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Chapter 1 

General introduction 

Predictions for future climate change indicate increases in temperature, changes 

in precipitation and the occurrence of more ‘extreme’ weather events (IPCC, 

2001, Tebaldi et al., 2006). These changes will have a large impact on 

ecosystems. However, these changes will not be similar across the planet and, 

due to the present climate, may not always affect ecosystems to the same 

extent. World wide, the polar regions are predicted to show the highest 

increases in temperature (IPCC, 2001). The Arctic has received much attention 

with regard to climate change effects on ecosystems (ACIA, 2005, Callaghan et 

al., 2004, 1995, Chapin et al., 1992). The Antarctic Region, in contrast, has 

received far less attention. This work focuses on the possible effects of 

temperature increase on Antarctic terrestrial ecosystems. 

Antarctica is the coldest, highest, driest and windiest place on earth. As such, 

the Antarctic climate places severe limits on life. Furthermore, Antarctica is an 

isolated continent permanently covered with ice and snow. Less than 1% of this 

land mass is free of snow and ice during the summer period, and most of these 

snow free areas can be found at low altitudes close to sea.  

The Antarctic Peninsula region and islands along the Scotia Arc are usually 

divided into three vegetation zones: the sub-Antarctic comprising the islands 

near to the Polar Front (in this region, South Georgia), the Maritime Antarctic 

comprising the western part of the Peninsula and, including the outlying 

archipelagos of the South Orkney, South Shetland, and South Sandwich Islands 

(c. 56 - 72ºS), and the continental Antarctic south of 72ºS (Chown et al., 2006, 

Longton, 1967, 1988, Peat et al., 2007, Smith, 1996).  
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With increasing latitude, there is a decrease in the number and diversity of 

vascular plants and cryptogams (Peat et al., 2007). The dominant Antarctic 

vegetation consists of cryptogams (Convey, 2001). The only two vascular 

plants are Antarctic hair grass, Deschampsia antarctica, and Antarctic 

pearlwort, Colobanthus quitensis (Smith, 2003). The trophic food web structure 

of the soil ecosystems is relatively simple compared to lower latitudes. Soil 

arthropods are the largest terrestrial organisms. Of these, there are typically 

only a few, up to 10, species in any specific location (Convey, 2001, 1999, 

1996, 1997). The abundance of some of these species can, however, be very 

high, up to one million individuals per square meter, (Convey et al., 1997). In 

extreme situations, there are only primary producers and decomposers. But, 

even when the environment permits inclusion of greater complexity through 

secondary consumers and predators, these are still negligible (Clarke, 1985, 

Convey, 1996, Lister et al., 1988). 

Environmental constraints on Antarctic species 

Most of the species present in Antarctic terrestrial ecosystems are near to their 

distributional limits (Kennedy, 1993b, 1999, Peck et al., 2006). With increasing 

latitude fewer species occur, at least of vascular plants, cryptogams and soil 

arthropods. This latitudinal diversity gradient is regulated by two main factors: 

1) the extreme isolation and 2) the physical environment of Antarctica. 

Antarctica as a continent is completely surrounded by ocean, its most northerly 

point approaching 1000 km from any other continent. The strong winds and 

ocean currents circulating the continent make it even more difficult for species 

to colonise (Barnes et al., 2006). Species that do manage to cross, have to cope 

with various severe environmental stresses, including low temperatures, aridity, 

freeze thaw cycles and a short seasonal day length (Kennedy, 1999, Peck et al., 

2006). In contrast with general belief, the most important factor limiting 
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survival in Antarctica is not temperature but water availability (Kennedy, 

1993b). Water in a frozen state cannot be used by organisms while in 

meteorological terms much of Antarctica is a frigid desert (Longton, 1988). 

Therefore, water availability, temperature and species diversity are closely 

related in the Antarctic (Green et al., 1999, Peck et al., 2006).  

Water availability 

The availability of liquid water is one of the main constraints for life in the 

Antarctic (Kennedy, 1993b). The least protected vegetation types in the 

Maritime Antarctic are the fell-field types. These comprise rocky substrates 

covered with epilithic lichens and mosses. Occasionally there is limited soil 

development between the rocks, encouraged by frost-sorting processes (Allen 

et al., 1970, 1967b). This type of open vegetation is prone to desiccation as the 

water holding capacity of both the mineral soil and the epilithic cryptogams 

themselves is limited. Some types of moss vegetation are better at retaining 

water, and are also associated with limited peat formation and soil development 

(Allen et al., 1967a, 1970, 1967b), resulting in a higher abundance of soil 

arthropods and higher primary production (Convey, 2001).  

Temperature  

The annual mean temperature in the Maritime Antarctic region is below zero 

(ca -2 ºC) (Walton, 1982). Even during the summer months, between 

approximately December and February, the mean temperature only rises to 0-

2ºC. This results in lower growth rates and extended developmental cycles as 

compared to those typical at lower latitudes (Block et al., 1995, Convey, 1994a, 

1996, 1997, 1998, Peck et al., 2006). However, there can also be considerable 
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short-term fluctuations in temperature, particularly at microclimate scale. With 

high solar irradiance it is not unusual for the vegetation or soil and rock 

surfaces to reach temperatures of 20-30 ºC (Walton, 1982). These rapid and 

high changes in temperature pose a threat to the development and survival of 

species. In particular, repeated freezing and thawing is detrimental to organic 

structures (Davey, 1997, Green et al., 1999, Hawes, 1990, Worland, 1996). 

Formation of ice around organisms extracts water from the cells, which causes 

osmotic stress. The withdrawal of water from the cells leads to membrane 

deformation and consequently the risk of damage, while membranes can 

rupture on re-hydration (Kennedy, 1993a, Mazur, 1969). Soil arthropods differ 

in their ability to survive freezing conditions (Block et al., 1982, Somme et al., 

1982), which may result in part from food choice. Use of different food sources 

may lead to the intake of different ice nucleators into the body, thereby altering 

cold tolerance characteristics (Worland, 1996, Worland et al., 2000).  

Nutrient availability 

Higher latitude ecosystems usually have low diversity vegetation and low rates 

of nutrient cycling (Davis, 1981, Hobbie et al., 2002, Jonasson et al., 1999, 

Smith, 1985). Therefore, these ecosystems may depend more on external 

sources of nutrients.  Most mineral and nutrient input in the Antarctic is 

thought to come from the marine ecosystem, either directly in sea spray and the 

excrement of birds and mammals (Ryan et al., 1989, Staley et al., 1993), or 

indirectly via precipitation and melt water (Greenfield, 1992). The influence of 

vertebrate colonies usually decreases with distance inland. At a few specific 

Antarctic locations, the linkages between marine and terrestrial ecosystems 

have been investigated (Cocks et al., 1998, Erskine et al., 1998, Lindeboom, 
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1984, Ryan et al., 1989). However, this is not the case across most of the 

Maritime Antarctic. 

Decomposition processes in Antarctic ecosystems 

As there are no large terrestrial herbivores in the Antarctic, most nutrients and 

carbon from the primary producers are believed to directly enter the 

decomposition cycle, without an intervening consumer level (Block, 1985, 

Davis, 1981). Decomposition processes are mainly regulated by climate, litter 

quality and soil organisms (Aerts, 2006). As temperature and water availability 

are low in the Antarctic, decomposition rates are also low. Moreover, the 

quality of the litter is also low, because it mainly originates from mosses and 

lichens. Earlier studies in the Arctic have shown that these plant groups have 

the lowest decomposition rates compared to other plant types (Dorrepaal et al., 

2005, Quested et al., 2003). The rate of ecosystem nutrient cycling is therefore 

low.  

Soil organisms such as Collembola (springtails) and Acari (mites) play an 

important role in decomposition processes in the soil due to their ability to 

fragment litter and to graze on the microbial community (Brussaard, 1998, 

Faber, 1991). There are differences between species and groups in their ability 

to consume and process, and preferences for, different food types (Anderson et 

al., 1972, Chamberlain et al., 2006, Kaneko et al., 1998, Scheu et al., 2004, 

Varga et al., 2002). Detailed studies of feeding preferences and selectivity of 

Antarctic soil arthropods have mostly been based upon the examination of gut 

contents (Broady, 1979, Burn, 1981), and  this has been applied to only a very 

small number of species (Hogg et al., 2006, Worland et al., 2000). New 

methods, such as stable isotopic studies (Dawson et al., 2002, Peterson et al., 
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1987, Staddon, 2004) have, in some cases, led to new insights in feeding choice 

of soil arthropods (Chamberlain et al., 2006). Application of these techniques 

in the soil ecosystems of the Antarctic has until now not been attempted, and 

potentially will generate a better understanding of the food choice of their soil 

arthropods. Such basic information is essential in order to understand the 

consequences of environmental change for communities and ecosystem 

processes.  

Antarctic terrestrial ecosystems and climate change 

The Antarctic Peninsula region has been warming rapidly during the last fifty 

years (King, 1994, Turner et al., 2005). If temperatures continue to increase as 

predicted (IPCC, 2001), the environmental factors currently limiting biological 

processes such as growth, development and reproduction will be greatly 

affected. An increase in temperature at these regions may have a great 

influence on, amongst other factors, freeze-thaw cycles, growth period and 

water availability. Through these changes in a-biotic features of the 

environment, changes may occur in the species composition of communities, 

the timing of major life history events (phenology), changes in morphology, the 

food web and certain ecosystem processes such as primary production and 

decomposition (Aerts, 2006, Aerts et al., 2006, 2004, Robinson et al., 2003, 

Root et al., 2003).  Climate change will not only affect mean temperatures. The 

occurrence of ‘extreme’ events such as cold spells, heath waves, droughts and 

precipitation intensity will all have a major effect on organisms and processes 

in ecosystems (Convey, 2003, Tebaldi et al., 2006). However, within this thesis 

the main focus will be on increases in mean temperature.  
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Increased soil temperatures, resulting from environmental change, can both 

reduce or increase the number of freeze thaw events, depending on the starting 

point for local soil temperature. If the summer soil temperature is on average 

always below zero, an increased temperature may increase the occurrence of 

freeze-thaw cycles. However, if the summer soil temperature is on average 

closer to zero, increasing the temperature may reduce their occurrences. 

