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Urtak

Fyri at vita, hvar veksturin i Feroyum skiftir fr4 at vera
arktiskur til at vera tempereradur, kannadu vit titbreidsl-
una av livshattum Raunkizrs nidan eftir fimm ymiskum
fjallasidum. Eisini kannadu vit, hvenn tydning grédrar-
lagio, LOI (gleditap) og arligur midalhiti hava fyri Ot-
breidsluna av livsheettum vid haeddini. Okkara nidur-
stoda var, at tidleikin av hemikryptofytum minkadi lin-
juraett vid haeddini, tidleikin av therofytum og geofytum
vaks linjuraett vid haeddini, og rasin, sum visir tidleikan
av charmaifytum sum funktién av heddini hevur skap
sum parabil, vid laegsta tidleikanum 4 400-500 m haedd.
Tidleikin av hemikryptofytum samsvarar eins vel vid
laga grodrarlagid sum vid haeddina, men therofytarnir
samsvara best vid laga groorarlagio. Chamaefytarnir
samsvara best vid tann arliga midalhitan, men geofyt-
arnir samsvara best vid LOI. Kanningin visir, at lutfallid
millum hemikryptofytar og chamaefytar broytist vid
haddini, sum veksturin skiftir fra tempereradum til
arktiskt eydkenni.

Abstract

To study the shift from temperate to arctic vegetation
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in the Faroe Islands, we quantitatively analysed the
distribution of Raunkizer’s life-forms along five
altitudinal gradients. We further tested the importance
of the non-climatic parameters of altitude, total
vegetation cover and LOI (loss on ignition), and the
climate variable of annual mean temperature in descri-
bing the abundance variation of life-forms. We found
that as altitude increased, the abundance of hemi-
cryptophytes decreased linearly; the abundance of
therophytes and geophytes increased linearly; and the
abundance of chamaephytes varied parabolically, with
the lowest abundance around 400-500 m. The abun-
dance variation of hemicryptophytes seems to be as well
correlated with total vegetation cover as with altitude,
while total vegetation cover was the best parameter to
describe the variation in abundance of therophytes.
Annual mean temperature was the most important
parameter for describing the abundance variation of
chamaephytes and LOI was the most important
parameter describing the variation of geophytes. We
concluded that the abundance relationship between
hemicryptophytes and chamaephytes changed with
altitude as the vegetation changed from temperate to
arctic vegetation.
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Introduction

In this paper, we investigate vegetation re-
sponse along altitudinal gradients using
functional types expressed as Raunkiaer’s
life-forms.

The advantage of using functional types
is that the diversity of species is reduced into
amore manageable system, and there is min-
imal loss of relevant information. Such a
system, where plant species are grouped to-
gether on the basis of similar attributes or
functions into well-defined groups, can re-
veal similarities in the response of group
members to environmental disturbance.
Grouping of individuals according to simi-
larities in attributes also makes it possible
to compare areas with taxonomically dif-
ferent floras (Woodward and Cramer, 1996;
Diaz et al., 1999). A variety of functional
systems have been established (Nobel and
Gitay, 1996). These are commonly based on
autecological characteristics such as mor-
phology, physiology and phenology, de-
mography, etc., or a combination of several
characteristics (Box, 1981; Grime et al.,
1988; Kelly, 1996; Diaz, et al. 1997; Walker,
1997).

In recent years, plant functional classifi-
cation has received much interest among
ecologists studying the effect of global cli-
mate change on ecosystems (Diaz and
Cabido, 1997; Gitay and Nobel, 1997;
Hobbs, 1997). These classification systems
have been used on a broad scale to describe
global vegetation (Box, 1981; Prentice et al.,
1992), especially in climate change studies
(e.g. IPCC, 2001), and, on a local scale, to
describe the vegetation in a region (Diaz et
al., 1997; Grime et al., 1997).

Altitudinal transects with steep climatic
gradients are useful settings for studying the
variation of functional types as a result of
climate change. Various studies show that
Raunkizr’s life-forms vary along altitudi-
nal transects (Gomez et al., 1993; Mark et
al.,2000;2001; Pavon et al., 2000). This has
also been shown for the Faroe Islands
(Raunkier, 1934; 1936; Hansen, 1972).

