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Summary 

The soils of the Maritime and sub-Antarctic experience extreme environmental conditions but 

nonetheless host biological communities which can survive low temperatures, limited water 

availability and short-day lengths or even the complete absence of solar radiation during the 

winter. We determined the organic carbon (SOC) and total N, soil microbial biomass (SMB), 

labile carbon (LC) and respiration rate (RR) in soil samples from the longest latitudinal 

transect (approximately 2000 km) ever sampled exclusively in the Maritime and sub-

Antarctic comprising 69 sites located between South Georgia (54°S) and south-eastern 

Alexander Island (72°S). With the exception of the most northerly location (South Georgia), 

the greatest SMB values occurred at 67-68˚S, despite the harsh environmental conditions. 
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This is consistent with the relative nutrient richness of the soils at these latitudes, as indicated 

by large SOC and total soil N concentrations, which are in turn probably linked to more 

abundant guano and excreta deposition by sea birds and seals which have fewer and smaller 

areas of ice-free terrain to land or haul out on further south. South of 68˚S, SOC values  

declined with increasing latitude, which is probably due to increasingly extreme 

environmental conditions. We also found that the SOC and SMB values, the proportion of 

SOC considered labile (LC/SOC) and the carbon mineralization rates expressed as either 

RR/SOC or RR/SMB were all small compared with values from less extreme temperate and 

tropical regions.  However, the proportion of the SOC in the microbial biomass (SMB/SOC) 

was substantially greater than that reported for non-polar soils. We conclude that although the 

soils of the Maritime and sub-Antarctic have small and relatively inactive microbial 

communities, they are characterised by efficient conversion of organic resources into 

microbial biomass and large affinities for added substrates.  

Keywords: Antarctica, Microorganisms, carbon, Biomass, Respiration, Latitude 

 

Highlights 

 Soil carbon parameters are reported from sites along the longest latitudinal transect in 

Antarctica ever sampled 

 The soil microbial biomass tended to peak at 67-68˚S coinciding with relative SOC 

and N abundance in the soil probably arising from guano and excreta from sea birds 

and mammals 

 The soil microbial community was small but highly efficient at converting organic 

resources into microbial biomass as indicated by large microbial biomass/soil organic 

carbon ratios 
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Introduction 

Only a small fraction of the 14 million km
2
 land area of Antarctica is either seasonally or 

permanently ice-free (Convey et al., 2009). With the exception of the near contiguous polar 

desert in the Dry Valleys region, most of the ice-free land consists of nunataks, low-lying 

coastal regions and islands in both the sub-Antarctic and the Antarctic (i.e. those within either 

the Antarctic convergence or the Antarctic Circle). These areas of land are isolated and 

typically small, sometimes as little as a few km
2
, and many of them are distributed along the 

Antarctic Peninsula or its associated islands.  Most of Antarctica’s terrestrial life exists on the 

estimated 0.18% of the continent’s surface that is ice-free for at least part of the year (Burton-

Johnson et al., 2016). Only a small proportion of this exposed area is vegetated; although the 

Antarctic Peninsula is the most vegetated region of Antarctica, only 1.34% of exposed 

ground 

has plant cover (Fretwell et al., 2011; Burton-Johnson et al., 2016). Despite the harsh 

environmental conditions and typically limited vegetation cover, the ice-free land is rarely 

completely bare rock and there is often some soil present.  The soil organic carbon (SOC) 

contents are typically small because of limited productivity, except in localised sites where 

peat accumulation has occurred, or where seabirds (most notably penguins) have formed 

rookeries leading to relatively organic rich, guano-derived, ornithogenic soils (Campbell & 

Claridge, 1987).  

The main foci of recent soil microbiological investigations on the Antarctic Peninsula 

have been assessments of the patterns of diversity and the predicted effects of environmental 

change on microbial communities (Yergeau et al., 2007a; Newsham et al., 2016; Dennis et 

al., 2012, 2019). These studies have demonstrated reductions in bacterial and fungal diversity 

with increasing latitude (Yergeau et al., 2007a; Newsham et al., 2016; Dennis et al., 2012, 
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2019), whilst others have shown that the soil microbial communities are responsive to 

warming and associated fluctuations in substrate and water availability (Dennis et al., 2013; 

Sun et al., 2014; Laudicina et al., 2005; Newsham et al., 2019). Despite the increasing 

understanding of the diversity of soil microbial communities in this region and the ways in 

which they respond to changing conditions, there have been few quantitative investigations of 

the soil biological parameters that drive terrestrial carbon cycling processes in the maritime 

and sub-Antarctic.  

The soil organic carbon (SOC) content, soil microbial biomass (SMB), and respiration 

rate (RR) of soils are key ecological drivers of nutrient and energy flow in terrestrial 

ecosystems. They have been reported for most ecosystems except Antarctica (see, for 

example, Wardle, 1992). The SOC content provides an estimate of the organic (energetic) 

resources available to heterotrophic soil micro-organisms. SOC is a diverse population of 

molecules differing in recalcitrance and accessibility to microbial and enzymatic attack 

(Dungait et al., 2012). Hence, there are differences in the amounts of SOC that are considered 

to be labile C (LC). There is no widely agreed method for determining LC (Strosser, 2010) 

but it can be operationally defined as the fraction of the SOC that is rapidly mineralized 

(decomposed) and released as CO2 (Hopkins et al., 2011). The SMB, which has been widely 

measured, provides an estimate of the size of the decomposer community (Jenkinson & Ladd, 

1981; Powlson, 1994; Wardle, 1992) and is usually operationally defined as, for example, 

being proportional to the respiratory response when the soil is amended with a saturating 

concentration of an easily utilisable substrate, viz. substrate induced respiration (SIR; 

Anderson & Domsch, 1978), or the fraction of the SOC rendered susceptible to 

decomposition (Jenkinson & Powlson, 1976) or solubilisation (Vance et al., 1987) by 

chloroform (CHCl3) vapour. The RR is a measure of microbial activity in terms of the 

mineralization of organic matter, which integrates the factors controlling decomposition 
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including the composition of the soil microbial community, the amount, quality as a substrate 

and accessibility of the SOC to heterotrophic micro-organisms and the environmental 

constraints, such as pH, oxygen availability and nitrogen availability, on respiration by soil 

organisms (Swift et al., 1979; Wardle, 1992).  

By comparison with soils in temperate and tropical regions, there are few SOC, SMB 

and RR data for polar regions, and the quantities and inter-relationships between these 

parameters in soils from Antarctica are barely reported. In the limited number of previous 

studies, comparatively small SMB and RR values have been reported (Wynn-Williams, 1982; 

Hopkins et al., 2006a, 2006b, 2009; Burkins et al. 2001; Barrett et al., 2006; Elberling et al., 

2006). However, relatively rapid rates of decomposition of added substrates have also been 

recorded (Malosso et al., 2004; Hopkins et al., 2006a; Hopkins et al., 2008; Sparrow et al., 

2011; Dennis et al., 2013) compared with soils from temperate regions.  Most of these studies 

have been conducted in the Dry Valleys region, which is an extreme polar desert, and there 

are even fewer data for the Maritime and sub-Antarctic.  

