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ABSTRACT 
In this study, we determine differences in total biomass of soil microorganisms and community structure (using 
the most probable number of bacteria (MPN) and the number of fungal genera) in patterned ground features 
(PGF) and adjacent vegetated soils (AVS) in mesic sites from three High Arctic islands in order to characterize 
microbial dynamics as affected by cryoturbation, and a broad bioclimatic gradient. We also characterize total 
biomass of soil microorganisms and the most probable number of bacteria along a topographic gradient within 
each bioclimatic subzone to evaluate whether differences in topography lead to differences in microbial dy- 
namics at a smaller scale. We found total microbial biomass C, the most probable number of heterotrophic bac- 
teria, and fungal genera vary along this bioclimatic gradient. Microbial biomass C decreased with increasing 
latitude. Overall, microbial biomass C, MPN and the number of fungal isolates were higher in AVS than in PGFs. 
The effects which topographic position had on microbial biomass C varied across the bioclimatic gradient as 
there was no effect of topographic position in Isachsen (subzone A) and Mould Bay (subzone B), when compared 
to Green Cabin (subzone C, warmer site).There was no effect of topographic position on MPN counts at Mould 
Bay and Green Cabin. However, in Isachsen, MPN counts were highest in the wet topographic position as com- 
pared to the mesic and dry. In conclusion, PGFs seem to decouple the effect climate that might have on the total bio- 
mass of soil microorganisms along the bioclimatic gradient; and influence gets ameliorated as latitude increases. 
Similarly, the effect of topography on the total microbial biomass is significant at the warmest bioclimatic zone 
of the gradient. Thus, climate and topographic effects on total microbial biomass increase with warmer climate. 
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1. Introduction 
The Arctic, far from a homogenous biome in terms of 
ecosystem properties and processes, exhibits a great deal 
of ecological variation along gradients of climate, sub- 
strate, topography, and disturbance [1]. The bioclimatic 
gradient in the Arctic explains much of the variation in 
vegetation cover, species diversity and ecosystem pat- 
terns [2,3]. Within a bioclimatic subzone, the mosaic of  

vegetation and associated ecosystem properties and pro- 
cesses is controlled at a broad scale by soil chemistry, 
with strong differences between acidic and nonacidic par-
ent material [4] and at a finer scale by topographic gra- 
dients controlling soil moisture, snow depth, exposure, 
and soil development [5]. Superimposed over these gra- 
dients is the pattern developed by the persistent distur- 
bance of cryoturbation or soil churning due to soil water 
movement and frost heave, which creates patterned 
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ground features [6]. While much is known about the 
general patterns related to this hierarchy of controls, little  
has been documented on the patterns of belowground 
microbial communities and activities in and between 
patterned ground features. 

Small patterned-ground features (PGFs) are an ubi- 
quitous and heterogeneous group of landforms that have 
been extensively described in polar and high alpine en- 
vironments [7]. PGFs result from intensive and cyclic 
frost heave action [8] due to the seasonal expansion of 
ice lenses and the upward movement of unfrozen ground 
during the annual freeze thaw cycles in permafrost land- 
scapes [6]. Areas dominated by PGFs contain diverse and 
ecologically complex ecosystems in the Arctic. The cen- 
ter portion of the PGFs is often not vegetated (See  
Figure 1)—so contributing to the characteristic portrayal 
of High Arctic ecosystems as large areas of bare ground— 
yet, they are important to global C budgets because they 
contain a large reservoir of soil C [9] as organic materials 
from the adjacent vegetated areas get incorporated into  
 

 
Figure 1. Pattern ground features on mesic (zonal) sites 
along the bioclimatic gradient. (A) Small polygon features 
(about 10 cm diameter) initiated by contraction cracks, 
surrounded by non woody vegetation in Isachsen in Ellef 
Rignes Island (subzone A); (B) Small polygon features (10 - 
20 cm diameter) with woody vegetation in surrounding 
cracks at Mould Bay in Prince Patrick Island (subzone B); 
and (C) Large areas of exposed soil within frost boil (>1 m 
in diameter) at Green Cabin in Banks Island (subzone C). 

the soil horizons within the PGF during the seasonal 
freeze-thaw cycles. 