Therefore, predicting the consequences of environmental change, is further 

complicated through the same change potentially having a different effect at 

different geographical locations.  

Water availability is highly dependent on site-specific factors. Sites that are 

already very dry (such as the McMurdo Dry Valleys) will in general become 

drier if temperature increases, due to increased evaporation. Sites with more 

vegetation usually have greater water input, although part of this may be locked 

in a frozen state as permafrost in the soil. Increases in temperature may thaw 

this frozen water, and also alter the length of period of thaw, making it 

available to the vegetation above. Melting snow and ice is also an important 

water source for surrounding vegetation, with patterns of availability also 

subject to change (Convey, 2003). With warming over recent decades, 

recession of snow and ice cover has already been documented at several 

locations in the maritime Antarctic (Fox et al., 1998).  

 Changes in the species composition of the vegetation caused by climate 

change will have consequences for the soil arthropod community and the 

decomposition process, as the quantity and the quality of the litter input will 

change (Aerts, 2006). Warming of the soil may also have a direct effect on 

community composition and population processes. Due to the typically low 

temperatures, most Antarctic arthropods have extended life cycles, generally 
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requiring the survival of several winter periods before reaching a reproductive 

stage (Burn, 1984, Convey, 1994b, 1996, 1997). Lengthening of the growing 

season due to warmer summers can potentially shorten these life cycles and 

lead to faster reproduction and higher abundances. This may ultimately lead to 

increased decomposition rates and possible changes in the vegetation 

composition. 

Higher temperatures, and consequently changes in water availability, are likely 

to directly increase decomposition rate as well (Aerts, 2006, Domisch et al., 

2006, Rustad et al., 2001). However, there is also the potential risk of drying 

out through higher evaporation which might negatively affect the ecosystem 

and related processes (Aerts, 2006, Convey et al., 2002). As the quality of the 

litter has a large influence on decomposition rates, the plant species responses 

to environmental change will have an effect as well (Cornelissen et al., 1999, 

1997, Dorrepaal et al., 2005, Perez-Harguindeguy et al., 2000). Shifts in 

community composition of species with differences in litter quality may alter 

the rate of decomposition and consequently affect the cycling of nutrients. 

Aims and outline of this thesis 

As discussed above, plant and soil animal species within Antarctic 

communities are strongly affected by the macro- and micro-climate. (This is 

schematically shown in Figure 1.) Higher temperatures, through climate 

change, are therefore likely to influence the species composition of the 

vegetation, soil arthropods and decomposition rates.  
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Figure 1 Schematic description of climate change effects on ecosystem processes in a terrestrial 

ecosystem in the Maritime Antarctic region. The different numbers between brackets indicate 

the chapters that deal with the specific processes, indicated by arrows in the scheme. Note that 

this scheme only reflects the major processes that have been investigated in this thesis. 

The aim of this thesis is to investigate the response of plant and soil arthropod 

communities and the decomposition process in terrestrial ecosystem of the 

Maritime Antarctic region to climate change. This was done through several 

complementary methods, including a comparison of communities and 

processes along a latitudinal gradient, field warming with Open Top Chambers 

(OTCs) (Fig. 2) and laboratory studies. The gradient and experimental warming 

work took place at the Falkland Islands (51º76’S 59º03’W), Signy Island 

(60º71’S 45º59’W) and Anchorage Island (67º61’S 68º22’W) (Fig. 3). All 
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fieldwork, sampling and monitoring, was undertaken during three consecutive 

austral summers, starting in 2003/04 and completed in 2005/06. At each 

location, two different coastal communities were selected as foci for study. At 

the Falkland Islands, this included a dwarf shrub and a grass dominated 

community and at the Maritime Antarctic locations, I studied a moss and a 

lichen dominated community. The latitudinal gradient was used as a proxy for 

climate change warming with the Falkland Islands (cool temperate climate) as 

an analogue for extreme warming in the Maritime Antarctic region.   

 

Figure 2 Open Top Chamber (OTC) in dwarf shrub vegetation at the Falkland Islands. 

In Chapter 2, different potential external sources of nitrogen for the three study 

sites were examined using stable isotope methodologies, in order to clarify 
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their utilisation by the vegetation. Chapter 3 describes the food choice of the 

most dominant soil arthropods at the coldest study site, Anchorage Island. By 

combining a laboratory-based feeding experiment and the analysis of natural 

abundances of nitrogen stable isotopes (δ15N) in soil arthropods and 

cryptogams obtained from the field we elucidated the main food choice of soil 

arthropods in these ecosystems. Chapters 4 and 5 describe the soil arthropod 

and plant communities and their response to experimental environmental 

manipulation at the three locations along the latitudinal/environmental gradient. 

In Chapter 6 the results are presented of a decomposition study along the 

latitudinal gradient, including studies on the effects of experimental warming 

with Open Top Chambers. The measurement of soil respiration rates both in the 

laboratory and in the field under different imposed temperature regimes 

provides an estimate of soil responses to temperature increase. Together with 

laboratory- and field-based studies of litter decomposition rates along the 

gradient, the interaction between temperature response and litter quality was 

also assessed. In Chapter 7, the different elements of the study are integrated 

and placed in the context of the existing literature. In this chapter I have also 

attempted to predict how Maritime Antarctic terrestrial ecosystems may 

respond to environmental change, and what trends these changes might follow. 
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Figure 3 Location of the three study sites, with the Falkland Islands east of South America, 

Signy Island at the northern tip of the Antarctic Peninsula region and Anchorage Island west of 

the Antarctic Peninsula. 

Falkland Islands 

Signy Island 

Anchorage 
Island  
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Abstract 

Antarctic terrestrial ecosystems are nutrient-poor and depend for their 

functioning in part on external nutrients. However, little is known about the 

relative importance of various sources. We measured external mineral nutrient 

sources (wind blown material, precipitation and guano) at three locations, the 

cold temperate oceanic Falkland Islands (51º76’S), and the Maritime Antarctic 

Signy (60º71’S) and Anchorage Islands (67º61’S). These islands differ in the 

level of vegetation development through different environmental constraints 

and historical factors. 

Total mineral nitrogen input differed considerably between the islands. During 

the 3 month summer period it amounted to 18 mg N m-2 on the Falkland Islands 

and 6 and 102 mg N m-2 at Signy and Anchorage Islands, respectively. The 

high value for Anchorage was a result of guano deposition. By measuring 

stable isotopic composition (δ15N) of the different nitrogen sources and the 

dominant plant species, we investigated the relative utilisation of each source 

by the vegetation at each island. We conclude that external mineral nitrogen 

inputs to Antarctic terrestrial ecosystems show great spatial variability, with the 

local presence of bird (or other vertebrate) colonies being particularly 

significant.  

Introduction 

Antarctic terrestrial ecosystems have amongst the least developed soils in the 

world and are generally nutrient poor (Beyer and Bölter 2000, Beyer et al. 

2000). Nitrogen limitation of plant growth appears to be one of the main factors 

restricting vegetation development at some locations (Davey and Rothery 1992, 

Arnold et al. 2003, Wasley et al. 2006). Therefore it is expected that external 
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nitrogen sources may play a major role in the nutrient budget of these 

ecosystems (Greenfield 1992a). However, only a few studies have investigated 

the utilisation of these external sources by vegetation in Antarctic terrestrial 

ecosystems (Greenfield 1992b, Erskine et al. 1998). Large but spatially 

localised and mostly coastal bird and seal colonies are known to influence 

vegetation in their vicinity through extra nitrogen deposition (Lindeboom 1984, 

Ryan and Watkins 1989, Staley and Herwig 1993, Smith 1996, Crittenden 

1998, Erskine et al. 1998). Penguin colonies, in particular, are associated with 

large guano deposits. When such colonies become unoccupied or move to other 

sites the abandoned rookeries form a nutrient rich area for plants and mosses 

(Tatur et al. 1997).  

Not all Antarctic locations experience a large direct influence from penguin or 

other vertebrate colonies, because many areas are inaccessible for such 

animals. These areas are often vegetated, but are thought to receive lower 

nitrogen input than vegetation closer to such colonies. These remote 

ecosystems are thought to be dependent for their nitrogen on precipitation, 

wind blown material, such as sea spray, and occasional guano from passing 

birds (Holdgate 1967, Smith 1985, Ryan and Watkins 1989, 1996, Cocks et al. 

1998). Currently, these factors are poorly quantified in the Antarctic (but see 

(Christie 1987, Greenfield 1992a). In order to understand and quantify the 

major sources and pathways of nitrogen flow in Antarctic terrestrial ecosystems 

it is, therefore, imperative to develop a better description of the main external 

sources of nutrients.  

Nitrogen use in ecosystems can be tracked by investigating the concentrations 

of the stable isotope, 15N. Plants that take up nitrogen from sources with a 

certain 15N signature will normally obtain a signature that closely resembles 

that of the source (Robinson 2001, Dawson et al. 2002). However, plants can 
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take up nitrogen from different sources, and the consequential mixing of these 

different signatures may lead to uncertainty in the identity of the source. 

Fractionation during uptake and transport may further obscure the signal. 

However, if the 15N signal of a major source is distinct, it still is possible to 

determine this distinct nitrogen source in the plants (Erskine et al. 1998). 

Precipitation, wind blown material, soils and guano all have distinct stable 

isotope signatures. Large differences in stable isotope composition are already 

known to exist between mosses and lichens from the Antarctic (Galimov 2000, 

Huiskes et al. 2006). These differences partly result from the utilisation of 

different nitrogen sources by these cryptogams (Crittenden 1998, Wainright et 

al. 1998). Analyses of the different potential sources of nitrogen for their 15N 

content should, therefore, provide clarification of the origin of external nitrogen 

into these ecosystems. 

