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ABSTRACT 
Sustainable grazing management in tundra ecosystems is receiving increasing attention. In the Icelandic 
highlands, past grazing practices have played a major role in the extensive soil erosion, leaving many parts 
of this tundra rangeland in poor condition. However, the impacts of current grazing practices are not well 
understood. We measured the short-term effect of grazing by comparing the amount of bare ground and 
aboveground biomass in grazed and ungrazed plots, with and without fertiliser application, in adjacent dwarf-
shrub heaths and sparsely vegetated areas, at two sites within and outside the volcanic active zone. Grazing 
did not affect the amount of bare ground, but in the fertilised plots grazing consistently reduced plant biomass 
(mainly graminoids). Fertiliser application can increase grazing intensity, which can counteract the additional 
biomass accumulation. Consequently, the removal of biomass by sheep needs to be considered when fertilisers 
are used as part of a strategy to combat erosion. 

Keywords: fertiliser application, soil erosion, sheep grazing, subarctic rangelands.

YFIRLIT
Áburður jafnar skammtímaáhrif sauðfjárbeitar á hálendi Íslands.
Á síðustu árum hefur verið lögð aukin áhersla á sjálfbæra beitarstjórnun á norðlægum slóðum. Þung sauðfjárbeit 
fyrri tíma á Íslandi átti ríkan þátt í hnignun lands og jarðvegseyðingu, sem leiddi til slæms ástands víða á 
aftéttum hálendisins. Áhrif núverandi beitarstjórnunar eru hins vegar ekki vel þekkt. Í þessari rannsókn mældum 
við áhrif sauðfjárbeitar á þekju ógróins yfirborðs og lífmassa gróðurs, með því að bera saman beitta og óbeitta 
reiti, með og án áburðar, í tveimur mismunandi búsvæðum (fjalldrapamóa og mel) á tveimur svæðum, innan 
og utan eldgosabeltisins. Sauðfjárbeit hafði ekki áhrif á þekju ógróins yfirborðs, en í ábornu reitum minnkaði 
beitin lífmassa plantna (aðallega grasa). Beitarálag getur aukist verulega á ábornum svæðum og vinnur það gegn 
uppsöfnun lífmassa. Við notkun áburðar til að stemma stigu við jarðvegseyðingu á afréttum þarf því að taka tillit 
til þess lífmassa sem fjarlægður er með aukinni beit.
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INTRODUCTION
Extensive sheep grazing on land that otherwise 
has little agricultural value is an important 
practice in many Nordic regions (Ross et al. 

2016). The use of these areas for grazing is 
generally cost-effective, since producing free 
range animals requires minimal maintenance 
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(Gudmundsson & Thórhallsdóttir 1999). 
However, Nordic rangelands are especially 
sensitive to disturbances such as overgrazing 
because they experience cold temperatures and 
short growing seasons that make vegetation 
slow to reestablish (Forbes et al. 2001, Ross et 
al. 2016). As a consequence, the sustainability 
of sheep grazing practices in these areas remains 
controversial (Ross et al. 2016). 

The Icelandic highlands are located in 
the interior of the country and, as typical for 
the region, they experience regular volcanic 
activity, glacial flooding and aeolian deposition 
(Thórhallsdóttir 1997). These areas are also 
used as communal rangelands, traditionally 
during summer for sheep grazing (Arnalds et al. 
1987). Vegetated areas in the highlands consist 
mostly of dwarf-shrub heathlands dominated by 
shrubs and other vascular plants and occasional 
wetlands, as well as scattered volcanic deserts 
supporting a few graminoid or forb species 
(Thórhallsdóttir 1997). Once the vegetation 
cover is disturbed, the easily eroded volcanic 
soils are rapidly blown or washed away. The 
combination of natural disturbances and grazing 
in the highlands have resulted in extensive soil 
erosion and degradation (Arnalds 2015). This 
degradation is likely more pronounced within 
the volcanic active zone of Iceland, where 
soils are geologically younger and less well-
developed (Arnalds 2015). 

