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Figure 3 Soil respiration rates in control plots and Open Top Chambers (OTCs) on Anchorage, 

Signy and the Falkland Islands. Different letters indicate significant differences (P <0.01 

Tukey HSD test) between communities. * indicate treatment effect (P <0.01) on soil 

respiration. Anchorage Island n=3, Signy Island n=5, Falkland Islands n=9. Error bars are se. 
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Figure 4 a Principal component analyses (PCA) bi-plot of soil characteristics from the cores of 

the lab experiment. The first and second axis, explain 54 and 28 % of the variance. The solid 

circles indicate the data points from the Falkland Islands, semi-striped circles the data points 

from Signy Island and the striped circles from Anchorage Island. Grey numbered boxes 

indicate the incubation temperature for each specific soil. 
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Figure 4 b Principal component analyses (PCA) bi-plot of soil characteristics from the cores of 

the field respiration measurements. The first and second axis, explain 61 and 23 % of the 

variance. The solid circles indicate the data points from the Falkland Islands, semi-striped 

circles the data points from Signy Island and the striped circles from Anchorage Island.  

Litter bag study and tensile strength loss 

As was to be expected, total mass loss after two years was higher (P < 0.001) 

than after one year for all species (Table 5). ‘Litter’ mass loss after one and two 

years showed substantial differences among ‘litter’ types, with relatively high 
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mass loss for the grass Festuca (75% after 2 years) and very low mass loss for 

the moss Polytrichum (17% after 2 years). Other ‘litter’ types had intermediate 

values. Generally, there was no effect of the OTC deployment on ‘litter’ 

breakdown. However, contrary to what was expected one-year mass loss of 

Azorella was lower (P < 0.05) in OTCs compared to control plots in the dwarf 

shrub community on the Falkland Islands. ‘Litter’ types with a lower C/N ratio 

showed a higher (P < 0.05) mass loss than the ones with a higher C/N ratio. 

Cotton strip tensile strength loss (CTSL) differed among sites and was highest 

(P < 0.01) in the moss community on Anchorage Island. Experimental 

warming with OTCs did not lead to differences in CTSL (Fig. 5).  
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Figure 5 Cotton Strip Tensile Strength Loss in control plots and Open Top Chambers (OTCs) 

on Anchorage, Signy and the Falkland Islands. Different letters indicate significant differences 

(P <0.01) between communities (Tukey HSD test). n=9 for the dwarf shrub vegetation, n=2 for 

the grass vegetation and n=6 for the Maritime Antarctic communities. Error bars are se. Table 5 
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Table 5 Mass loss and C/N ratio of ‘litter’ after 1 and 2 years in the field in control plots and in 

experimentally warmed plots with Open Top Chambers (OTCs). Different letters (a and b) 

indicate significant (P < 0.05) Tukey HSD) differences between 1 and 2 years in the field for 

each ‘litter’ type separately. Capital letters (V – Z) indicate significant (P < 0.05) Tukey HSD) 

differences in mass loss between ‘litter’ types. * indicate significant (P < 0.05) Tukey HSD) 

differences between OTC and control plots. 

 

litter type Community type treatment mass loss C/N

(%) 1 year (%) 2 years 1 year 2 years

Signy Island

Deschampsia moss (n=6) Control 52.0 (1.0) 
aV

64.2 (1.4) 
bV

16.9 (1.1) 
a

18.4 (0.4) 
a

OTC 56.4 (2.2) 
aV

65.7 (1.0) 
bV

15.9 (0.6) 
a

17.6 (0.2) 
a

lichen  (n=6) Control 61.6 (3.1) 
aV

67.1 (1.9) 
aV

19.1 (0.4) 
a

16.0 (0.9) 
b

OTC 56.9 (3.3) 
aV

61.1 (1.1) 
aV

19.4 (0.4) 
a

17.1 (0.4) 
b

Polytrichum moss (n=6) Control 0.1 (1.5) 
aW

7.8 (1.8) 
bW

29.2 (4.2) 
a

29.6 (2.6) 
a

OTC 1.7 (2.7) 
aW

12.1 (1.8) 
bW

32.9 (1.1) 
a

33.2 (1.7) 
a

lichen (n=6) Control 8.4 (3.1) 
aW

16.6 (3.3) 
bW

27.6 (3.2) 
a

35.2 (7.9) 
a

OTC 3.2 (1.8) 
aW

15.2 (1.6) 
bW

33.3 (4.9) 
a

28.4 (2.1) 
a

Falkland Islands

Azorella dwarf shrub (n=9) Control 47.2 (4.7) 
aX

60.3 (4.4) 
bX

41.0 (1.3)*
a

44.8 (2.9)*
a

OTC 35.6 (1.0) 
aX

54.3 (4.5)
 bX

30.2 (3.5)*
a

34.1 (0.9)*
a

grass (n=3) Control 31.8 (-) 
aX

56.1 (2.2) 
bX

35.9 (0.2) 
a

30.6 (1.0) 
b

OTC 32.7 (1.0) 
aX

57.2 (10.8) 
bX

33.8 (2.3) 
a

29.0 (1.2) 
b

Empetrum dwarf shrub (n=9) Control 19.0 (1.6)
 aY

38.9 (5.7) 
bY

60.8 (0.9) 
a

64.7 (3.4) 
a

OTC 18.5 (0.5) 
aY

37.1 (2.3) 
bY

61.1 (1.4) 
a

61.7 (2.7) 
a

Festuca dwarf shrub (n=9) Control 53.7 (2.4) 
aV

74.6 (2.4) 
bZ

31.0 (1.3) 
a

30.7 (2.0) 
a

OTC 53.6 (2.3) 
aV

72.8 (2.9) 
bZ

26.5 (1.3) 
a

29.9 (2.3) 
a

grass (n=3) Control 53.6 (1.5) 
aV

72.6 (1.7) 
bZ

25.9 (0.9) 
a

24.6 (2.0) 
a

OTC 45.9 (2.8) 
aV

69.2 (6.7) 
bZ

22.4 (1.5) 
a

23.0 (2.0) 
a
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Discussion 

So far, litter decomposition studies have mainly been conducted in temperate 

and Arctic regions (Aerts, 1997, 2006, Aerts et al., 1997a, 1997b, Domisch et 

al., 2006, Dorrepaal et al., 2005, Hobbie, 1996, Hoorens et al., 2002, 2003). 