This study aims to provide a better description and understanding of external 

nitrogen sources that are potentially utilised by the vegetation in Maritime 

Antarctic terrestrial ecosystems. We have investigated this by quantifying 

mineral nitrogen sources and by analysing the stable isotope (δ15N) 

composition of these sources. By comparing the stable isotope values of the 

different sources with that of the dominant species in the vegetation we have 

attempted to identify their main external nitrogen sources. Furthermore, 

Antarctic terrestrial ecosystems are normally less developed at higher latitudes 

(Peck et al. 2006), and the influence of external sources might be expected to 

be more pronounced and distinct in less complex ecosystems. By comparing 

the relative importance of different external nitrogen sources along a latitudinal 

gradient we attempt a preliminary study to test this hypothesis.  
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Material and methods 

Study sites 

The study took place at three islands along a latitudinal gradient, during the 

austral summers of 2004/05 and 2005/06. Coastal vegetation was sampled from 

a dwarf shrub habitat on the Falkland Islands (51º76’S 59º06’W) and from 

cryptogamic (moss and lichen) vegetation on Signy Island (South Orkney 

Islands, 60º71’S 45º59’W) and Anchorage Island (Marguerite Bay, western 

Antarctic Peninsula, 67º61’S 68º22’W).  

The Falkland Islands study site is adjacent to a marine inlet on the western part 

of East Falkland where, due to the typically high winds, sea spray is often 

blown inland. The nearest significant bird colonies (cormorant, Phalacrocorax 

magellanicus) are within 0.5 – 1.0 km, but visual inspection suggested that they 

only have a direct influence on the vegetation in their immediate (<10 m) 

vicinity.   

At Signy Island, moss and lichen vegetation close to the British Antarctic 

Survey (BAS) research station was examined. Signy Island hosts a large 

number of penguins (Pygoscelis papua, P. adeliae and P. antarctica), elephant 

seals (Mirounga leonina) and fur seals (Arctocephalus gazella) (Hodgson et al. 

1998, Lynnes et al. 2004). The nearest concentrations of elephant seals to the 

study site are within 500 m, across Borge Bay at Cemetery and Elephant Flats, 

and these contained more than 100 animals on some occasions. Large penguin 

colonies are within 2 km on the Gourlay Peninsula, to the south of the study 

site, while the island also hosts a large number of cliff and burrow-nesting 

petrels, storm petrels and prions, and ground nesting skuas. Of the three 
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islands, Anchorage Island includes the least developed terrestrial ecosystems, 

in terms of macroscopic vegetation. The study site selected here is at the 

eastern side of a rocky ridge, at approximately 30-40 m asl. There is one beach 

used by elephant seals for moulting and haul out on the island, c. 500 m south 

east of the site, typically with 10-20 individuals present at any one time during 

the summer, and c. 30 pairs of south polar skuas (Catharacta maccormicki) 

nest in the vicinity. 

Logistical practicalities 

Due to logistical scheduling constraints and practicalities, field periods at the 

three sites were restricted. Each year the Falkland Islands were visited during 

spring between the end of October and the end of November, Signy Island in 

mid summer between December and mid-January, and Anchorage Island in late 

summer between mid-January and the end of February. At each site, field 

collections and measurements were restricted to these six-week periods. 

Sampling of potential nutrient sources 

Plants and cryptogams are capable of taking up mineral nitrogen in the form of 

NH4 and NO3 as well as more complex organic compounds (Aerts and Chapin 

2000). However, due to possible fractionation of 15N during uptake of more 

complex substrates we have decided to focus on the mineral nitrogen sources 

alone to link source and plants more directly. 

 Wind blown material   

Two aerosol samplers (Fig. 1) were deployed at each of the experimental sites. 

Each sampler incorporated a paper filter (0.04 m2) which was held facing into 
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the wind by a wind vane. During the fieldwork periods spent on each site, the 

filters were replaced weekly. Collected filters were stored in sealed plastic jars 

and transported to the Netherlands at -20 ºC. After thawing, the filters were 

rinsed with demineralised water and this water was analysed for mineral 

nitrogen and 15N. Only the 15N of the NH4 obtained was analysed, as the NO3 

concentration in the samples was found to be too low for this analysis.  

Precipitation  

Precipitation at each site was collected by a self-registering precipitation gauge 

(PLUVIO), which was emptied at the beginning and end of each field period. 

At the Falkland Islands, this took place at the beginning and end of November, 

on Signy Island at the beginning and end of December and on Anchorage 

Island at the end of January and mid-February. Collected precipitation was 

stored at -20ºC and transported to the Netherlands for analyses of mineral 

nitrogen and 15N. Due to the high winds and consequently high evaporation at 

the Falkland Islands we were unable to obtain a large enough precipitation 

sample for analyses of 15N and, unfortunately, the samples from Anchorage 

Island were lost during transport. 
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Figure 1 sampler of wind blown material on Signy Island. 

For the estimation of total mineral nitrogen in the Anchorage Island 

precipitation, we therefore used the data obtained from Signy Island. Long-

term mean annual precipitation data on the Falkland Islands (575 mm year-1), 

were obtained from the Department of Agriculture of the Falkland Islands 

Government. Signy (400 mm year-1) and Anchorage Island (500 mm year-1) 
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mean annual precipitation figures were obtained from Holdgate (1967) and 

Turner (2002). 

 Bird guano  

In order to estimate the amount of nitrogen deposition on land through bird 

excreta, 4 plastic tarpaulins (48 m2 in total) were placed on the ground during 

the 2004/05 and 2005/06 field seasons at each site. Each day, guano deposition 

events were counted and the deposited material collected. The samples were 

stored at -20ºC and transported to the Netherlands for analysis of total nitrogen 

content and stable isotopes (15N). As birds are not present, at least at the 

Antarctic sites, year-round, the estimates of total nitrogen deposition were 

based on a presence of 3 months (Rootes 1988). Guano encountered on the 

tarpaulins at the Falkland Islands was too small to permit sufficient amounts to 

be obtained for analyses. 

Vascular plant, cryptogam and soil analyses 

Samples of the dominant vascular plant (roots only) and cryptogam species 

(Table 1, n = 3 for each species) were collected from each field site during the 

2004/05 season. The lichen species studied do not contain cyanobacterial 

photobionts and therefore do not fix nitrogen themselves (Ovstedal and Smith 

2001). Samples of 1-2 g were stored in sealed glass jars and transported to the 

Netherlands at -20 ºC where, after freeze-drying, they were ground and 

analysed for 15N using a Fisons NA 1500 elemental analyzer coupled to a 

Finnigan conflo II interface, and a Finnigan MAT Delta S isotope ratio mass 

spectrometer (IRMS).  
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Soil samples were collected under each of the vegetation communities at the 

three sites during the 2005/06 season, frozen (-20ºC), and transported to the 

Netherlands for analyses of stable isotopes (15N). The term ‘soil’ as applied to 

the Antarctic moss communities is here taken as the layer underneath the 

vegetation, mainly composed of partly decomposed moss peat. 

Table 1 Species sampled for 15N analysis from the three sites. 

 

Calculations and statistical analyses 

Mineral nitrogen inputs from the different external sources were expressed as 

mg N m-2 week-1. Then, total external nitrogen input during the summer period 

(13 weeks) was estimated by multiplying the measured mean weekly amounts 

by 13. An estimate of nitrogen input in precipitation over the same period was 

based on a quarter of the mean annual precipitation at each site.  

Isotopic ratios (15N/14N) were converted to delta units (δ) in parts per thousand, 

using the formula: 

 δ = (Rsample/Rstandard –1) * 1000 
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in which R is the molar ratio of heavy to light isotopes (15N/14N). The accepted 

standard ratio for nitrogen is that of atmospheric air (15N/14N  ≈ 3.67 x10-3) 

(Dawson et al. 2002).   

Differences between sites in input from external nitrogen sources were 

analysed using one-way ANOVA. As the bird guano nitrogen input at 

Anchorage Island was very large in comparison with the other sites, differences 

were examined with and without inclusion of this source. Differences in δ15N 

between sources and plant species were analysed with a one-way ANOVA. 

Where necessary, a log transformation was applied to compensate for non-

homogeneity of variance. Analyses were completed using the programme 

Statistica 7.0 (Statsoft, Inc. www.statsoft.com).  

Results 

External nitrogen sources  

The total amount of external mineral nitrogen (NH4 and NO3) input differed 

substantially between the sites and was highest (P < 0.05) for Anchorage Island 

and lowest for Signy Island, with intermediate levels at the Falkland Islands 

(Fig 2). This pattern was largely a result of the high nitrogen input through 

guano at Anchorage Island. When comparing external mineral nitrogen 

sources, based on precipitation and wind blown material alone that of the 

Falkland Islands was marginally higher (P < 0.1) than the Maritime Antarctic 

Islands. 
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Figure 2 Estimated mineral nitrogen input due to precipitation, wind blown material and guano 

for the three Islands during the summer period (3 months). Different letters indicate significant 

(P < 0.05 Tukey HSD) differences between the Islands. n= (at least) 3, error bars are se. 
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Stable isotope composition of vegetation and external nitrogen sources 

Table 2 Stable isotope values of external nitrogen sources. Difference letters indicate 

significant (P < 0.05 Tukey HSD) differences between sources for each island separately. 

Values between brackets are se, nd: not determined, -: not present. 