Although livestock grazing has been 
identified as one of the potential drivers of 
rangeland degradation in the highlands (Arnalds 
& Barkarson 2003), the ecological impacts of 
sheep grazing in these areas are not well resolved 
(Marteinsdóttir et al. 2017). Sheep grazing 
tends to increase the amount of exposed bare 
ground and reduce the cover of vascular plants, 
both within and outside the volcanic active 
zone (Marteinsdóttir et al. 2017). However, 
the impacts of grazing likely vary with habitat 
characteristics (Gough et al. 2012) and soil 
conditions (Stark et al. 2002, Eskelinen 2008).

Efforts to restore eroded land in Iceland 
have often included fertiliser application 
(Gunnlaugsdóttir 1985, Arnalds et al. 1987, 
Greipsson & El-Mayas 1999), sometimes in 

combination with seeding agronomic grasses 
(Grétarsdóttir et al. 2004). Fertiliser application 
can increase productivity of tundra plants 
(Gough et al. 2007, Morrissette-Boileau et al. 
2018), accelerate succession (Chapin 1980, 
Shaver & Chapin 1995, Óskarsson et al. 2006, 
Gough et al. 2016), and reduce the amount of 
exposed bare ground (Arnalds et al. 1987). 
Fertiliser applications can also reduce species 
diversity (Harpole et al. 2017), by increasing 
the dominance of more palatable plant 
species (Gough et al. 2012). These increases 
in productivity and palatability can create 
patches that attract further grazing (Ball et 
al. 2000, Grellmann 2002), counteracting the 
effectiveness of fertilisers as a restoration tool. 

In this study we assessed how the application 
of fertilisers may influence the short-term 
effects of sheep grazing across habitats that vary 
in vegetation cover and in areas that differ in soil 
characteristics. To measure the effect of grazing 
we compared pairs of fenced and unfenced plots 
in dwarf-shrub heath and sparsely vegetated 
areas at two locations, inside and outside the 
volcanic active zone, with and without fertilisers. 
We measured (1) exposed bare ground cover as 
a proxy for soil erosion, (2) total aboveground 
plant biomass and (3) the abundance of specific 
plant functional groups.

Based on previous knowledge on the impacts 
of sheep grazing in Iceland, we predicted that 
the effect of grazing would increase the percent 
cover of bare ground and reduce aboveground 
plant biomass. We also predicted that increases 
in the cover of bare ground as a result of grazing 
would be stronger within the volcanic active 
zone where soils are more susceptible to soil 
erosion (Arnalds 2015). Based on the preference 
and selectivity of sheep (Austrheim et al. 2008, 
Mobæk et al. 2012), we predicted that the effect 
of grazing on plant biomass would be more 
pronounced for graminoids and forbs than other 
plant functional types. A greater effect of grazing 
on bare ground might also be more evident in 
the already exposed, sparsely vegetated habitats 
than in the well-vegetated dwarf-shrub heath. 
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METHODS
Study area and experimental design
In early summer 2016, we established a field 
experiment to assess the effects of grazing 
across a range of environmental conditions 
in the highlands of Iceland. The highlands 
are dominated by subarctic-alpine tundra 
vegetation, experience short growing seasons 
and have been traditionally used for summer 
grazing by domestic sheep (Thórhallsdóttir 
1997). One site was located inside (Þeistareykir; 
65°52’26”N, 17°02’52”W) and one outside 
(Auðkúluheiði; 65°13’30”N, 19°42’43”W) the 
volcanic active zone (Figure 1a). Þeistareykir 
(380 m) has a mean annual temperature of 1.74 
°C (Þeistareykir weather station, IMO 2019) and 
mean annual precipitation of 576.9 mm averaged 
across the years 2006–2016 (Staðarholl weather 
station, IMO 2019). Auðkúluheiði (470 m) has 
a mean annual temperature of 1.02 °C and mean 
annual precipitation of 311.3 mm averaged 
across the years 2006–2016 (Kolka weather 
station, IMO 2019). Within each site we selected 
two common habitat types: vegetated heath 
(here referred to as ‘dwarf heath’) with >90% 
low-lying vegetation cover dominated by dwarf 

