, and interacting processes. Annals of the Missouri Botanical Garden, 72(4), 852-
863. d0i:10.2307/2399227

Cutler, N.A., Belyea, L.R. and Dugmore, A.J. (2008), The spatiotemporal dynamics of a
primary succession. Journal of Ecology, 96(2), 231-246.doi: 10.1111/j.1365-
2745.2007.01344.x

20


https://doi.org/10.1111/j.1365-2745.2007.01344.x
https://doi.org/10.1111/j.1365-2745.2007.01344.x

Dias, S., Briske, D. D and Mclntyre, S., (2002) Range management and plant functional types.
In Grice, C. and Hodgkinson, K. C. (eds.). Global rangelands: Progress and prospects.
(pg. 81-100). Retrieved from https://ebookcentral.proquest.com 20.12.2020

Dugmore, A.J., Church, M.J., Buckland, P.C., Edwards, K.J., Lawson, I.T., McGovern, T.H.,
Panagiotakopulu, E., Simpson I.A., Skidmore, P. and Sveinbjarnardéttir, G. (2005). The
Norse landndm on the North Atlantic islands: an environmental impact assessment.
Polar Record, 41(216), 21-37. doi: 10.1017/S0032247404003985

Fry, E. L., Power, S. A. and Manning, P. (2014). Trait-based classification and manipulation of
plant functional groups for biodiversity—ecosystem function experiments. Journal of
Vegetation Science, 25(1), 248-261. doi: 10.1111/jvs.12068

Graglia, E., Jonasson, S., Michelsen, A., Schmidt, 1.K., Havstrém, M. and Gustavsson, L.
(2001). Effects of environmental perturbations on abundance of subarctic plants after
three, seven and ten years of treatments. Ecography, 24(1). 5-12. doi: 10.1034/j.1600-
0587.2001.240102.x

Grime, J. (1998). Benefits of plant diversity to ecosystems: Immediate, filter and founder
effects. Journal of Ecology, 86(6), 902-910. Retrieved from
http://www.jstor.org/stable/2648655 28.4.2021

Hill, M., Evans, D., and Bell, S. (1992). Long-term effects of excluding sheep from hill pastures
in North Wales. Journal of Ecology, 80(1), 1-13. doi:10.2307/2261058

[sor. Jardfraedikort- kortavefsja. Retrieved from https://www.isor.is/jardfraedikort-kortavefsja
4.11.2020

Jiang, Y., Zhang, Y., Wu, Y., Hu, R., Zhu, J., Tao, J., and Zhang, T. (2017). Relationships
between aboveground biomass and plant cover at two spatial scales and their
determinants in northern Tibetan grasslands. Ecology and Evolution, 7(19), 7954-7964.
doi: 10.1002/ece3.3308

Jonsdéttir, 1. S., Magnusson, B., Gudmundsson, J., Elmarsdoéttir, A., and Hjartarson, H. (2005).
Variable sensitivity of plant communities in Iceland to experimental warming. Global
Change Biology 11(5), 553-563. doi: 10.1111/j.1365-2486.2005.00928.x

Karlsson, G., Sveinsson, K., and Arnason, M., (eds.). (1992). Gragas: Lagasafn Islenska
pbjodveldissins. Reykjavik: M&l og menning.

Bjornsdottir, K. (2018). Decomposition responses to climate warming and sheep grazing in the
high and sub-Arctic (Master thesis, Universitiy of Iceland, Reykjavik) Retrieved from
https://skemman.is/bitstream/1946/30518/1/Decomposition%20responses%20t0%20w
arming%20and%?20herbivory MSthesis_kbj.pdf 5.12.2020.

Lavorel, S., Mclintyre, S., Landsberg, J., and Forbes, T. D. A. (1997). Plant functional
classifications: from general groups to specific groups based on response to disturbance.
Trends in Ecology & Evolution, 12(12), 474-478, doi: 10.1016/S0169-5347(97)01219-
6.

21


https://doi.org/10.1111/jvs.12068
https://doi.org/10.1034/j.1600-0587.2001.240102.x
https://doi.org/10.1034/j.1600-0587.2001.240102.x
https://doi.org/10.1002/ece3.3308

Liu, N., Michelsen, A., and Rinnan, R. (2020). Vegetation and soil responses to added carbon

and nutrients remain six years after discontinuation of long-term treatments. Science of
the Total Environment, 722. doi: 10.1016/j.scitotenv.2020.137885

Lund, G. (2007). Accounting for the world's rangelands. Rangelands, 29(1), 3-10. doi:
10.2111/1551-501X(2007)29[3:AFTWR]2.0.CO;2.

