
Abstract
For more than a decade, a warming and grazing
experiment has been carried out in the alpine
area of the Faroe Islands. Ten Open Top
Chambers (OTCs) were placed inside an
enclosure with control plots both inside (CtrlE)
and outside (CtrlO) the enclosure. The
difference in vegetative growth of the two
species Salix herbacea and Polygonum
viviparum and graminoids were monitored as
well as the frequencies of the four functional
types: herbs, graminoids, woody species and
bryophytes. It was found that warming
generally increased leaf length by around 30%
with similar or larger increases in photo -
synthetic leaf area. Grazing reduced leaf length
by around 30% for graminoids and Polygonum
viviparum, but only by around 10-20% for
Salix herbacea. The changes in frequencies of
functional types were most pronounced for
bryophytes and woody species during the latter

part of the experiment when both grazing-
exclusion and warming increased the
frequencies of bryophytes and decreased the
frequencies of woody species.

Úrtak
Í meira enn tíggju ár er kannað, í hvussu stóran
mun upphiting og seyðabit ávirka plantu vøkst -
ur á 600 metra hædd á Sornfelli. Kanningarnar
eru gjørdar í tíggju smáum vakstrarhúsum, ið
eru opin í erva (OTC). Tey vóru innan fyri eitt
hegn, har royndarøki uttan upphiting (CtrlE)
eisini vórðu kannað, umframt eisini royndarøki
uttan fyri hegnið (CtrlO). Munurin á vøkstri hjá
urtapíli Salix herbacea, aksgrónari bløðkuurt
Polygonum viviparum og grøsum og munur á
tíð leika av urtum, grøsum, dvørgrunnum og
mosum varð kannaður. Fyri gras og aks grógvn -
ari bløðkuurt vísti úrslitið sum heild, at blað -
longdin øktist umleið 30% við upphiting og
mink aði umleið 30% av seyðabiti. Blaðlongdin
á dvørgrunnum broyttist á sama hátt, men bara
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við 10-20%. Tíðleikin  broyttist serliga á mosa
og dvørgrunnum. Tíðleikin av mosum var nógv
hægri í økjum uttan seyðabit, men hægst á økj -
um við upphiting og ongum seyðabiti. Hjá
dvørg runnum var umvent við størsta tíðleika,
har seyðurin bítur og minst við upphiting uttan
seyða bit. 

Abbrevations
OTC Open Top Chambers, warmed plots
CtrlE non-grazed plots
CtrlO grazed plots

Introduction 
In ecosystems where grazing is the pre-
vailing land use factor, it is difficult to
study the effects of climate change on
biota, without considering the effects of
grazing (Speed et al., 2012; Olofsson et
al., 2009). We know very little about how
grazing and warming interact (Fuhlendorf
et al., 2001; Olofsson et al., 2009) and the
relative effect of these two factors on the
vegetation is difficult to assess, because
both occur in numerous spatial and tem-
poral scales and are affecting the vegeta-
tion differently. 

The change of the vegetation often
lags behind in a warming climate while the
effect of grazing is more immediate.
Therefore, many studies only consider
grazing as the major agent of changing
vegetation (van der Wal, 2006; Olofsson,
2006). Other studies consider changing cli-
mate as the major agent of change (El-
mendorf et al., 2012; Oberbauer et al.,
2013). But as the effects of climate change
have become more evident in the last two
decades, many of the recent studies are

dealing with both grazing and climate
warming. (Fuhlendorf et al., 2001; Klein,
2005; Olofsson et al., 2009; Speed et al.,
2012).

In most cases, a warmer climate in-
creases vegetative growth, and thereby re-
sults in larger photosynthetic area (Molau,
2000; Arft et al., 1999). Heavy grazing, on
the contrary, usually reduces the growth of
plants and the aboveground biomass (e.g.
Austrheim et al., 2008; Evju et al., 2009),
resulting in smaller plants and smaller
leaves and thereby smaller photosynthetic
area. With these opposing effects on the
biomass, a simple conclusion could be that
the net result is neutral. But this is not the
case since the vegetation is responding dif-
ferently to climate warming and grazing,
depending on whether the focus is on
species level, functional types or plant
communities.