Falkland Islands Signy Island Anchorage Island

Soil 0.0 (0.1) 
a

6.2 (0.7) 
a 

(moss ) 14.0 (0.3) 
a

9.7 (0.7) a (lichen )

Sea water 2.7 (1.3) a nd 1.9 (0.5) b

Wind blown material 19.7 (8.5) a 4.4 (4.7) a 20.4 (1.3) c

Precipitation nd 6.4 (1.1) a nd

Guano - - 10.9 (1.9) 
a

 

Table 2 summarises the stable isotope values of the external nitrogen sources 

from each island. δ15N values of the plant species at the Falkland Islands were 

almost all below 0‰, with the exception of the roots of Pernettya pumilla, but 

did not differ significantly from any of the external sources (Fig. 3a). At Signy 

Island, species in the moss community had δ15N values that were similar to the 

soil and wind blown material but significantly higher (P < 0.05) than that of 

precipitation. The lichen genera Usnea, Umbilicaria and Cetraria had 

significantly lower (P < 0.05) δ15N values than those of wind blown material 

and soil. The δ15N values of Andreaea (moss species), Sphaerophorus and 

Ochrolechia did not differ from any of the external sources (Fig 3b). Wind 

blown material at Anchorage Island, had higher (P < 0.05) δ15N values than the 

lichens and mosses. δ15N value of guano was not significantly different to those 

of the moss species examined, though was higher (P < 0.05) than that of the 

lichen Usnea. The moss values did not differ from that of soil, while the lichen 

δ15N values were lower (P < 0.05) (Fig. 3c). 
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Figure 3 (a) Stable isotope (δ15N) values of the dominant plants species in the vegetation (see 

Table 1 for species names), soil and potential nitrogen sources for the Falkland Islands. The 

isotopic signatures of wind blown material, bird guano, and precipitation are indicated by 

dotted lines. n=3, error bars are se. 
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Figure 3 (b) (c) Stable isotope (δ15N) values of the dominant plants species in the vegetation 

(see Table 1 for species names), soil and potential nitrogen sources for, Signy Island (b) and 

Anchorage Island (c).  
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Discussion 

Our estimates of external mineral nitrogen inputs were necessarily limited to 

the summer period only. Thus, our data refer to the period when the vegetation 

is most active, as Antarctic species have a short growing season limited to the 

summer months (Peck et al. 2006). Total mineral nitrogen inputs found in this 

study were almost two times lower than found at other studies at Signy Island 

(Christie 1987, Greenfield 1992a). These differences may result from the 

different sampling sites, indicating a high variability even within a small 

region, or that we only focussed on mineral nitrogen and did not determine 

organic nitrogen. Although this could potentially lead to an underestimate of 

total nitrogen input to each site, the relative importance of the different mineral 

nitrogen sources, which was the emphasis of this work, for the vegetation can 

be compared on the basis of the data obtained here. 

During the summer months, the mineral nitrogen input through precipitation 

and wind blown material was similar across the three islands. However, 

Anchorage Island received a much greater total input through guano deposition 

by skuas. This finding gives an explicit demonstration that the presence of 

vertebrates such as skuas can have a major impact on the nutrient balance of 

Antarctic ecosystems, as also proposed by various other studies (Lindeboom 

1984, Erskine et al. 1998). Parallel findings are also reported in ecosystems at 

lower latitudes (Mizutani and Wada 1988, Polis and Hurd 1996, Post et al. 

1998). 

The great difficulty in using natural abundance stable isotope signatures in 

identifying nitrogen sources lies in the potential mixing and fractionation 

processes that can occur during uptake by plants. However, fractionation 

during uptake should act to reduce 15N levels, thereby leading to lower 
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signature values in the plant than that of the source. In cases where an 

important nitrogen source has a distinct and high 15N signature compared to 

other sources, a relatively high 15N signature would still be expected in the 

vegetation (see Erskine et al. (1998) and Pearson et al. (2000)). 

The 15N contents of the external sources at the Falkland Islands and Signy 

Island did not differ significantly due to the inherently high variability in their 

signatures, which inevitably constrains our ability to determine the 

predominant sources used by vegetation at these study sites. However, at Signy 

Island, most lichens had a significantly lower signature than that of the wind 

blown material, indicating that they are unlikely to rely on this source of 

nitrogen. Their signature was more similar to that of precipitation, from which 

many lichens are known to obtain nutrients (Greenfield 1992b, Crittenden 

1998, Hyvarinen and Crittenden 1998), rather than soil (Ellis et al. 2004).  

The two positive δ15N signatures found in this study were from the moss 

Andreaea depressinervis and the lichen Ochrolechia frigida (Fig 3b). The 

positive value of A. depressinervis indicates that this species probably relies on 

a source other than precipitation such as soil (Ayres et al. 2006). Ochrolechia 

frigida grows epiphytically on A. depressinervis and had a very similar δ15N 

value to the moss. This finding supports the proposal that this lichen is parasitic 

on the moss, as has been suggested by Gassmann & Ott (2000). 

Assuming that fractionation leads to lower δ15N values, it is likely that the moss 

species do not rely on precipitation as a main source of mineral nitrogen at 

Signy Island. The positive δ15N signature of the wind blown material at this site 

is likely to be related to the presence of seal and penguin colonies on the island. 

Indeed, close to the field site on Signy Island there is an elephant seal colony, 

downwind of which a strong ammonium odour can be detected (SB, personal 
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observation), indicative of a potential nitrogen source (Lindeboom 1984, 

Greenfield 1992a, Theobald et al. 2006). Other studies have reported that 

windblown material close to (<1 km) a penguin colony is usually increased in 
15N, with comparable values being present in local vegetation (Erskine et al. 

1998).  

Nitrogen isotopic content in sea spray was not measured at this location but, 

given the similarity between samples obtained from the Falkland Islands and 

Anchorage Island, it seems reasonable to assume a similar 15N of 2 ‰ for 

Signy Island. If correct, then it remains impossible to differentiate between sea 

spray playing an insignificant role as a nitrogen source, or wind-blown material 

being greatly reduced in 15N content by combination with sea spray.  

In contrast with the data obtained from the Falkland Islands and Signy Island, 

mineral nitrogen sources at Anchorage Island did differ from one another in 

isotopic content. The high δ15N value of wind-blown material found here most 

probably relates to the proximity of a seal haul out area close to the study site 

and the density of the local skua population. The 15N signature of the sea water 

was around 2‰, and does not appear to have influenced the signature of wind-

blown material to any extent, further suggesting that sea spray alone does not 

represent a significant mineral nitrogen source for this community. 

The high positive δ15N values obtained from vegetation at this site indicate that 

guano and wind blown material are the major mineral nitrogen sources for this 

community. One lichen species, Usnea antarctica, did not follow this pattern, 

having a negative δ15N signature. This low δ15N value indicates that Usnea 

antarctica probably relies more on precipitation as a nitrogen source, as 

discussed above for the lichens of Signy Island. The other lichen species 
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probably take up nitrogen from the guano or wind blown material as they had 

higher δ15N values. 

In conclusion, this study demonstrates that external mineral nitrogen inputs to 

Antarctic terrestrial ecosystems show great spatial variability, with the local 

impact of vertebrate presence being particularly important. In the absence of 

such vertebrates, precipitation is a significant mineral nitrogen source for some 

(but not all) plant species, as also proposed by Greenfield (1992a). We were 

unable to differentiate the relative importance of sea spray, as distinct from 

other wind blown material, to these ecosystems. Any direct link involving 

nutrient transfer between the marine ecosystem and the terrestrial biome does 

not appear to be very strong at these sites, with transfer rather being largely 

indirect, mediated by the activities of marine mammals and birds.  
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Abstract 

Antarctic soil ecosystems are amongst the most simplified on Earth and include 

only few soil arthropod species, generally believed to be opportunistic 

omnivorous feeders.  Using stable isotopic analyses, we investigated the food 

choice of two common and widely distributed Antarctic soil arthropod species 

using natural abundances of 13C and 15N and an isotope labelling study. In the 

laboratory we fed the isotomid springtail Cryptopygus antarcticus six potential 

food sources (one algal species, two lichens and three mosses). Our results 

showed a clear preference for algae and lichens rather than mosses. These 

results were corroborated by field data comparing stable isotope signatures 

from the most dominant cryptogams and soil arthropods (C. antarcticus and the 

oribatid mite Alaskozetes antarcticus).  Thus, for the first time in an Antarctic 

study, we present clear evidence that these soil arthropods show selectivity in 

their choice of food and have a preference for algae and lichens above mosses. 

Introduction 

Soil arthropods are known to play an important role in decomposition processes 

and nutrient flows through the soil ecosystem (Brussaard 1998, Filser 2002). 

However, detailed knowledge of the specific role of individual species in the 

soil ecosystem is necessary to better understand ecosystem processes (Faber 

1991). Food availability is likely to be an important determinant of the 

functional composition of the soil arthropod fauna (Hodkinson and Wookey 

1999), while their specific role in any soil ecosystem can only be understood in 

relation to their diet. The functional role of soil arthropods is generally very 

difficult to investigate, due to the complexity of most soil food webs.  

However, in the typically species-poor Antarctic terrestrial ecosystems the soil 
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food web is relatively simple (Convey, 2001) which makes them very suitable 

for addressing this type of question. However, to date very few studies have 

addressed this subject in Antarctic soil ecosystems, see review by Hogg et al. 

(2006). 

Within Antarctic soils and vegetated ecosystems there are only a small number 

of arthropod species (Davis 1981, Usher and Booth 1986, Convey et al. 1996, 

1997, Convey 2001, Sinclair 2001). However, the abundance of some of these 

arthropods (e.g. the isotomid springtail Cryptopygus antarcticus) can be very 

high, up to 106 individuals m-2 (Convey and Smith 1997), while communities 

are often dominated by only one or two species (Goddard 1979, Block 1982, 

Richard et al. 1994). These large numbers suggest that there must be ample 

food available, and there is a generally accepted, but generally untested, 

assumption that food resources are not limiting for these arthropods (Convey, 

1996).  

Maritime Antarctic vegetation is primarily composed of cryptogams (Longton 

1967, Convey 2001) with mosses as the group that sequesters most of the 

carbon. As there are no large herbivores, almost all this carbon is transferred to 

the soil (Davis 1981). It has previously been suggested that most of the carbon 

and nutrients will flow directly into the decomposition pathway without 

passing through a consumer level (Block 1985). However, the contribution of 

the dominant groups of soil arthropods, springtails and mites, within these 

nutrient flows is not well understood. 