It is generally accepted that the effect of
changing land use on most ecosystems is
greater than the effect of climate change (Vi-
tousek et al., 1997). Therefore, it is impor-
tant that the effect of land use also be taken
into consideration in a discussion of global
climate change (Diaz et al., 1997). A num-
ber of different studies dealing with the ef-
fect of land use show that disturbances often
promote certain life-forms and impede oth-
ers (Mclntyre et al., 1995; 1999; Hadar et
al., 1999; Lavorel et al., 1999). Studies of
land use change and its effects have used
functional characteristics such as Raun-
kieer’s life-forms (Raunkiaer, 1934; Mcln-
tyre et al., 1995; Hadar ef al., 1999).

Raunkiar based his functional classifi-
cation on the position of over-wintering tis-
sue, which is an indicator of the ability of a
plant to survive unfavourable seasons
(Raunkier, 1934). Using this system, he was
able to find relationships between climate
and life-forms in whole floras in different
parts of the world (Table 1).

In this study, we investigate the abun-
dance variation of Raunkiar’s life-forms
along altitudinal gradients in the Faroe Is-
lands. In general, the vegetation in the tem-
perate zone is dominated by hemicrypto-
phytes, however, the abundance of hemi-
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Major life-forms Surviving buds

Therophytes seed, annual plants
Geophytes buried in the soil
Hemicryptophytes soil surface
Chamaephytes < 0.25 m above the

soil surface

a) Therophytes

b) Geophytes

Main distribution area

In relation to position of sur-
viving buds and generalize
distribution

Open areas, deserts and steppes,
decreases toward the poles

Dry climate, steppes.
Temperate and arctic climate

Temperate and arctic climate

c) Hemicryptophytes  d) Chamaephytes

Table 1. Definitions of life-forms according to Raunkicer (1934), the surviwing buds are in black on the

drawings.

cryptophytes changes to favour increasing
numbers of chamaephytes in the arctic zone
(Raunkier, 1934). Vegetational studies of
the Faroe Islands have indicated a shift from
temperate vegetation in the lowlands to arc-
tic vegetation in the highlands (Bocher,
1937; Hansen, 1972; Fosaa, 2004). Studies
have also shown a change in life-form abun-
dances along Faroese mountain slopes
(Raunkieer, 1936; Hansen, 1972). In this
study, we use quantitative methods to ver-
ify these results and to determine the alti-

tude shift in vegetation zones. We also test
the importance of climatic and non-climatic
parameters on the abundance variation of
life-forms.

Previous studies have given a general
overview of changes in life-forms with al-
titude. These studies have, however, largely
been qualitative and a number of questions
remain unanswered: How do life-form abun-
dances change with altitude in a quantitative
manner? Is the shift from temperate to arc-
tic vegetation abrupt or is there a broad tran-
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sition? If so, then at what altitude? What pa-
rameters are responsible for the change? To
what extent are these parameters climatic?
The last of these questions stems from the
original aim of our project, which was to
evaluate how the vegetation might change
in a global climate change scenario.

In order to answer these questions, we
carried out quantitative sampling of the veg-
etation along altitudinal transects on five
Faroese mountains. We also measured cli-
matic and other environmental parameters
on the transects. Here we report on the cor-

Fig. 1. Location of the Faroe Islands and location
of the five studied mountains in the Faroe Islands:
1: Sornfelli; 2: Mosarakur, 3: Orvisfelli; 4: Grafelli
and 5: Villingardalsfjall.

relation between altitudinal change and life-
forms in the Faroes and, in addition, the ef-
fects of climatic and other environmental pa-
rameters on Raunkier life-forms.

Material and methods
Study area

In the summers of 1999 and 2000, we sam-
pled the vegetation on five mountains in the
Faroe Islands along transects from a high
point of 856 m a.s.l. down to 150 m a.s.l.
(Fig. 1). Two of the mountains had north-
facing aspects; one faced south; and two had
southwest-facing aspects (Table 2). The
longest transect was 4.0 km, while the short-
est was 1.2 km (Table 2). All the mountains
are grazed by between 34 and 49 sheep/km?
(Thorsteinsson, 2001). The dominant vege-
tation types on the five mountains are
Racomitrium heath and open grassland veg-
etation in the alpine zone (400-856 m a.s.l.);
moist heath vegetation in the low alpine
zone (200-400 m a.s.l.); and moist dwarf
shrub heath in the temperate zone (up to 200
m a.s.l.) (Fosaa, 2004).