In alpine ecosystems, a warmer cli-
mate has been found to shift the distribu-
tion of trees and shrubs to a higher altitude
e.g. Burga et al. (2001) and Walther et al.
(2005). In these circumstances, herbivory
and climate change oppose each other as
herbivory usually constrains the advance
of these functional types and to some ex-
tent actually causes a downward shift of
trees and shrubs to a lower altitude (Speed
et al., 2012). In long-term warming  experi -
ments in arctic and alpine areas, bryophyte
abundance declined at moist sites (Hollis-
ter et al. 2005; Elmendorf et al., 2012). In
grazed areas, bryophyte abundance may
decline, not so much from grazing, but
rather from trampling (Virtanen, 2000). 

The Faroe Islands have been grazed
for more than a thousand years, and the
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historical record has shown, that the vege-
tation had undergone extreme changes
(Jóhansen, 1985). Hence, it is necessary to
disentangle the effects of grazing from the
effects of climate change. No studies have
been made on the relative effect of grazing
and warming in the area. But the few ex-
isting studies on the effect of climate on
single species and vegetation zones show
their vulnerability to changing climate
(Fosaa et al., 2004; Fosaa, 2010). A rela-
tive short-term grazing experiment showed
decreased biomass of the vegetation in
both lowland and alpine areas in terms of
decreased vegetation cover and lower
vegetation height (Fosaa and Olsen, 2007).

In this paper, results are reported from
an experiment in a mountain area in the
Faroe Islands including both experimental
warming and the effect of grazing. OTCs
(Open Top Chambers) were used to induce
experimental climate warming, as they
allow investigations on ecosystem change
in relative controlled conditions. In addi-
tion, the effect of grazing was studied in a
fenced area in order to excluded grazing
animals from the area. 

Based on this experiment, an evalua-
tion is made of the relative contributions
of experimental warming and grazing on
1) changes in the frequencies of the four
functional types: herb, woody, graminoid
and bryophytes, and 2) changes in plant
performance in terms of changes of leaf
length and biomass of Polygonum vivipa-
rum, Salix herbacea, and graminoids. This
was done in a decade-long experiment. 

The study, thus compares changes in
three different types of plots: 1) warmed
and non-grazed plots (OTC), 2) non-

grazed plots (CtrlE), and 3) grazed plots
(CtrlO). It was expected that both the OTC
plots and CtrlE plots would show in-
creased vegetative growth, and that the in-
crease in vegetative growth would be
greater in the OTC than the CtrlE plots. It
was also expected that the biomasses and
frequencies of the functional types respond
differently in the two types of treatment
and that the strength of the effect may dif-
fer.

Material and methods
Study area
The study site is on the mountain of Sorn-
felli (62o04´N, 6o57´W) at 600 m a.s.l. on
Streymoy in the central part of the Faroe
Islands. The vegetation in the area range
from open grassland vegetation with
sparsely vegetated ground to Racomitrium
heath vegetation with richly vegetated
ground. Of the 25 species vascular plants
species recorded from the site, Silene
acaulis and Polygonum viviparum are the
most frequent herbs. Salix herbacea, the
only woody species on the site, is also fre-
quent. Agrostis capillaris, Agrostis canina,
Festuca vivipara and Desampsia flexuosa
are the most frequent grasses. Frequent
moss species at the site are Racomitrium
lanuginosum, Hylocomium splendens,
Rhytidiadelphus loreus and R. squarrosus
as well as Polygonum alpinum. Epigeic
lichens are recorded but, as they are very
rare, they are not included in the study.

The plant communities defined from
the site are the species-poor Koenigia is-
landica-community, and the species-rich
communities Festuca vivipara-Agrostis
capillaris-community, Racomitrium-com-
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munity and Racomitrium-Salix herbacea-
community (Fosaa, 2004).

The whole area is grazed, mainly by
sheep, about 45 ewes per km2 (Thorsteins-
son, 2001), in addition to hares and geese.
The climate in the Faroe Islands is highly
oceanic with annual mean precipitation
around 1500 mm in the lowlands and with
measurable precipitation on 75% of the
days in the year (Cappelen and Laursen,
1998). The mean annual temperature at the
top of the mountain (726 m a.s.l.) is 1.7°C.
The mean temperature for the coldest
month (February) is -2.0°C and the mean
temperature for the warmest month (Au-
gust) is 6.5°C (Christensen and Mortensen,
2002). 