Generally, the main constraints on litter breakdown appear to be climate, litter 

quality and soil organisms (Aerts, 2006). Due to the harsh conditions and the 

tremendous logistical constraints, decomposition studies in the Antarctic have 

been very sparse and largely limited to two regions: the Continental Antarctic 

Taylor Valley and the sub-Antarctic Marion Island (Burkins et al., 2001, 

Parsons et al., 2004, Smith, 2003, 2005). In these studies, soil water content 

and availability of nutrients appeared to be the main determinants of 

breakdown rates. The studies by Smith (2003, 2005) were mainly focused on 

the differences within Marion Island and our data partly follow his results in 

our differences between community types. However, his studies did not 

encompass a warming treatment. The studies in Taylor Valley did include a 

warming treatment, with a positive response of respiration rates, indicating a 

potential response of Antarctic terrestrial ecosystems to increases in 

temperature. Our current study is unique in that we conducted decomposition 

studies at three locations over a large latitudinal gradient in the Antarctic 

Peninsula region and used several complementary approaches, both in the 

laboratory and in the field. The combination of laboratory based and field 

approaches gives better insight into the responsiveness of these soil ecosystems 

to environmental change.  

Our laboratory results show a clear response of organic matter breakdown of 

Maritime Antarctic soils to temperature increase. This is in line with the results 

from northern studies (Aerts, 2006, Rustad et al., 2001). However, it should be 

noted that the temperature increases that we imposed in the laboratory were 
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very high (4-8 ºC) and beyond the range predicted for the coming decades. As 

such, these laboratory results reflect potential responses only. 

Contrary to our hypothesis, the highest soil organic matter breakdown rates 

(expressed as soil respiration rates) were found in the soils from the most 

southern and coldest location, Anchorage Island. This unexpected pattern is 

most likely caused by the high nitrogen content of the substratum at this site 

(Fig. 4). Earlier, we found that the study site at Anchorage Island receives large 

amounts of nitrogen through guano resulting in a nitrogen enriched substratum 

(Tables 1 and 4) (Bokhorst et al., submitted-b). These high N contents may be 

favorable for the microbial community. High microbial abundances are 

generally associated with high soil organic matter content, vegetation cover and 

water availability in the polar regions (Bölter, 1997, Bölter et al., 1997, Harris 

et al., 1997, Kastovska et al., 2005). This was supported by the findings of 

Yergeau et al (2007) who found greater abundance of bacteria and fungi at the 

Anchorage Island location than at Signy Island, further substantiating our 

location differences found in organic matter breakdown. Thus, local soil 

conditions can be much more important for soil organic matter breakdown than 

large-scale climatic variation. 

Higher temperatures also increased the breakdown of ‘litter’ in the current 

study in the laboratory (Table 2). This is consistent with the higher respiration 

rates found at 10 ºC. The field experiments showed only small responses of 

decomposition to temperature. This was apparent from respiration 

measurements, the ‘litter’ decomposition study and the tensile strength loss 

study. This is most likely due to the relative small temperature increase induced 

by the OTCs (less than 1 ºC,  Table 3). An alternative explanation is that 

experimental warming has a negative effect on soil moisture (Convey et al., 

2002), potentially counterbalancing the warming effects on decomposition rates 
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(Aerts, 2006). In our study, gravimetrical determination of soil moisture did not 

show a large response to warming with OTCs. However, year round monitoring 

with soil moisture probes (TDR) did indicate a reduction in soil moisture of 

about 9% for most of the communities (Bokhorst et al submitted). This may 

have reduced the positive effects of the temperature increase by our OTCs 

(Aerts, 2006). Warming-induced reduction of soil moisture may also explain 

the reduction in mass loss of Azorella seen in the OTCs in the dwarf shrub 

community at the Falkland Islands. 

There were strong differences among ‘litter’ types in decomposition rates 

(Table 5). This may have been caused by the fact that the ‘litters’ belong to 

different Plant Functional Types (PFTs) (Chapin et al., 1996, Dorrepaal et al., 

2005). In most PFT classifications, the distinction between PFTs is based on 

growth form. Usually, PFTs show considerable differences in characteristic 

structural and chemical components (e.g. C/N ratio or pH) of the leaves. These 

specific characteristics have an influence on the rate of breakdown. In earlier 

studies from temperate and Arctic regions (Cornelissen, 1996, Cornelissen et 

al., 1999, 1997, Dorrepaal et al., 2005, Perez-Harguindeguy et al., 2000) it was 

found that decomposition generally increases in the order mosses < evergreens 

< graminoids < woody deciduous < herbs. We found this also both in the 

laboratory and in the field experiments where the grasses Deschampsia and 

Festuca decomposed faster than the cushion plant Azorella, the woody shrub 

Empetrum and the moss Polytrichum. The similar breakdown rates of 

Deschampsia incubated at Signy Island and Festuca incubated at the much 

warmer Falkland Islands (Table 3), illustrates that litter type and substratum 

quality may even overrule the importance of climatic differences as 

determinant of decomposition rates.  
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In conclusion, this study shows that organic matter decomposition in Antarctic 

terrestrial ecosystems potentially increases with increasing soil temperatures. 