In this study, we measured SOC, LC, SMB and RR and explored the inter-

relationships between these variables for Maritime and sub-Antarctic soils sampled from 

along a latitudinal transect between Mars Oasis on south-eastern Alexander Island (72˚S) and 

South Georgia (54˚S), a distance of nearly 2,500 km and a latitudinal separation of 2,000 km 

(Figure 1). Our objective was to compare the different soil C cycling parameters (SOC, LC, 

SMB and RR) for the Maritime and sub-Antarctic with those from elsewhere in the world, 

and to test the hypothesis that soils from the Maritime and sub-Antarctic have comparatively 

large SMB contents and comparatively large RR values relative to their small SOC contents. 

The wider significance of this is that the region experienced rapid warming during the latter 

half of the 20
th
 century (Adams et al., 2009) which stabilised around the millennium (Turner 

et al., 2016), but significant further increases in air temperature are expected later this century 
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(Bracegirdle et al., 2008). The large latitudinal transect we sampled enables us to make a 

space-for-time substitution to predict how environmental changes, especially warming and 

increased moisture availability, and possibly the range expansion and population increases in 

plants may interact with soil microbial communities (Convey et al., 2011). We used 

generalised linear modelling to investigate the impacts of latitude, vegetation, human activity 

and presence of birds and animals  on the soil characteristics measured at each of our sample 

sites 

 

Materials and Methods 

Soils and sites, 

During the period from November 2007 to February 2008, soil samples were collected from 

three replicate locations in close proximity to each other (typically < 10 m apart, with each 

replicate being a composite of between five and ten separate cores) from 0-5 cm depth at 69 

sites (Figure 1).  The samples included peaty soils and ornithogenic soils developed from 

guano deposits, but most were mineral-dominated and were un-vegetated fellfield soils, 

although vegetation was usually observed in the vicinity. Most of the samples were collected 

during visits of less than one day, and often less than an hour, when the opportunity for ship 

to shore transfer was possible by either helicopter or boat; others were collected in the 

vicinity of established Antarctic bases (either Signy Island or Rothera Research Stations).  

Logistical constraints and weather restrictions often limited the amount of time spent ashore, 

but as many site observations were recorded as possible in the time available. Site 

characteristics were recorded as ordinal scores on a four-point scale (0, +, ++ and +++) 

representing increasing abundance of evidence form birds, seals, plants, rocks and human 

activity in the vicinity of each sampling site as it was impossible to provide quantitative 

metrics for these parameters.  These were used as factors in the generalised linear modelling 
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analyses below. All the field observations were made by DWH and PGD and where possible 

verified against other field reports and previous observations and the criteria used to assign 

ordinal scores to these characteristics are summarised in Table 1. The site locations and 

characteristics are summarised in Table 2. 

Large stones were removed from the samples on site and the soils were stored in 

sealed, double-layer, sterile polythene bags which were kept in a refrigerated cooler box 

whilst on site and transferred to a -20°C freezer located on a ship (either the UK Royal 

Navy’s HMS Endurance or the British Antarctic Survey’s RRS James Clark Ross) or at a 

research base within a few hours of collection. At the end of February 2008, the soil samples 

were consolidated into a single consignment and transported to the UK at -20 °C on the RRS 

James Clark Ross and were then transferred to the laboratory while still frozen.   

 

Soil moisture, carbon and nitrogen contents 

To determine moisture content, sub-samples of soils were weighed before and after drying in 

a fan assisted oven for 24 hours at 105˚C. For the determination of total SOC, dried soil was 

ground using a ball mill with onyx chambers. The SOC contents and total N contents were 

determined on approximately 10 mg sub-samples of the dried and ground soils that had been 

acid-washed with HCl to dissolve all carbonates and drive off inorganic C as CO2 (Midwood 

& Boutton, 1998) using an Exeter Analytical CE440 elemental analyser (Coventry, UK). 

 

Soil microbial biomass 

Sub-samples of soils were thawed and equilibrated at 10°C for 2 days before biological 

analyses. The SMB contents were estimated for all soils using the physiologically-based, 

substrate (glucose) induced respiration (SIR) approach (Anderson & Domsch, 1978) with 

modifications reported by (Heilmann & Beese, 1992; Hopkins & Ferguson, 1994).  Briefly, 5 
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g (moist weight) soil samples at 30% water-holding capacity were mixed with glucose at a 

rate of 2 mg C g
-1

 soil (dry weight) and incubated at 21°C in 50 ml miniaturized respirometric 

chambers by Heilmann & Beese (1992) and Hopkins & Ferguson (1994). The CO2 produced 

after 6 hours was determined by gas chromatography as described Hopkins and Shiel (1996) 

using a Varian 90-P gas chromatograph fitted with a 1.32 m long x 3 mm internal diameter 

stainless steel-column packed with 80/100 mesh Poropak Q and a thermal conductivity 

detector.   These incubation conditions differed from those used originally by Anderson & 

Domsch (1976), but we established as part of the preliminary analyses for Sun et al. (2014) 

that glucose induced respiration was linear over the period up to 12 h following amendment 

and hence calibrated the substrate induced respiration against biomass estimates from 

previously published lipid analyses (Dennis et al., 2014; Malosso et al., 2004). 

The SMB contents of a randomly-selected sub-set of 20 soils (from sites 1, 8, 10, 11, 

12, 15, 16, 17, 20, 21 22, 23, 26, 29, 30, 36, 37, 54, 58 and 68; Figure 1, Table 2) were 

determined on 10 g (moist weight) soil samples using the CHCl3 and extraction method of 

Vance et al. (1987).  Briefly, the organic C rendered extractable in 0.5 M K2SO4 solution by 

fumigation for 24 hours with ethanol-free CHCl3 vapour was determined using a Shimadzu 

TOC-VCSN® carbon analyser.   

 

Soil respiration and labile carbon 

Soil respiration was estimated as the CO2 production from 10 g (dry weight equivalent) 

incubated at 30% water-holding capacity at 10°C in 50-ml miniaturized respirometric devices 

(as above). Headspace gas samples of 1.0 ml volume were removed for analysis and then the 

chambers were opened so that the headspace was replenished with fresh air. CO2 

determinations were made after 0, 7, 14 and 28 days of incubation and then every 14 days 

until 168 days of incubation. The cumulative CO2 respired over 0-42 days was almost linear 
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with time (R
2
 values > 0.95 derived from linear regression analysis). The CO2 production 

over this period was used as an estimate of microbial respiration rate (RR). By 168 days of 

incubation, the cumulative CO2 production was at or approaching an asymptote for all soils 

and the CO2 production after 168 days was used as an index of the amount of readily-

available LC in the soil. This approach, which is analogous to that of Hopkins et al. (2011), 

allows an operational estimate of LC. 