Most existing data on feeding preferences of Antarctic soil arthropods is based 

on analysis of the gut content (Broady 1979, Burn 1981, 1984, Davidson and 

Broady 1996). This approach, while widely used, has the drawback that only 
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the material that passes through the gut of an organism undamaged can be 

determined (Chamberlain et al. 2006a, 2006b), while there is usually a large 

component of unidentifiable material remaining (Davis 1981). The use of stable 

isotopic analyses in soil food web studies has made it easier for ecologists to 

assess the role of soil organisms (Neilson et al. 1998, Briones et al. 1999, 

Scheu and Falca 2000, Schmidt et al. 2004, Staddon 2004). More importantly, 

assumptions about feeding preferences of species have been changed as a result 

of the use of this technique (Chamberlain et al. 2006a). Applying this technique 

on the components of Antarctic soil ecosystems will enable increased 

understanding of the feeding strategies of Antarctic soil arthropods, and of the 

specific roles these soil arthropods play in nutrient cycling in these ecosystems. 

Various studies have shown that the stable isotope signatures (δ13C and δ15N) 

of cryptogams differ considerably between species (Galimov 2000, Huiskes et 

al. 2006). These stable isotope differences in the producers should therefore 

lead to differences in consumer isotope ratios and assist in the determination of 

feeding preferences.  

The aim of this study was to assess the food choice of the most dominant soil 

arthropods in maritime Antarctic soil ecosystems. We used two complementary 

approaches: 1) laboratory feeding-experiments with labelled and non-labelled 

food using Cryptopygus antarcticus in order to determine which food sources 

are preferred by this species: and 2) a field survey on Anchorage Island 

(maritime Antarctic) in which we compared the isotopic signatures of the 

dominant springtail (C. antarcticus), mite (Alaskozetes antarcticus) and 

potential food sources.  
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Material and Methods 

Sampling site 

Cryptogam and soil arthropod specimens were collected from Anchorage 

Island (maritime Antarctic). Anchorage Island is one of the Léonie Islands and 

lies in Marguerite Bay south of the Rothera Research Station of the British 

Antarctic Survey (67º61’S 68º22’W). 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 patches of the moss Sanionia uncinata 

(Hedw.) Loeske, and the grass Deschampsia antarctica Desv. However, the 

vegetation consists mainly of lichens, with Usnea antarctica being most 

prominent. 

Feeding experiments with the springtail Cryptopygus antarcticus 

Cryptopygus antarcticus is by far the most abundant springtail in vegetated 

habitats of Anchorage Island (Convey and Smith 1997). Recent molecular 

phylogenetic research indicates that material currently referred to this species 

across its wide maritime and sub-Antarctic distribution is likely to represent 

several distinct lineages, with that from the Antarctic Peninsula referable to the 

subspecies C. antartcticus antarcticus (Stevens et al. 2006). Live specimens of 

Cryptopygus (henceforth referred to by generic name only) were transported to 

the Netherlands in plastic boxes with algae and mosses at 4 ºC. Two feeding 

experiments were performed. In the first experiment 20 individuals of 

Cryptopygus were placed in each of 30 polystyrene pots with a base of plaster 

of Paris. In all pots one of the following six food sources was placed: Prasiola 
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crispa (alga), Umbilicaria decussata (lichen), Usnea antarctica (lichen), 

Sanionia uncinata (moss), Pohlia nutans (moss) or Brachythecium 

austrosalebrosum (moss), each replicated five times. All these species occur 

naturally within local maritime Antarctic ecosystems. The pots were 

maintained in a climate chamber at 2ºC for six weeks, the temperature being 

selected as it is the mean summer soil temperature at this location in the 

maritime Antarctic (Bokhorst et al submitted). After this period, Cryptopygus 

and cryptogam samples were freeze-dried and analysed for their 13C and 15N 

content. Cryptopygus individuals were grouped together for each replicate in 

order to provide sufficient material for analyses (5 for 13C and 15 for 15N). 

In the second experiment, the same 6 food sources were labelled with 13C and 
15N. Labelling of the cryptogams and alga with 13C was achieved by placing 

moisturized parts of the above mentioned food sources in a desiccator with 

overhead lighting. Sodium bicarbonate (13C, 99%, Cambridge Isotope 

Laboratories, Inc.) and hydrochloric acid were placed in the desiccator for 3 

hours to produce the labelled 13CO2. The solution used for the 15N labelling was 

based on a standard medium for culturing algae (Schlosser 1997). The original 

solution contained sodium nitrate, which we replaced with potassium nitrate 

(0.18g labelled K15NO3 and 0.71g non-labelled KNO3) (15N, 98%, Cambridge 

Isotope Laboratories, Inc). The solution was then sprayed onto the cryptogams 

once a day over a two-week period. Cryptopygus (n=20 individuals) were then 

maintained with the labelled food sources for a period of six weeks, as 

described above (n=5 pots for each food source). After the experiment two 

replicate pots from each food source were sampled and the cryptogams and 

Cryptopygus (individuals within each replicate were grouped together to obtain 

sufficient material) were freeze-dried and analysed for 13C and 15N.  
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Natural abundance of 13C and 15N in food items and soil arthropods  

For this part of the study, we focussed on the dominant soil arthropods (the 

isotomid springtail Cryptopygus antarcticus and oribatid mite Alaskozetes 

antarcticus) that were readily collectable from the field. At Anchorage Island 

both species were collected from lichen, moss and alga-dominated 

communities. Arthropods were either shaken from pieces of the vegetation or 

removed with a small brush. Individuals (n=20) were placed in glass containers 

and frozen to -20 ºC as soon as possible after collection (typically on the day of 

collection, on return to the research station). Cryptogams were sampled (1-2 g 

per sample, n=3) from the location at which the arthropods were collected and 

also stored in glass container. All samples were stored at -20 ºC and transported 

to the Netherlands. The cryptogam samples (n=3 per species) were freeze-dried 

and milled before analysis of 13C and 15N. Due to their small size, soil 

arthropods were freeze-dried but not milled prior to analysis. Individuals were 

grouped to provide sufficient material for analyses: Cryptopygus, n≈ 5 

individuals, Alaskozetes, n≈2 individuals for each analysis.  

Chemical analyses 

Analyses of 15N and 13C were carried out using a Fisons NA 1500 elemental 

analyzer coupled to a Finnigan conflo II interface, and a Finnigan MAT Delta S 

isotope ratio mass spectrometer (IRMS). Due to the low concentrations of these 

isotopes, the isotopic ratios (13C/12C or 15N/14N) were converted to delta units 

(δ) in parts per thousand, according to the formula: 

 δ = (Rsample/Rstandard –1) * 1000 
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in which R is the molar ratio of heavy to light isotopes (13C/12C or 15N/14N). 

The standard ratio for carbon is V-PDB (13C/12C ≈ 1.124 x10-3) and for 

nitrogen it is atmospheric air (15N/14N  ≈ 3.67 x10-3) (Dawson et al. 2002). 

Statistical analysis 

To control for non-homogeneity of variances, data were log-transformed prior 

to statistical analyses. Differences in stable isotope signatures between food 

types were analysed using a one-way ANOVA. A similar analysis was 

performed on the stable isotope signature of Cryptopygus obtained after 

feeding on different food types. In case of a significant main effect, differences 

among food items were a-posteriori tested using Tukey HSD. Changes in 

stable isotope signatures of the food sources and of Cryptopygus as a result of 

labelling were tested with a factorial 2-way ANOVA with species and labelling 

as independent factors. If there was a significant interaction between species 

and labelling the data were analysed for each species separately, using a one-

way ANOVA. All analyses were completed using the program Statistica 7.0 

(Statsoft, Inc. www.statsoft.com).  

Results 

Feeding experiment 

The variation in δ13C values among the food items (± 7 ‰) was considerably 

lower than the variation in δ15N values (± 25 ‰) (Fig. 1). Nevertheless, the 

food items differed significantly in δ13C values (F=14.3, P < 0.01). The three 

moss species had lower values than the two lichens, which were in turn lower 

than the alga, based on a Tukey HSD (Fig. 1a). The δ15N of the food items also 

differed significantly (F=159.0, P < 0.001). The lichens had the lowest values 
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but there was considerable variation within this group. The mosses had higher 

values and were more closely grouped than the lichens. The alga had the 

highest value (17.0 ‰) based on Tukey HSD (Fig. 1b).    

The δ13C values of Cryptopygus did not differ after feeding on any of the 

available food sources after 6 weeks (Fig. 1a). However, the δ15N values of 

animals fed on the two lichen species were slightly lower (F= 12.2, P < 0.05) 

than those provided with  

 

Figure 1a Stable isotope contents (δ13C) of food sources provided (mosses (m), lichens (l) and 

alga (a) indicated with the letters a, l and m between brackets), and of the springtail 

Cryptopygus antarcticus after having fed on the separate food sources for 6 weeks. Letters (a-c) 

between brackets indicate significant differences (P < 0.05) for food types and Cryptopygus 

separately, n=2 for each bar, error bars indicated SE. 
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Figure 1b Stable isotope contents (δ15N) of food sources provided (mosses (m), lichens (l) and 

alga (a) indicated with the letters a, l and m between brackets), and of the springtail 

Cryptopygus antarcticus after having fed on the separate food sources for 6 weeks. Letters (a-c) 

between brackets indicate significant differences (P < 0.05) for food types and Cryptopygus 

separately, n=2 for each bar, error bars indicated SE. 

moss or algae. Given the lower δ15N values of the lichens compared to the alga 

and the mosses (Fig. 1b) this suggests that these lower values are reflected in 

the isotopic signature of Cryptopygus when fed with lichens. Overall, the 

isotopic signatures of all the Cryptopygus examined were very similar to the 

stable isotope signature of the alga Prasiola crispa (Fig. 1). 
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Experiment with labelled food 

Labelling with 13C had a significant effect on the 13C signature (F=212.1, P < 

0.001) of the different food types presented. However, the increase in 13C was 

not significant for all the moss species (Fig. 2a) as is reflected by the significant 

(F=60.8, P < 0.05) interaction between species and labelling. Labelling of food 

increased (F=681.0, P < 0.001) the δ15N for all food types. The increase in 15N 

was greater in the alga and lichens than the moss species (Fig. 2b), which was 

reflected by the significant (F=92.1, P < 0.001) interaction between species and 

labelling.   