However, decomposition was more strongly influenced by local substratum 

characteristics and Plant Functional Type (PFT) composition than by large-

scale climatic variation. The very small responsiveness of organic matter 

decomposition in the field (experimental temperature increase < 1 ºC) 

compared to the laboratory (experimental increases of 4 or 8 ºC) shows that 

substantial warming is needed before significant effects can be detected. The 

responsiveness of organic matter decomposition to increased temperatures was 

not related to geographic location. Soil respiration increased in response to 

temperature at the more northern and warmer locations, but not at the cold, 

most southern location where a small temperature increase was expected to 

have the strongest impact. These results indicate that increasing temperatures 

will not have the same impact on all ecosystems. Water and nutrient 

availability will perhaps have a stronger effect than moderate changes in 

temperature on ecosystem processes in these ecosystems (Robinson et al., 

2003, Wasley et al., 2006). However, given the fact that small but significant 

changes in decomposition rates were detected over the relatively short duration 

of the current study, it seems likely that larger responses can be expected over 

longer timescales.   
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Chapter 7 

General discussion 
 

 

 

 

 

 

 

 

 

 



 190 

Research approach 

The main aim of this thesis was to investigate the responses of terrestrial 

Maritime Antarctic communities to climate change. Thereto, part of this study 

focused on these responses along a latitudinal gradient in the southern 

hemisphere, extending towards the base of the Antarctic Peninsula. The 

gradient itself provides a useful proxy for predicted climate change, with the 

Falkland Islands being a possible analogue for extreme warming of the 

Antarctic Peninsula and Scotia Arc islands. Other locations, such as South 

Georgia, would have been a good addition, or even more appropriate, as a 

comparison with the colder, more southern islands. However, field work in the 

Antarctic is strongly regulated by national programs and the accessibility, 

during the summer period, of specific sites. These factors proved to be practical 

constraints on the choice of a more suitable ‘reference location’.  

The Antarctic Peninsula region has already been increasing in temperature and 

climate change models predict even higher temperatures for the near future 

(IPCC, 2001, King, 1994). The use of experimental warming manipulations 

allowed us to examine possible short term (2-3 years) responses, while the 

gradient study, allowed us to examine possible long-term responses to climate 

change. However, climate change predictions are not limited to temperature 

change alone. Shifts may occur in precipitation and its intensity as well as in 

the occurrence of drought and ‘extreme’ heat periods (IPCC, 2001, Tebaldi et 

al., 2006). The occurrence of such ‘extreme’ events may put an even greater 

strain on ecosystems than a general increase of temperature alone. Although 

Antarctic organisms already experience large environmental changes on even a 

daily scale (Peck et al., 2006),  large shifts in, for instance, precipitation 

intensity, as predicted by global change models (Tebaldi et al., 2006), may 

influence such ecosystems in unpredicted ways. However, the predictions for 
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temperature increase are one of the most reliable in Global Climate Change 

Models and we decided to focus on this variable alone. 

Figure 1 of the general introduction of this thesis schematically showed that 

temperature, water availability and external nutrients influence Maritime 

Antarctic communities. Before I deal with these external factors, I will first 

discuss part of the current knowledge of nutrient cycling processes within 

Maritime Antarctic ecosystems. Finally I will attempt to integrate my findings 

from the different chapters to revise Figure 1. This will mainly comprise a re-

analysis of the decomposition process, with the integration of external nutrient 

sources and soil arthropods. 

Nutrient cycling 

External nutrient inputs 

Nitrogen is, next to water availability and temperature, a limiting factor in 

Maritime Antarctic vegetation development (Arnold et al., 2003, Davey et al., 

1992, Wasley et al., 2006). It is generally believed that the marine ecosystem 

provides a large part of the available nitrogen to the terrestrial ecosystem in the 

Maritime Antarctic (Greenfield, 1992). At some Antarctic locations, the 

influence of marine birds and mammals on nitrogen loading onto the terrestrial 

ecosystem has been investigated (Cocks et al., 1998, Erskine et al., 1998). In 

chapter 2 I showed that the cryptogamic vegetation of the Maritime Antarctic 

relies on external nitrogen sources. Especially the nitrogen input from the 

excrements of birds and mammals was very important. The large populations 

of seals, penguins and other birds on the islands of the Maritime Antarctic will 

continue to provide a large amount of nitrogen to the vegetation. However, if 

community development leads to increased vegetation complexity, as is typical 

at lower latitudes, internal nutrient cycling would be expected to become more 
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important than at present. This is especially the case for Antarctic soils, as these 

are at present poorly developed (Fogg, 1998, Heatwole et al., 1989). 

The role of soil arthropods 

Nutrient cycling depends for a large part on the abundance and activity of soil 

organisms within an ecosystem. The role of soil organisms within this process 

has not been extensively examined in the Maritime Antarctic region, with the 

exception of the studies by Davis (1981) and Block (1985). In general, soil 

arthropods such as Collembola and Acari are known for their role in 

fragmenting plant material and feeding on the microbial community. As such, 

they have been classified as omnivores with little specificity in their food 

choice (Faber, 1991). However, new investigations on feeding preferences of 

soil arthropods, using modern techniques, have shown that soil arthropods do 

show some selectivity in their food choice (Chamberlain et al., 2006). In 

chapter 3, I investigated the general food choice of one of the dominant 

collembolan species in Maritime Antarctic communities, Cryptopygus 

antarcticus. The data obtained, indicated that this springtail mainly feeds on 

algae and lichens, corroborating earlier investigations (Block, 1985, Goddard, 

1982, Worland et al., 2000). This indicates that this species may indeed play an 

important role in nutrient cycling in fell-field like ecosystems dominated by 

lichens. However, springtails are numerically more abundant and dominant in 

the communities of moss vegetation (this thesis) and the question arises why 

that may be. Within the top layer of moss communities, algae are often present 

in high abundance (Broady, 1977, 1979). In combination with the more 

protected environmental conditions, this makes it a suitable habitat for micro 

arthropods. Within the moss community, soil arthropods may influence nutrient 

cycling by feeding on algae, and with their faecal deposition positively affect 

the microbial community (Filser, 2002). Stable isotope analyses of one of the 
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dominant Acari in this region, Alaskozetes antarcticus, and its potential food 

sources suggest that it mainly feeds on algae but also, potentially, on decaying 

animal tissue. These Antarctic soil arthropods can be generalist feeding species, 

while showing a preference for certain food types.  

