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Table 2. Effect of OTC deployment on photosynthetic active radiation (PAR), soil moisture and 

relative humidity as a percentage of the control value based on annual and summer means. 

 

 

Vegetation composition  

Species composition 

Table 3 lists the species present in the study plots at each location. Both at 

Signy and Anchorage Island total species number were lower (P < 0.05) in the 

moss communities (3 ±1) than the lichen communities (7 ±1). However, they 

did not differ between the grass and the dwarf shrub communities at the 

Falkland Islands (Table 4). Species composition as expressed in evenness did 

not differ between communities (mean of 0.7 ±0.1). However, the main 

difference between the Maritime Antarctic locations and the Falkland Islands 

was the absence of vascular plants at the Maritime Antarctic locations. The 

vegetation of the Maritime Antarctic locations was composed of cryptogams, 

whereas the Falkland Islands study location had no mosses and lichens. At the 

Falklands, vegetation cover in the dwarf shrub community (95±1%) was higher 
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(P < 0.001) than in the grass community (39±5%). Moss communities at 

respectively Signy and Anchorage Island had a higher (P < 0.001) total cover 

(99±0 and 83±5%) than lichen communities (87±3 and 57±6 %). Despite the 

strong difference in growth form dominance, there were no significant 

differences in overall species diversity along the latitudinal gradient and among 

communities. All had a diversity index of around 1.0 (Table 4).  

Table 3. Mean cover (%) of vascular plants, mosses and lichens in the control plots of each 

vegetation type at the three study locations at the start of the experiment. Species are listed in 

order of abundance from top to bottom. (Cephaloziella varians is a liverwort) Values between 

brackets are se.  
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Table 4. Species number and diversity of the vegetation expressed in Shannon’s diversity index 

(H). Different letters indicate significant (P < 0.05 Tukey HSD) differences in diversity 

between communities (tested for controls only as there was no effect after two years of 

warming).  

 

 

Vegetation responses to experimental warming 

There was no change in vegetation diversity due to OTC deployment over the 

study period at any of the locations. The increase in diversity in the control 

plots of the grass community at the Falkland Islands (Table 4) was due to a 

shift in the evenness between species, which was higher (P < 0.05) in the 

control plots in 2005 (0.9 ±0.02) than in 2003 (0.5 ±0.07). Total vegetation 

cover, after two years of warming, was reduced in the grass community at the 

Falkland Islands (P < 0.05) and in the lichen (P < 0.06) community at Signy 

Island (Fig. 2), but no significant changes were apparent in the other 

communities at any location. At the individual species level no significant 

effects of the OTC deployment were detected. However, three species almost 

completely disappeared from both the control plots and OTCs over the course 

of the study in the Falkland Islands grass community. Festuca magellanica 

decreased by 91.0% in the control plots and 98.7% in the OTCs. Poa annua 
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decreased by 98.7% and 100%, and Aira praecox by 87.5% and 100%, from 

the control plots and OTCs respectively. The lack of significance despite these 

huge changes was due to high variability and relatively low replication in this 

community (n=3). At Signy Island and Anchorage Island, none of the 

individual species showed a significant response to the OTCs. 
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Figure 2. Total vegetation cover change, after 3 seasons of warming. n= 9 for the dwarf shrub 

and n = 3 for the grass communities on the Falkland Islands. The four communities at the 

Maritime Antarctic Islands all have n = 6. * indicates significant differences (p < 0.05 Tukey 

HSD) between OTC and control plots, error bars are se. 
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Discussion 

Experimental design 

To our knowledge, the combined approach of using a latitudinal gradient study 

with an experimental warming study to study the effects of environmental 

change on vegetation composition has not been attempted before in this region. 

However, even though our three research locations were evenly spaced in terms 

of absolute latitude, they were not spaced evenly along the gradient in terms of 

the environmental conditions experienced. There was a much greater contrast 

between the Falkland Islands and the two Maritime Antarctic locations than 

there was between the latter. This difference is also reflected in the completely 

different native vegetation composition. However, despite these strong 

differences total species diversity did not differ along the gradient. The climatic 

differences between Signy Island and Anchorage Island are most likely related 

to the lower insulation at Signy Island (Longton, 1967).    

