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Abstract 
The objective of this study was to describe various types of Arctic soil crust that were 
collected in the vicinity of Petunia Bay, Svalbard in the 2012 summer season. The 
photosynthetically active area of different soil crust samples was estimated by a 
chlorophyll fluorescence imaging camera. Biodiversity of cyanobacteria and microalgae 
from the collected soil crusts was analyzed using a stereomicroscopy and light 
microscopy. In most cases, cryptogamic crusts were dominated by cyanobacteria such as 
Gloeocapsa sp., Nostoc sp., Microcoleus sp., Scytonema sp., and Chroococcus sp. The 
dominant green microalgae were Coccomyxa sp., Hormotila sp., and Trebouxia sp. 
which commonly occurred in a lichenised soil crust. Soil crusts that were located in 
conditions with high water content were dominated by Nostoc sp. Cryptogamic soil 
crusts from the studied area can be divided into three different types and classified:      
(1) black-brown soil crusts (with low diversity of cyanobacteria and microalgae), (2) 
brown soil crusts (with high diversity of cyanobacteria and microalgae) and (3) grey-
brown soil crusts (with low diversity of cyanobacteria and algae). The occurrence of 
similar soil crust types were compared at different altitudes. Altitude does not affect the 
biodiversity of cyanobacteria and microalgae. However, cyanobacteria and microalgae 
abundance increases with altitude. 
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Introduction 
 
     In polar deserts, soil cyanobacteria and 
microalgae can form distinct visible biotic 
crust layers on the ground surface which 
are called cryptogamic crusts (Broady 
1996, Elster et al. 1999). They consist of 

water-stable, surface soil aggregates held 
together by cyanobacteria, microalgae, 
fungi, lichens and mosses. These layers 
protect the soil from wind and water 
erosion (Leys et Eldrige 1998), and 
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contribute to plant growth (Belnap et 
Lange 2001). In cold regions, the higher 
species diversity of biological crusts 
positively effects structural diversity of 
vascular vegetation. Soil crusts accumulate 
organic carbon and nutrients which are 
used by plants for their  growth. 
     These communities influence key 
ecosystem processes and their character-
istics such as water infiltration, moisture 
holding capacity, organic matter content, 
CO2 fluxes, and nitrogen fixation and 
transformations (Bond et Harris 1964). 
Therefore, biological soil crusts are impor-
tant in maintaining ecosystem structure 
and functioning in dry lands. However, 
biological soil crusts have only recently 
been recognized as having a major in-
fluence on terrestrial ecosystems (Belnap 
et Lange 2001). 
     Composition of biological soil crusts is 
very diverse. In many arid and semi-arid 
communities, there are often many more 
species associated with the biological soil 
crust at a given site than there are vascular 
plants (Ponzetti et al. 1998). As harsh 
environmental conditions limit vascular 
plant cover, a greater cover of crusts 
probably occurs at lower elevations in 
spite of, but not because of, these con-
ditions (Belnap et al. 2001).  
     Soil cyanobacteria and microalgae play 
a major role in the initiation of crust 
development and the early stages of its 
growth. Algal components of cryptogamic 
crusts are found in the upper few 
centimeters of soil. The low biomass of 
cyanobacteria and microalgae is associated 
with a colourless soil surface. On the con-
trary, with higher cyanobacteria and 
microalgal biomass, the soil surface is 
usually covered by variously coloured 
patches, including lichenised communities 
and mosses (Lange et al. 1992, Zaady et 
al. 2000). Such types of crusts have a 

higher photosynthetic activity, because of 
high pigment content (Housman et al. 
2006).  
     Crusts are formed by living organisms 
and their by-products, creating a surface 
crust of soil particles bound together by 
organic material. Surface crust thickness 
can reach up to 10 cm (Belnap et Lange 
2003). The general appearance of the 
crusts in terms of color, surface topo-
graphy, and surficial cover varies. 
     Biological soil crusts have considerable 
photosynthetic potential (Evans et 
Johansen 1999). Water content and tem-
perature can influence their photosynthetic 
activity (Yoshitake et al. 2010). Cyano-
bacteria, together with some green algae, 
are the most conspicuous elements of 
cryptogamic crusts (Elster et al. 1999). 
Nostoc sp. is widely found in all types of 
soil crusts and usually located on the 
surface (Belnap et Lange 2001). In most 
cases, cryptogamic crusts are also 
dominated by filamentous cyanobacteria. 
Microcoleus sp., Phormidium sp., Plec-
tonema sp., Schizothrix sp., Tolypothrix sp. 
and Scytonema sp. are the most common 
genera found in both hot and cold deserts 
worldwide (Johansen 1993). They par-
ticularly have been shown to be important 
in binding surface soil particles (Anantani 
et Marathe 1974). Cyanobacteria and 
microalgae appear to play important roles 
in the northern and southern polar 
ecosystems, including the nitrogen econo-
my of certain environments (Dickson 
2000). 
     The objective of this study was to de-
scribe different types of Arctic soil crusts 
that were collected in the Petunia Bay, 
central Svalbard using various methods. 
We hypothesized that there would be crust 
type- and altitude-dependent differences in 
their biodiversity and photosynthetic ca-
pacity. 
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Material and Methods 
 