 
Figure 2a Stable isotope contents (δ13C) of the alga Prasiola crispa, the lichens Umbilicaria 

decussata and Usnea antarctica and the mosses Brachythecium austrosalebrsoum, Sanionia 

uncinata and Pohlia nutans from experiment 1 (non-labelled) and experiment 2 (labelled). (*) 

and (‘) indicate significant and marginal (P < 0.05 and P < 0.1 Tukey HSD) differences 

between labelled and non-labelled δ values. n=2 for each bar, error bars indicate SE. 



 64 

 

Figure 2b Stable isotope contents (δ15N) of the alga Prasiola crispa, the lichens Umbilicaria 

decussata and Usnea antarctica and the mosses Brachythecium austrosalebrsoum, Sanionia 

uncinata and Pohlia nutans from experiment 1 (non-labelled) and experiment 2 (labelled). Note 

the log scale on the y-axis. (*) and (‘) indicate significant and marginal (P < 0.05 and P < 0.1 

Tukey HSD) differences between labelled and non-labelled δ values. n=2 for each bar, error 

bars indicate SE.  

For all food types, the δ15N value of Cryptopygus increased (F=51.2, P < 0.01) 

when provided with labelled food types. However when feeding on Prasiola, 

Umbilicaria and Usnea, the δ15N increase was much greater than when feeding 

on the moss species (Fig. 3), indicating a preference for alga and lichens above 

moss. The δ13C of Cryptopygus did not show a consistent change after eating 

labelled food.  
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Figure 3 Stable isotope (δ15N) contents of Cryptopygus antarcticus after feeding for 6 weeks on 

δ15N labelled (experiment 2) and non-labelled (experiment 1) food. (*) and (‘) indicate 

significant (P < 0.05 and P < 0.1 Tukey HSD) differences. n=2 for each bar, error bars indicate 

SE. 

The natural abundance of 13C and 15N of soil arthropods and cryptogams in the 

field 

Moss and lichen species could be separated in two groups based on their δ15N 

value (Fig. 4). Mosses had higher δ15N values than lichen species, while the 

lichen species had large variability in their δ15N value. The alga Prasiola had a 

similar δ15N value to the moss species but the δ13C value obtained from algae 

sampled amongst the lichen community was lower (P < 0.01) than in those 

samples obtained from the moss community (Fig. 4). 
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The δ13C and δ15N values obtained from field samples of Cryptopygus were 

similar to those of the alga Prasiola, indicating that this food type might be the 

main food source for this species. The other dominant soil arthropod 

Alaskozetes antarcticus had higher δ15N values than Cryptopygus. When 

sampled from a lichen community it had a lower (P < 0.05) δ13C content than 

when sampled from the moss and alga community. As the alga Prasiola 

showed a similar separation in δ13C it is highly likely that Alaskozetes also 

feeds primarily on alga. Overall these data indicate that algae are likely to be a 

dominant food resource for both these soil arthropod species. 

 

Figure 4 Stable isotope (SI) (δ13C and δ15N) values of the dominant cryptogam species, 

Prasiola crispa (alga) and soil arthropods (Cryptopygus antarcticus and Alaskozetes 

antarcticus) from Anchorage Island. The circles group the lichen (l) and moss (m) species 

together based on SI values. The arrows indicate specific species collected from different 

community types. For all samples there was a minimum of three samples per species, error bars 

indicate SE.  
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Discussion 

Food choice of Antarctic soil arthropods  

This study is the first to apply stable isotopic analyses to the study of the food 

webs of Antarctic soil ecosystems, although analogous studies have been 

successfully applied to Antarctic marine food webs (Kaehler et al. 2000, Gilpin 

et al. 2002, Jacob et al. 2006). This study had the primary aim of obtaining a 

better understanding of dietary selection in the most abundant isotomid 

springtail and oribatid mite of this region. When cultured on specific food types 

over a period of six weeks, the springtail Cryptopygus showed minimal 

changes in stable isotope signature except for a slight δ15N decrease seen in 

those maintained on lichens.  Analogous feeding experiments using temperate 

species maintained at higher temperatures have shown large changes in stable 

isotope composition of springtails after only 3-4 weeks (Briones et al. 1999). 

Therefore, the lack of response or very low response seen here could simply 

relate to the low temperature at which the experiment had to be maintained 

and/or the typically slow life cycle and development rates seen in Antarctic soil 

arthropods (Block and Convey 1995, Convey 1996). 

Feeding with labelled food sources did result in a clear increase in δ15N content 

when Cryptopygus was provided with the labelled alga and lichen species. The 

increase in δ15N after feeding on moss was much lower. The 15N labels of the 

food were not similar and may have affected the labelling of Cryptopygus. For 

instance, the 15N content of the lichen Usnea was twice as high as that of 

Prasiola. The value found in Cryptopygus was, however, higher when feeding 

on Prasiola than on Usnea, indicating that more of the alga was consumed than 

of the lichen. The same principle applies to the feeding on moss. There was an 
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increase of δ15N in Cryptopygus from about 15 to 30‰ when feeding on moss, 

but they also had a δ15N content of about 900‰ while a higher value would be 

expected if the moss was readily fed from. This indicates that moss is less 

attractive to this springtail as a food source. A possible reason for this is that 

mosses contain inhibitory or refractory compounds and are difficult for soil 

arthropods to digest (Lawrey 1987, Davidson and Broady 1996).  

The natural abundance signatures obtained from the field survey are more 

difficult to interpret. Literature suggests that consumers generally increase in 

δ15N content (± 3-4‰) with every trophic level. For δ13C the increase per 

trophic level is about 0.1-1‰ (Peterson and Fry 1987, Robinson 2001, Dawson 

et al. 2002). If a species feeds on food types that differ in stable isotope 

composition, it normally obtains a stable isotope signature intermediate 

between the sources. 

The similarity in stable isotope signature between Cryptopygus and Prasiola 

suggests that Cryptopygus mainly feeds on this source but lacks the expected 3-

4‰ increase in δ15N content. However, if Cryptopygus simultaneously feeds on 

lichens that have a lower δ15N signature, the mixing of these two sources could 

result in an intermediate value. That we do not find an intermediate value might 

indicate a higher preference for Prasiola above the lichens. Feeding by 

Cryptopygus during the second experiment also suggests a preference for 

Prasiola as Cryptopygus obtained the highest δ15N signature when provided 

with the alga as compared to the other food types. This suggestion is further 

supported by the observation that this occurred even when the δ15N value of the 

labelled lichen (Usnea) was almost twice as high as that of the alga (Fig. 2). 

Cryptopygus had higher δ13C values than the three moss species, but the 

difference was relatively high (>1.0), which exceeds the expected value for a 
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δ13C increase from producer to consumer. Our feeding study thus suggests that 

Cryptopygus generally does not feed on mosses. 

Although we have not attempted similar feeding experiments with Alaskozetes 

the results from the field study also suggest a preference for Prasiola. This is 

supported by the comparable difference in δ13C values to the alga Prasiola 

when the latter was sampled from the lichen or the moss vegetation (Fig. 4). 

The δ13C difference of Prasiola when sampled from lichen or moss vegetation 

might be attributed to water availability. Very wet conditions can slow down 

the diffusion of CO2.  This increases the internal CO2 pressure and consequently 

the δ13C content of the photosynthetic products increases, with less negative 

δ13C values as a result (Lange et al. 1988). Similar results for Prasiola have 

been reported by Huiskes et al. (2006).  

Compared to Cryptopygus, Alaskozetes had a high δ15N signature (13 vs. 16‰). 

In the absence of autecological knowledge, such an increase might be used to 

suggest that Alaskozetes would be a predatory species, or at least forms part of 

a higher trophic level (Schneider et al. 2004). However, existing literature gives 

no support to the proposal that Alaskozetes would be a predator species (Block 

1985, Block and Convey 1995, Worland and Lukesova 2000). Alaskozetes can 

however, be abundant on and near animal carcasses (Goddard 1982), and 

feeding on such food sources and excreta may lead to a higher δ15N signature. 

Care must therefore be taken when using stable isotope signatures in 

understanding food web interactions and trophic levels.  
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The role of soil arthropod in Antarctic soil ecosystems revised? 

Our study has focussed on two arthropod species from Anchorage Island. 

These two study species are numerically the most abundant representatives of 

their respective groups on this island (Convey et al. 1996). Combined with the 

fact that there are no larger herbivores in the Maritime Antarctic region 

(Convey 2001),  their feeding preferences are the most likely of any arthropod 

to play an important role in nutrient cycling in the food web.  

Previous studies based on analyses of gut contents have suggested that 

Cryptopygus feeds on algae, dead organic material, and fungi and thus is an 

unselective feeder (Tilbrook 1970, Broady 1979, Burn 1984, Block 1985, 

Cannon 1986). Our results in part support these earlier suggestions, with the 

caveat that only a limited range of potential sources within each class of food 

was included in our feeding experiments. Although moss fragments have been 

reported in the gut contents of springtails in some studies (Broady 1979, 

Davidson and Broady 1996, Varga et al. 2002), our findings show a more 

active preference for algae and lichens. Feeding preference by springtails in 

general is far from uniform (Walter 1987, Lee and Widden 1996, Maraun et al. 

2003). Moreover, a study by Worland and Lukesova (2000) has shown that 

Cryptopygus shows selectivity even between different alga species. Based on 

our results and the existing literature this might suggest that Cryptopygus is a 

selective feeder. 

In conclusion, our findings suggest that Cryptopygus plays a larger role in the 

nutrient flows from the algae- and lichen-dominated components of maritime 

Antarctic terrestrial food webs as compared to the moss-dominated element. 