Arthropod species diversity tends to decrease with increasing latitude as 

described in this thesis and by Peck et al. (2006). At the specific Falkland 

Islands study locations, Collembola diversity typically exceeded 10 species, 

while Maritime Antarctic communities typically included only the 2 common 

species (chapter 4). This low species diversity was also observed at other 

locations by Convey (2001, 1996), Richard et al (1994) and by Robinson 

(1984). This indicates that the functional role of arthropods in Antarctic soil 

ecosystem processes is delivered by only a very small number of locally highly 

abundant species. This apparent lack of functional redundancy might result in a 

high vulnerability of ecosystem processes. This can especially be true if due to 

environmental change the species composition of the soil community changes 

(Setälä et al., 2005, Wall et al., 1999). The role of these soil arthropods in 

ecosystems may therefore, partly depend on their (high) abundance. This thesis 

shows that it is likely that the community composition of these Maritime 

Antarctic ecosystems will be affected by changes in climate.  

Soil arthropod communities and climate change 

As environmental change affects the microclimate of terrestrial communities, 

soil arthropods will inevitably be impacted. Due to the naturally large 

variations in microclimate experienced in these communities, soil arthropods 

are expected to have the capacity to cope with the physiological challenges 

presented by these changes (Convey, 1996a). Lengthening of the growing 

season can potentially shorten their currently extended and “free running” 



 194 

(Convey, 1996a) life cycles. Mortality, associated with repeated overwintering 

may be reduced, and increasing reproductive output which may in combination 

lead to increases in abundance. At present, the intricate interaction between free 

available water and temperature windows allow these organisms to survive. 

Altering one or both of these variables can either be beneficial or deleterious 

for the survival of such organisms (Convey et al., 2002). Chapter 4 showed that 

in a lichen dominated community at Signy Island, a low experimental 

temperature increase (±1.0ºC) of the environment led to a decrease in some 

arthropod’s abundance after two years. At the same time there was also a 

decrease in soil moisture. These findings suggest that, at present, water 

availability is still the main limiting factor on survival in Antarctic terrestrial 

communities (Kennedy, 1993, Worland et al., 1986). More open-structured 

plant communities, such as lichen fell-fields, appear vulnerable to decreases in 

soil moisture, which can be associated with a small increase in temperature 

(Convey et al., 2002). For the immediate future it will also be crucial to 

understand the changes in precipitation patterns and snow melt, due to 

environmental change, and their influence on moisture availability in these 

communities. Long-term changes will eventually entail an increase in diversity 

in Antarctic ecosystems. However, an initial approach to confirming this 

suggestion would ideally require finer scale sampling across intermediate 

locations. As the vegetation ultimately governs the food supply to the faunal 

element of the ecosystem, we also have to consider changes in the vegetation in 

order to better understand potential long-term changes.  

Vegetation and climate change 

Mosses and lichens dominate the vegetation in the Maritime Antarctic region, 

and only two vascular plants occur. Recently, those vascular plants have been 

extending in their range and reproductive output. These findings have been 



 195 

implicated to be a result of increasing temperatures in this region (Convey, 

1996b, Day et al., 1999, Fowbert et al., 1994, Frenot et al., 2005, Grobe et al., 

1997, Smith, 1994). As mosses and lichens are notoriously slow growing, it 

will be harder to see and predict their range shifts. Until now, no range shifts  

of  these groups have been found although it is clear that newly exposed areas 

of bare ground are rapidly colonised by the cryptogamic elements of the local 

vegetation (Smith, 1995).  

In the Arctic region, warming-induced decreases in lichen cover have been 

documented, as a result of increased competition from vascular plants 

(Cornelissen et al., 2001). In Chapter 5 I monitored the response of two groups 

of typical Maritime Antarctic vegetation and two groups of Falkland Island 

vegetation to an experimentally-imposed temperature increase. Of the 

communities under investigation, those with a denser cover and better soil 

development (dwarf shrub and moss) did not show a strong response to the 

experimental warming. This may have been caused by a larger buffering 

capacity to withstand such perturbations in the microclimate as shown in 

Chapters 4 and 5. However, the lichen community reduced in total cover after 

just two years of warming at Signy Island. This was probably an analogous 

response to that found in the arthropod study, which was driven by a decrease 

in water availability instigated by an increase in temperature. Contrary to my 

findings, Kennedy (1996) reported large increases in lichen cover at a different 

location on Signy Island using a different screen warming methodology. 

However, he did not measure soil moisture. He concluded that with increasing 

temperatures and humidity the vegetation would increase productivity. 

However, the warming achieved in the current study, resulted in increased 

evaporation and reduced soil moisture. In the absence of compensatory changes 
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in precipitation patterns, it seems likely that these fell-field communities will 

deteriorate due to reductions in soil moisture if current climate trends continue.  

Similarly, there was a large decrease in total vegetation cover in the grass 

community at the Falkland Islands, both in experimental and non-manipulated 

control areas. This reduction was probably a medium-term effect of low soil 

moisture levels due to a previous dry summer. The additional increase in 

temperature, resulting from the warming treatment, led to an even larger 

reduction in vegetation cover than seen in control plots. Some species even 

completely disappeared from the OTC plots. This strongly indicates that 

‘extreme’ drought events will be more challenging for such open community 

types with increasing temperatures. Long-term studies of these communities 

are required to reveal whether these open communities have the ability to 

recover or adapt to these changes and to see what will happen to the more 

densely covered types.  

Colonisation of the Maritime Antarctic  

With amelioration of the climate there is a threat that new species may colonise 

or be introduced into the Antarctic Peninsula Region. This process has already 

been seen across most sub-Antarctic islands (Frenot et al., 2005). However, the 

large majority of such events are anthropogenic in origin, indicating that the 

physical barriers are still large for new species to invade the Antarctic 

continent. That new species are now able to sustain themselves on the sub-

Antarctic islands suggests that with increasing temperatures, further invasions 

are likely to occur. For the Maritime Antarctic communities this probably will 

mean an increase in the representation of vascular plants with a reduction in 

mosses and lichens, as species will shift due to climate change, as predicted for 

temperate and Arctic regions (Callaghan, 2005, Parmesan et al., 2003, Walther 
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et al., 2002). This may have large implications for other organisms as well, for 

instance for new soil arthropods or soil pathogens and for the decomposition 

process in these communities.  