We consider the Falkland Islands as an analogue for extremely warmed 

maritime Antarctic Islands. However, at present the plant species composition 

at the Falklands is completely different from that at the Maritime Antarctic 

Islands. The almost complete absence of vascular plants in the maritime 

Antarctic locations can be attributed to the current climatic extremes and 

migration barriers for vascular plants (Convey, 1996,  Kennedy, 1999,  Peck et 

al., 2006). As plants respond to climatic extremes rather than to climatic 

averages, the chances for successful establishment in a climate that is getting 

warmer on average may be severely constrained by the occurrence of extremes 

(Robinson et al., 2003,  Van Peer et al., 2004,  Marchand et al., 2006). The 

recent colonisation of ‘new’ vascular plants on sub-Antarctic islands is most 
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likely caused by the increase of human presence (Longton, 1970,  Frenot et al., 

2005). These islands are the first stepping stones for new colonisations as the 

climate is less harsh than along the Peninsula and the main continent. 

Amelioration of the climate will probably increase the chances for vascular 

plants to colonize the Antarctic Peninsular region. However, successful 

establishment will be hampered by the occurrence of extreme events such as 

droughts and sub zero temperatures during the summer months in the near 

future. 

The effect of experimental warming on vegetation 

Temperature and soil moisture were prominently affected by the OTCs.  

Relative humidity measures were slightly reduced during summer and a 

reduction in PAR receipt was detected on a yearly timescale only. This was 

most likely due to the lower angle of the sun at these latitudes. During the 

summer months, no effect of OTCs on PAR levels was apparent (Bokhorst 

unpublished data). Any important influences of OTCs on plant and cryptogam 

growth are therefore likely to be underlain by the warming experienced during 

the summer months and the reduction in soil moisture.  

Total vegetation cover was negatively affected in the grass community at the 

Falkland Islands and the lichen community at Signy Island. Other than 

Kennedy (1996), the consequences of environmental change for lichen 

dominated vegetation have not been addressed experimentally in the Antarctic. 

At Arctic sites, most responses of lichen species to experimental warming have 

been attributed to the negative (competitive) consequences of increases in 

vascular plants (Cornelissen et al., 2001). As vascular plants were absent from 

our Antarctic study sites, other factors must underlie the response seen in these 
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lichens. The carbon balance of Antarctic lichens is highly dependent on tissue 

moisture (Schroeter et al., 1995). This suggests the possibility of drought stress 

due to the warming treatment at Signy Island, as reflected in the soil moisture 

data, and proposed in a different methodology screen manipulation study by 

Convey et al. (2002). The lack of a similar response was not seen at Anchorage 

Island might relate to the nature of the substratum - at Signy Island there is 

some development of a shallow layer of mineral soil which may provide some 

water holding capacity, while the lichens at Anchorage Island mainly grow 

directly on the rock substratum. Increased drought stress may similarly underlie 

the vegetation cover decrease seen in OTCs in the grass community of the 

Falkland Islands. 

Both overall diversity measures and individual species data were not 

significantly affected by the OTCs. However, two grass species (Poa annua 

and Aira praecox) on the Falkland Islands did disappear within the OTCs after 

two years of warming. Festuca magellanica also almost disappeared from the 

OTCs but these three species also showed a large decline in the control plots. 

The summer of 2004/05 was relatively dry compared to previous years on the 

Falkland Islands. Although this is probably not an extreme event for such 

ecosystems, in combination with the temperature increase it might have caused 

too much stress for these species. Therefore, germination during the 2005 

spring may have been inhibited due to the previous ‘drier’ period (Allen et al., 

1993,  Debaenegill et al., 1994) in combination with the extra warming.  