High Arctic ecosystems—and PGFs in particular—are 
vulnerable to climate change as General Circulation Mod-
els of the Earth’s climate system predict profound changes 
in the abiotic environment of high-latitude ecosystems 
[10]. In northern North America, mean summer temper- 
atures are expected to increase 2˚C - 4˚C, and annual 
precipitation could increase 20% - 25% over all seasons. 
High temperatures will put soil C stocks at risk of mine- 
ralization via increases in microbial respiration [11]; and 
the potential exists for major shifts in vegetation cover and 
biomass with the encroachment of plant species into other-
wise bare or uncolonized areas of soil [12]. Thus, soil hete- 
rotrophic organisms may play an important role in the 
complex interactions and positive feedbacks among cli-
mate change, vegetation and soils within PGFs and adja-
cent vegetated areas in High Arctic eco-systems. 

Numerous scientists have studied aboveground orga- 
nismal patterns across Arctic latitudinal and topographic 
gradients [13-15]. In contrast, measurements of microbial 
biomass and its activity in Arctic ecosystems have been 
scarce except for a few IBP studies during the 1970s 
[16,17], as presented by [18] or obtained from topose- 
quences within a bioclimatic zone [19]. Increasing efforts 
to understand microbial biomass distribution activity are 
needed to better understand their role of arctic tundra 
systems in the global carbon cycle [18]. In this study, we 
determine differences in total biomass of soil microor- 
ganisms and community structure (using most probable 
number of bacteria and the number of fungal genera) in 
patterned ground features and adjacent vegetated soils in 
mesic sites from three High Arctic islands in order to 
characterize microbial dynamics as affected by cryotur- 
bation, and a broad bioclimatic gradient. Within a bioc- 
limatic subzone, different tundra ecosystems have been 
found to be positioned along topographic gradients in 
response to soil moisture or nutrient regimes [13,14]. In 
this study, we characterize total biomass of soil microor- 
ganisms and the most probable number of bacteria along 
a topographic gradient within each bioclimatic subzone 
to evaluate whether differences in topography lead to 
differences between PGF’s and adjacent vegetated soils, 
and these differences vary along the bioclimatic and to-
pographic gradients. To our knowledge, no previous stu-
dies have characterized the biomass of soil microorgan-
isms in PGFs and adjacent vegetated soils in High Arctic 
ecosystems. The data provided in this study will help in 
the understanding of how the total biomass of soil mi-
croorganisms is distributed at various scales—from bioc-
limatic to topographic gradients—and how it is affected 
by cryoturbation (e.g., patterned ground features) in the 
Canadian High Arctic. 
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2. Methods 
2.1. Study Sites and Sampling Design 
Three islands located along a High Arctic bioclimate 
gradient were chosen as study sites; each representing a 
different bioclimate subzone within the western Cana- 
dian Arctic Archipelago (Figure 2). We established stu- 
dy sites in 1) Subzone A at Isachsen on Ellef Ringnes 
Island, Nunavut (78˚47'N, 103˚33'W); 2) Subzone B at 
Mould Bay on Prince Patrick Island, N.W.T. (76˚13'N, 
119˚17'W); and 3) Subzone C at Green Cabin on Banks 
Island, N.W.T. (73˚13'N, 119˚33'W). The subzone classi- 
fication is based on floristic composition, climate and 
structure of the vegetation [19]. The sites and bioclimate 
subzones sampled in this study are described in detail in 
[19] and [6], and summarized in Table 1. Subzone A is a 
cushion-forb subzone; characterized by the absence of 
woody species and sedges and the dominance of herba- 
ceous dicots, grasses, rushes, bryophytes, and lichens [21, 
22]. It is equivalent to the Russian polar desert [22] and 
restricted to the low-lying Queen Elizabeth Islands and 
northern and westernmost edges of Ellesmere and Axel 
Hieberg Islands in the North American Arctic. Primary 
variation in plant species composition within this zone is 
related to substrate chemistry. Within a given substrate, 
this variation is related to topographic position and soil 
moisture and secondarily to patterned ground features 
[14,23]. Soils at our study sites in Subzone A consist of 
clays derived from the Christopher Formation marine 
shales [24]. Subzone B is a prostrate dwarf-shrub sub- 
zone that is characterized by the presence of Dryas inte- 
grifolia and Salix arctica but few other woody species. 