 

Derived parameters 

The values of the measured parameters (SOC, LC, SMB and RR) were used to derive the 

following parameters: LC/SOC and SMB/SOC, which are respectively the proportion of the 

SOC represented by LC or SMB; and RR/SOC, RR/LC and RR/SMB, which are respectively 

the respiration rate expressed per unit of SOC, LC or SMB (the latter being equivalent to the 

microbial respiratory quotient, qCO2, or biomass-specific respiration). 

 

Data analyses 

The measured parameters (SOC, LC, SMB and RR) were summarised as the means of three 

replicates for soil at each site. The mean values were used to produce normalized frequency 

distributions with the following percentile ranges (class intervals), selected to provide greater 

resolution at the lower end of the distribution: 0-1%, 1-2%, 2-3%, 3-4%, 4-5%, 5-10%, 10-

15%, 15-20%, 20-25%, 25-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-100%, the 

maximum value for a parameter corresponding to 100%. The derived parameters (LC/SOC, 

SMB/SOC, RR/SOC, RR/LC and RR/SMB) were also summarised as normalised frequency 

distributions. Generalized linear modelling (GLM) was used to investigate the relationships 

between the measured parameters (SOC, LC, SMB and RR) and latitude and the site 

characteristics describing bird, seal, human activity and moss/vegetation.  In these analyses 
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the default zero state of bird, seal, human activity and moss/vegetation were used as baseline 

against which to assess the impacts of changes in the variables.  The underlying hypothesis 

for these analyses was that increased presence of bird, seal, human activity or 

moss/vegetation would lead to differences in the soil characteristics that we had measured. 

Analyses were undertaken in R  (http://www.r-project.org/). 

 

Results 

The SOC contents ranged between 0.1 and 335 mg C g
-1

 soil (Table 3) with the frequency 

distribution skewed strongly towards the smaller values (Figure 2) and a median value of 

only 3.15 mg C g
-1

 soil (Table 3). The LC contents ranged between 0.009 and 6.01 mg C g
-1

 

soil and the median value was 0.150 mg C g
-1

 soil (Table 3). The SMB contents ranged 

between 0.0133 and 2.96 mg C g
-1

 soil (Table 3) and the median value was 0.114 mg C g
-1

 

soil (Table 3). The RR values ranged between 0.0001 and 0.0765 mg C g
-1

 soil day
-1

 and the 

median value was 0.0018 mg C g
-1

 soil day
-1

 (Table 3). The frequency distributions for LC, 

SMB and RR were all skewed to the smaller values, but to a much lesser extent than the SOC 

values (Figure 2). Despite the differences in the shapes of the frequency distributions between 

the SOC values and the LC, SMB or RR values, there were significant positive correlations 

between all four soil carbon parameters (P < 0.05; Table 4), which was to be expected.  

Result from the GLM analyses showed that both SOC and total soil N values were 

positively related to increased levels of moss abundance (Table 2) when log-transformed (for 

SOC, moss score  1, where there was  evidence within approximately 50 m of the sampling 

sites, but not at the sampling sites at the time of sampling (z = 3.252; P = 0.0019 and also 

where there was evidence of moss within 10 metres( z = 3.098; P = 0.0030), relative to the 

default position of sites with no moss at all .  Here the z score for a factor level represents the 

number of standard deviations that the mean for that score is relative to that of the baseline 
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zero category (i.e. the mean value for SOC when there is no moss).  RR was in turn related to 

both SMB (z = 11.173; P < 0.001) and SOC (z = 2.525; P = 0.014).  SMB was significantly 

related to the moss score representing highest abundance of moss  abundance (z = 2.328; 

P=0.024) and also to SOC (z = 2.111; P = 0.039), but the relationship with latitude was more 

complex: there was a unimodal response by SMB to latitude, increasing with latitude up to 

approximately 68˚S before declining with any further increase in latitude south of 68˚S (z = 

4.003, P= 0.00020).  The results suggest interactions between latitude, moss abundance, SOC 

and total soil N with SMB in these soils (Figure 3).   Excluding the most northerly locations 

at South Georgia (54˚S), which are far less extreme than Maritime Antarctic sites located > 

700 km further south, the greatest SMB values occurred between 67 and 68˚S, where SOC 

and total soil N concentrations were also high. Even further south, between 68 and 72˚S, 

SMB values declined (Figure 3).  

The LC/SOC values ranged between 0.003 and 0.423 with a median value of 0.042, 

and the SMB/SOC values ranged between 0.003 and 0.365 with a median value of 0.027 

(Table 5). The LC/SOC and SMB/SOC values were skewed slightly towards the smaller 

values (Figure 4), but much less strongly than was the case for SOC, LC, SMB or RR values 

(Figure 2). The more equitable frequency distributions, i.e. more even frequency 

distributions, for the LC/SOC and SMB/SOC values were consistent with the predictable 

normalizing effect of expressing LC and SMB as a function of SOC. 

The RR/SOC values ranged between 0.00003 and 0.0060 day
-1

 with a median value of 

0.00038 day
-1 

(Table 5) and a distribution skewed towards the smaller values (Figure 5). The 

RR/LC and RR/SMB values ranged between 0.007 and 0.017 day
-1

 with a median value of 

0.011 day
-1

, and between 0.005 and 0.055 day
-1

 with a median of 0.014 day
-1

, 

respectively(Table 5), with distributions skewed towards the larger values (above the 50
th

 

percentile for RR/LC) and the 15-40% normalised range for RR/SMB values (Figure 5). The 
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RR/LC and RR/SMB values were similar to each other and significantly greater than the 

RR/SOC values, consistent with the RR/SOC values reflecting mineralization of the total 

SOC including recalcitrant components, whereas RR/LC and RR/SMB reflect the decay of 

the smaller labile fraction and the biomass-specific respiration rate, respectively. The 

RR/SOC and RR/LC values differed by a mean factor of 40.9 (i.e. RR/LC was on average 

about 40 times greater than RR/SO, consistent with the differences between SOC and LC 

values (Table 3), but the variance around the mean was large (SD = 44.1).  

 For the sub-set of soils tested, the estimates of SMB from CHCl3 fumigation and 

extraction were significantly (P < 0.001) less than those from the SIR method by a mean 

factor of 0.27 (Figure 6). Thus, the SMB estimates based on respiratory activity response 

(SIR) exceeded those based on the extractable biomass components (CHCl3 fumigation).    