Previous warming studies in the Arctic have stimulated increases in above 

ground vegetation biomass (Parsons et al., 1994,  Hobbie & Chapin, 1998,  

Day et al., 1999,  Rustad et al., 2001,  Aerts, 2006). However, decreases and 

shifts in community composition as a result of warming have also been 
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reported (Arft et al., 1999,  Weltzin et al., 2000,  Cornelissen et al., 2001,  van 

Wijk et al., 2004). The small response of the communities examined in this 

study may be related to the small increase in mean temperatures achieved in the 

OTCs, and the relatively short duration of the experiment. Also, the vegetation 

responses described in the previous studies mainly related to vascular plants. In 

contrast, the current study focused solely on cryptogamic species at the 

Maritime Antarctic locations. These species have a much lower rate of growth 

compared to vascular plants, and measurable responses in abundance may need 

more time to develop than was available in the duration of this study (Robinson 

et al., 2003). Nevertheless, the observation that the experimental manipulations 

during 3 growing seasons of the current study were sufficient to generate some 

detectable responses may indicate that these communities might be very 

susceptible to climate change over a longer time period 

Concluding remarks  

Our (short-term) results indicate that environmental change will most likely 

have a negative effect on the more open vegetation types such as grass and 

lichen communities. These more open communities probably face greater 

difficulties in handling ‘extreme’ events such as drier periods.  The more dense 

plant communities of dwarf shrub and moss, while experiencing changes in 

temperature and soil moisture through experimental manipulation, showed no 

response during this study. This indicates that initial responses might be low. 

Vegetation development along the Antarctic Peninsula will depend both on the 

gradual amelioration of local conditions through increasing mean temperatures, 

changes in the frequency or magnitude of extreme climatic events and the 

dispersal barriers for vascular plants and cryptogams. As a result, climate 

change will at a local scale probably lead to decreased cryptogam diversity, as 
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the deterioration of the communities will probably exceed the number of new 

establishments. 
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Abstract 

Antarctic terrestrial ecosystems have poorly developed soils and experience 

currently one of the highest rates of climate warming on the globe. We 

investigated the responsiveness of organic matter decomposition in Maritime 

Antarctic terrestrial ecosystems to climate change, using two study sites at the 

Antarctic Peninsular region (Anchorage Island, 67ºS, Signy Island, 61ºS) and 

contrasted the responses with those at the cool temperate Falkland Islands 

(52ºS). Our approach consisted of (1) Laboratory measurements of 

decomposition of plant materials and soil organic matter from all three 

locations at different temperatures (2, 6 and 10 ºC), and (2) Field measurements 

at all three locations on the decomposition of (a) soil organic matter,  (b) plant 

material and (c) cellulose, both under natural conditions and under 

experimental warming (about 0.8 ºC) with Open Top Chambers (OTCs).  The 

laboratory studies showed that organic matter decomposition in Maritime 

Antarctic terrestrial ecosystems potentially increases with increasing soil 

temperatures. However, both the laboratory and the field study showed that 

decomposition was more strongly influenced by local substratum 

characteristics (especially soil N availability) and Plant Functional Type (PFT) 

composition than by large-scale climatic variation. The very small 

responsiveness of organic matter decomposition in the field (experimental 

temperature increase < 1 ºC) compared to the laboratory (experimental 

increases of 4 or 8 ºC) shows that substantial warming is needed before 

significant effects can be detected. Moreover, water and nutrient availability 

will perhaps have a stronger effect on organic matter decomposition in these 

ecosystems than moderate changes in temperature.  
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Introduction 

Antarctic terrestrial ecosystems experience extremely low temperatures, low 

moisture and low levels of resource supply. These extreme conditions tend to 

increase with increasing latitude (Peck et al 2006). This has resulted in 

impoverished ecosystems with lower functional diversity and soil organic 

matter build-up. Such less developed soils may make these ecosystems more 

vulnerable to perturbations such as environmental change (Heemsbergen et al., 

2004, Wall et al., 1999). As higher soil temperatures usually increase organic 

matter decomposition (Aerts, 2006, Robinson et al., 2003), this may lead to 

increased organic matter breakdown, resulting in higher carbon and nutrient 

turnover rates. As resource availability in terrestrial Antarctic ecosystems is 

very low, this may lead to large impacts on organisms in these ecosystems.  