shrubs, forbs, graminoids and other vascular 
plants; and sparsely vegetated habitats (here 
referred to as ‘sparsely vegetated areas’) with 
<5% vegetation cover in highly exposed and 
eroded land dominated by forbs and graminoids 
(Skarphéðinsson et al. 2017). 

Our experiment was designed to examine 
how the effects of grazing in highland summer 
rangelands are influenced by the application of 
fertilisers in different habitats within and outside 
the volcanic active zone. Six pairs of plots, 12 x 
12 m each, were selected in each habitat type, 
at both sites in the summer of 2015. The plot 
pairs were at least 100 m apart and the plots in 
each pair were separated by 4 m. One of the 
plots in each pair was randomly assigned to an 
exclosure treatment and the other plot served 
as a control. In early June 2016 fences were 
constructed around the exclosure plots (total 12 
pairs per site; Figure 1b). The fences were 1.2 
m in height, with a mesh size of 20 x 10 cm 
to exclude large grazing herbivores (i.e. sheep) 
but did not specifically exclude other herbivores 
present in the study area (i.e. ptarmigan and 
geese), although their activity within the fenced 
plots was limited. 

Figure 1. The experiment was conducted at two sites in Iceland (a), within (Auðkúluheiði) and outside (Þeis-
tareykir) the volcanic active zone (dashed area). At each site (b), six pairs of fenced and unfenced areas were 
established in two habitats (dwarf-shrub heath and sparsely vegetated; diagram shows pairs of plots for one 
habitat). Half of these pairs received fertilisation in experimental plots (5 x 5 m). Bare ground (1 x 1 m) and 
aboveground biomass (two strips of 1 x 0.1 m) were measured at each plot.  
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Within each fenced and control area we 
established 5 x 5 m experimental plots (Figure 
1b). Each pair of plots was assigned to fertilised 
(NPK) or control treatments. Fertilisers 
containing nitrogen (N; 10 g m-2), phosphorus 
(P; 10 g m-2), and potassium (K; 10 g m-2) were 
applied annually in early June 2016 and 2017 
following the standardized Nutrient Network 
protocol (Borer et al. 2014). In addition, a 
micronutrient mix of Fe (17 g m-2), S (12 g m-2), 
Ca (6 g m-2), Mg (3 g m-2), Mn (2.5 g m-2), Cu 
(1 g m-2), Zn (1 g m-2), B (0.1 g m-2) and Mo 
(0.1 g m-2) was applied in the first year (Borer 
et al. 2014). Three pairs of plots in the sparsely 
vegetated area in Þeistareykir (one NPK and 
two control pairs) were accidentally fertilised (5 
g m-2 N, 0.4 g m-2 P) and seeded with Festuca 
rubra by local farmers in the spring of 2016. 

Data collection
Responses to the treatments were first monitored 
in early August 2017 (Figure 1b). As proxies 
for soil erosion and the intensity of grazing, we 
estimated the amount of exposed bare ground 
and aboveground plant biomass, respectively. 
Bare ground was measured in permanently 
marked 1 x 1 m subplots by visually estimating 
to the nearest 1% the amount of exposed bare 
soil or small rocks. Aboveground biomass of 
vascular plants was measured by clipping total 
annual aboveground vegetation within two 
1 x 0.1 m strips adjacent to the subplots; in 
successive years different strips were harvested. 
Biomass was stored in paper bags, air dried in the 
field and returned to the lab, where it was oven 
dried at 60 °C for at least 48 h. Total biomass 
was weighed to the nearest 0.1 g and then sorted 
into functional groups (graminoids, forbs, and 
shrubs). To estimate the effects on cryptogams 
(lichens and mosses) visual estimates of percent 
cover were used, following the same procedure 
as for bare ground in the 1 x 1 m subplots. 