 

Discussion 

Wardle (1992) presented a global summary of SOC for nearly 500 soils reported in more than 

100 studies covering wide range of ecosystems (including one Antarctic site; Wynn-Williams 

1982), and showed that the SMB is typically in the range 0.2 to nearly 4 mg C g
-1

 soil. This 

covers the upper end of the range of our SMB values from the Maritime and sub-Antarctic, 

but the majority of the maritime Antarctic samples fell well below this range (Table 3; Figure 

2). It is not surprising that the SOC and SMB contents of most of the soils are very small by 

comparison with other soils. At most sites, harsh environmental conditions and sparse plant 

cover are probable reasons for small SOC concentrations, with inputs from microbial 

photoautotrophs, and slow-growing mosses and lichens, being the most likely organic carbon 

sources. The observation of relatively large SMB contents around 66-68˚S and further south, 

even though microbial diversity declines with increasing latitude (Yergeau et al., 2007a; 

Newsham et al., 2016; Dennis et al., 2019), indicates increasing ecological specialisation 
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probably resulting at least in part from relative nutrient enrichment (Figure 3). The declining 

abundance and size of accessible ice-free terrain on which sea birds and seals can haul out at 

greater latitudes up to about 68˚S probably contributes to the nutrient enrichment because 

organic deposits from the animals are more concentrated. This is consistent with the 

observations of Pires et al. (2017) on King George Island at 62˚ N (close to sites 56 and 57; 

Table 2) over 150 km north of the tip of the Antarctic peninsula, who showed that plant 

establishment, nutrient and organic matter accumulation and soil CO2 flux are all associated 

with bird nesting and guano deposits. South of 66-68˚S, the increasingly environmental 

conditions particularly temperature and moisture, rather than the supply of organic resources, 

probably become limiting.  

SMB values expressed per unit mass of soil may be less informative than considering 

the SMB/SOC values because of the importance of relating the size of the SMB to the 

amount of potential organic substrate (the SOC). Comparing the SMB/SOC values in 

Wardle’s (1992) summary indicates that SMB/SOC the Maritime and sub-Antarctic are much 

greater than those for other ecosystems around the world (Figure 7). Wardle’s (1992) 

summary covers SMB/SOC ratios in the range 0.008 to 0.03 (excluding the Antarctic 

sample), compared to our Antarctic SMB/SOC values, which ranged from 0.003 to 0.365. Of 

these, only seven of our Antarctic soils fell below the global range and 34 (nearly half) fell 

above the global range, indicating strongly that a much larger fraction of the SOC in 

Maritime and sub-Antarctic soils was contained in the SMB than on other continents. 

Incidentally, the only Antarctic sample included in Wardle’s (1992) summary (Signy Island) 

had a SMB content of 0.13 mg C g
-1

 soil (Wynn-Williams 1982), which Wardle (1992) 

commented on as having a large SMB/SOC ratio (Figure 7).  

There are few LC collected with the method used here with which to compare the 

present LC values, except that of Hopkins et al. (2011), in which LC/SOC ratios in the range 
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0.04 to 0.06 are reported. Clearly, some of the Maritime and sub-Antarctic soils had LC/SOC 

values above this range, but most had values below 0.01, indicating that the LC in many of 

the soils was not especially labile. Thus, many of the soils from the Maritime and sub-

Antarctic are characterised by a large SMB/SOC ratio (Figure 7), despite only a relatively 

small proportion of the SOC being apparently labile, suggesting efficient substrate 

assimilation into SMB and that the soil C cycling processes are highly conservation with 

available SOC being readily assimilated into microbial biomass. 

The RR/SOC and the RR/LC values fell in the range 0.00600 to 0.00003 day
-1

 and 

0.017 and 0.007 day
-1

, respectively. The RR/SOC values covered a wider range than the 

estimates made using an analogous approach reported by Hopkins et al. (2011) of 0.00043-

0.000057 day
-1

 but were skewed towards the smaller values. RR/LC values were substantially 

greater than the RR/SOC values, which is to be expected.  

We report RR per unit SMB determined by SIR (RR/SMB or qCO2) between 0.0047 

and 0.055 day
-1

, with 52 soils falling below 0.0020 day
-1

, which are small values compared 

with other estimates. For example, Wardle and Ghani (1995) summarised RR/SMB estimates 

from 64 mostly temperate soils from 16 different studies and showed the range was between 

0.01 and 0.15 day
-1

; Dilly and Munch (1999) reported 0.02 to 0.07 day
-1

, and Hopkins and 

Shiel (1996) reported 0.07 to 0.06 day
-1

 also for temperate soils in both cases. Thus, when the 

SIR estimates of SMB are used to estimate the RR/SMB, the soil micro-organisms appear to 

be relatively inactive, which is consistent with small LC/SOC values. However, if the CFE 

estimates of SMB are considered, the range was much greater (0.002 to 0.51 day
-1

) for the 

sub-set of soils for which CFE-SMB was determined. This is because the CFE-SMB values 

were significantly smaller than SIR-determined SMB. Dilly and Munch (1999) propose that 

greater RR/SMB (qCO2) values obtained when SMB data derived from CFE, rather than 

those derived from SIR, indicates a relatively active microbial community because the SIR 
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approach favours actively respiring organisms compared with the CHCl3 fumigation 

approach, with is based on the quantity of soluble C released when most of the organisms are 

killed by fumigation and is therefore more closely related to the standing biomass, whether it 

is active or inactive at the time of fumigation. If the suggestion that microorganisms in soils 

from the Maritime and sub-Antarctic are relatively active compared to other regions, the 

difference in RR/SMB estimates when different methods of determining are used may reflect 

greater affinity or responsiveness to added substrate in the soils from the Antarctic than in 

soils from other regions. Both Malosso et al. (2004) and Sun et al. (2014) have reported large 

respiratory responses and rapid C mineralization rates in soil from Signy Island with organic 

amendments, which are consistent with this observation. 

Our set of samples is one of the most comprehensive available for soil biological 

investigations in the Maritime and sub-Antarctic. It includes a number of sites that had not 

been previously sampled and some that had not, as far as we can ascertain, previously been 

visited. Compared with previous studies (e.g. Lawley et al. 2004; Yergeau et al. 2007b), it is 

much wider in terms of geographic coverage. However, some sites were sampled on an 

opportunistic basis and this, together with the limitations imposed by accessibility and 

weather restrictions, limited the amount of information that could be collected in the field.  

