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Abstract. Low temperatures exert a primary constraint on the |ntroduction

growth of high arctic vascular plants. However, investigations

into the impact of temperature on high arctic plants rarely Plant productivity in the arctic is generally consid-

separate out the role of air and soil temperatures, and few data g 1o he constrained by the prevailing low air and soil
: ; : " by limiting the rate of tissue respiration and nutrient

manner that might direct community composition. . o

We examined the response of high arctic plants of three UPtake (Semikhatova et al. 1992; BassiriRad 2000), and
functional types (grasses, sedges/rushes and non-graminoids)indirectly by slowing the rate of soil decomposition
to manipulated soil temperature under common air tempera- processes and decreasing the availability of soil nutri-
ture conditions. Target plants, within intact soil cores, were ents (Jonasson 1983; Chapin & Shaver 1985; Nadelhoffer
placed in water baths at a range of temperatures between 4.9¢t al 1991; Robinsoet al 1995).
and 15.3C for one growing season. Grasses responded most It is likely that anthropogenic climate change, pre-
rapidly to increased soil temperature, with increased total live dicted to have rapid, high magnitude impacts in arctic
plant mass, above-ground live mass and total below-ground environments. will lead to an increase in both atmos-
live mass, with non-graminoids having the lowest, and sedges/ . .
rushes an intermediate degree of response. The ratio of above-pherlc and soil ,temperature,S (Houghton et2an1).
ground live mass to total live mass increased in all growth However, experimental studies of climate change com-
forms. Grasses, in particular, responded to enhanced soil monly include treatments that warm the whole environ-
temperatures by increasing shoot size rather than shoot number.ment, increasing both air and soil temperatures at the
In all growth forms the mass of root tissue beneath the moss same time (Chapin et al. 1995; Press et al. 1998; Arft et
layer increased significantly and to a similar extent with  a|. 1999). Consequently, itis often difficult to determine
increasing soil temperature.. _ whether the response of vascular plants to warming is

These results clearly indicate that different growth forms, due to increased soil or air temperatures alone, or to a
although collected from the same plant community, respond combination of the two (Rustad et al. 2001). Some
differently to changes in soil temperature. As a consequence, | f hiah . . )
factors influencing soil temperature in high arctic ecosystems, patura com.ponents 0 Ig- arctic env'ronments may
such as global climate change or herbivory (which leads to influence soil temperature without having a concomitant
reduced moss depth and increased soil temperatures), mayimpact on air temperature. For example, the presence of
also direct changes in vascular plant community composition. grazers such aBranta leucopsigBarnacle geese) or

Rangifer tarandus platyrhynchu&valbard reindeer)

can reduce the depth of the thick moss layer, a major
Keywords:_CIimat_e change; Herbivore; Plant functional type; component of many high arctic plant communities,
Soil warming; Spitsbergen. thereby increasing soil temperatures but not air
temperatures (van der Wal et al. 2001).

As well as considering the response of overall pro-
ductivity to changes in soil temperature, we should
consider the possibility that soil temperature might di-
Abbreviation: GLM = Generalized Linear Model. rect plant community composition. It has been sug-

gested that the influence of soil temperature on growing

season length might alter plant community structure

(BassiriRad 2000 and references therein). If the degree
of response of arctic vascular plants to changes in soil
temperature is not constant between species or growth
forms, then soil temperature may also act in this alterna-
tive way to control plant community composition.

Nomenclature Rgnning (1996).
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It is important, therefore, both for predicting the
impacts of climate change in the Arctic and for under-
standing the processes currently controlling high arctic

Brooker, R. & van der Wal, R.

site (pers. obs.). Therefore, variation in target plant
responses due to varying neighbour identity was similar
among all target species. All cores were taken from

ecosystems and community composition, to understand within a 100 mx 100 m area, and were therefore
the impact of enhanced soil temperatures on the growth sampled from within a single moss dominated valley

of high arctic vascular plants in isolation from the ef-
fects of air temperatures.