Sampling

A total of 538 meso-plots were sampled on
the five mountains. The vegetation was sam-
pled at 50 m intervals of altitude from 10
x10 m quadrats (macro-plots). In each
macro-plot, 8 smaller (0.5 x 0.5 m) quadrats
(meso-plots) were randomly placed. The
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Names of lo- | Latitude Longitude Length Maximun Altitude | Aspect

calities

1 Sornfelli 62°04"10"" N | 6°5725""W | 3.7 Km 749 m a.s.l. N

2 Mosargkur | 62°11°05"" N | 7°10'52”"W | 4.0 Km 756 m a.s.l. SW

3 Orvisfelli 62°12°32'N | 7°09°17""W | 1.2 Km 783 ma.s.l. N

4 Grafelli 62°18'41"'N | 6°59'48"'W | 2.9 Km 856 m a.s.L SW

5 Villingar- 62°22'53"'N | 6°33"13""W | 1.3 Km 841 ma.s.L S
dalsfjall

Table 2. Details of the five investigated transects.

meso-plots were subdivided into 25 (0.1 x
0.1 m) micro-plots and the presence/absence
of plant species was noted for each micro-
plot. In this way, the abundance of species,
ranging from 1 to 25, was determined for
each meso-plot.

The total vegetation cover was estimated as
the mean percent coverage of each meso-
plot and the slope was measured. (Table 3).

One soil core (5 cm diam. x 10 cm deep)
was sampled from each meso-plot after the
vegetation had been removed.

Loss on ignition (LOI) was determined
by ashing a soil sample at 550°C in a muf-
fle furnace for three hours. The pH was de-
termined with a Radiometer PHM 240 pH-
meter after mixing dried soil with distilled
water. (also see Lawesson et al., 2003)

Soil temperature at 1 cm depth, was also
measured hourly at 50 m altitudinal inter-
vals during the years 1999 and 2001 using
TinyTag data loggers.

To calculate the characteristic values, we
computed annual values for five key pa-
rameters: the annual mean temperature
(T4y); the mean temperature of the warmest
month (T,,y); the mean temperature of the
coldest month (T, ); growing degree days
(GDD), and the number of days with snow
cover. GDD was calculated by summing the
temperature excess over 5°C for all hourly
observations in a year and dividing by 24
(Molau and Mglgaard, 1996). Number of
days with snow cover was determined by
taking the number of days with daily tem-
perature ranges below 0.5°C and the mean
daily temperature below 1°C. The two year
period of measurement was from Septem-
ber 1999 to August 2001 for all the moun-
tains except one, where we used the yearly
period August 2000 to July 2001 (Fig. 1, lo-
cality 2). Details of the measurements and
the results have been reported by Fosaa et
al. (2001).
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Altitude (m) Slope Cover pH
150 Mean 27 86 5.0
Std. Error of Mean 3 4 0.0
200 Mean 15 86 5.1
Std. Error of Mean 2 5 0.1
250 Mean 4 87 54
Std. Error of Mean 1 3 0.1
300 Mean 28 76 5.5
Std. Error of Mean 2 5 0.1
350 Mean 29 67 5.3
Std. Error of Mean 1 5 0.1
400 Mean 17 54 4.4
Std. Error of Mean 2 6 03
450 Mean 21 69 5.0
Std. Error of Mean 2 6 0.2
500 Mean 17 57 5.7
Std. Error of Mean 2 5 0.1
550 Mean 30 30 5.7
Std. Error of Mean 2 5 0.1
600 Mean 22 55 5.7
Std. Error of Mean 2 6 0.1
650 Mean 30 47 5.9
Std. Error of Mean 3 6 0.1
700 Mean 25 45 5.7
Std. Error of Mean 3 4 0.0
750 Mean 15 42 5.2
Std. Error of Mean 2 5 03
800 Mean 18 56 5.3
Std. Error of Mean 2 8 0.2
850 Mean 3 27 5.9
Std. Error of Mean 1 9 0.3