Marteinsdottir, B., Pdrarinsddttir, E. F., Halldorsson, G., Stefansson, J. H., Pdrsson, J.,
Svavarsdottir, K., Einarsson, M. b., Jonsdottir, S. and Brink, S. H. (2020). Stédumat a
astandi  grodur og jardvegsaudlinda islands. GroLind. Retrieved from
https://grolind.is/stodumat-beitarlond-2020/ 22.4.2021

McGovern, T. H., Vésteinsson, O., Fridriksson, A., Church, M., Lawson, I., Simpson, 1. A.,
Einarsson, A., Dugmore, A., Cook, G. Perdikaris, S., Edwards, K. J., Thomson. A. M.,
Adderley, W. P., Newton, A., Lucas, G., Edvardsson, R., Aldred, O. and Dunbar, E.
(2007). Landscapes of settlement in northern Iceland: Historical ecology of human
impact and climate fluctuation on the millennial scale. American Anthropologist,
109(1), 27-51. d0i:10.1525/aa.2007.109.1.27

McLaren, J.R. and Turkington, R. (2010). Ecosystem properties determined by plant functional
group identity. Journal of Ecology, 98(2), 459-469.doi: 10.1111/j.1365-
2745.2009.01630.x

Medina-Roldan, E., Paz-Ferreiro, J., and Bardgett, R. D. (2012). Grazing exclusion affects soil
and plant communities, but has no impact on soil carbon storage in an upland
grassland. Agriculture,  Ecosystems and  Environment, 149,  118-123. doi:
10.1016/j.agee.2011.12.012

Miguel, P. S. (2017). Impacts of sheep grazing on germinable seeds in the Icelandic highlands.
(BSc  Thesis, University of Iceland, Reykjavik). Retrieved from
https://skemman.is/handle/1946/28628%locale=en 4.2.2021

Miller, G., Geirsdottir, A., Zhong, Y., Larsen, D., Otto-Bliesner, B., Holland, M., Bailey, D.,
Refsnider, K., Lehman, S., Southon, J., Anderson, C., Bjoérnsson, H., and Thordarson,
T. (2012). Abrupt onset of the Little Ice Age triggered by volcanism and sustained by
sea-ice/ocean  feedbacks.  Geophysical — Research  Letters, 39(2), 1-5.
d0i:10.1029/2011GL050168

Mulloy, T. A., Barrio, I. C., Bjornsdéttir, K. Jonsdottir, 1. S., and Hik, D.S. (2019). Fertilisers
mediate the short-term effects of sheep grazing in the Icelandic highlands. Icelandic
Agricultural Sciences, 32, 75-85. doi: 10.16886/1AS.2019.07

Olsson, L., H. Barbosa, S. Bhadwal, A. Cowie, K. Delusca, D. Flores-Renteria, ... Stringer, L.
(2019) Land Degradation. In Shukla, P. R., Skea, J., Buendia E. C., Masson-Delmotte,
V., Portner, H.-O., Roberts, D. C.,... Malley, J. (eds.). Climate Change and Land: an
IPCC special report on climate change, desertification, land degradation, sustainable
land management, food security, and greenhouse gas fluxes in terrestrial ecosystems.
Retrieved from https://www.ipcc.ch/site/assets/uploads/sites/4/2019/11/07_Chapter-
4.pdf 22.11.2020.

22


https://doi.org/10.1016/j.scitotenv.2020.137885

Olafsdéttir, R., Schlyter, P. and Haraldsson, H. V. (2001). Simulating Icelandic vegetation
cover during the holocene implications for long-term land degradation, Physical
Geography, 84(4), 203-215. doi: 10.1111/j.0435-3676.2001.00155.x

Pakeman, R. J. and Nolan, A. J. (2009). Setting sustainable grazing levels for heather moorland:
a multi-site analysis. Journal of Applied Ecology, 46(2), 363-368. doi: 10.1111/].1365-
2664.2008.01603.x

Pinheiro, J., Bates, D., DebRoy, S., and Sarkar, D. (R Core Team). (2020). _nlme: Linear and
nonlinear mixed effects models_. R package version 3.1-148, <URL.: https://CRAN.R-
project.org/package=nime>.

R Core Team. (2020). R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. Retrieved from https://www.R-project.org/
24.11.2020.