Due to the proximity to populous Northern Hemisphere continents, the major 

emphasis of climate change research to date has focussed on the polar regions 

of the Northern Hemisphere. However, the Antarctic Peninsula region is also 

one of the three fastest warming regions of the planet over the last 50 years 

(King, 1994, Turner et al., 2005). In order to increase our understanding the 

process of organic matter decomposition and how it may respond to climate 

change, studies are required on the temperature responses of Antarctic soil 

ecosystems. However, so far this has hardly been done. Decomposition studies 

in the Antarctic have largely been conducted in two regions: the continental 

Antarctic Taylor Valley and the sub-Antarctic Marion Island (Burkins et al., 

2001, Parsons et al., 2004, Smith, 2003, 2005). Water availability and soil 

characteristics appeared to be the main determinants of breakdown rates. 

In this study we investigated the response of organic matter decomposition in 

two Antarctic terrestrial ecosystems (located at Anchorage Island and Signy 
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Island) to increases in temperature and contrasted these responses with those in 

a cool temperate location outside the Antarctic zone (the Falkland Islands). Our 

approach consisted of (1) laboratory measurements of decomposition of plant 

materials and soil organic matter from all three locations at different 

temperatures to study potential temperature responses,  and (2) field 

measurements at all three locations on the decomposition of (a) soil organic 

matter,  (b) plant material and (c) cellulose, both under natural conditions and 

under experimental warming with Open Top Chambers to mimic realistic 

scenarios of climate warming.   

Our three locations differ both climatically and in their vegetation and below-

ground arthropod communities (Bokhorst et al., submitted-a, Bokhorst et al., 

submitted-c). We hypothesised that decomposition rates would be highest at the 

more diverse and warmest location (the Falkland Islands), but that the effect of 

experimental warming would be greatest at the coldest and least diverse 

location (Anchorage Island).  
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Materials and Methods 

General approach 

First, we wanted to investigate the potential response of organic matter 

decomposition in Antarctic ecosystems to increased temperature and next we 

wanted to investigate these responses in the field. Therefore, our approach 

consisted of (1) laboratory measurements of decomposition of plant materials 

and soil organic matter from all three locations at different temperatures,  and 

(2) field measurements at all three locations on the decomposition of (a) soil 

organic matter,  (b) plant material and (c) cellulose, both under natural 

conditions and under experimental warming.   

Field study sites 

This study took place at two Maritime Antarctic islands: Anchorage Island and 

Signy Island and the cool temperate Falkland Islands. At each location, two 

contrasting coastal vegetation communities were selected for study (Fig. 1). 

Anchorage Island 

The most southern Antarctic study site (67º61’S 68º22’W, southern maritime 

Antarctic), Anchorage Island, lies in Marguerite Bay south of the Rothera 

Research Station of the British Antarctic Survey (BAS). The island is 2.5 km 

long and 500 m wide and is partly covered by semi-permanent snow and ice 

fields. The island includes several rocky ridges, with a maximum height of 57 

m asl. On the slopes of these ridges, there are some carpets of the moss 

Sanionia uncinata (Hedw.) Loeske and clumps of the grass Deschampsia 

antarctica Desv. However, the vegetation consists predominantly of lichens, 

with Usnea antarctica being most prominent. The two vegetation types 
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selected for sampling and manipulation were dominated by S. uncinata and U. 

antarctica. The former consisted of patches (2-4 m2) of complete moss 

coverage located between larger rocks. A layer of dead moss of 0-10 cm 

underlies this vegetation. The lichen-dominated area consisted of bare rock and 

boulders with a partial coverage of U. antarctica and other lichen species.  

 

Figure 1 a Open Top Chambers (OTCs) in situ at Anchorage Island 

Signy Island 

The second Antarctic location, Signy Island (60º71’S 45º59’W, northern 

maritime Antarctic) is a small (10 km2) island, within the South Orkney 

Islands. During the summer months (December - February) up to c. 50% of the 
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island’s area becomes free of snow and ice, and has well-developed cryptogam 

communities (Smith, 1972). The study location on Signy Island was on a north-

facing slope near to the British Antarctic Survey (BAS) Signy Research 

Station, and the two vegetation types were selected for study were moss turf 

and lichen-dominated fellfield. The moss site is dominated by Polytrichum 

strictum Brid. and Chorisodontium aciphyllum (Hook. f. & Wils.). Underneath 

the moss is a layer of moss peat with a depth of approximately 20 cm, 

underlain by a base layer of quartz-mica-schist (Matthews et al., 1967). The 

lichen dominated study site had a similar rock type but was without complete 

vegetation cover and more weathering of the basal layer had occurred. It was 

dominated by Usnea antarctica Du Rietz.   