Statistical analyses
To describe the general conditions of the habitats 
and sites we focused on control plots (unfenced 
and non-fertilised; 3 plots per habitat per 
site). We calculated average values of percent 

cover of bare ground and total aboveground 
plant biomass and compared them between 
habitats and between sites using t-tests. In these 
comparisons, for the sparsely vegetated area in 
Þeistareykir, we only included the single control 
plot that was not accidentally fertilised.

To estimate the effects of grazing on the 
percent cover of bare ground, total aboveground 
biomass and aboveground biomass or cover of 
the different functional groups, we calculated the 
difference between unfenced and fenced plots 
within each pair (see McIntire and Hik 2005). A 
negative value of this index thus indicates that 
grazing reduced the corresponding measured 
variable, that is, the amount of bare ground, 
aboveground biomass, or cover. The effects 
of grazing were standardized (z-transformed) 
to allow for comparisons between effects on 
different variables. The overall significance of 
the effects of grazing on each of these variables 
was estimated using paired t-tests to compare 
unfenced and fenced plots within each pair. 

To assess how different variables 
(application of fertilisers, habitats and sites) 
influence the effects of grazing on bare ground, 
total aboveground biomass and aboveground 
biomass or cover of the different functional 
groups, we built Linear Models (LM; 6 models). 
Fertiliser application, site, habitat, and all 
possible interactions were modelled as predictor 
variables. The significance of the interactions 
was assessed by comparing models with and 
without the interaction, and non-significant 
interactions were dropped from the models 
to improve our ability to interpret the main 
terms (Engqvist 2005). Since the accidental 
fertilisation affected equally both plots in each 
pair, and our analyses were conducted at the pair 
level (i.e. the effects of grazing were measured 
by comparing unfenced and fenced plots within 
a pair), our results should not be affected by the 
accidental fertilisation. To test this assumption, 
we ran the analyses with and without the 
accidentally fertilised pairs of plots; since 
results were similar (Supplementary Material), 
we present here the results including all plots. 
All analyses were conducted using R version 
3.5.1 (R Development Core Team 2017).
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RESULTS
General conditions of the habitats and sites
The average percent cover of bare ground in 
control plots (unfenced and non-fertilised) 
differed across habitats (t-test; t=-8.19, df=3, 
p=0.03) but was similar inside and outside 
the volcanic active zone (t-test; t=0.36, df=5, 
p=0.72). In the sparsely vegetated areas, bare 
ground accounted for 62.6% in Auðkúluheiði, 
and 100.0% in the control plot in Þeistareykir 
that was not accidentally fertilised and seeded 
by farmers. In the heath, percent cover of bare 
ground was 0.3% in Auðkúluheiði and 3.2% in 
Þeistareykir. The average aboveground biomass 
of control plots was higher in heath habitats 
than in sparsely vegetated areas (t-test; t=4.25, 
df=5, p<0.01), but aboveground biomass 
showed no difference inside or outside the 
volcanic active zone (t-test; t=-2.073, df=3.647, 
p=0.1136). Average aboveground biomass in 
the sparsely vegetated areas was 18.1 g m-2 in 
Auðkúluheiði and 0.7 g m-2 in the control plot 
that was not accidentally fertilised and seeded 
in Þeistareykir, while in the heath the average 
aboveground biomass was 453.5 and 162.1 g 

m-2, respectively. In the heath, aboveground 
biomass was dominated by shrubs (85.1%). 
Sparsely vegetated areas in Auðkúluheiði were 
not dominated by any particular functional 
group, but in Þeistareykir graminoids (83%) 
were the dominant group when considering only 
the plot that was not accidentally fertilised and 
seeded (Figure 2). 