The soils around the Mould Bay formed mainly from the 
Jurassic Wilke Point Formation, which consists of light- 
gray, very fine grained sands, sandstones and siltstones, 
and the Devonian Griper Bay Formation, which has 
light-colored, fine to medium grained sandstones [24]. 
Subzone C is a hemi prostrate dwarf shrub subzone 
which is characterized by the presence of additional 
woody species, including the hemi prostrate shrub Cas- 
siopetetragona, and increased diversity in sedges and 
herbaceous species [20]. At this zone, our study sites are 
composed of well-weathered glacial till deposited during 
the middle-Pleistocene [25]. 

At each study site (subzone), we determined zonal ve- 
getation and soils by looking for areas with mesic fine- 
grained soils with typical local vegetation, with no ex- 
tremes of moisture, slope, soil chemistry or disturbance 
[26,27]. We set up three 20 m long transects in this zonal 
vegetation (each at least 5 m apart); and within each  
 

 
Figure 2. Site locations in subzones A, B, and C along the 
bioclimatic gradient in the Canadian high arctic. 

 
Table 1. Site characteristics including bioclimatic subzone, mean July temperatures (MJT), global extent (area × 106 km2), 
characteristic growth form (Gould et al. 2003), characteristic plant communities (Vonlanthen et al. 2007) on small patterned 
ground feature (PGF) and adjacent vegetated soils (AVS), and latitude and longitude. 

Site Subzone MJT 
(˚C) 

Global 
extent 

Characteristic 
growth forms 

Characteristic plant communities 

on PGF on AVS Lat. Long. 

Isachsen, 
Ellef Ringnes 
Island,  
Nunavut 

A 1 - 3 100 cushion-forbs/graminoids/ 
mosses/lichens 

 
Puccinellia angustata—Papaver  
radicatum comm. (dry and mesic  
sites) Polytrichum piliferum— 
Pertussaria octomela comm. 
(wet sites) 

Saxifrago—Parmelia  
omphalodes ssp. glacialis comm.  
(dry and mesic sites)  
Aulacomnium turgidum— 
Racomitrium ericoides comm.  
(wet sites) 

78˚47'N, 
103˚33'W 

Mould Bay,  
Prince  
Patrick  
Island, 
N.W.T. 

B 3 - 5 447 Prostrate dwarf shrubs/ 
graminoids/mosses/lichens 

 
Hypogymnia subobscura— 
Leproloma comm. (dry and  
mesic sites) 

Orthotrichium speciousum—Salix  
arctica comm. (dry sites) Dryas  
integrifolia-Luzula nivalis  
comm. (mesic sites) 

76˚13'N, 
119˚17'W 

Green Cabin, 
Banks Island, 
N.W.T. 

C 5 - 7 1167 prostrate and hemi prostrate  
dwarf shrubs/graminoids 

Puccinellia angustata—Potentilla  
vahliana comm. (dry sites) Dryas  
integrifolia—Carex rupestris  
comm. Psora decipiens variant  
(mesic sites) Braya glabella ssp.  
purpurascens—Dryas integrifolia  
comm. (wet sites) 

 
Dryas integrifolia—Carex  
rupestris comm. Dryas  
integrifolia variant (dry and  
mesic sites) Dryas integrifolia— 
Carex aquatilis comm. (wet  
sites) 

73˚13'N, 
119˚33'W 
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transect we randomly selected five areas each containing 
a small patterned ground feature (PGF) and adjacent ve- 
getated tundra soils (AVS) for sampling. We also se- 
lected three areas (similarly each containing a small pat- 
terned ground feature and adjacent vegetated tundra) 
within a range of topographic conditions, in drier and 
wetter areas of each island. 

The types of patterned ground on zonal sites varied 
with bioclimate subzone. Patterns in Subzone A were 
caused by contraction cracks which created small poly- 
gons, about 10 cm diameter. Some of the cracks had been 
colonized by mosses and lichens, forming a net of vege- 
tation in an otherwise mostly barren landscape. Patterns 
in Subzone B were caused by small hummocks (about 20 
cm diameter), with differences in the vegetation com- 
munities on and between the hummocks. The patterning 
in Subzone C was due to differential frost heave, though 
the patterning was at a larger scale than in Subzone A. 
Bare areas were about 1 m diameter, and vegetation cov- 
ered >60% of the area [28] (See Figure 1). 