Decomposition 

At present, rates of decomposition and nutrient cycling are very low in 

Maritime Antarctic communities (Davis, 1981). My laboratory-based studies 

(chapter 6) support the general view that rates of biological processes will 

increase with higher temperatures. The response in the field was relatively low, 

but this was due to the small temperature increase achieved by the OTCs (< 1 

ºC). Nevertheless, these results indicate that a greater increase in temperature in 

the future may significantly increase decomposition rates in the communities 

studied. However, the availability of nutrients and water may be of even greater 

importance for decomposition processes (Aerts, 2006, Smith, 2003, 2005, 

Vance et al., 2001). Thus, the relatively small response seen in the OTCs may 

have been confounded by the reduction in soil moisture.  

An interesting finding from the decomposition study was the fact that the 

highest decomposition rate was observed at the coldest location (Anchorage 

Island). Here, soil characteristics appeared of greater influence on 

decomposition rates than large-scale climate differences. The high external 

nitrogen influx at Anchorage Island greatly enriched the soil. This resulted in 

higher soil respiration rates than were measured in the much warmer climate of 

the dwarf shrub community of the Falkland Islands. In the short- to medium-

term, while increasing temperatures will likely increase decomposition rates, 

the soil microbial community of these ecosystems will only be able to maintain 

these increased rates if nitrogen and water availability keep pace.  
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The overall picture of climate change effects on the structure and 

functioning of terrestrial Maritime Antarctic ecosystems 

This discussion so far has focused on the various processes that were treated in 

the chapters of this thesis. In the next part I will attempt to integrate them in 

relation to Figure 1 of the general introduction. Figure 1 of the general 

introduction of this thesis schematically showed that temperature and water 

availability influence community structure and processes. Based on the data 

presented in this thesis, some additions need to be made to this figure. 

External nutrient inputs and decomposition 

 In chapter 6 I have shown that a high nitrogen content of soil greatly 

influenced decomposition rates. The high nitrogen content of the soil is a direct 

effect of the guano deposition by skuas as shown in chapter 2. Therefore, 

additional arrows are needed in the schematic overview (see Fig. 1). An 

important first addition to this scheme is the direct link between external 

nutrient inputs and decomposition. However, more additions are needed, as is 

explained below. 

Antarctic soil arthropods and decomposition 

As noted by Aerts (1997, 2006) in his reviews on the decomposition process, 

soil organisms may play an important factor in this process. However, 

quantitative data on this relation are lacking. To tackle this problem, I added 

the springtail and mite abundances found in the dwarf shrub and moss 

communities in 2005/06 to the input data of the Principal Component Analysis 

(PCA) as described in chapter 6. The PCA bi-plot in figure 2 clearly indicates a 

strong correlation between the nitrogen content of the soil and collembolan 

abundance. 
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Figure 1 Schematic description of the ecosystem processes of a terrestrial ecosystem in the 

Maritime Antarctic region. The different numbers between brackets indicate the chapters that 

deal with the specific arrows in the scheme. Dotted arrows indicate ‘new’ interactions between 

compartments. 
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Figure 2 Principal Component Analysis (PCA) bi-plot adapted from chapter 6 with the addition 

of the soil arthropods found during the 2005/06 season as well as the Cotton tensile strength 

loss (CTSL). The PCA is based on the data from the moss and dwarf shrub communities only. 

Axis 1 explains 51% of the variance while axis 2 explains 23%. 

The food choice experiment of chapter 3 provides some clues to the 

understanding of this relation. In this chapter, I found a preference for algae 

(Prasiola crispa) by Cryptopygus antarcticus. This algae is dominant at the 

Anchorage Island moss community (Chapter 5) and is known to be nitrogen 

limited (Arnold et al., 2003, Wasley et al., 2006). The high nitrogen loading 

might therefore increase Collembola abundance through increasing the 

availability of food. It seems likely that the very high numbers of Collembola 

may have increased the decomposition rates as well. This could have been a 
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direct influence by fragmenting the organic material and by sheer force of 

numbers thereby facilitating a faster breakdown rate. An indirect pathway 

could be the feeding on the fungal community, which improves growth and 

development of the microbial community (Filser, 2002). However, this has not 

been investigated in this study.  

Acari abundance appears more related to higher temperature and lower 

nitrogen in the soil, but my data do not show how this group might influence 

decomposition rates. Davis (1981) stated in his description on the functioning 

of two moss communities on Signy Island, that the role of soil arthropods such 

as Collembola and Acari is limited in organic matter cycling of Maritime 

Antarctic ecosystems. However, the food choice experiments and the very high 

abundance found at Anchorage Island during this study, indicates that further 

research is needed on the direct role of soil arthropods on the decomposition 

process. Similar approaches to those of Heemsbergen et al (2004), might enable 

us to elucidate the part soil arthropods play in the decomposition process of 

Maritime Antarctic ecosystems.  

Conclusions 

The integration of the different chapters has shown that the different 

communities and processes in terrestrial ecosystems from the Maritime 

Antarctic are strongly interlinked. Hogg et al (2006) indicated that Antarctic 

processes were mainly driven by a-biotic factors and that the biotic interactions 

were more limited but certainly needed further investigation. My findings, that 

Maritime Antarctic collembolan species might actually play an important role 

in nutrient cycling, provides a first step to further unravel the biotic interactions 

within these ecosystems.  
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Despite the observed climatic warming, Antarctica is still the continent of 

extreme climates and a-biotic factors will remain dominant in governing 

communities and processes. However, small changes in these a-biotic factors 

appeared to affect species after only two years. Currently, climate models 

predict global increases in temperature ranging between 1.5 ºC and 4.5 ºC by 

the end of this century (IPCC, 2001). The overall effect of increasing 

temperature in this study by 1 ºC already led to a decrease in soil moisture. This 

relative small change led to significant decreases in vegetation cover and in 

Collembola abundance, and most prominently so in those vegetation 

communities with a more open community structure. If temperature predictions 

do come to pass, then the findings reported in the current study, strongly 

suggest that the effects of climate change will particularly challenge Maritime 

Antarctic plant communities, with an open structure.  
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Summary 

Environmental change, as predicted by the Intergovernmental Panel on Climate 

Change (IPCC), will entail increases in temperature for most parts of the earth. 

