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Introduction: Microbial and viral communities in 

aquatic systems have been studied extensively, but 
little is known about the community structures of geo-
thermal springs in the high arctic. Geothermal springs 
on Svalbard have extreme and variable conditions that 
place strong selective pressures on microorganisms. 
Conditions there vary from the warm aqueous envi-
ronment of the spring sources to the cold desiccating 
environment of carbonate terrace structures that sur-
round the springs. The springs also experience extreme 
variations in temperature, and long periods of continu-
ous daylight and darkness. Such a study site therefore 
provides steep environmental gradients in a small iso-
lated setting, facilitating investigation of microbial 
adaptation to changing conditions. In particular, cya-
nobacteria appear to have adapted to a wide range of 
conditions in the springs, allowing them to survive in 
water and also in rock as endolithic consortia.  

Field site: Svalbard is an archipelago north of 
Norway, stretching between 77 and 80°N latitude. 
Troll Springs, located near 79°23’N, 13°26E, is one of 
the two northernmost documented thermal springs on 
land [1]. Troll has water temperatures through the year 
of 25°C - 28°C, and remains ice-free throughout the 
winter. The springs are supplied by glacial meltwater 
enriched in Ca and CO2 derived from Proterozoic mar-
bles. They precipitate calcium carbonates [2], produc-
ing meter-scale terraces (Fig. 1). Compared to the wet 
environment around the source, the lower terraces are 
partially or totally dry. So progressing downhill from 
the source pool to the terraces, environmental condi-
tions change from wet to dry, warm to cold, and mo-
bile to immobile.  

 

 
Figure 1a: Troll springs: source and uppermost pools. 

 
Figure 1b: Troll springs: pools downhill from the 
source.  
 

 
Figure 1c: Troll springs: drying out pool.  
 

 
Figure 1d: Troll springs: dried out terraces 
 

Purpose: The goal of this project is to study the 
adaptation mechanisms of microorganisms, especially 
cyanobacteria, to changing environmental conditions 
in arctic geothermal springs. The purpose is to (i) as-
sess the microbial and viral communities in springs 
and related endoliths from Svalbard and (ii) assess 
genomic evolution resulting in adaptation by using 
metagenomic methods.  

Cyanobacteria are simple organisms that can in-
habit virtually any aquatic location, as well as rock and 
soil. Cyanobacteria may be important primary produc-
ers in the Svalbard springs, as they are in many 
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endolithic communities [3]. They occur in an extraor-
dinarily diverse range of environments, and often make 
major contributions to biochemical processes. Cyano-
bacteria at Troll appear to have adapted to a wide 
range of conditions, allowing them to survive in rock 
as endoliths (Fig. 2), as well as in water as both plank-
tonic cells and in biofilms. 

 

 
Figure 2: Rock from a carbonate terrace at Troll 
springs, showing a “green line” ~3mm below the sur-
face representing the endolithic community. 
 

To accomplish the first goal, we are in the process 
of analyzing DNA extracted from filters (planktonic 
cells), biofilms in water, and endoliths. To investigate 
diversity, 454 pyrosequencing, in particular parallel-
tagged 454 sequencing, is used for partial 16S analy-
ses. This method has been used for microbial [4] and 
viral [5] identification. The aim is to assign community 
types as Operational Taxonomic Units (OTUs), ena-
bling comparative community analysis using the V1-
V3 hypervariable regions of the 16S rDNA. It has been 
shown that segments around the V2 and V3 variable 
regions give the lowest error rates in classifying organ-
isms when compared to full-length 16S rRNA se-
quences. Establishment of diversity will provide an 
overview of changes in the communities over the gra-
dients in the system. 

After exploring the microbial diversity of the 
spring environment we will pursue the second goal 
using metagenomics, which can reveal the effects that 
changing environmental conditions have had on bacte-
rial genome architecture.  

Initial Results: The comparison of sequencing 
data from planktonic cells, filtered from the pool wa-
ter, and the endolithic community indicates that pool 
and endolithic environments have fewer than 3% of 
phyla in common. So generally speaking, the commu-
nities of free-floating organisms in the pool and 
endolithic organisms in the terraces are different. This 
observation suggests that the endolithic cyanobacteria 
may be more closely related to the cyanobacteria in the 
biofilms. To test this hypothesis, and to gain a better 
understanding of the overall diversity of Troll Springs 

more sequencing data from different samples is 
needed, which is currently on going.  

Significance:  This study will provide novel infor-
mation about microbial adaptation mechanisms and 
community structure under changing environmental 
conditions. In particular, it will yield insight into the 
role of bacteria and viruses in an environmental gradi-
ent from a spring source to endolithic communities. 
Establishment of diversity provides an overview of 
changes in the communities over the gradients in the 
system. Similar environmental gradients may be im-
portant in other settings of astrobiological significance. 

These spring environments may also have signifi-
cance for understanding possible extraterrestrial life. 
Geologic characteristics of Svalbard provide analogs to 
conditions on Mars, including low temperatures, thick 
permafrost, volcanoes, dry climate, and sparse vegeta-
tive cover. Organisms that are adapted to the extreme 
conditions of Svalbard may be similar to those that 
could have existed (or could exist today) on Mars. 
Evidence of past geothermal activity on Mars includes 
volcanism and possible hydrothermal systems, which 
could be analogous to those of Svalbard [6]. 
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