Soils from Subzones B and C were sampled on July 24, 
2004, and Subzone A was sampled July 30, 2005. Two 
soil cored samples (1 cm diameter; 0 - 10 cm deep) were 
taken from each of the sampled areas (PGFs and AVS), 
and mixed to form a composite sample to minimize dis-
turbance to the sites while providing a single, spatially 
averaged sample sensu [29]. Soils were coarsely sieved 
(4.75 mm) to remove rocks and plant material. All mi- 
crobial measurements were initiated in Puerto Rico 
within two weeks of the day of collection, during which 
time soils were kept refrigerated. 

2.2. Microbial Assays 
Soil microbial biomass C was estimated by the substrate 
induced respiration (SIR) method [30]. The SIR method 
provides an index of potentially active microbial biomass 
[29]. For the SIR, we used 10 g dry mass equivalent of 
soil samples placed in glass flasks connected to an ER-10 
Columbus Instruments respirometer. Amounts of sub- 
strate previously determined to induce maximal respira- 
tion (4 mg glucose-C∙g−1; [31]) were uniformly added to 
the flasks and soil microbial biomass C was calculated 
from the CO2 evolved [32]. SIR was performed on the 30 
soil samples, (15 PGFs and 15 AVS) collected from the 
three transects, located at the zonal (mesic) site, from 
each of the three islands (90 samples total). In addition, 
soil samples from 3 PGFs and 3 AVS located at drier and 
wetter areas were used for SIR determination and for 
each of the three islands (36 samples total). 

Cultivable heterotrophs (bacteria) were obtained using 
a dilution culture method [33]; where microorganisms 
were extracted from the soil in 0.1% sodium pyrophos- 
phate solution (1.0 g wet weight of soil in 9 ml of solu- 

tion) by shaking vigorously by hand. A serial 10-fold 
dilution of the extract was used to inoculate 5 ml test 
tubes containing tryptic soy broth (five tubes per dilu- 
tion). The tubes were incubated for 4 weeks at 7˚C in 
darkness. Growth of total bacterial heterotrophs was 
scored by visually checking for turbidity. The most pro- 
bable number of cells (MPN) was calculated from the 
number of positive tubes from the five replicates and the 
last six dilutions (10−4 to 10−9), using Special K's MPN 
Assay Analyzer software program  
(http://www.goecities.com/cpsc319/). MPN were per- 
formed on soil samples from 3 PGFs and 3 AVS located 
at the dry, mesic and wet areas in each of the three isl- 
ands (18 samples per island, 54 total). 

Fungal isolates were obtained from soil samples from 
3 PGFs and 3 AVS located at the mesic areas in each of 
the three islands (6 samples per island, 18 total). The 
isolates were obtained from a series of dilutions of 1 to 
100 dilutions (1 g wet weight of soil in 99 ml solution) 
followed by 1 to 1000 using the same extracting solution 
as bacterial cultures. About 10 ml of each dilution was 
filtered through a 0.42 µm filter membrande. This pro- 
cess was repeated two times in other to produce two sets 
membranes—one of the membranes was placed on sa- 
bouraud dextrose agar and the other on rose bengal agar 
plates; in order to amplify the possibility of isolates using 
different substrate mediums. The membranes were incu- 
bated two weeks at 7˚C. Fungal colonies were counted 
and isolated in potato dextrose agar for identification 
using morphological features of their fruiting bodies. 