 

Figure 1 b Open Top Chambers (OTCs) in situ at Signy Island 
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Falkland Islands 

 This cool temperate study site was at Saladero Farm south-west of Brenton 

Loch (near the settlement of Goose Green on East Falkland) (51º76’S 

59º03’W). The two communities chosen for sampling and manipulation at this 

location were dwarf shrub vegetation (dominance of Empetrum rubrum Vahl 

ex Willd.) and a rocky, grass dominated, vegetation (co-dominance of Festuca 

magellanica Lam., Poa annua L. and P. pratensis L.). The dwarf shrub 

community stands on a 30-50 cm deep layer of peat.  A very thin layer of soil 

above the rocky base layer (mainly sandstone) underlies the grass site. 

 

Figure 1 c Open Top Chambers (OTCs) in situ at the Falkland Islands 



 159 

Laboratory studies 

Soil respiration 

During the 2003/04 austral summer season, soil cores were obtained from the 

moss-dominated vegetation of the two maritime Antarctic islands and from the 

dwarf shrub vegetation on the Falkland Islands. The soils at the lichen- and 

grass-dominated sites at the Antarctic Islands and the Falklands were too rocky 

to take soil cores. Twelve soil cores (10 cm diameter, 4-20 cm depth) were 

obtained from each community and transported to the Netherlands under frozen 

conditions (-20˚C). After thawing, the aboveground vegetation was removed 

prior to observations being made. The cores from the Falkland and Signy 

Islands were brought to the same depth (10 cm) by removing soil from the 

bottom of the cores. Those from Anchorage, where soil depth was much less, 

were brought to a depth of 4 cm. Four cores from each community were placed 

in climate chambers and kept at constant temperatures of 2°C, 6°C and 10°C, 

respectively. Each core was placed in a PVC tube, which could be sealed in 

order to take headspace measurements. CO2 evolution from these cores was 

measured at two-weekly intervals using an EGM-4 gas analyzer (PP-systems), 

on a total of 8 occasions. During this period the soils received 60 ml of 

demineralised water per week. This value equates to 400 mm/year, which is the 

mean average precipitation on Signy Island (Holdgate, 1967). Although 

precipitation was not entirely equal for all locations we decided to keep the 

watering regime similar for all cores.  

Litter decomposition 

To measure the potential breakdown rate of plant material by microbial 

respiration, air-dried fresh plant material was inoculated with site specific 
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microbial communities, under controlled conditions at different temperatures. 

For a detailed description of this method see Aerts and de Caluwe (1997a). Air-

dried samples (0.50 g) of Azorella caespitosa, Festuca magellanica (Falkland 

Islands), Deschampsia antarctica, Polytrichum strictum (Signy Island), D. 

antarctica and Sanionia uncinata (Anchorage Island) were stored at -20 ºC and 

transported to the Netherlands. After thawing, samples were re-wetted for two 

days with filtered soil water from each site (obtained by soaking site-specific 

soil in demineralised water), as a means of re-inoculating the ‘litter’ with site-

specific microbial communities. The plant material was placed on plastic gauze 

inside a glass jar (100 ml), held over glass marbles and a saturated potassium 

sulphate solution (to generate high air humidity around the litter). These glass 

jars, containing samples of each species (n=5 for each species) were then 

placed in a plastic box, with a layer of water (again to keep air humidity as high 

as possible). The boxes were placed in climate chambers at 2 and 10 ºC. To 

measure CO2 production, the glass jars were sealed using a lid with a rubber 

septum. Immediately after closure and after 45 and 90 minutes, an air sample 

(5.0 ml) was obtained from each jar using a needle pierced through the septum. 