In this study we examine the short-term responses of
high arctic vascular plants to changes in soil tempera-
ture, under conditions of common air temperature, to
determine whether changes in soil temperatioae
might lead to significant changes in the growth of high
arctic vascular plants. Rather than looking for the spe-
cies specific responses of plants to manipulated soil
temperature, we examine the occurrence of growth-
form specific responses. The examination of response
patterns at the level of the plant growth form is an
important step in determining the likely impact of in-

floor community. Species were chosen to broadly

represent the source vascular plant community, with the
target species accounting for approximately 80% of the
total vascular plant cover within the Bjgrndalen site. For

simplicity we use the generic name for each target plant
species throughout the text.

Cores were taken at least 1 m apart and, in some
cases, contained more than one shoot of the target spe-
cies. Several growth response parameters are therefore
expressed on a per shoot basis. With creeping, prostrate
species side branches as well as roots are inevitably cut
by the coring process. However, all target species sur-
vived within the cores, indicating that in all cases we

creased soil temperature, as it enables between-site ex-sampled minimum viable units for each species. Addi-

trapolation without knowledge of the response of indi-
vidual species (Chapin et 4996; Arft et al1999). We

tionally, we might expect strongly laterally spreading
species, such as the grasses, to suffer the most damage

tested the hypothesis that high arctic vascular plant from the severing of lateral shoots. In the temperature
species respond in a growth form specific manner to manipulation study grasses actually show the greatest
increased soil temperature, independent of air tempera- positive response to increased temperature (see Results
ture. For this we grew 11 high arctic vascular plant section). If there has been any effect of the root coring
species at a range of soil temperatures (4.9 - 153 process it will be to cause an underestimation of the
but all with similar air temperatures, and examined the response of strongly spreading species.
response of the above- and below-ground tissues of  All soil cores were placed in close fitting, open top
three growth forms: grasses, sedges/rushes and non-10 cm deep plastic bags from which the vegetation
graminoids. could grow without restriction. The cores were placed in
water baths such that only the top 2 cm of the cores was
above the water, the temperature of the water bath
setting soil temperature, whilst the plastic bag prevented
the core from soaking. Cores were initially placed in
The response of high arctic vascular plant growth water baths of ambient temperature for two days, after
forms to soil temperature was studied in a greenhouse which a range of temperatures were set and maintained

Material and Methods

erected in Longyearbyen, Spitsbergen°{V8L6°E).
Mean greenhouse temperature was®@.6D+ 2.2°)
during the experiment, and was kept close to natural
ambient temperature (6:62.2°C) by covering lower
windows withaluminium foil, and keeping windows

and doors open. At the start of the growing season, 13-

throughout the season by controlling the relative flow of
chilled and warmed water to each of the 12 water baths.
Water temperatures were recorded every other day and
mean values were 4.9, 5.0, 5.4, 6.0, 6.1, 7.3, 8.9, 10.4,
11.7,11.9, 13.9 and 15°€ in the 12 baths across the
experimental period of nearly 8 weeks. Each water bath

16 June 2000, 11 target plant species (Table 1) were contained six cores of each target species except for

excavated in intact soil cores (5 cm diameter), to a
depth of approximately 8 cm from an east facing slope
located at the mouth of Bjgrndalen (ca. 25 m a.s.l.)

Deschampsiawith only four cores per bath. Cores were
kept damp by spraying with tap water every day.
On 11 August 2000, all soil cores were taken from

near to Longyearbyen. Cores contained both the target the water baths and frozen prior to transportation to the

plant species (in the center of each core) and any
neighbouring vascular plants within the 5 cm diameter
of the core. The sampled plant community at Bjgrndalen
is a moss tundra community (R@nning 1996), containing
a low number (compared to temperate systems) of
sparsely distributed vascular plant species. Neighbouring

UK. Cores were analysed during October 2000. Follow-
ing thawing, the target plant tissue within the cores was
sorted into live above-ground tissue (stems and leaves)
and all below-ground tissue (roots and rhizomes).