Previous studies in the maritime and sub-Antarctic have shown that both bacterial and 

fungal diversity decline with increasing latitude (Cowan et al., 2014; Yergeau et al., 2007a; 

Newsham et al., 2016; Dennis et al., 2019) and that soil and environmental variables 

correlated with latitude are influential in determining diversity. In relatively environmentally 

harsh habitats, several constraints may operate simultaneously. For two of the soils used in 

this study, located close to either end of the transect (Mars Oasis on Alexander Island and 

Wynn Knolls on Signy Island), we have shown that combinations of temperature, water and 

organic nutrients interact to control respiration by soil micro-organisms (Dennis et al., 2013; 
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Sun et al., 2014). Comparable observations have been made for soils in the even more 

environmentally extreme Dry Valleys of Antarctica (Hopkins et al., 2006a; Sparrow et al., 

2011; Dennis et al., 2013). 

 The main observations from this work are that the SOC and SMB (determined by 

SIR) values for soils from the Maritime and sub-Antarctic are small by comparison with the 

global data, but that the proportion of the SOC in SMB is generally large by comparison with 

the global data. In addition, the proportion of SOC considered to be labile (LC/SOC) is also 

generally small compared with soils elsewhere (although it is accepted that there is a less 

comprehensive global dataset for comparison), and the carbon mineralization rates expressed 

as either RR/SOC or RR/SMB (determined by SIR) are small compared with data from 

temperate regions, but that the SMB values determined by SIR are typically larger than those 

determined by CFE. Collectively, therefore, these data lead to the proposal that the soils from 

the Maritime and sub-Antarctic typically have small and relatively inactive communities, but 

ones that are characterised by a greater efficiency of conversion of organic C into microbial 

biomass and greater affinities for added substrates. The precise reasons for these community 

characteristics are not entirely clear, but the limited supply of organic resources and the 

ability to respond to substrates when they become available are likely to have an important 

role in these characteristics. This indicates the need to consider both sources of organic 

changing discontinuously with latitude as well as the physical environmental conditions, such 

as temperature, interacting to determine the soil microbial characteristics. 
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Table 1 

Criteria for assignment of ordinal values (0, +, ++ and +++) for the site characteristic in Table 2

0 + ++ +++

Birds No visible evidence in the form of 
birds on the ground or in the air, 
guano, nests or feathers at the time 
of sampling

Birds visible in the air or at 
distances of approximately 200+ m 
on the land, but no other evidence 
within approximately 50 m of the 
sampling sites at the time of 
sampling

Birds visible in the air or at 
distances within approximately 100 
m on the land, or other evidence 
within approximately 50 m of the 
sampling sites at the time of 
sampling

Birds visible in the air or at 
distances within approximately 
100 m on the land, or other 
evidence within approximately 10 
m of the sampling sites at the time 
of sampling

Seals Location inaccessible to seals or no 
visible evidence in the form of 
seals, faeces or fur at the time of 
sampling

Seals visible at distances of 
approximately 200+ m on the land, 
but no other evidence within 
approximately 50 m of the 
sampling sites at the time of 
sampling

Seals visible within approximately 
100 m on the land, or other 
evidence within approximately 50 
m of the sampling sites at the time 
of sampling

Seals visible at distances within 
approximately 100 m on the land, 
or other evidence within 
approximately 10 m of the 
sampling sites at the time of 
sampling

Plants (higher 
plants, mosses, 
algae or 
cyanobacteria, 
and lichens)

No visible evidence in the form of 
living or dead plants, or green or 
pink pigmentation in ice at the time 
of sampling

Evidence within approximately 50 
m of the sampling sites, but not at 
the sampling sites at the time of 
sampling

Evidence within approximately 10 
m of the sampling sites, but not at 
the sampling sites at the time of 
sampling

Evidence within approximately 1 
m of the sampling sites, but not at 
the sampling sites at the time of 
sampling

Rocks Land surface free from rooks 
greater than approximately 2 cm 
diameter

Rocks greater than approximately 2 
cm diameter covering up to 
approximately 10% of the land 
surface at the sampling sites

Rocks greater than approximately 2 
cm diameter covering up to 
approximately 50% of the land 
surface at the sampling sites

Rocks greater than approximately 
2 cm diameter covering more than 
approximately 50% of the land 
surface at the sampling sites

Human activity No recent record of human visits 
and no evidence of human 
presence in the form of foot or 
vehicle prints, buildings or other 
installations within approximately 
1 km of the sampling site

Evidence within approximately 50 
m or human installations within 
approximately 500 m of the 
sampling sites, but the actual 
sampling site was within an area of 
restricted access and there was no 
evidence at the actual sampling site

Evidence within approximately 50 
m or human installations within 
approximately 500 m of the 
sampling sites, but not at the actual 
sampling site

Evidence within approximately 10 
m or human installations within 
approximately 500 m of the 
sampling sites but not at the 
actual sampling site
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Table 2  
Site names and locations, and summary site characteristics of sites in the Maritime and sub-Antarctic from which soils were sampled.

No Site Place name1 Latitude Longitude Altitude Bird 
observations2

Birds Seals Higher 
plants 

Mosses Algae and/or 
cyanobacteria

Lichens Rocks Human 
activity

(degree) (degree) (m) Site characteristic ordinal scores3

1 Alexander Island Mars Oasis 71.88 68.25 15 S + 0 0 + + ++ +++ +

2 Alexander Island Mars Oasis 71.88 68.25 15 S + 0 0 + + ++ +++ +

3 Alexander Island Mars Oasis 71.88 68.25 15 S + 0 0 + + ++ +++ +

4 Alexander Island Mars Oasis 71.88 68.25 15 S + 0 0 + + ++ +++ +

5 Rothshild Island Overton Peak 69.68 72.01 469 ND ND ND ND ND ND ND ND ND

6 Rothshild Island Overton Peak 69.68 72.02 414 ND ND ND ND ND ND ND ND ND

7 Rothshild Island Overton Peak 69.67 72.02 405 ND ND ND ND ND ND ND ND ND

8 Alexander Island Mount Holt 69.41 71.64 499 S + 0 0 + 0 + +++ 0

9 Alexander Island Mount Holt 69.41 71.67 501 S + 0 0 + 0 + +++ 0

10 Alexander Island Hopkins Ridge 69.37 71.84 66 S + 0 0 ++ +++ ++ + 0

11 Alexander Island Hopkins Ridge 69.37 71.84 62 S + 0 0 ++ 0 ++ +++ 0

12 Alexander Island Hopkins Ridge 69.37 71.84 62 S + 0 0 0 0 + 0 0

13 Alexander Island Hopkins Ridge 69.37 71.84 70 S + 0 0 + 0 + +++ 0

14 Alexander Island Hopkins Ridge 69.37 71.84 64 S + 0 0 + 0 + ++ 0

15 Jenny Island Jenny Island 67.73 68.37 12 P S +++ + 0 + 0 ++ +++ +

16 Lagoon Island 67.59 68.25 20 S + ++ ++ ++ 0 ++ +++ +

17 Adelaide Island Rothera Point 67.57 68.11 6 P +++ +++ 0 0 0 0 0 ++

18 Adelaide Island Rothera Point 67.57 68.11 35 S +++ 0 + ++ 0 ++ +++ +

19 Blaiklock Island 67.54 67.20 7 S + 0 +++ +++ 0 +++ + 0

20 Detaille Island 66.88 66.78 21 S + 0 0 + + + ++ +

21 Detaille Island 66.80 66.87 26 S + 0 0 + + + ++ +

22 Antarctic Peninsula Cape Evenson 66.15 65.72 59 S +++ 0 0 + 0 0 ++ 0

23 Antarctic Peninsula Cape Evenson 66.15 65.72 31 S + 0 0 + 0 0 + 0

24 Antarctic Peninsula Cape Evenson 66.15 65.72 12 S + 0 0 + 0 0 0 0

25 Green Island 65.33 64.14 52 S + 0 ++ ++ 0 + + 0A
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26 Wiencke Island Yelcho Station (CHL) 64.89 63.55 6 P + 0 0 0 + 0 ++ 0