Sampling 
In 2001, ten Open Top Chambers (OTC)
(Molau and Møhlgaard 1996; Henry and
Molau 1997) and ten control plots were
placed inside an enclosure (CtrlE). The
OTC´s are hexagonal polycarbonate cham-
bers with a height of approximately 0.5 m
and a diagonal diameter of slightly less
than 1 m. These chambers are commonly
used in experiments whose aim is to study

the effect of climate change on plant
species because they are generally consid-
ered to increase the temperature by 1-2 ºC
(Molau and Mølgaard, 1996; Marion et al.,
1997; Hollister and Webber, 2000). The
OTCs were in the field during the winter
during the whole experiment, but from
time to time, some of them were blown
away and established again in the follow-
ing spring. In 2008, an additional set of 10
plots were established close to the others
but outside the enclosure so that they were
open to grazing. These plots are labelled
CtrlO.

Temperature was measured inside and
outside the OTCs during the period from
2006-2008 and from 2011 to 2014 (Table
1). In the first period, the temperature was
measured by “TinyTag” data loggers and
in the second period by “GeoPrecision”
loggers. The loggers collected hourly soil
temperature data. Two to three sensors
were within OTCs, while two sensors were
outside OTCs and are considered as
controls. In the first period, the sensors
were located on the soil surface and in the
second period, the sensors were located 10
cm below the soil surface. 
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Table 1.The difference in mean temperature ΔT (°C) (in OTC boxes minus outside) measured at
soil surface (2006-2008) and at 10 cm depth (2011-2013) in the summer (June, July and August). 

Year Number of Sornfelli
dataloggers (summer)

ΔT (°C) soil surface 2006 4 0.2
2007 4 1.083
2008 6 1.03

ΔT (°C) in soil 2011 4 -0.55
10 cm belowground 2012 4 -0.50

2013 4 -0.74
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The vegetation was sampled in 2001,
2008 and 2011 in OTC (warmed) and in
CtrlE (grazing exclosure) plots. In addi-
tion, the CtrlO (grazed) plots were sam-
pled in 2008 and 2011. The size of the
plots sampled is 0.25 m2. These were sub-
divided into 25 (0.01m2) micro-plots. The
presence/absence of each plant species was
noted for each micro-plot, which yields a
frequency value from 1-25 for each species
for each plot. 

In mid-summer 2005, 2008 and 2011,
the leaf lengths were measured from three
functional types: herb, woody and grami -
noid, represented by Polygonum vivipa-
rum, Salix herbacea and by leaves from
the most common grasses (Festuca vivip-
ara, Agrostis canina or Deschampsia flex-
uosa), respectively. Fifty leaves of each
functional type were collected randomly
from all three types of plots (OTC, CtrlE
and CtrlO). In 2005 and 2011, the leaves
were collected in late July and in 2008, in
early August. 

A biomass index was determined for
Salix herbacea, Polygunum viviparum and
graminoids, based on photos taken from
each plot during the growing season 2011.
This was done by estimating the percent-
age coverage in every micro-plot of the
two species and the graminoids. A mean
biomass index for each of the OTC, CtrlE
and CtrlO was calculated by multiplying
this value with the leaf length in 2011. 

Data analysis 
Monthly averaged temperature was calcu-
lated for each sensor as a mean of the sum-
mer months June, July and August. For
this period, we calculated the average of

the two OTC temperatures and the average
of the two control temperatures. The dif-
ference between these two averages (ΔT)
ought to represent the effect of the OTC on
soil temperature.

The overall vegetation change was
tested by grouping the vegetation into four
functional types, which are: herbs (25
species), graminoids (6 species), woody (1
species), bryophytes (10 species). In order
to assess statistically the response of the
three types of treatment on the frequencies
of the four functional types, a two way
ANOVA model was used. The three
different treatments (OTC, CtrlE and
CtrlO) and the three years sampled (2001,
2008 and 2011) were used as categorical
predictors (factors) and the frequencies of
the four functional types as dependent
variables. 

The leaves that had been sampled for
length analysis were measured with a
measuring tape. In addition, 22 leaves of
Polygonum viviparum and 22 leaves of
Salix herbacea, sampled in 2005, were
taped on a paper and scanned into the com-
puter where the area of each leaf and 
its length were determined with the 
program: Able Image Analyzer
(www.able.mulabs.com). If the shape of
the plant is retained both width and length
will increase in the same proportion, and
one would expect the area to increase with
the square of the length. A regression
analysis was therefore used to establish the
relation between the area and the length
squared for each of these two species.