LOI T(ave) T(max) T(min) GDD Snow
cover
50.4 6.2 12.5 0.8 1036 59
1.8 0.1 0.0 0.1 16 5
54.7 6.1 12.7 0.9 970 79
1.0 0.1 0.2 0.1 11 5
40.8 5.6 12.2 0.6 892 96
3.0 0.1 0.3 0.1 29 5
34.9 5.5 12.1 0.5 882 99
2.0 0.1 0.2 0.0 9 4
27.0 53 11.7 0.4 830 106
1.8 0.1 0.2 0.0 11 4
31.1 5.0 11.4 0.3 778 113
3.9 0.1 0.2 0.0 13 4
24.5 4.7 11.0 0.1 726 121
2.2 0.1 0.2 0.0 16 3
16.4 4.4 10.6 0.0 675 128
1.3 0.1 0.2 0.0 20 3
12.0 4.1 10.2 -0.1 623 136
0.4 0.1 0.2 0.0 23 3
13.5 3.9 9.9 -0.2 571 143
0.9 0.1 0.2 0.0 27 3
11.3 3.6 9.5 -0.4 519 151
0.8 0.1 0.2 0.0 31 4
15.1 3.2 9.0 -0.5 449 158
1.6 0.1 0.2 0.1 37 4
11.5 3.7 9.1 -0.6 475 160
0.8 0.2 0.2 0.1 29 3
15.6 2.9 8.6 -0.8 432 161
1.6 0.1 0.3 0.1 41 5
14.9 2.9 9.4 -0.4 529 170
0.6 0.1 0.1 0.2 5 4

Table 3. Mean and standard error of the environmental parameters at all the altitudes studied.

Data analysis

All plant species recorded were assigned to
their respective life-form based on Raunkizer
classifications following Ostenfeld’s, (1905-
1908) divison of the Faroese flora. To assess
whether our data was representative for
Raunkizr biological spectra for the Faroese
flora, we calculated the number of vascular
plant species belonging to each life-form
type as a percentage of the total number of

vascular plant species on all the five stud-
ied mountains. This was then compared with
the distribution of Raunkiar’s life-forms in
the whole of the Faroese flora (Raunkizr,
1934), allowing us to determine if the life-
form data from our study showed the same
trends and, thus, is representative of the flora
in the Faroe Islands.

Correlations between life-forms and the
environmental parameters were tested using
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70 Fig. 2. The biological
M present data spectra of Raunkicer's life-
60 - ) forms based on the total
O Raunkizer flora in the Faroe Islands
50 - compared to results from the
present study. The life-forms
o 40 - are given as % of total
@ .
£ number of vascular species
§ ] for each of the four life-
a 30 forms.
20 A
Hem.: Hemicryptophytes;
10 Ch: Chamaephytes;,
._' G: Geophytes and
0 . i g Th: Therophytes.

Hem Ch G

the Pearson correlation test (Table 4) and the
results used to determine which environ-
mental variables should be included in the
analysis by choosing the variables that were
least correlated to one another.

The altitudinal variation was determined
by plotting the weighted abundance of each
life-form against altitude at 50 m intervals
and identifying the best first or second order
polynomium to fit the data from an ANOVA
table. If the coefficient of the quadratic term
in the second order regression analysis was
significantly different from zero, the second
order polynomium was selected; otherwise,
the linear regression was selected. Life-form
abundances, expressed as percentages, were
determined by dividing the abundance of
each life-form by the sum of all life-form
abundances in each meso-plot. The correla-
tion of life-form abundances with each en-
vironmental variable was determined using
the same type of analysis.

Results
The occurrence of life-forms as a percent-

Th

age of species number from this study and
for the whole flora of the Faroe Islands based
on Ostenfeld (1905-1908) is shown in Fig-
ure 2.

Hemicryptophytes were found to be the
most species-rich life-form with an average
value of 66% in our study in contrast to 56%
in the earlier study (Raunkiaer, 1936).
Chamaephytes also had slightly more
species in our study, 18% in contrast to 15%
from previous studies. There were signifi-
cantly fewer geophytes in our study, 6% in
contrast to 23%, while therophytes were
more numerous, 10% in contrast to 6% in
older study (Fig. 2). Thus, we found the
same trend in total flora as in the older
studiy, with the exception of geophytes,
which were markedly less. The reason why
geophytes are less numerous in our study is
that many are rare species or they grow in
lowland habitats which are less represented
in our study.