Alaskozetes clearly showed some preference for alga but further study is 
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required to clarify this species’ role in nutrient flows. While clearly illustrating 

the potential of these techniques to be applied within Antarctic terrestrial 

ecosystems, more comprehensive studies of all the soil food web components 

and their autoecology is clearly necessary in order to understand the specific 

role played by each species in Antarctic soil ecosystems. 
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Abstract 

In a two-year study, we investigated the effect of environmental change on the 

diversity and abundance of soil arthropod communities (Acari and Collembola) 

in the Maritime Antarctic and the Falkland Islands. We used a combination of a 

latitudinal temperature gradient study, ranging from the Falkland Islands (51º 

S, mean annual temperature 7.5 ºC), to Signy Island (60º S, -2.3 ºC) and 

Anchorage Island (67º S, -3.8 ºC), and experimental warming at each of the 

three islands using Open Top Chambers (OTCs). At each island, open vs. dense 

plant communities were studied: lichen vs. moss at the Antarctic sites, and 

grass versus dwarf shrub at the Falkland Islands. The OTCs raised the soil 

surface temperature during most months of the year. The temperature increase 

differed between the islands during the summer months: Falkland Islands: 1.7 

ºC, Signy Island: 0.7 ºC, Anchorage Island: 1.1 ºC.   

The native arthropod community decreased in diversity along the latitudinal 

gradient. In contrast with this pattern, Collembola abundance in the dense 

(dwarf shrub and moss) communities increased by at least an order of 

magnitude from the Falkland Islands (9.0 ind. m-2 ± 2 *103) to Signy (3.3 ind. ± 

8.0 *104 m-2) and Anchorage Island (3.1 ind. ± 0.82*105 m-2). The abundance 

of Acari did not show a latitudinal trend and was around 1.4*104 for the 

Falkland Islands and 1.7*104 for the two Maritime Antarctic Islands.  

The Acari communities showed no response to the experimentally imposed 

warming in terms of diversity or abundance. However, after two seasons of 

experimental warming, the abundance of Collembola decreased (p<0.05) on 

Signy Island. This suggests that the consequences of a temperature increase of 

1-2 ºC, comparable to the magnitude currently seen through recent regional 
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climate change, on arthropod communities in this region will be small and 

initially slow to develop. However, given the differences apparent between 

natural communities along the climatic gradient, substantial long-term changes 

may be expected.  

Introduction 

Recent climate changes documented along the Antarctic Peninsula have been 

far greater than seen at lower latitudes over the last 50 years. The most 

conspicuous changes are an increase in mean air temperature of about 2 ºC 

(King, 1994, Turner et al., 2005) and changes in patterns of cyclonic activity 

around the Antarctic continent, along with changes in the precipitation intensity 

(Turner et al., 2005, van den Broeke et al., 2004). These changes have already 

been implicated in the observed increase in the local population density and 

distribution of higher plants along the Antarctic Peninsula. (Convey, 1996b, 

Day et al., 1999, Fowbert et al., 1994, Grobe et al., 1997, Smith, 1994). 

Invasion of new species and shifts in species composition of communities are 

also predicted to occur (Frenot et al., 2005, Stevens et al., 2002). Although such 

instances along with considerable ecological impacts are increasingly 

documented on the sub-Antarctic islands, the Antarctic Peninsula and continent 

as yet remain largely unaffected.  

Antarctic soil ecosystems include fewer soil arthropod species and show lower 

diversity than those of lower latitudes (Convey, 2001a), with arthropod 

diversity decreasing further with increasing latitude. In contrast, the abundance 

and diversity of the microbial component of these ecosystems is similar to 

those of lower latitudes (Yergeau et al., 2006). In principle, the lower level of 

diversity of the soil fauna simplifies the elucidation of relations within these 
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terrestrial ecosystems (Vernon et al., 1998), while also giving them low 

functional redundancy in the face of environmental change and disturbance 

(Wall et al., 1999). Antarctic soils have a simple trophic structure (Block, 1985, 

Convey, 2001b, Davis, 1981), with a limited number of consumers and very 

few predators. There are two predatory mite species only, though one or both of 

these is often absent (Lister et al., 1988). These predators currently have little 

or no detectable influence on the populations of their primary prey species 

(Lister et al., 1987). However, large changes in prey or predator abundance 

might cause significant knock-on effects throughout the terrestrial food web 

(Arnold et al., 1998, Chown et al., 2006, Kennedy, 1995a).   

Antarctic terrestrial invertebrates typically have longer developmental stages 

and life cycles in comparison to similar species at lower latitudes (Convey, 

1996a, Kennedy, 1999). This is mainly due to the short growth period, low 

temperatures, rapid and high fluctuations in temperature and the low 

availability of free water (Kennedy, 1993, Walton, 1982). Their ability to 

survive under these circumstances depends on their possession of a wide range 

of survival traits, including the ability to overwinter repeatedly and specific 

biochemical and physiological features (Burn, 1984, Convey, 1996a, 1997). 

The flexibility inherent in these features and their overall life cycles also 

enables Antarctic species to respond quickly and opportunistically to rapid 

changes in their environment (Convey, 1996a, Convey et al., 2003). 

Lengthening of the growth period, due to a warmer climate, along with 

warming itself, leading to greater energy input to ecosystems, are expected to 

accelerate growth and reproduction and thus their abundance (Convey, 2006, 

Hayward et al., 2003, Kennedy, 1995a). However, different species are likely 

to respond differently to environmental change and this may in the end lead to 
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changes in the relative abundance of species, the number of species and thus to 

changes in species diversity. 

The aim of this study was to investigate the effect of environmental change on 

the abundance and diversity of soil arthropods in the Maritime Antarctic 

region. Thereto, we studied the responses of soil arthropod communities to 

temperature change with two complementary methods: studies along an 

environmental temperature gradient and experimental warming studies at each 

site. The gradient ranged from the Falkland Islands (51º76’S) to Signy 

(60º71’S) and Anchorage Island (67º61’S). Working along environmental 

gradients has the advantage of including large spatial and temporal scales, but 

the disadvantage that it is difficult to separate the effects of temperature from 

other environmental factors. Therefore, we included experimental 

manipulations of temperature using Open Top Chambers (OTCs) (Marion et 

al., 1997, Molau et al., 1996). At each island, we focused on two dominant 

coastal communities, involving moss and lichen communities at the Maritime 

Antarctic Islands and grass and dwarf shrub communities on the Falkland 

Islands (Convey, 2001a, Moore, 1968). In this way, we compared at each island 

an open community (grass or lichen) with a dense community (dwarf shrub or 

moss) as open and dense communities probably may respond differently to 

increasing temperatures in relation to water availability.    
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Material and Methods 

Study sites 

The study took place across a latitudinal gradient ranging from the Falkland 

Islands (51º76’S 59º03’W), to Signy Island (60º71’S 45º59’W) and Anchorage 

Island (67º61’S 68º22’W) (Figure 1). We consider the Falkland Islands as an 

analogue for extremely warmed Maritime Antarctic islands after many decades 

of climatic change. Thus, the use of our latitudinal approach provides us with 

the opportunity to look at possible long-term changes in community 

composition in response to substantial warming. At each island, two different 

coastal communities were selected that differed in vegetation density. Sites 

were chosen in such a way that the two communities were not more than 100 m 

apart.  For the lichen and moss communities on Signy and Anchorage Islands, 6 

plots of 2 x 4 m from each community were selected. On the Falkland Islands, 

9 plots were selected in a dwarf shrub dominated community and 3 plots in 

grass dominated community. Each plot was divided into two sections, one in 

which an OTC (Fig. 2) was installed, and the neighbouring part acting as the 

control for that specific OTC as in a split-plot design. 
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Figure 1 Map indicating southern South America, the Scotia arc and Antarctic Peninsula and 

the three study locations.  

The Falkland Islands vegetation is dominated by grasses and dwarf shrubs, due 

to exposure to typically high winds and low precipitation (Moore, 1968). The 

study site at this island was at Saladero Farm, south-west of Brenton Loch, near 

the settlement of Goose Green on East Falkland. The two communities selected 

Falkland Islands 

Signy Island 

Anchorage 
Island  
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for sampling and manipulation at this island, were dwarf shrub dominated 

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 grows on a 30-50 

cm layer of peat.  A very thin layer of soil on top of the rocky base layer, 

mainly sandstone, underlies the grass community.  

Signy Island is a small (10 km2) island, within the South Orkney Islands 

(60º71’S 45º59’W). The island has an ice cap giving rise to glaciers flowing 

towards the sea. During the summer months, December – February, up to c. 

50% of the island’s area becomes free of snow and ice, and has a well 

developed moss or lichen vegetation (Smith, 1972). The study site on Signy 

Island was on the north facing ‘back slope’ area, near to the British Antarctic 

Survey (BAS) Signy Research Station. Where moss was present at this site, this 

community was dominated by Polytrichum strictum Brid.,J. Bot. and 

Chorisodontium aciphyllum (Hook. f. & Wils.). The moss had a depth of 

approximately 20 cm underlain by a base layer of quartz-mica-schist 

(Matthews et al., 1967). The lichen community was present on a substratum of 

a similar rock type but did not develop complete vegetation cover while more 

weathering of the basal layer had occurred. It was dominated by Usnea 

antarctica Du Rietz.  

Anchorage Island lies in Marguerite Bay south of the BAS Rothera Research 

Station (67º61’S 68º22’W). The island is 2.5 km long and 500 m wide and is 

partly covered by semi-permanent snow and ice fields, although recently these 

have been decreasing rapidly in extent (Fox et al., 1998). The island includes 

several rocky ridges with a maximum height of 57 m asl. On the slopes of these 

ridges, there are patches of the moss Sanionia uncinata (Hedw.) Loeske and the 
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grass Deschampsia antarctica Desv. However, the dominant vegetation 

consists of lichens, with Usnea antarctica being most prominent. The 

communities chosen for sampling and manipulation were dominated by 

Sanionia uncinata and Usnea antarctica. The former consisted of patches (2-4 

m2) of complete moss coverage located between rocks. A layer of dead moss of 

0-10 cm underlies this vegetation. The lichen-dominated community consisted 

of bare rock and boulders with a partial coverage of U. antarctica and other 

lichen species. Signy and Anchorage Island both fall in the terrestrial 

biogeographic zone defined as the Maritime Antarctic (Smith, 1996). 