Effects of grazing on bare ground 
Overall, grazing did not affect the percent cover 
of bare ground (paired t-test; t=-2.90, df=23, 
p=0.09) when comparing unfenced and fenced 
plots within each pair. This lack of effect was 
consistent with and without the application of 
fertilisers across habitats and sites (Figure 3a; 
Table 1).
 
Effects of grazing on biomass and cover 
Grazing significantly reduced total aboveground 
plant biomass in unfenced relative to fenced 
plots (paired t-test; t=-2.88, df=23, p=0.008). 
However, this effect was dependent on fertiliser 
treatment (Figure 3b; Table 1). Grazing only 
reduced the amount of aboveground biomass 

Figure 2. Distribution of average functional group biomass in control plots (unfenced, non-fertilised) across dif-
ferent habitats (sparsely vegetated and dwarf-shrub heath), at the two sites (Auðkúluheiði, outside the volcanic 
active zone; and Þeistareykir, inside the volcanic active zone). Note that control plots here exclude those that 
were accidentally fertilised by farmers. 
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Figure 3. Effect of fertiliser application, habitat and site on the effect of grazing on a) percent cover of bare 
ground; b) total aboveground biomass; aboveground biomass of c) graminoids, d) shrubs, and e) forbs; and f) 
percent cover of moss and lichen. Model estimates are presented with 95% confidence intervals, and baseline 
levels refer to non-fertilised, heath plots outside the volcanic active zone. Therefore, negative (or positive) val-
ues of the effect of grazing indicate that grazing reduced (or increased) the corresponding measured variable in 
fertilised relative to non-fertilised plots, in heath plots relative to sparsely vegetated areas, and inside relative to 
outside the volcanic active zone. A significant effect of grazing (p<0.05) is marked with an asterisk. 

Table 1. Effect of fertiliser application, habitat and site, and all possible interactions on the effect of grazing on 
total biomass, graminoids, forbs, shrubs, moss and lichen, and bare ground. The significance of the interactions 
was assessed by comparing models with and without the interaction. An asterisk indicates significant effects 
(p<0.05).

Interactions Bare Ground Total Biomass Graminoids Shrubs Forbs Moss and 
Lichen

Fertiliser:Habitat:Site F=0.13 
p=0.719

F=1.85 
p=0.191

F=0.88 
p=0.359

F=0.62 
p=0.439

F=2.51 
p=0.132

F=3.05 
p=0.099

Site:Habitat F=0.02
p=0.872

F=2.02
p=0.172

F=0.20 
p=0.654

F=0.11 
p=0.741

F=1.53 
p=0.230

F=0.01 
p=0.920

Fertiliser:Site F=0.83 
p=0.372

F=1.09 
p=0.310

F=0.77 
p=0.391

F=0.03 
p=0.864

F=0.82 
p=0.375

F=0.01 
p=0.933

Habitat:Fertiliser F=0.52
p=0.479

F=0.01 
p=0.981

F=0.01 
p=0.991

F=0.10 
p=0.748

F=2.15 
p=0.158

F=0.00  
p=0.932

Fertiliser F=1.58 
p=0.222

F=5.13
p=0.034*

F=4.73 
p=0.041*

F=0.20 
p=0.652

F=1.82 
p=0.191

F=3.20 
p=0.088 

Habitat F=2.42 
p=0.135

F=0.01
p=0.904

F=0.30 
p=0.585

F=0.12 
p=0.724

F=0.58 
p=0.452

F=3.20 
p=0.088

Site F=0.01 
p=0.924

F=0.02 
p=0.872

F=0.04 
p=0.827

F=0.47 
p=0.497

F=0.94  
p=0.343

F=3.24 
p=0.086 
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in fertilised plots (paired t-test; t=-2.96, df=11, 
p=0.01) but not in non-fertilised plots (paired 
t-test; t=-1.08, df=11, p=0.30; Figure 4). 