27 Wiencke Island Yelcho Station (CHL) 64.89 63.55 6 P + 0 0 0 + 0 ++ 0

28 Wiencke Island Yelcho Station (CHL) 64.84 63.52 2 P +++ 0 0 ++ 0 + +++ 0

29 Goudier Island Port Lockroy 64.82 63.48 2 P + 0 0 0 + 0 + +++

30 Goudier Island Port Lockroy 64.82 63.48 2 S + 0 0 + 0 + + 0

31 Gand Island 64.41 62.81 25 S + 0 0 0 0 + + +

32 Seymour Island Marambio Station (ARG) 64.24 56.63 160 S + 0 0 0 0 + + +

33 Seymour Island Marambio Station (ARG) 64.24 56.63 190 P + 0 0 0 + 0 + +++

34 Alectoria Island 63.96 59.07 50 S + + + ++ 0 ++ + 0

35 Alectoria Island 63.98 58.64 25 S + + + ++ 0 ++ ++ 0

36 Spert Island 63.84 60.95 102 S + 0 0 0 0 0 + 0

37 Spert Island 63.84 60.95 92 S + 0 0 0 0 0 0 0

38 Spert Island 63.84 60.95 106 S + 0 0 +++ 0 +++ + 0

39 Spert Island 63.84 60.95 92 S + 0 0 0 0 0 + 0

40 Spert Island 63.84 60.95 93 S + 0 0 0 0 + + 0

41 James Ross Island Cape Lachmann 63.79 57.79 104 S + 0 0 0 0 0 ++ 0

42 James Ross Island Cape Lachmann 63.78 57.79 85 S + 0 0 0 0 0 + 0

43 James Ross Island Cape Lachmann 63.78 57.78 81 S + 0 0 0 0 0 + 0

44 Antarctic Peninsula Newsham nunatak 63.56 57.83 612 S + 0 0 + 0 + ++ 0

45 Antarctic Peninsula Newsham nunatak 63.56 57.82 617 S + 0 0 0 0 0 +++ 0

46 Deception Island Whaler’s Bay 62.98 60.55 91 S + 0 0 0 0 0 + +

47 Deception Island Whaler's Bay 62.98 60.55 104 S + 0 0 0 0 0 + 0

48 Deception Island Whaler’s Bay 62.98 60.56 14 S + 0 0 + 0 + + +

49 Livingston Island Byers Peninsula 62.66 61.09 64 S + 0 0 ++ 0 ++ 0 0

50 Livingston Island South Beaches, Byers Peninsula 62.66 61.09 64 S + 0 0 + 0 + 0 0

51 Livingston Island South Beaches, Byers Peninsula 62.65 61.09 78 S + 0 0 ++ 0 ++ 0 0

52 Livingston Island South Beaches, Byers Peninsula 62.65 61.09 75 S + 0 0 0 0 + 0 0

53 Robert Island Edward Point 62.46 59.51 26 A GP S ++ 0 0 ++ 0 ++ + +

54 Greenwich Island Orión Point 62.45 59.74 13 S ++ 0 0 + 0 + + +

55 Greenwich Island Orión Point 62.45 59.73 16 GP S ++ 0 0 ++ 0 ++ ++ +A
cc

ep
te

d 
A

rti
cl

e

This article is protected by copyright. All rights reserved.



56 King George Island Keller Peninsula 62.09 58.40 64 S + 0 0 + 0 + + +

57 King George Island Keller Peninsula 62.09 58.40 65 S + 0 0 + 0 +++ +++ +

58 King George Island Round Point 61.93 58.43 7 P + 0 0 0 0 0 ++ 0

59 King George Island Round Point 61.93 58.44 12 P + 0 0 0 0 0 ++ 0

60 Signy Island Wynn Knolls 60.70 45.66 199 S + 0 0 ++ ++ +++ +++ ++

61 Signy Island Wynn Knolls 60.70 45.84 199 S + 0 0 ++ ++ +++ +++ ++

62 Signy Island Wynn Knolls 60.70 45.66 199 S + 0 0 ++ ++ +++ +++ ++

63 Signy Island Wynn Knolls 60.70 45.66 199 S + 0 0 ++ ++ +++ +++ ++

64 Signy Island Wynn Knolls 60.70 45.66 199 S + 0 0 ++ ++ +++ +++ ++

65 Signy Island Wynn Knolls 60.70 45.66 199 S + 0 0 ++ ++ +++ +++ ++

66 Signy Island Wynn Knolls 60.70 45.66 199 S + 0 0 ++ ++ +++ +++ ++

67 South Georgia Bird Island 54.00 38.07 480 A GP S + + + + 0 + 0 +

68 South Georgia Bird Island 54.00 38.05 422 A GP S + + + 0 0 0 0 +

69 South Georgia Bird Island 54.00 38.05 430 A GP S + + 0 0 0 0 0 +

No Site Place name1 Latitude Longitude Altitude Bird 
observations2

Birds 
score

Seals Higher 
plants 

Mosses Algae and/or 
cyanobacteria

Lichens Rocks Human 
activity

1 Place names follow those approved by the UK Antarctic place-names committee (see http://apc.antarctica.ac.uk/)
2 Birds observed: A, albatross; GP, giant petrel; S, skua; P, penguin
3 Explanations of the ordinal scores (0, +, ++ and +++) are provided in Table 1; ND, no data recorded
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Table 3 

Soil organic carbon (SOC), labile carbon (LC), soil microbial biomass (SMB) determined by 

substrate induced respiration, and respiration rate (RR) for soils from the Maritime and sub-

Antarctic. Note: SMB was determined by substrate induced respiration for data in this table.