All cores contained a moss layer, which had a mean
thickness of 51 mm (SE15 mm), composed largely of

species are not strongly associated or dissociated at thisthe live and dead material dulocomnium turgidum
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Hylocomium splendens, Sanionia uncinata Tomen-
thypnum nitensand lay over a mineral soil layer. Vas-
cular plants commonly place below-ground tissues (roots
and rhizomes) both within this moss layer and in the
mineral soil beneath (Table 1). Therefore, harvested
below-ground tissues were subdivided into those from

normalized to remove species effects by subtracting the
mean per species (of all samples) from each data point
and dividing the resulting value by the species specific
standard deviation. Mean values for each species at each
temperature step were calculated to avoid pseudo-repli-
cation. These mean values were regressed in an additive

either within the moss layer or beneath the moss layer of fashion, weighted by the number of replicates for each
each core. Comparison of the mass of below-ground species at each temperature step (to account for varia-
tissues within and beneath the moss layer provides an tion in the power of the estimates of the mean species
indication of the depth at which plants are placing values) against increasing soil temperature alone, tem-
below-ground tissues within the soil cores. Tissue mass perature and growth form (with species nested within
was recorded following drying at 7C for three days. growth form) and finally the interactive effect. In those
The live above-ground material of all non-target vascular cases with significant temperature - growth form inter-
plants within each core was also harvested and treated actions directpost-hoccomparisons between growth
similarly. The number of shoots (at the moss surface) of forms were performed using the contrast option within
all species excefiquisetunandSalixwere recorded. GLM. Although replication at the growth form level is
low (a consequence of natural species paucity in the
source community) the analysis, weighted as it is by the
frequency of observations, is conservative and as such
The differential response of plant growth forms to increases confidence in the results.
simulated soil warming was determined using regres- Both Salix and Equisetummight be expected to
sion of final mass and associated ratios (e.g. ratio of live respond differently to the ‘forbs’ that compose the rest
above-ground to total plant mass) against mean water of the non-graminoid group (Chapin et 2896). To
bath temperature and plant growth form. The three examine whether this was the case, and whether there
growth form categories were grasses, sedges/rushes andvere also species specific responses to temperature in
non-graminoid species (apart fr@alixandEquisetum either the grasses or the sedges/rushes groups, prelimi-
all perennial, non-woody forb species; Table 1), a nary analyses were conducted on data from all three
classification based on that of Chaptral.(1996). Data growth-form groups separately. GLM analysis, con-
from three pairs of water baths, those at 4.9 antC5.0  ducted in an identical manner to the full analysis de-
6.0 and 6.1C and 11.7 and 11.9C, were combined scribed above but introducing only species and tempera-
prior to analysis. The combined mean water bath ture into the regression model, indicated no significant
temperature for these pairs was used in the analysis. interactive effects of temperature and species on the
Data were analysed using the GLM (Generalized response of any growth parameter to increased soil
linear model) procedure, SAS version 8.0 (Anon. 1999). temperature, other than in the sedges/rushes group for
Mass data and derived variables for each species werethe mass of below-ground tissue beneath the moss layer

Data analysis

Table 1.Target species and the allotted growth forms as used in the soil temperature manipulation experiment and data analysis.

Also shown are the mean values for the above-ground and below-ground tissue mass (both within and beneath the moss layer) for
each species, expressed as a percentage of total mass. Means are calculated from all samples in all water baths la¢ the end of t

experiment with standard errors given in parentheses.