The gas sample was immediately analysed using an EGM-4 gas analyser (PP-

systems).  Measurements were taken at 3-4 week intervals over a period of 

approximately 120 days. 

Field studies 

Experimental warming with Open Top Chambers (OTCs) 

During the austral summer of 2003/04, Open Top Chambers (OTCs) (Fig. 1) 

were installed at each site in a split plot design to raise the air and soil 

temperature. The structure of the OTCs was based on the ITEX six-sided model 
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(Hollister et al., 2000, Marion et al., 1997, Molau et al., 1996). For a more 

detailed description of the OTCs used in this experiment see Bokhorst et al 

(submitted-c). Temperature monitoring, at 5 cm depth, was undertaken at each 

of the three study locations (copper constantan thermocouple), with data 

obtained in three paired plots of each vegetation community. Data were 

recorded (CR10X Storage module Campbell Scientific UK) every hour for the 

duration of the study 2003/04 till 2005/06.  

Soil respiration 

During the austral summers of 2004/05 and 2005/06, soil respiration rates were 

measured in OTCs and control plots at each study location. A week before the 

start of the measurements PVC tubes covered with tin foil (25 cm height and 10 

cm diameter) were inserted in each plot to a depth of 5 cm at Anchorage Island 

and to 10 cm at Signy and the Falkland Islands. Actual depths of the organic 

soil layer were measured with a metal pin at the end of the experiment within 

each core. Headspace measurements (10 ml) were taken immediately after 

sealing with air tight lids and twice subsequently, after 15 minute intervals. The 

CO2 concentration was measured using an EGM-4 gas analyzer (PP-systems). 

Measurements were generally made at two daily intervals over a period of 3-4 

days/week, although this schedule was sometimes altered due to adverse 

weather conditions.   

Decomposition of vascular plants and cryptogams 

Litter bags (Verhoef, 1995) with a mesh size of 2 mm were filled with air-dried 

fresh plant material at the study sites. Technically, this material is not true 

litter, as it was actively removed from living plants and air-dried. However, its 

use in this study was predicated by the lack of sufficient true litter available for 
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collection at the study sites. In recognition of this, we use the notation ‘litter’ to 

denote this material. At the Falklands Islands study site, bags were prepared for 

each plot, containing 0.50 g of air dried Azorella caespitosa (green parts 

without roots,  n = 2), 0.50 g of Empetrum rubrum (2-3 cm length shoot tips,  n 

= 2) and 0.20 g of Festuca magellanica (whole leaves without tillers or roots 

attached,  n = 4). Eight litter bags were also placed in each grass vegetation plot 

(4 containing A. caespitosa and 4 containing F. magellanica). At Signy Island 4 

bags containing 0.30 g of Polytrichum strictum (surface 3 cm of the moss 

layer) and 4 bags containing 0.20 g of Deschampsia antarctica (whole leaves 

without tillers or roots attached) were placed in each plot. Unfortunately, a 

parallel study on Anchorage Island was destroyed rapidly by the local skua 

(Catharacta maccormicki) population, and it was not possible to complete this 

study at this location. Sub-samples of all the air-dried ‘litters’ were dried to 

constant mass at 70 ºC to determine the ratio between air-dry mass and dry 

mass. All data are expressed on a dry mass basis. 

In order to mimic the natural decomposition of plant material at these two 

locations the ‘litter’ bags were placed on the soil surface (Signy Island) and in 

the litter layer at the Falkland Islands. A recognisable litter layer is generally 

not present on Signy Island, so we consider this approach to give a more 

realistic representation of natural processes here. After being deployed for 

periods of one and two years, one ‘litter’ bag of each type was removed from 

each plot. The material from the ‘litter’ bags was dried for 3-5 days at 70 ºC 

and weighed. The ‘litter’ was than frozen at -20 ºC and transported to the 

Netherlands, where C and N content were analysed. 
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Cotton strip tensile strength loss (CTSL) 