2.3. Statistical Analysis 
All statistical analysis were performed using the software 
SPSS (SPSS 11.5, Win 2000). The significance level was 
set at α = 0.05. Data were tested for homogeneity of va- 
riance by using Levene’s test of equality of error va- 
riances, and skewness. Two-way analysis of variance 
(ANOVA) were employed to determine the effect of 
study site (Green Cabin, Mould Bay and Isachsen), and 
location (PGF vs. AVS) on microbial biomass C, MPN 
and FI using the general linear model (GLM) procedure. 
When significant differences were found for the effect of 
study site, Student-Newman-Keuls (SNK) tests were 
used to compare site means for the above mentioned de- 
pendent variables. Similarly, we evaluated the effect of 
topographic position (dry, mesic and wet) on microbial 
biomass C and MPN within each of the study sites using 
ANOVAs. A multivariate analysis of variance (MA- 
NOVA) was performed to look at the effects of study site 
and location (independent variables) on the mean number 
of the individual and total fungal genera (dependent va- 
riables); using SNK post hoc tests for the effect of study 
site. 
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3. Results 
3.1. Total Microbial Biomass (SIR) 
Among the mesic (zonal) sites, there was a significant 
effect of study site (island) and location (PGF vs. AVS) 
on microbial biomass C using the SIR (R2 = 0.57, Pow-
er > 0.99, P < 0.05). The Green Cabin site at Banks Isl-
and had the highest overall microbial biomass (0.36 ± 
0.30 mg∙C∙g−1 of dry soil), followed by Mould Bay (0.27 
± 0.16 mg∙g−1 of dry soil) and Isachsen (0.15 ± 0.10 
mg∙C∙g−1 of dry soil) when PGF and AVS data was com- 
bined (F = 14.04, P < 0.001). Overall, microbial biomass 
C was higher in AVS than in PGFs (F = 42.98, P < 
0.001). However, when the effect of location (PGF vs. 
AVS) was analyzed separately for each of the islands, 
there was no significant difference in the microbial bio- 
mass C between the PGF and AVS in Isachsen at Elle- 
fRignes Island in the mesic (zonal) topographic position 
(F = 0.034, P = 0.85, R2 < 0.01). Microbial biomass C 
was significantly higher in AVS than in PGFs at Mould 
Bay (F = 5.64, P = 0.02, R2 = 0.17), and Green Cabin (F 
= 51.93, P < 0.0001, R2 = 0.65) in the mesic (zonal) to- 
pographic position. 

When we evaluated the effect of topographic positions 
(dry, mesic and wet) on microbial biomass C (SIR) 
within each of the study sites, we found that only at 
Green Cabin, there was a significant effect of topograph- 
ic position on microbial biomass C (P = 0.02, R2 = 0.72). 
Microbial biomass C was highest in the dry topographic 
position and the lowest in the wet topographic position in 
Green Cabin (Figure 3(C)). Soils collected from the ve- 
getated soils in the dry topographic position in Green 
Cabin had the highest microbial biomass (Figure 3(C), 
0.89 ± 0.18 mg∙C∙g−1of dry soil). When we analyzed the 
data from all topographic positions and locations together 
within a study site, we found that microbial biomass C 
was significantly higher at AVS than in PGFs at Isachsen 
(P = 0.05, R2 = 0.46) and Green Cabin but not at Mould 
Bay (P = 0.30, R2 = 0.34). 

3.2. Bacterial Population Density (MPN) 
There was a significant effect of study site (island) and 
location (PGF vs. AVS) on heterotrophic bacterial MPN 
counts at the mesic (zonal) topographic position (R2 = 
0.37, P < 0.02). MPN counts were highest at Isachsen. 
MPN counts in Green Cabin showed intermediate values 
of MPN counts that were not significantly different from 
those in Mould Bay (SNK, α > 0.05, Figure 4). Bacterial 
MPN counts were higher in AVS than in PGFs at all sites 
(F = 16.79, P < 0.001, Figure 4). 

We evaluated the effect of topographic position (dry, 
mesic and wet) on MPN counts within each island and 
found there was no effect of topographic position on  

 
Figure 3. Total microbial biomass (SIR) (mean ± SE; n = 3) 
in PGFs and AVS within a range of topographic positions, 
in dry, mesic (zonal) and wet areas at (A) Isachsen on Ellef 
Ringnes Island (Subzone A), (B) Mould Bay on Prince Pa- 
trick Island (Subzone B), and (C) Green Cabin on Banks 
Island (Subzone C). Asterisks indicate significant differenc- 
es between patterned ground feature and adjacent vege- 
tated soils within each topographic position and island. Dif- 
ferent letters indicate significant differences among topo- 
graphic positions within an island. (one-way ANOVAs; α = 
0.05). 
 