The relationship between the life-forms
in 50 m altitudinal intervals are shown in
Figure 3. Here we can see that hemicrypto-
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Fig. 3. Relationship between abundance of life-forms on the five investigated mountains, in altitudinal

intervals. For abbreviations see fig 2.

phytes and chamaephytes are the most abun-
dant life-forms.

The cross-correlation of variables are
shown in Table 4. We find that both total
vegetation cover and LOI were negatively
correlated with altitude. All of the tempera-
ture-related parameters were also negatively
correlated with altitude, except for snow
cover. Using Table 4, and starting with alti-
tude, the following sequence of variables
would be slope, pH, cover, LOI, and the tem-
perature-related variables. When fitting the
life-form abundances against these vari-
ables, slope and pH did not yield significant
fits, with one exception. Geophytes could be
represented as a quadratic function of pH
with a significance level p=0.025, but none

of the other life-forms could be fitted sig-
nificantly (p<0.05) to pH, and none could
be fitted to slope. In the further analysis, we
therefore use altitude, cover, LOI, and the
temperature-related variables.

Since the temperature variables are not
independent variables, we choose just one
of these parameters, annual mean tempera-
ture, for further analysis (Fig. 6).

The analysis of altitudinal variation (Fig.
4 a-d through 7 a-d) indicated that abun-
dance of all the life-forms, except for cha-
maephytes, varied linearly with altitude,
hemicryptophytes decreasing linearly, while
therophytes and geophytes increased with
altitude. Chamaephytes had minimum abun-
dance around 400-500 m a.s.l.
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Fig. 4 a-d. Scatter plots of the abundance of each of the four life-forms in relation to altitude. The best first
and second order polynomium to fit the data is based on the highest F value from a one way ANOVA. R’ for

each analysis is also shown.
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Fig. 5 a-d. Scatter plots of the abundance of each of the four life-forms in relation to total vegetation cover.
The best first and second order polynomium to fit the data is based on the highest F value from a one way

ANOVA. R? for each analysis is also shown.
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second order polynomium to fit the data is based on the highest F value from a one way ANOVA. R’ for each

analysis is also shown.
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To investigate which of the environ-
mental parameters explained most of the
variation, we compared the F values from
the ANOVA tables (Figs. 4-7). Based on this
criterion, total vegetation cover best ex-
plained the variation of hemicryptophytes
and therophytes while temperature best ex-
plained chamaephyte variation and LOI
gave the highest F value for geophytes.

Discussion

All the results are based on life-form abun-
dances, which have been weighted so that
the sum of all abundances for each meso-
plot is 100%. This methodology has the
drawback that the abundances of different
life-forms are not independent. If some life-
forms increase in relative abundance, others
must decrease. Our main reason for choos-
ing this strategy is the problem arising from
the highly eroded areas that dominate parts
of the Faroese mountainsides, associated
with the decreasing vegetation cover with
altitude (Table 3). By weighting the life-
form abundances in the specified manner,
we reduce the influence of vegetation-free
areas on life-form abundance values.
Altitude does not appear to be the best
parameter to account for the variation in
abundance of all Raunkiar’s life-forms
along an altitudinal gradient. As seen from
our results, total vegetation cover is corre-
lated almost as strongly as altitude with the
variation in abundance of hemicryptophytes,
the most common life-form in the Faroe Is-
lands. In relation to the other life-forms, we
found that hemicryptophytes decrease lin-
early to the highest point on the gradient.
This could, however, also be explained by

the fact that total vegetation cover decreases
similarily with altitude.

The decrease of hemicryptophyte abun-
dance with altitude was also found in grazed
areas at high altitude in Australia by Mcln-
tyre et al. (1995). They found that increas-
ing soil disturbance resulted in a decreasing
number of species with vegetative repro-
duction, but no effect was seen on species
without vegetative reproduction. This was
verified in our study with the negative cor-
relation of total vegetation cover on the
abundance of hemicryptophytes. In other
studies, hemicryptophytes were found to be
less tolerant of grazing than species with
subterranean over-wintering buds (Hadar e?
al., 1999; Sternberg et al., 2000).