Fertiliser application also influenced the 
effect of grazing on the aboveground biomass 
of graminoids (Figure 3c; Table 1). Similar to 
total biomass, the aboveground biomass of 
graminoids was reduced by grazing in fertilised 
plots (paired t-test; t=-3.00, df=11, p=0.01) but 
not in non-fertilised plots (paired t-test; t=-
1.02, df=11, p=0.32). Grazing did not affect the 
aboveground biomass of other functional groups 
(shrubs: paired t-test; t=0.10, df=23, p=0.92; 
forbs: paired t-test; t=-1.53, df=23, p=0.13) 
or the cover of cryptograms (paired t-test; 
t=0.03, df=23, p=0.97). These results were 
consistent with and without the application of 
fertilisers and across habitats and sites (Figure 
3d-f). Although not significant, grazing tended 
to increase the cover of moss and lichen with 
fertiliser application and reduce the cover of 
moss and lichen in sparsely vegetated areas and 
within the Þeistareykir site (Figure 3f; Table 1). 

DISCUSSION
Overall, we found that sheep grazing reduced 
the total aboveground plant biomass in summer 
rangelands of Iceland in both sparsely and well 
vegetated habitats and inside and outside the 

volcanic active zone, but only when these areas 
were treated with fertilisers. These effects of 
grazing, however, did not translate into changes 
in the amount of bare ground. Our interpretation 
of this pattern is that grazing had a neutral effect 
on bare ground, but the intensity of grazing, as 
approximated by the amount of plant biomass 
removed, was high in fertilised plots and low (or 
almost non-existent) in non-fertilised plots.

Fertilisers can increase the amount and 
quality of vegetation, making fertilised areas 
more attractive to herbivores (Ball et al. 2000, 
Grellmann 2002). Herbivore attraction could 
explain the observed lack of grazing effect in 
non-fertilised plots, if sheep are concentrating 
their foraging on fertilised plots, reducing their 
use of non-fertilised plots. Alternatively, it 
could indicate that current grazing pressure in 
these rangelands is relatively low. However, 
the absence of a strong grazing effect in our 
experiment may also suggest that two years is 
not long enough to detect the effect of excluding 
sheep from degraded ecosystems (Jónsdóttir et 
al. 2005). Sheep numbers in Iceland reached 
a historical maximum in 1977 (Arnalds & 
Barkarson 2003), but with the introduction of 
a livestock quota in 1985, stocking rates were 
reduced by half and have remained relatively 
stable. Nevertheless, sheep numbers are still 
considered to be high relative to historical 
abundances (Marteinsdóttir et al. 2017). 

The effects of grazing on aboveground 
biomass were dominated by graminoids, 
with grazing reducing graminoid biomass in 
fertilised plots. These effects are likely due to 
the ability of graminoids to respond quickly to 
the flux of soil nutrients provided by fertiliser 
applications (Greipsson and El-Mayas 1999, 
Shaver & Chapin 1986). In the highlands, the 
grasses that respond fastest to fertilisers, such as 
Festuca, Agrostis and Poa species (Arnalds et al. 
1987), are also the species that sheep selectively 
graze when available (Austrheim et al. 2008). 
In turn, graminoids are often resilient to losses 
of biomass by grazing due to adaptations, such 
as sequential leaf production and basal leaf 
meristems (Archer & Tieszen 1983, Kotanen & 
Jefferies 1987, Jónsdóttir 1991). By promoting 

Figure 4. Total aboveground biomass (g m-2) in plots with 
or without grazing (i.e. unfenced or fenced, respectively), 
with and without fertiliser application. The asterisk indicates 
a significant difference between unfenced and fenced ferti-
lised plots (p<0.05). 
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the abundance of graminoids, even if more 
intensively grazed, fertilisers could help 
maintain a vegetative layer that protects the soil 
from erosion and the formation of bare ground 
patches, even with the associated increase in 
trampling. 