Species Growth % Below-ground % Below-ground
form % Above-ground in moss layer beneath moss layer

Alopecurus borealis Grass 7.9 (0.40) 67.67 (1.80) 24.39 (1.73)
Deschampsia alpina Grass 8.25 (0.63) 69.44 (2.33) 22.31 (2.09)
Carex rupestris Sedge/rush 6.79 (0.47) 89.29 (0.82) 3.92 (0.64)
Luzula arctica Sedge/rush 18.24 (1.93) 75.69 (2.28) 6.07 (1.18)
Cerastium regelii Non-graminoid 38.97 (2.45) 60.97 (2.45) 0.06 (0.05)
Equisetum arvense Non-graminoid 11.05 (0.88) 72.79 (2.42) 16.16 (2.50)
Polygonum viviparum Non-graminoid 7.58 (0.63) 91.87 (0.68) 0.55 (0.21)
Ranunculus sulphureus Non-graminoid 11.84 (0.76) 69.84 (1.58) 18.32 (1.25)
Salix polaris Non-graminoid 15.89 (0.85) 80.31 (1.53) 3.79 (1.22)
Saxifraga hieracifolia Non-graminoid 13.82 (1.45) 84.50 (1.76) 1.67 (0.70)
Stellaria crassipes Non-graminoid 37.13 (2.32) 61.49 (2.28) 1.38 (0.28)

“All non-graminoids are low-stature perennial forbs, apart fioqpolarisandE. arvensesee text for details of its treatment in the data analysis).
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a. Total live mass

There was a significant positive response of total
grasses plant mass to increasing soil temperatétg,¢=7.33,P
< 0.01). The rate at which total plant mass increased
differed significantly between the three growth forms
ke, (F, g5=4.04,P < 0.05; Fig. 1a), being greater in grasses
than in non-graminoids~( g5 = 7.13 ,P < 0.001). The
rate of increase in sedges/rushes was intermediate be-
tween the other two growth forms and did not differ
significantly from either grasseS (5= 1.12,P=0.292)
b. Aboveground live mass or non-graminoidsK; g5=2.27,P = 0.136).
| Above-ground live mass of the target species was
el positively correlated with increased soil temperature
(Fy97=24.09,P < 0.0001), with the rate of response
T non. again differing significantly between the three growth
b praminoids forms F, gs=4.31,P <0.05; Fig. 1b). As with total live
) mass the rate of response of grasses was significantly
greater than that of non-graminoids, g; = 8.50,P <
0.01) and the response of sedges/rushes did not differ
significantly from either grassed=(g; = 2.89, P =
057 ¢ Aboveground / total live mass 0.093) or non-graminoid$( 5= 0.86,P = 0.355). With
increasing temperature, above-ground live mass
accounted for a significantly greater proportion of total
target plant mass=( 4, = 9.27,P < 0.01; Fig. 1c); this
response was similar in the three growth forfs,{ =
1.33,P=0.270). The above-ground live mass of all non-
target species from the cores also increased significantly
: ] . with increasing soil temperatur& (s, = 47.48,P <
4 6 8 10 12 14 16 0.001) irrespective of the growth form of the target plant
Waierbath temperature ('C) within the core EZ,SSZ 1.01,P =0.369).
Fig. 1.The response of mean, normalizajtotal live mass, Increases in the above-ground mass of target species
(b) above-ground live mass arg) @bove-ground / total live  were largely driven by changes in the size of, rather than
mass to increasing soil temperatuf€) in either three the number of, individual shoots especially for the
growth formsof high arctic plants (grasse#), sedges/rushes  graqqas The mass of above-ground live tissue per shoot
(@ and non-graminoids 4, ) or for all three growth forms had a highly significant positive response to increasing

combined Q). Growth form means are calculated from . _ .
individual species means for each temperature. Error bars SO'ltemperaturd:(L?S?_ 15.97pP <0.001). This response