The most important parameter describ-
ing the distribution of therophytes is also
total vegetation cover. Fellfields, screes and
other areas with unstable soils such as pat-
terned ground are widespread in the alpine
zone in the Faroe Islands (Fosaa, 2004). In
such unstable habitats, therophytes are the
dominant life-form, with Koenigia islandica
as the predominant species, commonly
being the only species in our meso-plots. In
the Faroe Islands, the mountains are grazed
from the lowlands to the mountaintops,
(Brattaberg, pers. com.). Increasing distur-
bances due to natural causes also result in
decreasing total vegetation cover with in-
creasing altitude (Table 3). Soil disturbance
has been found to reduce the species rich-
ness (MclIntyre and Lavorel, 1994), which
is also consistent with our results. McIntyre
et al. (1995) found that light grazing in-
creases diversity, while heavy grazing result
in a higher proportion of therophytes. The
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abundance of therophytes in the Faroes, in-
creased significantly with increasing alti-
tude, although the richness of this life-form
decrease (Fig. 3). This result is consistent
with Grime ef al. (1988) and Mclntyre et
al. (1995) who found that therophytes in-
crease in areas with low total vegetation
cover and little competition from other
species.

We found that chamaephytes had their
lowest abundance between 400-500 m, and
then increased with altitude. Geophytes in-
creased linearly with altitude. The most im-
portant parameters describing the abun-
dance variation of these two life-forms are
annual mean soil temperature and soil loss
on ignition, respectively.

Minimum chamaephyte abundance in
the mid-mountain slopes can be explained
by the disappearance of species such as Cal-
luna vulgaris, Empetrum nigrum, Vaccinium
myrtillus and V. uliginosus at the minimum
abundance altitude (500 m), and increasing
abundance of these chamaephytes above this
elevation. It can, however, possibly also be
the result of increased abundance of cha-
maephytes such as Silene acaulis and Salix
herbacea above this same elevation.

Studies from other areas showed that
geophytes are more resistant to grazing dis-
turbance than both chamaephytes and hemi-
cryptophytes, since their over-wintering
buds are subterranean and they flower early,
features which enables them to flower and
set seed despite grazing (Hadar et al., 1999
and Sternberg et al., 2000). In other studies,
geophytes were also found to decrease with
altitude (Danin and Orshan, 1990; Gomez
et al. 1993; Pavon et al., 2000). Since geo-

phytes in this study represent only 25 % of
the geophytes occurring in the Faroe Islands
(Fig. 2), it 1s difficult to draw any conclu-
sions about this life-form.

Conclusion

Returning to the first question posed in the
introduction: How do life-form abundances
change with altitude in a quantitative man-
ner? We found a linear relationship between
altitude and three of the life-forms.
Hemicryptophytes decrease linearly; thero-
phytes and geophytes increase linearly; and
chamaephyte abundance changes paraboli-
cally with a minimum at the mid-mountain
elevation.

The second question posed was: Is the
transition between temperate and arctic veg-
etation abrupt, or continuous, and, if the for-
mer, then at what altitude? We found a shift
in the abundance distribution of chamae-
phytes at400-500 m a.s.1. The relative abun-
dance of chamaephytes increases in relation
to hemicryptophytes above this altitude.
This indicates a change from lowland tem-
perate vegetation, with hemicryptophytes as
the dominant life-form, to arctic vegetation
in the highlands where chamaephytes are
more abundant than at lower altitudes.

The third question was: What parameters
are responsible for the life-form changes and
to what extent are these parameters climatic?
Both non-climatic and climatic parameters
seem to be correlated with changes in rela-
tive abundance of life-forms. Chamaephytes
are an exception to this generalisation, as
they are not correlated to total vegetation
cover or LOL

The high abundance of therophytes in the



UTBREIDSLAN AV LIVSHEATTUM RAUNKIZRS

129

NIDAN EFTIR FJALLASIPUM [ FOROYUM

alpine zone is seen to be due to low total veg-
etation cover, as therophytes are commonly
found as the only life-form in unstable soils
such as screes, fellfields and patterned fields.

We, therefore, suggest that the effect of
environmental factors, such as soil distur-
bance, override the effect of climatic pa-
rameters for therophytes. Thus, disturbance
of the soils due to reduced vegetation cover
is most likely the best explanation for the
high abundance of therophytes.
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