In order to assess statistically the
canopy height of graminoid layer, herb
layer and the dwarf shrub layer, a two way
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ANOVA model was likewise used to test
the changes in leaf length of graminoids,
Polygonum viviparum and Salix herbacea,
respectively, with the three different treat-
ments (OTC, CtrlE and CtrlO) and the
three years sampled (2005, 2008, 2011) as
categorical predictors (factors) and the leaf
length of the three species as dependent
variables.

The differences in biomass of
graminoids, Polygonum viviparum, Salix
herbacea and in the three different treat-
ment were tested with the student’s t-test.

All statistical analyses were conducted
using the STATISTICA Software Statisti-
cal Package for Windows (StatSoft Scan-
dinavian AB).

Results
The soil surface temperature was higher
than the belowground temperature. The
daily temperature variation in summer had
considerably higher range above compared
to below (Fig. 1) ground, but the early
morning temperatures were fairly similar.
On average, the OTCs were warmer than
the control plots by 0.2oC to 1.1oC above
ground, whereas they were colder by 0.5oC
to 0.7oC below (Table 1).

For all the four functional types, we
see inter-annual variations in average fre-
quency, but there are also some more sys-
tematic temporal trends (Fig. 2). These
were tested statistically by comparing fre-
quencies in the beginning (2001) for OTC,
CtrlE and CtrlO and end (2011) using the
students t-test. For CtrlO, 2001 data from
CtrlE were used. 

The frequencies of herbs do not exhibit
any systematic trends. The graminoids
tend to increase through the period in all
three kinds plots and these increases are
significant (p<0.05). For the bryophytes,
we see a strong increase in OTC, which is
highly significant (p<0.0005) and a weaker
increase in CtrlE (p<0.05), whereas there
was a decrease in CtrlO (p<0.001). For the
woody species, the only significant trend
is a decreasing frequency in the OTC.

In the beginning of the experiment
(2001/2008), there were no large differ-
ences in frequencies between the different
kinds of plots (Fig. 2), but by the end
(2011), some of the functional type’s ex-
hibit differences, which were tested by a
two way ANOVA (Table 2). For the herbs,
the tests revealed no significant differences
between the different kinds of plots. Sim-
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Figure 1. Average hourly soil surface
temperature in july 2008 (continuous curves)
and average hourly temperatures 10 cm
belowground in July 2011 (dashed curves).
Red curves are from two sensors in OTCs
while blue curves are from two sensors in
control plots.
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ilarly, no significant difference was found
in graminoids between CtrlE and CtrlO,
but graminoids were more frequent in
OTC than in both CtrlE and CtrlO
(p<0.05). The woody species were some-
what less frequent in CtrlE than in CtrlO
(p<0.05) and considerably less frequent in

OTC than in both CtrlO (p<0.001) and
CtrlE( p<0.001). The most pronounced
differences between different kinds of
plots are seen in the bryophytes which
were more frequent in OTC compared
with CtrlE (p<0.05) and much more fre-
quent compared with CtrlO (p<10-6). The
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Figure 2. Temporal variations of the frequencies of the four functional types in the OTC (squares),
the CtrlE (diamonds), and the CtrlO (circles) plots. Symbols connected with lines indicate
averages. Vertical bars indicate ± standard error.
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bryophytes also had significantly higher
frequency in CtrlE than in CtrlO (p<0.01). 

The leaf length measurements indicate
inter-annual differences, many of which
are statistically significant (t-test) and pre-
sumably indicate different growing condi-
tions in different years (Fig. 3). Leaf
lengths were not measured when the ex-
periment started in 2001, but we would ex-
pect them to be similar in all three kinds of
plots initially. By the first measurements in
2005, there were already highly significant
differences between leaf lengths in OTC
and the two kinds of control plot for all
three species (p<10-4 in all cases from t-
tests). In 2011, we also found highly sig-
nificant differences between CtrlE and
CtrlO for all three species (p<0.001 in all
cases from t-tests).

The measured leaf areas are seen to be
closely related to leaf length squared (Fig.
4) with R2 values indicating that the re-

gression equations explained 71% of the
variance for Polygonum viviparum and
66% for Salix herbacea. The regression
lines did, however, have considerable off-
sets, especially for Salix herbacea. Using
the regression equations, the area of a leaf
may be calculated once the length is meas-
ured. From these calculated values, aver-
age leaf areas were found for each year and
each kind of plot for the two species (Table
3).