No Site Place name1 SOC LC SMB RR

(mg C g-1 soil) (mg C g-1 soil) (mg C g-1 soil) (mg C g-1 soil day-1)

Mean SD Mean SD Mean SD Mean SD

1 Alexander Island Mars Oasis 1.84 0.26 0.009 0.004 0.0220 0.0018 0.0001 0.00003

2 Alexander Island Mars Oasis 2.62 0.07 0.015 0.002 0.0245 0.0045 0.0002 0.00002

3 Alexander Island Mars Oasis 3.15 0.00 0.035 0.009 0.0331 0.0045 0.0003 0.00011

4 Alexander Island Mars Oasis 2.61 0.17 0.030 0.001 0.0250 0.0016 0.0003 0.00002

5 Rothshild Island Overton Peak 0.30 0.11 0.018 0.007 0.0133 0.0018 0.0003 0.00006

6 Rothshild Island Overton Peak 0.76 0.31 0.039 0.006 0.0320 0.0044 0.0003 0.00008

7 Rothshild Island Overton Peak 0.71 0.00 0.015 0.002 0.0188 0.0018 0.0002 0.00002

8 Alexander Island Mount Holt 5.70 1.19 1.331 0.298 0.790 0.0195 0.0221 0.00288

9 Alexander Island Mount Holt 23.9 2.50 0.087 0.012 0.0714 0.0063 0.0009 0.00019

10 Alexander Island Hopkins Ridge 18.3 2.27 0.267 0.012 0.682 0.1036 0.0032 0.00017

11 Alexander Island Hopkins Ridge 7.10 0.06 0.163 0.018 0.0681 0.0056 0.0021 0.00025

12 Alexander Island Hopkins Ridge 63.2 30.0 6.01 0.107 2.29 0.0993 0.0765 0.00239

13 Alexander Island Hopkins Ridge 2.70 0.04 0.065 0.003 0.0515 0.0029 0.0009 0.00009

14 Alexander Island Hopkins Ridge 30.6 7.39 0.589 0.021 0.270 0.0181 0.0059 0.00018

15 Jenny Island Jenny Island 8.60 0.70 0.538 0.043 0.737 0.0470 0.0071 0.00049

16 Lagoon Island 16.2 0.79 0.789 0.065 0.762 0.0472 0.0087 0.00086

17 Adelaide Island Rothera Point 1.75 0.44 0.519 0.062 0.548 0.0439 0.0077 0.00143

18 Adelaide Island Rothera Point 30.2 1.18 0.516 0.013 0.419 0.0167 0.0056 0.00048

19 Blaiklock Island 0.90 0.16 0.183 0.009 0.222 0.0243 0.0022 0.00015

20 Detaille Island 169 2.26 2.17 0.008 0.467 0.0337 0.0174 0.00200

21 Detaille Island 94.6 2.04 2.17 0.207 0.280 0.0030 0.0154 0.00194

22 Antarctic Peninsula Cape Evenson 39.8 2.39 1.31 0.108 1.47 0.0947 0.0135 0.00068

23 Antarctic Peninsula Cape Evenson 17.3 4.68 0.406 0.025 0.460 0.376 0.0049 0.00049

24 Antarctic Peninsula Cape Evenson 335 5.56 3.58 0.086 1.75 0.0794 0.0395 0.00027

25 Green Island 11.8 6.23 0.201 0.036 0.144 0.0019 0.0020 0.00062

26 Wiencke Island Yelcho Station (CHL) 7.82 1.56 0.524 0.019 0.287 0.123 0.0068 0.00015
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27 Wiencke Island Yelcho Station (CHL) 2.31 0.47 0.096 0.014 0.128 0.0055 0.0009 0.00006

28 Wiencke Island Yelcho Station (CHL) 30.9 5.17 0.639 0.061 0.529 0.0191 0.0072 0.00068

29 Goudier Island Port Lockroy 22.7 11.6 2.76 0.090 2.96 0.117 0.0394 0.00222

30 Goudier Island Port Lockroy 1.70 0.05 0.720 0.006 0.621 0.0153 0.0102 0.00066

31 Gand Island 17.5 7.04 0.342 0.023 0.276 0.0319 0.0032 0.00027

32 Seymour Island Marambio Station (ARG) 0.65 0.03 0.070 0.005 0.0278 0.0064 0.0006 0.00007

33 Seymour Island Marambio Station (ARG) 0.31 0.20 0.044 0.006 0.0164 0.0029 0.0004 0.00006

34 Alectoria Island 4.21 0.01 0.047 0.013 0.0469 0.0031 0.0007 0.00012

35 Alectoria Island 3.11 0.64 0.072 0.012 0.0799 0.0042 0.0009 0.00013

36 Spert Island 7.96 0.34 0.150 0.013 0.114 0.0094 0.0018 0.00013

37 Spert Island 4.51 0.07 0.460 0.019 0.292 0.0248 0.0045 0.00018

38 Spert Island 39.0 0.36 0.876 0.028 0.802 0.0672 0.0083 0.00021

39 Spert Island 1.60 0.19 0.151 0.010 0.108 0.0045 0.0021 0.00017

40 Spert Island 1.30 0.30 0.148 0.029 0.143 0.0226 0.0019 0.00016

41 James Ross Island Cape Lachmann 2.20 0.44 0.059 0.005 0.0165 0.0029 0.0006 0.00004

42 James Ross Island Cape Lachmann 0.84 0.13 0.082 0.018 0.0198 0.0048 0.0007 0.00038

43 James Ross Island Cape Lachmann 1.64 0.14 0.093 0.014 0.0892 0.0043 0.0008 0.00012

44 Antarctic Peninsula Newsham nunatak 5.26 0.33 0.687 0.038 0.143 0.0126 0.0054 0.00062

45 Antarctic Peninsula Newsham nunatak 3.70 0.56 0.014 0.001 0.0261 0.0036 0.0001 0.00001

46 Deception Island Whaler’s Bay 0.30 0.21 0.031 0.004 0.0235 0.0033 0.0004 0.00006

47 Deception Island Whaler's Bay 0.12 0.16 0.013 0.002 0.0282 0.0050 0.0002 0.00001

48 Deception Island Whaler’s Bay 0.40 0.15 0.035 0.003 0.0535 0.0029 0.0005 0.00006

49 Livingston Island Byers Peninsula 1.70 0.46 0.293 0.025 0.136 0.0079 0.0042 0.00037

50 Livingston Island South Beaches, Byers Peninsula 3.40 0.18 0.058 0.016 0.0521 0.0091 0.0006 0.00012

51 Livingston Island South Beaches, Byers Peninsula 2.98 0.49 0.030 0.002 0.0422 0.0023 0.0003 0.00004

52 Livingston Island South Beaches, Byers Peninsula 10.2 2.17 0.032 0.004 0.0494 0.0051 0.0003 0.00007

53 Robert Island Edward Point 39.0 15.4 0.645 0.044 0.615 0.0444 0.0093 0.00093

54 Greenwich Island Orión Point 1.40 0.05 0.098 0.014 0.0620 0.0029 0.0012 0.00011

55 Greenwich Island Orión Point 10.10 2.23 0.433 0.057 0.267 0.0241 0.0047 0.00064

56 King George Island Keller Peninsula 0.80 0.20 0.021 0.003 0.0299 0.0029 0.0002 0.00001

57 King George Island Keller Peninsula 4.10 0.30 0.175 0.012 0.103 0.0167 0.0016 0.00014

58 King George Island Round Point 0.60 2.44 0.093 0.010 0.0351 0.0109 0.0009 0.00002

59 King George Island Round Point 5.50 0.02 0.494 0.021 0.292 0.0118 0.0063 0.00032

60 Signy Island Wynn Knolls 1.00 0.23 0.080 0.016 0.0579 0.0050 0.0006 0.00012
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61 Signy Island Wynn Knolls 1.23 0.41 0.106 0.033 0.146 0.0503 0.0012 0.00038