 
Figure 4. Most probable number (MPN) of bacterial cells 
(mean ± SE, n = 18) in PGFs and AVS in the mesic (zonal) 
locations at Isachsen on Ellef Ringnes Island (Subzone A), 
Mould Bay on Prince Patrick Island (Subzone B), and 
Green Cabin on Banks Island (Subzone C). Different letters 
indicate significant differences among study sites. Asterisks 
indicate significant differences between patterned ground 
feature and adjacent vegetated soils within each topo-
graphic position and island (one-way ANOVAs; α = 0.05). 
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MPN counts at Mould Bay (F = 2.24, P = 0.15) and 
Green Cabin (F = 3.42, P = 0.07). However, in Isachsen, 
MPN counts were highest in the wet topographic position 
as compared to the mesic and dry (F = 7.52, P < 0.001, 
R2 = 0.70), and MPN counts were significantly higher in 
AVS than in PGFs in the mesic and wet topographic po- 
sition at this site. When we pooled the data from all isl- 
ands, MPN counts show significant differences among 
the topographical position (P = 0.04) and between PGF 
and AVS (P = 0.004) but no differences among the isl- 
ands (P = 0.62) sampled (AOV, R2 = 0.52). 

3.3. Fungal Isolates 
A total of 358 isolates were obtained from all sites. We 
identified 7 genera and one common Mycelia sterilia 
(Figure 5). Mycelia sterilia are unidentifiable fungi not 
producing sexual or asexual spores under culture condi- 
tions. Most genera are found on both PGF and AVS. The 
majority of the isolates belong to Aspergillus, Mucor and 
Penicillium. At Isachsen, the prevalence of the above 
three genera demonstrate that they are psychrotolerant, 
because of the production of abundant conidia and resis- 
tant propagules. 

Overall, there was no significant effect of site (F = 
 

 
Figure 5. Mean number of fungal genera (n = 18) found in 
PGFs and AVS at Isachsen on Ellef Ringnes Island (Sub- 
zone A), Mould Bay on Prince Patrick Island (Subzone B), 
and Green Cabin on Banks Island (Subzone C). 

0.73, P = 0.49) or location (PGF vs. AVS) (F = 1.23, P = 
0.27) on the mean total number of fungal isolates; but 
individual genera varied among sites. Aspergillus (SNK, 
F = 10.06, P < 0.01) and the Mycelia sterilia (SNK, F = 
14.74, P < 0.01) were more abundant at Isachsen than at 
Green Cabin and Mould Bay. Mucor was more abundant 
at Green Cabin, intermediate at Mould Bay and lowest at 
Isachsen (SNK, 267 F = 9.81, P < 0.01, see Figure 5). 

4. Discussion 
The bioclimate zonation in the Arctic has been described 
in relationship to mean July temperature (MJT) and the 
dominant plant growth forms and communities [19]. 
Reference [19] reported that species diversity and bio- 
mass of the vegetation, and the horizontal and vertical 
structure of the plant canopy varied along the bioclimate 
gradient in predictable ways. In this study, we found that 
the mean biomass C of the total soil microorganisms in 
zonal (mesic) sites also shows predictable patterns 
among the bioclimate sub-zonation A to C within the 
Canadian High Arctic. We found that microbial biomass 
C decreased with increasing latitude from Subzone C to 
A. 

Reference [34] claimed ecological patterns found in 
northern Canada are the most complex of the circumpo- 
lar Arctic given that this region is a matrix of varying 
size islands and open and frozen ocean, which greatly 
affect climatic patterns. Within a climatic regime and 
substrate type, topographic variation and its effect on soil 
moisture have been found to control the biogeochemical 
cycling of nutrients and the dominant patterns of vegeta- 
tion communities on Arctic landscapes [22,23,35,36]. 
Reference [37] explained that topographic variation in 
plant litter biochemistry and soil drainage can shape the 
metabolic capability of soil microbial communities in 
northern (low Arctic) Alaska. Given our results, we sup- 
port that argument as there was a significant effect of 
topographic position on the microbial biomass C at the 
Green Cabin site. However, we argue that the effects 
which topographic position have on microbial biomass C 
vary across the bioclimatic gradient in the Canadian High 
Arctic as there was no effect of topographic positioning 
Isachsen (subzone A) and Mould Bay (subzone B), when 
compared to Green Cabin (subzone C). 