The biomass index for graminoids was
twice as high in OTC as in CtrlE and more
than three times as high as in CtrlO (Table
4). For the woody species Salix herbacea,
the relationship was almost the opposite
with the lowest biomass index in OTC. For
the herb Polygonum viviparum, there was
no significant difference between OTC and
CtrlE, but the biomass index for CtrlO was
six times lower (Table 4).
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Table 2. Results from a two way ANOVA test, where the difference in frequency in 2011 between
treatments are tested for the four functional types. 

F p
OTC/CtrlO Herbs 0.228 ns.

Graminoids 6.427 <0.05*
Bryophytes 43.45 <0.05*

Woody 13.37 <0.001**

OTC/CtrlE Herbs 2.57 ns.
Graminoids 7.14 <0.05*
Bryophytes 22.66 <0.001**

Woody 54.70 <0.001**

CtrlE/CtrlO Herbs 1.825 ns.
Graminoids 0.047 ns.
Bryophytes 7.587 <0.01*

Woody 3.937 0.057(*)
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Discussion   
Temperature
The soil temperature for the six years
measured showed positive temperature re-
sponse aboveground and negative temper-
ature response belowground in the OTC´s
(Table 1). The negative effect is in contrast
to the response measured for most other
sites where an increase of 2-4 °C was
found (e.g. Marion et al. 1997) but a few
sites also showed a negative belowground
response (Shaver and Chapin, 1991; Mar-
ion et. al., 1997; Jónsdóttir et al., 2005).
The positive temperature response was
also much lower than expected for the
OTC (Marion et al. 1997). 

The lower difference in air tempera-
ture and the negative soil temperature dif-
ference in the boxes are usually explained
by reduction of solar radiation by the OTC
boxes, in combination with the insulating
effect of the thicker vegetation cover (Mar-
ion et al., 1997; Jónsdóttir et al., 2005). In
addition to this, the low number of sun-
shine hours and high cloudiness in the area
could result in insufficient warming inside
the OTC´s. Also, the humidity of the air in-
side the boxes may be affected and con-
tribute to wetter and moister soil resulting
in the negative difference in soil tempera-
ture. The OTC chambers may affect the
vegetation in different ways, such as pro-
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Table 3a. Length (average ± standard error) and average area of Polygonum viviparum leaves in
CtrlO, CtrlE and OTC for the years 2005, 2008 and 2011, respectively.

CtrlO                        CtrlE                         OTC
Year       Length     Area       Length     Area        Length     Area
2005      1.81±0.07    1.02      1.92±0.10    1.11      3.24±0.13    2.20
2008      1.46±0.05    0.83      2.65±0.11    1.64      2.82±0.14    1.81
2011      1.89±0.08    1.28      2.80±0.12    1.77      3.66±0.15    2.66

Table 3b. Length (average ± standard error) and average area of Salix herbacea leaves in CtrlO,
CtrlE and OTC for the years 2005, 2008 and 2011, respectively.

CtrlO                       CtrlE                        OTC
Year       Length     Area       Length     Area        Length     Area
2005      0.55±0.02    0.56      0.55±0.02    0.56      0.86±0.03    0.82
2008      0.65±0.03    0.64      0.70±0.02    0.67      0.90±0.04    0.86
2011      0.88±0.03    0.84      1.02±0.03    0.98      1.20±0.03    1.19
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viding a sheltering effect. Thus, the differ-
ences in vegetation need not necessarily be
due to temperature only.

Frequencies and vegetative growth 
Although the temperature difference be-
tween OTC and control plots did not show
the high positive response as expected, a
clear response was seen in frequencies of
some groups (Fig. 2), as well as in vegeta-
tive growth, both in leaf length, (Fig. 3)
and leaf area (Table 3). The differences in
leaf length imply differences in leaf area
and one might expect the differences in
area to be relatively much larger than the
length differences. Due to the relatively
high offsets (Fig. 4) in the regression lines,
the area differences are, however, gener-
ally similar to the length differences. 

Even though alpine plants are long-
lived and well adapted to the environment,
they respond to inter-annual changes in cli-
mate (e.g. Callaghan et al., 1989; Molau,
1993) and relatively small changes in tem-
perature increase vegetative growth. As
plant species have different temperature
optima and tolerances (Fosaa et al., 2004),
they respond individually to a warmer cli-
mate (Chapin and Shaver, 1985; Henry
and Molau, 1997; Arft et al., 1999; Hollis-
ter et al., 2005). In some experiments it is

seen that the leaf size increases (e.g. Henry
and Molau, 1997; Molau, 2000). 