62 Signy Island Wynn Knolls 1.09 0.23 0.251 0.077 0.0418 0.0049 0.0019 0.00103

63 Signy Island Wynn Knolls 1.30 0.12 0.085 0.008 0.0567 0.0054 0.0008 0.00014

64 Signy Island Wynn Knolls 1.94 0.03 0.046 0.018 0.0422 0.0036 0.0005 0.00028

65 Signy Island Wynn Knolls 1.32 0.08 0.125 0.014 0.140 0.0586 0.0013 0.00022

66 Signy Island Wynn Knolls 0.96 0.16 0.078 0.043 0.0527 0.0252 0.0009 0.00048

67 South Georgia Bird Island 38.8 0.10 0.464 0.054 0.5917 0.0317 0.0057 0.00062

68 South Georgia Bird Island 16.3 0.68 0.203 0.004 0.1785 0.0100 0.0024 0.00017

69 South Georgia Bird Island 11.2 1.18 0.278 0.027 0.1834 0.0088 0.0036 0.00032

Mean 17.5 0.482 0.314 0.0056Summary 
descriptive statistics

SD 46.3 0.94 0.52 0.01

Median 3.15 0.150 0.114 0.0018

Modal decile 0-10% 0-10% 0-10% 0-10%

Modal range 0-33.5 0-0.60 0-0.296 0-0.00765

Maximum 335 6.01 2.96 0.0765

Minimum 0.12 0.009 0.0133 0.0001

Range 335 5.999 2.95 0.0764

N 69 69 69 69

SOC LC SMB RR

(mg C g-1 soil) (mg C g-1 soil) (mg C g-1 soil) (mg C g-1 soil day-1)
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Table 4 

Correlation co-efficient values between soil carbon parameters, where SOC is the soil organic 

carbon, LC is labile carbon, SMB is soil microbial biomass and RR is respiration rate. 

Statistically significant values are shown in bold, where * = P < 0.05, ** = P < 0.01, *** P < 

0.001; n = 69. Note: SMB was determined by substrate induced respiration for data in this 

table.

SOC SOC

LC 0.643 ** LC

SMB 0.471 * 0.832 *** SMB

RR 0.545 * 0.982 *** 0.870 ***
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Table 5

Summary descriptive statistics for the ratios of different carbon cycling parameters: labile-C to soil organic carbon (LC/SOC) and soil microbial 

biomass determined by substrate induced respiration (SIR) to soil organic carbon (SMB/SOC), and respiration rate (RR) expressed as a function 

of soil organic carbon (RR/SOC) as a function of labile C (RR/LC) and as a function of SIR-derived soil microbial biomass (RR/SMB) for soils 

from the Maritime and sub-Antarctic. Note: SMB was determined by substrate induced respiration for data in this table.

LC/SOC SMB/SOC RR/SOC RR/LC RR/SMB
Mean 0.067 0.053 0.00080 day-1 0.011 day-1 0.017 day-1

SD 0.075 0.069 0.00104 day-1 0.002 day-1 0.010 day-1

Median 0.042 0.027 0.00038 day-1 0.011 day-1 0.014 day-1

Modal decile 0-10% 0-10% 0-10% 60-70% 10-20%
Modal range 0 – 0.0423 0 - 0.0365 0 - 0.00060 day-1 0.010–0.012 day-1 0.006–0.011 day-1

Maximum 0.423 0.365 0.00600 day-1 0.017 day-1 0.055 day-1

Minimum 0.003 0.003 0.00003 day-1 0.007 day-1 0.005 day-1

Range 0.420 0.362 0.00597 day-1 0.010 day-1 0.050 day-1

N 69 69 69 69 69
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For Peer Review

Figure 1 
Map of the Antarctic Peninsula and the Maritime Antarctic. The sample sites are numbered 1-
69; see table S1 in supplementary materials for site details.
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For Peer Review

Figure 2 
Frequency distributions for soils organic carbon (SOC), labile carbon (LC), soil 
microbial biomass (SMB) and respiration rate (RR) for soils from the Maritime and 
sub-Antarctic. Note: SMB was determined by substrate induced respiration for data in 
this figure and the class sizes are of unequal size to give greater resolution for the 
smaller values.
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For Peer Review

Figure 3 
Distributions of soil organic carbon, total soil N and soil microbial biomass with latitude. 
Note: SMB was determined by substrate induced respiration for data in this figure. 
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For Peer Review

Figure 4 
Frequency distributions for the ratio of labile carbon to soil organic carbon (LC/SOC) and 
soil microbial biomass carbon to soil organic carbon (SMB/SOC) for soils from the Maritime 
and sub-Antarctic. Note: SMB was determined by substrate induced respiration for data in 
this figure and the class sizes are of unequal size to give greater resolution for the smaller 
values.
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For Peer Review

Figure 5 
Frequency distributions for the respiration rate per unit of soil organic carbon (RR/SOC), 
respiration rate per unit of labile carbon (RR/LC) and respiration rate per unit of soil 
microbial biomass (RR/SMB) for soils from the Maritime and sub-Antarctic. Note: SMB was 
determined by substrate induced respiration for data in this figure and the class sizes are of 
unequal size to give greater resolution for the smaller values.
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For Peer Review

Figure 6 
Scatterplot of estimates of soil microbial biomass made by CHCl3 fumigation and extraction 
(y-axis) and substrate induced respiration (x-axis) for a sub-set of the soils from the Maritime 
and sub-Antarctic.
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For Peer Review

Figure 7 
Comparison of the soil microbial biomass to soil organic carbon ratios (SMB/SOC) from 
different ecosystems worldwide using the dataset summarised by Wardle (1992) and 
SMB/SOC estimates from continental Antarctica (Wynn-Williams, 1982) shown in light grey 
and the Maritime and sub-Antarctic (this study) shown in dark grey.
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