show the standard error for the growth form means. In those differed significantly between the three growth forms
cases where means have been calculated for pairs ofwaterbath§|:2,69: 3.54,P = 0.05) being greater in grasses than in
(see text), the pooled standard errors for the means have beeneither non-graminoids~ ;4= 6.25,P < 0.05) or sedges
used. Aeach temperature= 2 for grasses and sedges/rushesand  (F, 49=5.32,P <0.05). The response of sedges and non-
n = 7 for non-graminoids, apart from at temperatures 615.0 graminoids did not differR; ¢, = 0.04,P = 0.835).
6.1°C and 11.8C, wheren = 4 and 14, respectively. However, there was a sizeable trend toward a signifi-
cantincrease in the number of shoots of the target plants
percore with increasing soil temperatuife, ;4= 3.41,
(species, ;,=9.68,P<0.01). Therefore, for all growth P = 0.069), a pattern that did not differ significantly
parameters, the species within the grasses and non-between growth forms= o= 1.41,P = 0.250; Fig. 2).
graminoid group responded identically to increased tem- There was also a nearly significant trend toward an
perature. In addition the nesting of species within growth overall positive effect of increasing soil temperature on
form within the GLM analysis accounts for variation  total root massH; 4,= 3.84,P = 0.053). As for above-
between species thereby increasing the robustness of theground mass, the rate of response to increasing soil

sedges/rushes

Normalised mass

0.5 4

sedges/rushes

Normalised mass

-0.5 4

Normalised mass

analysis. However, botBalixandEquisetumwere ex- temperature differed significantly between the three
cluded from the analysis of variables that involved shoot growth forms E, ¢ = 3.80,P < 0.05; Fig. 3a), being
number, as this was recorded for neither species. greater in grasses than in non-graminokls;{ = 6.67,

Results P < 0.05), with sedges/rushes differing from neither
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Fig. 2.The response of mean, normalized number of shoots to 631 1
increasing soil temperaturéQ) for 11 species of high arctic 42 ‘
plant. Growth form means are calculated from individual
species means for each temperature. Error bars show the
standard error for the means. In those cases where means have
been calculated for pairs of waterbaths (see text), the pooled
means and standard errors for the means have beemused. |
11 except for temperatures of 1) 6.°C and 11.8C, where G I
n=22. 03

Normalised mass

grassesK; g; = 1.02,P = 0.315) or non-graminoids
(F1g5=2.18,P = 0.144).

Tissue maswithin the moss layer was unaffected by
increasing soil temperaturg,(y,= 0.000,P = 0.945)
for all three growth formsH;, g5=2.18,P = 0.120; Fig.
3b). However, tissue madseneaththe moss layer
increased significantly with increasing soil tempera- : T z x p B ¥
ture F, 97, = 70.44,P < 0.001), although again this Waterbath temperuture (oC)
response did not differ between the three growth forms Fig. 3. The response of mean, normalise}l total below-
(Fy,g5= 2.34,P = 0.103; Fig. 3c). Therefore, as soil  ground live mass,b) below-ground live mass within the
temperatures increase a greater proportion of the total moss layer anctf below-ground live mass beneath the moss
root mass is found below the moss layer in the mineral layer to increasing soil temperaturgCj in either three
soil, irrespective of growth form. growth forms of high arctic plants (grasse®)( sedges/
rushes[(J) and non-graminoids/\) or for all three growth
forms combined Q). Growth form means are calculated
from individual speies means for each temperature. Error
bars show the standard error for the growth form means. In
Increasing soil temperature has a clear growth- those cases where means have been calculated for pairs of

. - . waterbaths (see text), the pooled standard errors for the means
form specific effect on high arctic vascular plants as paye been used. At each temperature 2 for grasses and
represented by the suite of 11 species used in this sedges/rushes and= 7 for non-graminoids, apart from at
study. Total plant mass increased with increasing temperatures of 5°C, 6.7°C and 11.8C, wheren=4 and 14
temperature more rapidly in grasses than in non- respectively.
graminoids, with sedges and rushes responding at an
intermediate level between these two groups. This Significant increases in the mass of roots further down
growth form-specific response is composed primarily the cores, i.e. beneath the moss layer, were consistent
of changes in live above-ground tissue mass, which between all growth forms. Importantly, we found this
increased as a result of increasing mass per shoot, response even though the air temperature conditions
especially in the grasses, although there was also a were the same for all plant species. Therefore, differ-
sizeable but non-significant trend of increasing shoot ences in soil temperature alone were sufficient to drive
number. As demonstrated by the increase in the these growth form specific responses.
proportion of plant mass that was contributed by shoot We cannot tell whether the general increase in
tissue, the response of root mass to increased soil plant mass results from either direct temperature driven
temperature was less pronounced than that of shoots. effects on root growth, effects on root uptake processes