Herbs
Studies on Polygonum viviparum (Chapin
and Shaver, 1985; Wookey, 1994; Totland,
1998) have shown that the density and per-
formance were negatively correlated and
concluded that the density of the species
was more controlled by safe sites than tem-
perature. In the present study, no signifi-
cant changes in frequency of Polygonum
viviparum were seen in the OTC plots in-
dicating that warming did not control the
frequency of this species within a ten year
experiment. The significant increase in
biomass and leaf length is, in contrast, con-
trolled by warming. These differences
could be due to shading by the taller
graminoids and that individuals that gain
more light grow bigger leaves. This does
not necessarily indicate a steady state of
this species and the herbs growth form
over years. 

Woody species
The only woody species found at the site is
Salix herbacea. The frequencies of this
species decreased significantly in OTC and
CtrlE (Fig. 2). This could indicate that
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Table 4. Biomass index of graminoids, Salix herbacea and Polygonum viviparum in OTC, CtrlE
and CtrlO, respectively.

Graminoids Salix Polygonum 
herbacea viviparum

OTC 188 2 20
CtrlE 95 4 18
CtrlO 57 5 3
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Salix herbacea is less grazed than the more
palatable herbs and graminoids. In alpine
areas of neighbouring countries, dwarf
shrubs are found to decline due to sheep
grazing, but depending on grazing inten-
sity (Austrheim et al., 2008; Olofsson,
2006). The grazing intensity of our study
area is relatively heavy (Fosaa and Olsen
2007), which e.g. is seen on the flowering
intensity inside and outside the enclosure,
but Salix herbacea is a small prostrate
species and may escape the grazers. In the
latest synthesis on experimental warming
(Elmendorf et al., 2012), the frequencies
of dwarf shrubs are seen to decrease.
Therefore, a possible explanation of the
decrease of dwarf shrub frequency both in
OTC and CtrlE could be competition from
grasses. 

Graminoids
In our study, the vegetative growth of
graminoids increased both by warming
and by the exclosure of grazing (Fig. 3).
The frequency was also slightly increased
by warming (Fig. 2), but was not signifi-
cantly affected by grazing exclosure (Table
2). Arft et al. (1999) and Hollister et al.
(2005) reported an increase in frequency
of graminoids in OTC plots. Elmendorf et
al. (2012) in the assessment of experimen-
tal warming on tundra vegetation also
found a positive effect on graminoids at
dryer colder sites. As expected, grazing ex-
closure also increased the biomass index
of graminoids (Table 4), as heavy grazing
often is found to reduce plant growth (e.g.
Austrheim, 2008;  Evju et al., 2009), thus
resulting in smaller plants. Thus, the com-
bined effect of grazing exclosure and

warming had twice as strong effect on the
biomass index as grazing exclosure alone. 

Bryophytes
The frequency of bryophytes increased
significantly in OTC and CtrlE relative to
CtrlO (Fig. 2). This is consistent with other
studies that have concluded that the fre-
quency of bryophytes usually declines in
grazed areas due to disturbance by tram-
pling (Virtanen, 2000). The increased bio-
mass of graminoids in OTC and CtrlE rel-
ative to CtrlO may also have generated a
more humid microclimate in the bottom of
the taller vegetation and hence a more op-
timal environment for pleurocarpic
bryophytes to grow and increase. This is in
contrast to the grazed plots, where the veg-
etation is sparser and less humid. 

Conclusions
The effects of both warming and grazing
exclusion seem to have a relatively rapid
effect on the vegetative growth of the four
functional types and all three species stud-
ied (Fig. 2 and Fig. 3). The effect on fre-
quencies seems, however, more delayed
with the most pronounced differences at
the end of the experiment for those func-
tional types (bryophytes and woody
species) that have a clear response in line
with Arft et al. (1999).

The result from this experiment is in
line with the hypothesis in the introduction
where it is expected that both grazing ex-
closure and experimental warming result
in increased vegetative growth, and that
the increase in vegetative growth would be
greater in the warming experiment where
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the grazing also is excluded than in the ex-
closure. 

Also in line with the hypothesis, the
frequency and biomass of the functional
types are responding differently as the
woody species decline while the bryo -
phytes increase from grazed through graz-
ing exclosure to the OTC plots.
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