Predictions are that the temperature increase in the Arctic and Antarctic regions 

will be highest of all on earth. As the mean summer temperature is around 0 ºC 

in Polar Regions, an increase of a few degrees, potentially may have a large 

effect on temperature windows in which organisms and processes can operate. 

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

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

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

of the three fastest warming regions of the planet over the last 50 years. To 

better understand responses of ecosystems on earth to climate change other 

regions have to be investigated as well.  

Antarctic terrestrial ecosystems are one of the most extreme on Earth. Being 

the highest, coldest and windiest continent, Antarctica places severe limits on 

life. The organisms living here are most likely at the edge of their survival 

abilities. Due to the low temperatures, free water is only available during brief 

periods in summer when snow and ice melts. This makes water the most 

limiting factors for survival in the Antarctic. The severe environmental 

conditions for life have resulted in relative impoverished vegetation types and 

soil arthropod communities. Changes in temperature, especially during the 

summer period, may have a large impact on growth and development of soil 

organisms, vegetation and processes. This makes Antarctic ecosystems ideal 

for investigating climate change impacts. 

In the summer of 2003/04, Open Top Chambers (OTCs) were placed in 

contrasting coastal communities along a latitudinal gradient; at the Falkland 
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Islands, dwarf shrub and grass-dominated communities, at Signy Island and 

Anchorage Island, moss and lichen-dominated communities were chosen. I 

investigated the response of soil arthropods, vegetation and decomposition to 

increasing temperatures generated by the OTCs. The latitudinal gradient was 

used as a proxy for extreme warming as a predicted result of environmental 

change. To better understand parts of the nutrient cycling within such 

communities, I investigated external nitrogen sources that might be used by the 

vegetation, as well as the food choice of soil arthropods.  

When conditions for water availability and temperature have been met, 

nitrogen tends to become a major limiting factor on vegetation development in 

the Antarctic. In chapter two, I describe potential external nitrogen sources for 

the three study sites in this thesis. At the Falkland Islands, I was unable to 

conclude whether external nitrogen sources play an important role for the 

vegetation. At Signy and Anchorage Island, stable isotope analyses showed that 

vertebrate colonies highly influence the nitrogen brought in by the wind and 

this was reflected in the vegetation. However, some lichen species did not 

appear to be using this source of nitrogen but appeared to make more use of 

precipitation. 

In the third chapter of this thesis I describe the feeding choice of the most 

abundant Collembola (springtail) on Anchorage Island. Preferred food choice 

by the Collembolan Cryptopygus antarcticus, was determined by combining 

food choice experiments in the lab with stable isotope analyses of field 

samples. The main diet appears to consist of alga and lichens. 

The response to warming of soil arthropods is described in chapter four. After 

two years of warming, the initial responses of arthropod abundance were low. 

However, in the lichen community on Signy Island there was a decrease in 
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Collembolan abundance, due to a combined effect of warming and a reduction 

in soil moisture. The vegetation shows a similar pattern as described in chapter 

five. Here I found a decrease in vegetation cover in the same lichen community 

on Signy Island due to the warming treatment. In the grass community at the 

Falkland Islands, there was also a reduction in vegetation cover. A relative 

‘dry’ summer resulted in a large overall decrease but the warmed plots by 

OTCs showed an even larger reduction in vegetation cover. The more densely 

vegetated communities at the three islands were apparently better at buffering 

the vegetation and soil community to these small increases in temperature, as 

they showed no response. These results illustrate the vulnerability of such open 

vegetation types to a small increase in temperature. 

In chapter six I applied different methods to investigate the response of the 

decomposition process to warming. The laboratory studies indicate a strong 

potential response to increased temperatures. The field experiments showed a 

lower response and this could have been a result of the relative low temperature 

increase by the OTCs but perhaps more importantly a reduction in soil 

moisture. The decomposition process shows a great potential for response to 

increases in temperature. If the temperature will keep rising above the ones 

instigated in this study, larger responses are likely to be expected but only if 

soil moisture will not be greatly affected. 

As a-biotic factors mainly govern life in the Antarctic, biotic interactions have 

not been extensively explored in the Antarctic. However, the biotic components 

in Maritime Antarctic ecosystems are likely to play some role of significance in 

ecosystem processes as suggested in this thesis. The main focus of this thesis 

was to investigate the response of different parts of terrestrial ecosystem when 

temperatures will keep rising in communities from the Falkland Islands and the 

Maritime Antarctic region. The duration of my experiment was on a very short 
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time-scale especially considering the ‘slow’ life cycles of most Antarctic 

organisms. Therefore, the large differences seen between my study islands 

were not greatly affected by the warming treatment. These differences do 

indicate that there is a potential for community change above as well as below 

ground. In the last chapter I have brought all the findings together and provided 

an idea on what might happen with these Antarctic ecosystems if the 

temperature will keep rising in the future. Based on what is described in 

literature and by my own findings it is likely that open structured communities 

will be negatively affected by temperature increases in the near future as they 

have more difficulty in regulating soil moisture.  
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Nederlandse samenvatting 

Het internationale panel voor klimaatverandering (IPCC) voorspelt dat de 

gemiddelde temperatuur zal stijgen op aarde. De Arctische en Antarctische 

gebieden zullen waarschijnlijk met de hoogste opwarming te maken krijgen. 

Omdat de gemiddelde zomer temperatuur in die gebieden rond het vriespunt 

liggen kan een gemiddelde temperatuur stijging, grote effecten hebben op 

temperatuur drempels van organismen en processen. In het Arctisch gebied 

heeft veel klimaatonderzoek plaatsgevonden, omdat hier veel mensen 

afhankelijk zijn van het gebied, alsook vanwege de uitgebreide veen gebieden 

waar veel koolstof ligt opgeslagen. Op het Antarctisch schiereiland vindt veel 

minder klimaat onderzoek plaats terwijl dit juist een van de snelst opwarmende 

gebieden ter wereld is. Als we de effecten van klimaatverandering op 

organismen en processen willen begrijpen zullen we dit op verschillende 

plaatsen op aarde moeten onderzoeken. 