MNormalised mass

Discussion
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or because of increased microbial activity, increased de- field. For example, Zhang & Welker (1996) found that

composition rates and increased plant nutrient availabil-

an artificial atmospheric warming of &, with an

ity. The comparative unresponsiveness of root mass and associated soil warming of&, led to a 25% increase in

the significant increase in the ratio of live above-ground

the biomass of grasses in just a five week period in

mass to total plant mass indicate that factors other than Tibetan alpine tundra community. Although Hartley et

the direct impacts of temperature on root growth, for
example soil nutrient availability, must in part be driv-
ing the overall increase in plant size. Manipulations of
temperature and nutrient availability in arctic environ-
ments have suggested that nutrient limitation is the
primary growth restricting factor, and has a stronger
relative impact than soil temperatyrer se(e.g. Chapin

et al. 1995; Shaver & Jonasson 1999). However,
Havstrom et al. (1993) showed that the relative impor-
tance of the direct and indirect effects of temperature
may be dependent upon the environment in which they
are examined. In their study @fassiope tetragona

al. (1995) found that, following an initial increase in
decomposition rates and plant growth, soil warming had
no detectable impact on these factors by the fifth year of
manipulation, other studies have shown sustained long-
term, as well as short-term, responses by graminoids,
particularly to artificial warming or fertilization
(Dormann & Woodin 2002 and references therein). For
example, after five seasons of fertilization at a sub-
arctic dwarf shrub heath site there was an 18-fold in-
crease in the abundance ©&lamagrostis lapponica
(Parsons et al. 1995; Press et al. 1998). Similarly, two
years after fertilizer addition to a tussock tundra com-

growth under conditions of enhanced temperature, they munity at Kuparuk Ridge, Alaska, there was an increase
found that at high latitudes temperature had a compara- in the biomass o€alamagrostisspecies from 0.01 to

tively stronger direct effect, whilst at low latitudes nutri-
ent-driven effects were more important. Therefore, fur-

6.7 g.m2 (Chapin & Shaver 1986). In some long-term
fertilizer and temperature manipulation experiments in

ther research is clearly needed to determine the exactlow arctic communities on the Alaskan North Slope,

mechanisms driving the response to increased soil tem-

perature observed in this study.
Irrespective of the mechanism, increased live shoot

initial expansion of grasses was reversed by the devel-
opment of théBetula nanalwarf shrub canopy (Chapin
etal 1995). In the high arctic communities of Spitsbergen

mass mainly occurred via increased mass per shoot the environment is more severe and woody growth
rather than an increase in the number of shoots. This forms are capable of developing only in particularly
means that, as an immediate response to warming, plantssheltered and nutrient enriched habitats (Rgnning 1996)

increased the size rather than the number of shoots.

or with an extremely prostrate morphology, &glix

Field experiments have demonstrated that some arctic polaris. As a result, plant communities are not domi-

plants, e.gCarex bigelowij can respond positively to

fertilizer addition in terms of shoot number as well as
shoot size (Carlsson & Callaghan 1990; Brooker .et al
2001). However, the potential short-term responsive-

nated by taller dwarf shrubs and the expansion of grasses
may go unchecked by competition for either light or sail
nutrients. In these high arctic environments, where bio-
logical interactions between vascular plants have a far

ness of shoot number in many arctic species may be smaller modulating effect on growth responses to abi-
constrained because the number of leaves and shootsotic factors, there may be a more direct and reliable link
produced in a given year is pre-determined at the end of between the results of controlled growth chamber or

the previous year's growing season (Callaghan &
Emanuelsson 1985; Callaghan et al. 1997). Given this
limitation, and the short duration of the experiment, the
trend toward increased shoot number for all growth
forms (Fig. 2) may indicate the start of a potentially
sizeable response. However, this trend was similar for
all growth forms. Therefore, although increased shoot
number would lead to an overall increase in vascular
plant cover, the relative abundance of species in com-
munities such as that at Bjgrndalen may still be more
responsive to changes in shoot size.