The cotton strip method is a method of measuring the potential of the microbial 

community for breaking down a standard (cellulose) substrate (Boulton et al., 

2000, Correll et al., 1997). To assess the CTSL at the three locations and the 

response to warming in the field under ambient and warmed conditions, cotton 

strips (5 cm by 20 cm) were placed inside and outside the OTCs (Heal et al., 

1974). With the large differences in structure of the vegetation types between 

sites, it was not possible to install the strips in an entirely comparable fashion at 

each location. Therefore, they were placed on top of the soil at the Falkland 

Islands. Cotton strips were placed vertically in the moss with their length 

parallel to the soil surface in the moss community on Signy Island. In the lichen 

community, the cotton strips were placed on the soil surface amongst the 

vegetation. On Anchorage Island, cotton strips were placed horizontally 

underneath the S. uncinata carpet by lifting up a part of the moss. It was not 

possible to place cotton strips in the lichen community here, as any ‘foreign’ 

object, attracted the attention of and was immediately removed by the local 

skuas. 

After one year in the field, the cotton strips were collected and frozen at -20 ºC 

before being transported to the Netherlands. In the laboratory, the strips were 

rinsed with water to remove adhering plant and soil material. After air-drying, 

the force (N) necessary to tear the cotton strips was measured using an AFG 

1000N (Advanced Force Gauge, Mechmesin England). A set of control cotton 

strips (n=4) were also placed in the field and then immediately removed. These 

were transported back to the Netherlands and analysed under similar 

conditions. This was done to measure the CTSL loss in the field compared to 

an initial control value.  
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Chemical analyses 

Both laboratory cores (n=4 per temperature) and field soils (n=12 per location) 

were analysed for total C, N, (elemental analyser) NH4, NO3, phosphate 

(segmented flow analyser) and pH. Soil water content in the OTCs and control 

plots was determined gravimetrically. Bulk density of the soil was quantified 

by sampling cores (6 cm diameter 10 cm depth) and determining dry weight by 

drying a sub-sample for 4 days at 70 ºC. 

Calculations and statistical analysis 

Soil respiration values (ppm CO2 m-2) were recalculated to CO2 g-1 soil by 

dividing respiration values by the bulk density. This was done for each core, 

with its own bulk density, separately. A measure of “physiological time”, 

degree days, defined as cumulative day-degree values above 0 ºC, was 

calculated for each community from the hourly soil temperatures. Cotton 

Tensile Strength Loss (CTSL) was calculated by subtracting the field values 

from the control strip values. Prior to statistical analysis, log transformations 

were applied where appropriate to improve normality and increase 

homogeneity in variances.  

Soil respiration and ‘litter’ CO2 production data obtained in the laboratory were 

analysed using a repeated-measures ANOVA. Because significant interactions 

were identified between temperature and study sites, a one-way ANOVA was 

performed on the mean results of the soil cores and ‘litter’ types for each 

temperature. Q10 values were calculated from the regression between 

temperature and CO2 production for the site-specific cores used at the three 

temperatures. To identify any difference in Q10 values between the cores from 

the different study sites, one-way ANOVA was applied, using for raw data, the 
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Q10 values of each individual core. ‘Litter’ mass loss and C/N ratio were both 

analysed using a two-way factorial ANOVA. Because of a significant (P < 

0.05) interaction term, ‘litter’ types were analysed separately with a one-way 

ANOVA on temperature. The relationship between CO2 production and time 

was determined for each replicate and temperature separately. The slope of this 

linear relation was then compared between ‘litter’ types and temperature using 

a two-way factorial ANOVA. Differences in soil characteristics, from both 

field and laboratory soils, between locations and temperature treatments were 

analysed using a two-way ANOVA. Principal component analysis (PCA) was 

used to visualise difference in the most important soil characteristics between 

study locations. If there was a high co-linearity between soil characteristics, for 

instance NH4 and total N, than only one of those variables was used in the final 

PCA analyses. 

During the measuring period between November 2003 and February 2006 

technical problems caused occasional gaps in the temperature data set. 

Therefore, for these analyses we used temperature data collected between 

December 2004 and November 2005, as this was the only year in which the 

monitoring equipment provided a complete data set at all three locations. The 

presence of differences in temperature data between communities and 

treatments was examined using a repeated-measure ANOVA between the six 

communities, with treatment (OTC vs. control plots) within a plot as a within-

subject factor. Analyses were completed using annual means and seasonal 

(summer: December - February, autumn: March -May, winter: June - August 

and spring: September - November) means.  