Arctic ecosystems are controlled by various factors 
and due to the complexity inherent to these systems, it 
has been claimed necessary to encode their detailed cha- 
racteristics at small scales [38,39]. Small patterned 
ground features could be considered part of the micro- 
topographic variation within a site. Results from this 
study support the contention that micro-topographic var- 
iation within a site can affect soil microorganisms; as we 
found significant differences in total microbial C (see  
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Figure 3), the number of heterotrophic bacteria (See 
Figure 4), and the number of fungal isolates (see Figure 
5), in small patterned ground features as compared to 
adjacent vegetation tundra soils at the mesic (zonal) to- 
pographic position. 

Although we found significant differences in microbial 
biomass C in PGF vs. AVS in the mesic topographic po- 
sition at Mould Bay and the dry topographic position in 
Isachsen; overall there is no effect of topographic posi- 
tion at these two sites. By contrast, a significant topo- 
graphic effect on microbial biomass C was found at 
Green Cabin. These results might suggest that the hie- 
rarchy of controls which topography and small patterned 
ground features have on the total biomass of soil micro- 
organisms changes within the bioclimatic gradient. The 
effect of patterned ground features might be more im- 
portant at Green Cabin and Mould Bay (subzones C and 
B, respectively) yet topographic position seem to over- 
ride the effect of location (PGF vs. AVS) at the Green 
Cabin site. Further supporting this argument is the find- 
ing that the highest microbial biomass C was in the dry 
topographic position at Green Cabin. 

In this study, we found that at Isachsen, the higher 
bacterial counts are in the wet topographic position. This 
finding of increasing microbial counts in wet topographic 
positions as compared to mesic (zonal) sites is similar to 
that reported for Barrow, Alaska by [40]; which showed 
a relative increase in bacteria at wet micro-sites. Wet 
topographic positions are more favorable conditions for 
bacteria due to higher carbon contents in the water-satu- 
rated layers above the permafrost tables (as it has been 
shown by others and presented by [41]. 

The species of fungi most frequently isolated in this 
study were those of Cladosporium, Penicillium, Muco- 
rand Aspergillus. According to [42], microorganisms 
associated with decay of organic matter in tundra soils 
belong to taxonomic groups which are common in other 
biomes, but the diversity and the biomass are generally 
lower. Here we found that some of the fungal genera 
isolated from these three islands are also common to sub- 
tropical regions. In polar environments, fungi are consi- 
dered to be the most important group involved in cellu- 
lose decomposition. Between 50% - 60% of carbon in 
litter can be converted to CO2 by fungal respiration [43]. 
Overall, in this study, the abundance of fungi was higher 
in AVS than in PGFs. Plant roots tended to grow in the 
cracks formed at the interface of AVS and PGFs; and 
allowing the AVS location to become a repository site 
for organic material and ultimately a reservoir for fungi. 
Fungi can establish important symbiotic relationships 
with the plant community in Arctic environments. In 
addition, well vegetated tundra soils can provide mois- 
ture and nutrient resources (soil organic matter) suitable 

for fungal development. Although here we found indi- 
vidual fungal genera varying among islands, overall the 
mean number of total fungal isolates did not differ along 
the bioclimatic gradient. Similarly, [41] have shown 
great abundances of fungal biomass in the rooting hori- 
zons of tundra soils along an Arctic transect from Tamyr 
Peninsula in central Siberia; but no relationship of fungi 
with the composition of the vegetation cover was ob- 
served. No differences in the mean total number of fun- 
gal isolates among islands could also be explained by the 
methodology used in this study; as culturing isolates a 
small percentage of the overall community. 

5. Conclusion 
Total microbial biomass C, the most probable number of 
heterotrophic bacteria and fungal genera vary along the 
bioclimatic gradient in the High Arctic Islands in Canada. 
Differences in soil microbial biomass due to the biocli- 
matic gradient are evident when comparing vegetated 
areas among the islands and not in pattern ground fea- 
tures. Disturbance by cryoturbation within small pat- 
terned ground features seem to decouple the effect cli- 
mate might have as an important driver of the total bio- 
mass of soil microorganisms along the bioclimatic gra- 
dient. Small patterned ground features can reduce the 
total biomass of soil microorganisms; yet the difference 
between PGFs and AVS gets ameliorated as latitude in- 
creases. Similarly, the effect of topography on the total 
microbial biomass is significant at the warmest biocli- 
matic zone of the gradient. Thus, climate and topograph- 
ic effects on total microbial biomass increase with war- 
mer climate. 
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