The dangers of extrapolation to the field from con-

greenhouse experiments and community processes in
the field.

Not only do the responses found within field based
temperature manipulation studies concur with the find-
ings of our experiment, the incubation temperatures
used within this study fall within the range of soil
temperatures that occur naturally within moss domi-
nated high arctic ecosystems. Data from a survey of 14
moss dominated communities across Spitsbergen (van
der Wal & Brooker unpubl.), conducted during July and
August 2000, showed a range of sub-moss layer soil
temperatures of between 0°€ and 15.2°C (mean

trolled environment (in this case greenhouse) biomass temperature 6.6C, SD = 2.7°C; n= 569). In addition,

responses have been highlighted in previous studies they found that at great moss depths, and hence colder
(Aerts & Chapin 2000). However, the responses that we soils, grasses made up a lower proportion of the total

detected are very much in line with responses detected vascular plant flora. Therefore, the responses that we
in whole community temperature manipulations in the observed in the greenhouse are not the result of expos-
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ing these plants to unrealistic soil temperatures, and can in soil nutrient availability and impacts on physiological

be considered as indicating the ‘natural’ responses of processes) and 2. The relative importance of soil tem-

these species to changes in soil temperature. peratures compared to other drivers of community com-
These results suggest that with environmental warm- position (such as air temperatures and biotic interac-

ing, as expected from climate change, increased soil tions) in high arctic environments.

temperatur@lonewould be sufficient to drive changes

in high arctic vascular plant community composition.

However, our results are not only of interest for predict- AcknowledgementsWe are grateful to the staff of UNIS in

ing the future impacts of climate change in high arctic -ongyearbyen, particularly Jom Dybdahl, @yvind Hamre,
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growth of vascular plants (van der Wal et al. 2001).

Elston and Steve Palmer provided invaluable statistical ad-

Herbivores, such as reindeer and geese, decrease the/ice. This study was funded by NERC (GR9/4773).

depth of the moss layer both by grazing and trampling,
leading to an increase in soil temperatures (van der Wal
et al. 2001; van der Wal & Brooker unpubl.). Given the
growth form specific response of high arctic vascular
plants to changes in soil temperatures detected in this
study, the impacts of herbivores on the moss layer, and
subsequently soil temperature, may play a role in regu-
lating vascular plant community composition. How-
ever, the exact mechanism by which the presence of
herbivores could be regulating community composition
needs further study. As mentioned, enhanced soil tem-
peratures will have a direct impact on the rate of plant
tissue processes, whilst also increasing the rate of de-
composition and the availability of soil nutrients. Soil
nutrient availability may also be enhanced by herbi-
vores through mechanisms unrelated to soil tempera-
ture, for example by deposition of faeces. All of these
factors may promote vascular plant growth, possibly in
growth form specific ways. In order to understand the
regulation of high arctic vascular plant community com-
position by large herbivores, we therefore need to un-
derstand the relative importance of these related proc-
esses in controlling plant growth.

Conclusions

High arctic vascular plants respond to enhanced soil
temperatures in a growth form specific manner even
when air temperatures remain unaltered. Therefore, fac-
tors that determine soil temperatures in high arctic com-
munities might not only determine the overall produc-
tivity of these systems, but may also play a role in
regulating the composition of their vascular plant com-
munities. Future research should examine: 1. The exact
nature of the mechanism by which soil temperatures
influence plant growth (i.e. the involvement of changes
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