Open Top Chambers 

In the summer of 2003/04, OTCs were installed on the soil surface in order to 

raise the air and soil temperature at each island. Their structure was based on 

the ITEX six-sided model (Hollister et al., 2000, Marion et al., 1997, Molau et 

al., 1996). The OTCs were constructed from Plexiglas (PMMA UV 

transparent) plates of the following dimensions: 4 mm thickness with a base of 

120 cm, top 90 cm and sides 53 cm high cut at an angle of 60º (Fig. 2). The six-

sided chambers were reinforced at each corner with aluminium strips on the 

inside and outside. The top of the individual plates also had an aluminium strip 

attached. The internal diameter measured 180 cm between opposite corners and 

160 cm between opposite sides.  
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Figure 2 OTC in situ on Signy Island.   

Environmental data collection 

Environmental monitoring was undertaken at each study location, with sensors 

placed in three paired plots of each community. Each of these include a Water 

Content Reflectometer (CS616, Campbell Scientific UK) for soil measurement 

of moisture content to a depth of 30 cm, temperature probes (copper/constantan 

thermocouple wires) at the soil surface and relative humidity at 10 cm 

(HMP45C Campbell Scientific UK). Monitoring at one set of paired plots at 

each location also included quantum sensors (SKP215 Campbell Scientific UK) 

to record the level of photosynthetically active radiation (PAR, 400-700 nm). 

These quantum sensors were placed at the soil surface at least 10 cm away 
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from the top edge of the OTCs and control edge. On Anchorage Island, it was 

impossible to insert 30 cm soil moisture probes because of the nature of the 

substratum, only two sets of paired plots in the moss community had such a 

probe. An automatic weather station was placed on the Falkland Islands to 

record macroclimatic data. At Signy and Anchorage Islands, the British 

Antarctic Survey operates automatic weather stations. Data were recorded 

every hour for the duration of the study, (November 2003 – February 2006), 

and stored using a data logger (Campbell Scientific CR10X). 

Biological data collection 

Signy and Anchorage Island faunas are dominated, as is typical of the Maritime 

Antarctic, by two groups of soil arthropods,  Collembola (springtails) and Acari 

(mites). Falkland Islands fauna inlcude several more arthropod groups present 

(in particular, Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidotera, 

Arachnea etc.) (Robinson, 1984). In this study Collembola and Acari were the 

focus, as those were represented at all three locations. To monitor the 

abundance and diversity of soil arthropods, soil cores (6 cm diameter and 10 

cm depth) were obtained during three field seasons of 2003/04, 2004/05 and 

2005/06. In the lichen and grass communities, where inserting a core was more 

problematic due to the substratum structure, the corer was driven as far into the 

soil as possible and the substratum in the ‘circle’ was removed by hand. For the 

extraction of the soil arthropods, the soil was placed in a modified Tullgren 

extractor (Convey et al., 1997, Macfadyen, 1953) for 24 hours. The extracted 

arthropods were preserved in 70% ethanol before identification. The 2005/06 

samples from the Falkland Islands could only be heat extracted for 10 hours 

due to logistical problems, although, the samples appeared to be thoroughly dry 

after this period and the numbers extracted did not differ from the previous 
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seasons. Thus, we are confident that the shorter extraction time did not greatly 

influence arthropod extraction. 

The communities at Signy and Anchorage Island are rather similar. Those of 

the Falkland Islands communities differed, with very little moss or lichen, 

which inevitably restricts our ability to draw direct comparisons. However, the 

use of a latitudinal approach provides us the opportunity to examine possible 

long-term changes in community composition in response to substantial 

warming. For the purposes of this study, the lichen and grass communities are 

considered to have some comparability, in the sense that they both have a 

sparse vegetation cover over a rocky substratum with very little soil formation. 

Although comparisons cannot be made between specific species between all 

three study locations, similarities in functional groups and their response to 

temperature increase may be expected. Likewise, the moss and dwarf shrub 

communities are difficult to compare directly, except in the sense that at the 

scale of a micro-arthropod, both provide three-dimensionally complex habitats. 

Furthermore, in sub-Arctic regions moss communities typically are intermixed 

with dwarf shrub species and with decreasing water availability, these 

communities tend to shift to dwarf shrub dominated communities (Billings, 

1992). Seen from this perspective, the dwarf shrub community at the Falkland 

Islands can be regarded as a potential, long-term, developmental stage for those 

of the currently cryptogam-dominated Maritime Antarctic. 

Species identification 

The vegetation at the Falkland field sites was identified following Moore 

(1968) and moss identification at Signy and Anchorage Islands followed 

Ochyra (1998). Lichen specimens were identified by D. Øvstedal. Soil 
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arthropods were identified following Von Wolfgang (1993), Fjellberg (1998) 

and Potapov (2001). The Falklands fauna is currently very poorly known, 

particularly the Prostigmata, considerably limiting our ability to assign correct 

taxonomic identities at species level. 

Logistic practicalities 

The OTCs and environmental monitoring equipment remained in place and 

were operated continuously, year-round. However, logistic practicalities 

defined that field activities were restricted to fixed periods at each site. Samples 

from the Falkland Islands were collected during a period of 2-3 weeks in 

November each year, those from Signy Island during December and those from 

Anchorage Island during the last week of January and the first week of 

February.  In all cases, the samples were collected and extracted on the same 

day.  

Previous studies at Signy Island indicated that there are no large seasonal 

differences in collembolan abundance over the austral summer period 

(November to March) (Block, 1982), while it is also the case that most 

Antarctic microarthropods have multi-year life cycles with little or no evidence 

of seasonal structure within their population dynamics (Convey, 1996a). These 

findings suggest that the imposed constraint of different sampling periods for 

each island are unlikely to have had a large influence on the abundance data 

obtained. Acari abundances do show some increasing trend towards mid-

summer (Goddard, 1979), suggesting that we might underestimate the 

population densities of this group. In that the main aim of this study lies in 

identifying the effects of warming on the abundance of these arthropod groups, 
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by repeat sampling over the same period each year at each site, we contend that 

any OTC effects identified will be similar for each community. 

Statistical analyses 

Environmental data analyses 

During the measuring period from November 2003 to February 2006 there 

were occasional gaps in the data set obtained due to technical problems. 

Therefore we used environmental 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 sites. The patterns observed in the 

other periods were similar to the period used for analyses. 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 surface 

temperatures. Numbers of freeze-thaw cycles were quantified from hourly data, 

as the number of occasions where the temperature decreased from above zero 

to below zero at the soil surface. The existence of differences in environmental 

data between the six communities was examined using a repeated-measures 

ANOVA with treatment (OTC vs. control) within a plot as a within-subject 

factor. Analyses were completed using annual means and seasonal (summer, 

autumn, winter and spring) mean. Log transformations were applied where 

appropriate to reduce the variance of the residuals. However, for the 

temperature data, this transformation was inappropriate, and the inhomogeneity 

in the variance could not be resolved. Therefore, data obtained from the 

Falkland Islands was tested separately from that obtained from the two 

Maritime Antarctic locations. Post-hoc (Tukey HSD) tests were used to test for 

differences between communities in their response to OTCs. 
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Biological data analyses 

Soil arthropod diversity was calculated using Shannon’s diversity index (H):  

 

Where S = total number of species in the community (richness) and P = 

proportion of S made up of the ith species. Soil arthropod diversity and 

abundance were analysed with a repeated-measures ANOVA between 

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

factor. For the comparison between the initial community types we used the 

data obtained from the OTCs and control plots in the first, 2003/04, study 

season. To identify an OTC effect on diversity and abundance we applied log 

transformation on the abundance data to reduce the variance of the residuals. 

However, this was not enough when comparing all the communities and years 

together, therefore, we chose to use data from the three sampling years 

combined but then separately for each individual island. Post-hoc (Tukey HSD) 

tests were performed to test for the differences between communities in their 

response to OTCs.   

Results 

Environmental factors 

Latitudinal differences 

The study sites differed distinctly in their temperature and PAR regimes. The 

Falkland Islands were the warmest of the three with the highest temperature 
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and radiation intensity (Fig. 3, Table 1). Signy Island, although having a higher 

annual mean temperature than Anchorage Island, had lower mean temperatures 

during the summer in the lichen community. It also received lower PAR levels 

than Anchorage and the Falkland Islands. Signy Island had the highest relative 

humidity of the three sites (Table 1). Temperatures were generally higher in the 

open communities as compared to the more densely vegetated communities. 

During the summer months, a decrease in soil moisture was evident on the 

Falkland Islands. In contrast, at the two Antarctic locations, there was an 

increase in soil moisture during the summer (Table 1) due to the melting of soil 

water that had been frozen in the preceding period. 

The number of freeze-thaw cycles was higher on Signy Island as compared to 

both Anchorage and the Falkland Islands. Degree days was highest on the 

Falkland Islands, while Signy and Anchorage Islands generated similar values 

(Table 1). The Falkland Islands had the warmest temperature regime and the 

longest temperature window for physiological activity. 

OTC treatment 

Soil temperatures were raised by the OTCs in all communities. However, there 

were differences in the patterns of temperature increase between the 

communities and seasons. At the Falkland Islands and Signy Island, the 

temperature increase was greatest during the summer months, while on 

Anchorage Island, the greatest increase was seen during the winter (Table 2, 

Fig. 3). As intended, OTCs increased (p<0.001) the number of degree days at 

the Falkland Islands, but did so only marginally (p<0.1) on Signy and 

Anchorage Island. 