Contrary to our predictions and to the 
general trends found in the ecological literature 
in Iceland (Marteinsdóttir et al. 2017), we found 
no effect of grazing on the extent of bare ground. 
Interestingly, this lack of effect was consistent 
both inside and outside the volcanic active 
zone. This finding contradicts the hypothesis 
that grazing, by increasing the amount of bare 
ground, will be more damaging in the volcanic 
active zone (Arnalds & Barkarson 2003). 
However, it is important to emphasize that our 
experiment only assessed the short-term effects 
of grazing exclusion, and we cannot discard 
that in the long-term, increased use of certain 
areas by sheep, for example in or around the 
fertilised plots, may lead to greater amounts of 
exposed bare ground. The effects of reducing 
grazing pressure (i.e. grazing exclusion) on 
bare ground will depend on the ability of local 
species to recolonize an area, a process that can 
take a long time (Jónsdóttir et al. 2005). This 
is especially true in tundra systems where many 
dominant species have slow growth patterns 
and the colonization of barren soils is limited by 
harsh environmental conditions (Chapin et al. 
1986, Elmarsdóttir et al. 2003, Marteinsdóttir et 
al. 2010, Eskelinen et al. 2017). 

The use of fertilisers has been suggested as a 
tool to better distribute herbivore densities and 
ameliorate forest damage by herbivores (Ball et 
al. 2000). Historically, fertiliser application was 
used to restore eroded areas in the highlands 
of Iceland at a large-scale through aerial 
application, until this practice was deemed too 
costly and slow to instigate succession and was 
discontinued (Greipsson & El-Mayas 1999). 
While our study was not specifically designed 
to test for the effects of grazing on areas near 
fertiliser application, the higher grazing intensity 
on the fertilised plots and the lack of effect 
of grazing in our unfertilised plots suggests 
that the use of fertilisers in some patches may 

release other nearby areas from grazing. Similar 
to earlier restoration studies, areas that used 
fertilisers reported that non-fertilised areas 
nearby were less grazed (Arnalds et al. 1987). 
It is worth noting that the rates of fertiliser 
application typically used for land restoration in 
Iceland (2.5–5 N g m-2 Aradóttir et al. 2000) are 
half of those used in our study and the elements 
were also applied at different ratios (Borer et 
al. 2014). These differences may influence the 
effectiveness of the fertiliser application in the 
presence or absence of grazing. 

High grazing intensity also leads to high 
trampling intensity. Many studies have found 
trampling to have a negative effect on vegetation, 
especially of moss and lichen cover (Jónsdóttir 
1991, Bayfield et al. 1981, Olofsson 2006, 
Sørensen et al. 2009, Olofsson et al. 2010), 
though no fertiliser was applied in these studies. 
Our results did not show any signs of increased 
cover of bare ground as a consequence of 
increased grazing intensity, which could be an 
indication that fertiliser application may prevent 
the negative impacts of increased trampling. A 
better understanding of the longer-term effects 
of fertilisers, as well as other consequences 
of herbivores on vegetation will be necessary 
before widely adopting fertiliser applications 
into grazing management practices. 

CONCLUSIONS 
We found that short-term grazing exclusion has 
little effect on the amount of bare ground in 
two habitats with contrasting vegetation cover 
and in areas inside and outside the volcanic 
active zone. Grazing reduced aboveground 
plant biomass only in fertilised plots, whereas 
biomass in non-fertilised plots was not affected. 
This could be the result of preferential grazing, 
where sheep selectively graze fertilised plots. 
Although we did not find specific habitats or 
sites to be more sensitive to sheep grazing, 
longer term monitoring would offer a more 
realistic representation. We found that the 
effect of grazing was higher on fertilised plots 
across varying environmental conditions in 
the highlands. This could imply that fertiliser 
application increased the attractiveness of the 
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patch for grazing, which could lead to reduced 
grazing pressure in nearby areas. With a better 
understanding of the long-term effects of 
increased trampling on bare ground, fertilisers 
could possibly be used as a method of regulating 
sheep distribution and minimizing grazing 
pressure on more sensitive land. 
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