Reid, R. S., Fernandez-Giménez, M. E. and Galvin, K. A. (2014). Dynamics and resilience of
rangelands and pastoral peoples around the globe. Annual Review of Environment and
Resources, 39, 217-242. doi: 10.1146/annurev-environ-020713-163329

Rottgermann, M., Steinlein, T., Beyschlag, W. and Dietz, H. (2000). Linear relationships
between aboveground biomass and plant cover in low open herbaceous vegetation.
Journal of Vegetation Science, 11(1), 145-148. doi: 10.2307/3236786

Sorensen, P.L., Michelsen, A. and Jonasson, S. (2008). Nitrogen uptake during one year in
subarctic plant functional groups and in microbes after long-term warming and
fertilization. Ecosystems, 11(8), 1223-1233. doi: 10.1007/s10021-008-9204-6

Stocking, M. A. (1996). Soil erosion. In Goudie, A. S., Adams, W. M. and Orme, A. (eds). The
Physical Geography of Africa. Oxford University Press: Oxford

van der Wal, R. (2006). Do herbivores cause habitat degradation or vegetation state transition?
Evidence from the tundra. Oikos, 114(1), 177-186. doi: 10.1111/j.2006.0030-
1299.14264.x

van der Wal, R., Pearce, I., Brooker, R., Scott, D., Welch, D. and Woodin, S. (2003). Interplay
between nitrogen deposition and grazing causes habitat degradation. Ecology Letters,
6(2), 141-146. doi: 10.1046/j.1461-0248.2003.00407.X.

23


https://doi.org/10.1111/j.1365-2664.2008.01603.x
https://doi.org/10.1111/j.1365-2664.2008.01603.x
https://doi.org/10.2307/3236786

7. Appendix

Appendix 7-1. List of species found in 2019, including their scientific name and the common name in
Icelandic. PFG indicates the classification used in this study: F: facilitating, N: neutral, and R: retarding.
In addition the classification proposed in Brathen et al. (2007), is shown (KAB), where 1 indicates

facilitating or neutral, 2 slightly retarding, and 3 retarding PFGs.

PFG

Scientific name

Agrostis stolonifera
Agrostis vinealis

Icelandic
common nhame
Skridlingresi
Tytulingresi

Anthoxanthum odoratum lImreyr
Bartsia alpina Smjorgras
Carex bigelowii Stinnastor
Carex capillaris Harleggjastor
Carex rupestris Moastor
Carex vaginata Slidrastor
Coeloglossum viride Barnarot

Deschampsia alpina

Fjallapuntur

Deschampsia cespitosa Snarrétarpuntur
Deschampsia flexuosa Bugdupuntur
Equisetum arvense Kléelfting
Festuca richardsonii Tunvingull
Festuca rubra Raudvingull
Festuca vivipara Blavingull

Poa alpina Fjallasveifgras
Poa glauca Blasveifgras
Poa pratensis Vallarsveifgras
Polygonum viviparum Kornsura
Rumex acetosa Tunsura
Rumex acetosella Hundasura
Salix arctica Fjallavidir
Salix herbacea Grasvidir

Salix lanata Lodvidir

Salix phylicifolia Gulvidir
Saxifraga caespitosa pufusteinbrjétur
Thalictrum alpinum Brjostagras
Trisetum spicatum Fjallalogresi
Alchemilla alpina Liénslappi
Arabidopsis petraea Melablom
Arenaria norvegica Skeggsandi
Armeria maritima Geldingahnappur
Betula nana Fjalldrapi
Calluna vulgaris Beitilyng
Carex capitata Hnappstor
Cerastium alpinum Mdsareyra
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Draba norvegica

Hagavorblom

Dryas octopetala Holtasdley
Equisetum variegatum Beitieski
Euphrasia frigida Augnfré
Galium normanii Hvitmadra
Galium verum Gulmadra
Juncus trifidus Moasef
Kobresia myosuroides bursaskegg
Luzula spicata Axheera
Minuartia rubella Melanéra
Minuartia stricta Mdandra
Parnassia palustris Myrasodley
Pinguicula vulgaris Lyfjagras
Platanthera hyperborea Friggjargras
Silene acaulis Lambagras
Silene uniflora Holurt
Thymus praecox Blédberg
Tofieldia pusilla Sykigras

Vaccinium myrtillus

Adalblaberjalyng

Vaccinium uliginosum

Blaberjalyng

Viola palustris Myrfjola
Viscaria alpina Ljésberi
Alectoria species NA
Cetraria islandica Fjallagros
Cetraria muralis Mariugros
Cetraria nivalis Mariugros

Cladonia arbuscula

Hreindyrakrdkar

Empetrum nigrum

Kraekiberjalyng

D |XDW|XDP|XDP| PP |W PP D >P>D2Z2222222222°2°2°2°2°222222222222

Loiseleuria procumbens Saudamergur
Peltigera species NA
Racomitrium lanuginosum Hraungambri
Stereocaulon alpinum Grabreyskja
Thamnolia vermicularis Ormagros
Unidentified moss NA
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Appendix 7-2. The figure shows the cover of the PFGs in the different treatments: control (C), control
fenced (CF), fertilized (NPK) and fertilized fenced (NPKF), in the two sites (Audkuluheidi and

Theistareykir) and habitats (heath and gravel dessert (melur)).

Audkuluheidi heath

Audkuluheidi melur

Theistareykir heath

Theistareykir melur
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Cover of retarding PFGs
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