De terrestrische ecosystemen op Antarctica zijn onderhevig aan een van de 

meest extreme klimaten ter wereld. Omdat Antarctica het hoogste, koudste en 

winderigste continent op aarde is, zijn er sterke limieten voor organismen om te 

overleven. Water is alleen beschikbaar gedurende korte perioden in de zomer 

maanden wanneer sneeuw en ijs velden deels smelten. Water is dan ook de 

meest limiterende factor voor leven op Antarctica. Al deze extreme 

klimaatsfactoren hebben er voor gezorgd dat de plant en bodem arthropod 

gemeenschappen minder divers zijn dan op lagere breedtegraden. Als de 

temperatuur gedurende de zomer hoger wordt kan dit een groot effect hebben 

op de groei en ontwikkeling van planten, insecten en ecosysteem processen. Dit 

maakt dat Antarctische ecosystemen ideaal zijn voor het bestuderen van de 

effecten van klimaat verandering op ecosystemen. 
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Tijdens de australe zomer van 2003/04 zijn er Open Top Kamers (OTC’s) 

geplaatst in verschillende kust gemeenschappen over een klimaat gradiënt: op 

de Falkland Islands een struik heide en een gras gedomineerde gemeenschap 

werden gekozen, op Signy Island en Anchorage Island, een mos en korstmos 

gedomineerde gemeenschap. Binnen deze gemeenschappen heb ik onderzocht 

hoe bodem arthropoden, de vegetatie en decompositie reageren op een toename 

in temperatuur door de OTC’s. Tevens heb ik het gebruik van externe stikstof 

bronnen gemeten voor deze vegetatie typen alsook de voedsel keus van de 

meest dominante springstaart en mijt in deze gemeenschappen. 

Stikstof is een van de meest limiterende factoren voor groei in Antarctische 

ecosystemen als er genoeg water beschikbaar is. Hoofdstuk twee beschrijft 

externe stikstof bronnen die mogelijk gebruikt worden door de vegetatie. Op de 

Falkand Islands kon ik niet bepalen of externe stikstof bronnen daadwerkelijk 

door de vegetatie gebruikt werd. Analyse van stabiele isotopen duiden erop dat 

de vegetatie gebruikt maakt van stikstof, afkomstig van vertebraten kolonies op 

de Signy en Anchorage Island.  Een aantal korstmos soorten maakten echter 

geen gebruik van deze stikstof bron en bleken dit juist weer uit neerslag te 

halen. 

In hoofdstuk drie van deze thesis beschrijf ik de voedsel keuze van de meest 

dominante springstaart (Collembola) op Anchorage Island. Door middel van 

voedselkeuze experimenten in het lab en stabiele isotopen metingen in het veld 

heb ik de geprefereerde voedselkeuze van de springstaart Cryptopygus 

antarcticus bepaald. Algen en korstmossen bleken de meest geprefereerde 

voedsel typen. 

Hoofdstuk vier beschrijft de reactie van de springstaart en mijt 

gemeenschappen op de opwarming. Na twee jaar van opwarmen was de reactie 
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op hun aantallen klein. Echter, op Signy Island was er een afname in 

springstaarten, in de korstmos vegetatie, die toegeschreven kan worden aan een 

afname in bodem vocht, welke veroorzaakt was door de hogere temperatuur. 

De vegetatie liet eenzelfde reactie zien zoals beschreven in hoofdstuk vijf. In 

dezelfde vegetatie was er een afname in totaal korstmos bedekking na twee jaar 

van opwarmen op Signy Island. Op de Falkland Islands, was er ook een afname 

in vegetatie bedekking maar dan in de gras vegetatie. Gedurende de zomer van 

2005 viel er minder neerslag dan gemiddeld, dit had als gevolg dat de vegetatie 

in zijn geheel afnam maar door de temperatuur verhoging in de OTC’s, nam de 

vegetatie bedekking nog meer af dan daar buiten. De gemeenschappen met een 

dichtere bedekking reageerden minder op de opwarming. Waarschijnlijk omdat 

zij het microklimaat beter kunnen bufferen tegen de ‘kleine’ temperatuur 

veranderingen die veroorzaakt werden door de OTC’s. Het is dus 

waarschijnlijk dat, de meer open vegetatie typen kwetsbaarder zijn voor 

‘kleine’ temperatuur veranderingen. 

Hoofdstuk zes beschrijft een aantal verschillende methoden om decompositie te 

meten en hoe deze reageren op een temperatuur toename. Laboratorium studies 

toonden een sterke respons van decompositie op hogere temperaturen aan. Veld 

metingen toonden een lagere respons. Waarschijnlijk komt dit door de relatief 

lage temperatuur verhoging met de OTC’s maar misschien nog belangrijker een 

afname in bodemvocht. Decompositie zal waarschijnlijk sneller gaan als de 

temperatuur blijft stijgen in deze regio, maar dit kan alleen als het bodem water 

niet te sterk verminderd wordt door de hogere temperatuur. 

In deze thesis heb ik getracht om aan te geven wat er mogelijkerwijs gaat 

gebeuren met verschillende facetten van ecosystemen als de temperatuur blijft 

stijgen op de Falkland Islands en in de Maritime Antarctic regio. Deze studie 

was van korte duur, zeker als we de ‘langere’ levens cycli van de verschillende 
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Antarctische organismen in ogenschouw nemen. De huidige verschillen tussen 

de drie eilanden zijn daarom niet veranderd gedurende deze studie. Die 

verschillen geven echter wel aan dat het mogelijk is voor verandering in de 

boven en ondergrondse gemeenschappen als klimaatverandering doorzet in de 

komende eeuw. In het laatste hoofdstuk heb ik getracht al deze vindingen bij 

elkaar te brengen en om zo een beeld te geven van de mogelijke gevolgen van 

klimaat verandering voor Antarctische ecosystemen. Het is zeer waarschijnlijk 

dat de besproken gemeenschappen beïnvloed gaan worden door de hogere 

temperaturen in de toekomst. De gemeenschappen met een open vegetatie 

structuur zullen het moeilijker krijgen met hogere temperaturen, hoewel dit ook 

afhangt van de neerslag en het voorkomen van extreme omstandigheden. 
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Dankwoord 

En dit is het dan. Na vier jaar van noeste arbeid is het werk van mijn promotie 

af, met dit boekje als eind resultaat.  Gelukkig heb ik het niet allemaal alleen 

hoeven doen. Ten eerste waren daar mijn drie begeleiders, Ad, Pete en Rien. 