Differences in soil respiration, ‘litter’ bag mass loss and CTSL (control values 

minus the field values) between OTCs and control plots in the field were 

identified using a similar repeated-measures ANOVA. Due to non-
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homogeneity of variances (even after transformations), soil respiration data 

were analysed with and without the Anchorage Island data. The treatment 

(OTC) effects in Figure 3 are based on the analysis without the Anchorage 

Island data, as including the Anchorage Island data would violate the 

assumption of homogeneity of the variances and make test results on 

respiration rates between OTCs and control plots unreliable. The differences 

between communities were based on the analysis including the Anchorage 

Island data. All analyses were done in Statistica 7.0 (Statsoft, Inc. 

www.statsoft.com).  

Results 

Laboratory experiments 

Soil respiration and soil properties 

Soil respiration of the cores incubated in the laboratory differed clearly among 

sites and responded in most cases to increased temperatures (Fig. 2). Soil 

respiration was highest (P < 0.05) in the cores from the coldest location, 

Anchorage Island, and lowest at the cores from the warmest location, the 

Falkland Islands (Fig. 2). Soil respiration increased (P < 0.001) with increasing 

temperature. However, the differences in soil respiration were only significant 

between 2 and 10 ºC for the Falkland Islands and Signy Island cores. Due to the 

large variability within treatments, the cores from Anchorage Island showed no 

significant difference between temperatures. Anchorage and Signy Island soils 

had Q10 values of 2.4 and 5.9, respectively, Falkland Island soil respiration had 

a Q10 of 3.1. Signy Island Q10 was marginally (P < 0.1) higher than those of the 

other sites.  

Soil characteristics of the different locations are summarised in Table 1. 

Anchorage Island had the highest soil nitrogen contents and the lowest C/N 
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ratio of the three locations. Soil nutrient contents did not differ between the 

cores kept at different temperatures.  
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Figure 2 Respiration rates of soil cores from Anchorage, Signy and the Falkland Islands, 

incubated at 2, 6 and 10 ºC in the laboratory. Different letters indicate significant (P <0.01 

Tukey HSD) differences between cores from the different study sites, capital letters indicate 

significant (P < 0.05 Tukey HSD) differences between location specific temperatures only.  

n=4, error bars are se.  

The Principal Component Analysis of the main soil characteristics indicates a 

separation between the locations based on soil nitrogen, with the highest values 

for Anchorage Island (Fig 4a). Temperature governs the within location soil 

respiration rate, while soil nitrogen strongly governs the difference in soil 

respiration among locations. 
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Table 1 Soil characteristics of the cores used for the soil respiration experiment in the 

laboratory. Different letters indicate significant (P <0.05 Tukey HSD) differences between 

means of cores for each temperature, n=4, values between brackets are se.  

 

 

‘Litter’ decomposition and soil properties    

Table 2 summarises the main results from the laboratory study on ‘litter’ 

decomposition. CO2 production was greater (P < 0.05) at 10 ºC than at 2 ºC for 

all ‘litter’ types. However, this was not reflected in the mass loss data as this 

was only higher (P < 0.05) for Azorella and Festuca. Total CO2 production 

decreased over time for all ‘litter’ types, except for the moss Sanionia at 10 ºC. 

CO2 production decline over time was similar at 2 and 10 ºC for most ‘litter’ 

types, except for Azorella and Sanionia, which had a steeper (P < 0.05) decline 

in CO2 production over time at 2 than at 10 ºC indicating a faster reduction in 

microbial activity at 2 ºC. Deschampsia had the highest CO2 production of all 

litter types at 10 ºC.  

The C/N ratio of most ‘litter’ types did not change during the breakdown 

process, except for a decrease in Deschampsia from Signy Island. No 

differences were found between incubation temperatures. Deschampsia from 

Anchorage Island decreased in C/N ratio when incubated at 10 ºC compared to 

the initial and 2 ºC treatment. 