Van alle drie heb ik de afgelopen vier jaar enorm veel steun gehad tijdens het 

praktische veldwerk en tijdens het laatste jaar schrijven.  

Ad, bedankt dat ik ieder moment je kamer mocht binnen komen stormen met 

alweer een idee of gekke vraag. ‘Ad, gaan we nu al die kisten zo los naar 

Antarctica sturen?’ ‘Nee hoor ik regel wel een zeecontainer.’ ‘Maar ik ga toch 

naar drie eilanden Ad.’ ‘Nou dan komen er toch drie.’ En ja hoor, een maand 

later stonden er drie gloed nieuwe zeecontainers op het parkeerterrein van het 

NIOO. Bedankt voor de steun tijdens het veldwerk in Antarctica en sorry dat ik 

de landrover die jij geleend had van het ministerie van landbouw op zijn kop 

heb gelegd.  

Pete and Rien, thank you for all the patience and all the work you both have put 

into correcting my attempts at writing this last year. Zoals het veldwerk op 

Antarctica voor een zeer steile leercurve zorgt, heeft mijn schrijfstijl echter een 

wat langere looptijd nodig gehad. Officieel heb ik dan wel drie begeleiders 

gehad maar Mark heeft eigenlijk net zo veel tijd in mijn project gestoken als 

mijn officiële begeleiders. Na het opzetten van 36 OTCs zijn we daar toch best 

wel experts in geworden en het verbaasde me dan ook niet dat je na het eerste 

veldseizoen met de Belgen meeging om op hun veld sites nog meer OTCs te 

gaan plaatsen. Bedankt voor alle hulp in het veld en ook voor de steun die ik 

van je kreeg tijdens het zo ver en zo lang weg zijn van huis.  
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Dan zijn er nog de vele mensen die het mij mogelijk hebben gemaakt om zulk 

fantastisch veldwerk op Antarctica te doen en het nog aangenaam hebben 

gemaakt ook. John en Vivien, Tim en Hans bedankt dat jullie mij zo geholpen 

hebben tijdens mijn veldwerk op de Falkland Islands. John and Vivien I really 

would like to thank you for your help and care during my last field seaon when 

I was camping at my field site while recovering from my car accident.  

De bemanning van de Ernest Shackleton hebben er iedere keer maar mooi voor 

gezorgd dat ik ieder jaar veilig en met al mijn spullen heel aan kwam op Signy 

Island. Het was regelmatig: spannend, wie was er ook alweer vergeten om de 

brandstof te controleren en waar zijn de peddels in deze zodiak? Misselijk 

makend, met drie dagen windkracht tien door Drake Passage varen, maar 

meestal adembenemend. Zeker als je na drie dagen storm je in de ochtend 

wakker wordt en merkt dat het schip niet meer zo schommelt en buiten de 

ijsbergen op ooghoogte voorbij drijven. Bedankt voor de gastvrijheid op de 

brug, waar we uren lang mochten turen naar een teken van walvissen of  

gewoon een praatje konden maken. 

To all those elephant seals who have made my stay at Signy Island such a 

pleasant and smelly adventure, and thanks to all who joined me there. Thank 

you for giving me a second home so far away from home. Dave, Richard, 

Andy, Judith, Helen, Ruben, Dirk, Steve, Mauro, Davide, Paula, Anny, Yu 

Chan, Mr and Mrs friendly. Simon thank you for the skiing lessons. Mike, 

thank you for all the evenings playing Hero Quest, your cooking experiences, 

the contact with the penguins but most of all the friendship. 

Rothera Research Station is veel te groot om daar iedereen persoonlijk van te 

bedanken. Kat jou wil ik bedanken dat je mijn veldsite draaiende hebt weten te 
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houden tijdens je lange verblijf daar gedurende de winter. Andy ‘boat’ en 

Bernard heel erg bedankt voor jullie inzet om mij en al mijn spullen toch iedere 

keer weer veilig over te brengen naar Anchorage Island. Andy, thank you for 

the amazing boat trips but most of all the one time you came over to pick up 

Mark and myself from Anchorage Island when it was actually too stormy for  

boating.  I never had so much fun in a boat before and will always remember it.  

Merlijn bedankt voor je vriendschap tijdens de laatste twee veldseizoenen. Veel 

succes met de laatste loodjes van jouw promotie. Celine, thank you for your 

contribution to this work and good luck with your future plans. Thank you Edo 

and Paul for your excellent help with any technical problems. 

Voor alle collega’s op het NIOO heb ik eigenlijk veel te weinig tijd gehad. Was 

ik niet maanden lang op veldwerk in het zuiden dan zat ik wel voor een cursus 

in het buitenland. Graag had ik nog wel wat langer in Yerseke willen blijven 

om iedereen wat beter te leren kennen maar er staan weer nieuwe uitdagingen 

op mijn weg. Iedereen bedankt voor de gezellige tijd op het NIOO en thuis 

tijdens het kolonisten. 

Aan alle vrienden en familie, mijn excuses dat ik er de afgelopen vier jaar zo 

weinig was en  het mij niet altijd lukte om tijd vrij te maken om iedereen op te 

zoeken. Bedankt voor de vriendschap die jullie hebben getoond als ik na een 

half jaar mijn gezicht weer eens liet zien. Inge bedankt dat je mij deze kans 

hebt gegeven en ik zal mijn best doen om in de toekomst werk te zoeken waar 

het wel mogelijk is om elkaar te bezoeken in het veld. 
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Thank you all, 
Stef  