     Crust samples were collected during 
August 2012 in various sites across the 
vicinity of the Petunia Bay (78°40'60" N, 
16°33'0" E), the northwestern branch of 
Billefjorden, Dickson Land, Svalbard. 
Each site contained different types of soil 
crust that were selected by ocular 
observation using visible features of the 
crusts. Three soil subsamples were taken 
in each site by a corer (diameter of 5 cm) 
with a depth of 2-3 cm.  
     The same types of soil crust were taken 
from various altitudes and compared. Soil 
crusts from four different areas were 
studied: 350, 500, 700, and 800 m a.s.l. 
     The photosynthetic area of different 
samples was estimated using 2D epifluo-
rescence images of the visible crust using 
a FluorCam 700MF fluorescence imaging 
camera (Photon Systems Instruments, 
Czech Republic). Circles of soil crusts 
were put into the dark adaptation compart-
ment of the device to allow photosynthetic 
organisms, their reaction centers of photo-
system II (RCs PS II), to open. Then, 
using the measurements of single Kautsky 
kinetics, images of the photosynthetic area 
were obtained. 

     The diversity of cyanobacteria and 
microalgae from collected soil crusts was 
studied using an Olympus SZX-ZB7 
stereomicroscope and Olympus BX-51 
light microscope (Olympus C&S, Japan). 
By using the stereomicroscope, various 
parts of each soil crust were chosen for 
measuring of several parameters, including 
morphological characteristics of the soil, 
photosynthetic area, the presence of 
lichens, and Nostoc colonies on the crust 
surface. 
     Using light microscopy, the diversity of 
cyanobacteria and microalgae was ob-
served in the chosen parts of the soil 
crusts. Dominant species were identified 
by morphological characteristics such as 
colony or cell habitats, size, colour, shape 
of colonies and cells, presence of akinetes, 
heterocysts and sheath (Komárek et 
Anagnostidis 1999, Komárek et Anagnos-
tidis 2005, Ettl et Gartner 1995). Micro-
photographs of samples were taken using 
an Olympus DP71 digital camera (Olym-
pus C&S, Japan) and processed using the 
Quick Photo Camera 2.3 software (Pro-
micra, Czech Republic). 

 
 
Results and Discussion 
 

          
 
Fig. 1.  Dark (a) and light (b) types of soil crust.  

a b 
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Based on data from the literature 
(Dunne 1989), our study has confirmed 
that the dark colour of soil crusts is due to 
the density of the organisms and their dark 
colour: cyanobacteria, lichens, and mosses 
(Fig. 1a). Soil crusts that contain a low 

amount of these organisms usually have a 
light colour (Fig. 1b). Crusts generally 
cover all soil spaces which are not oc-
cupied by vascular plants. They may 
account for 70% or more of the ground 
cover (Belnap et Lange 2003). 

  
Chlorophyll fluorescence analysis 

 
The study of the fluorescent area 

showed the parts of soil crust that 
contained photosynthetic organisms (Fig 
2). The higher intensity of colour (i.e.  Chl. 
fluorescence signal) shows higher concen-
tration of photosynthetic pigments. This 
method allows for determining the lo-
cation of organisms such as microalgae, 
cyanobacteria, mosses and lichens that are 
capable to photosynthesize. Lichens and 
mosses have a higher intensity of color 

such as the light blue (marked on a Fig. 2 
by green circles). It can be considered that 
higher absolute values of chlorophyll fluo-
rescence come from lichens and mosses 
rather than from free-living microalgae 
and cyanobacteria. On this base, i.e. when 
substracting lichens and mosses, we can 
estimate the approximate area of free 
microalgae and cyanobacteria over the 
sample area measured by chlorophyll fluo-
rescence. 

 
 

          
 
Fig. 2. Soil crusts with low (a) and high (b) variable chlorophyll fluorescence (FV) 

 
     On the base of visual observation, the 
soil crusts from the studied area can be 
divided into three types: (1) black-brown 
soil crusts with low diversity of cyano-
bacteria and microalgae, (2) brown soil 

crusts with a high diversity of cyano-
bacteria and microalgae, and (3) gray-
brown soil crusts with a low diversity of 
cyanobacteria and microalgae (Fig. 3).  

 
 

Microscopic analyses 
 
The most common species of cyanobacteria and microalgae are presented in Fig. 4, 5, 6.  
 

a b 
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Fig.  3. Classification of soil crust types from the Petuniabukta, Svalbard: black-brown soil crust 
(a), brown soil crust (b) and gray-brown soil crust (c). Bright light blue spots on pictures with 
photosynthetically active areas indicate the presence of lichens or mosses. 
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Fig. 4.  Microalgae and cyanobacteria diversity of black-brown soil crusts. Dominant species:        
1 - Chroococcus sp., 2 - Hormotila sp., 3, 4 - Unidentified green balls, 5 - Gloeocapsa sp.,             
6 - Tolypothrix sp., 7 - Myrmecia sp., 8 - Nodularia sp., 9 - Nostoc sp.  
 
 
 
 
 
 
 
 
Fig. 5.  Microalgae and cyanobacteria diversity of brown soil crusts. Dominant species: 1, 2 - 
Unidentified green balls, 3 - Gloeocapsa sp., 4 - Hormotila sp., 5 - Myrmecia sp., 6 - Scytonema  
sp. (initial stage), 7 - Nostoc sp., 8 - Nodularia sp., 9 - Scytonema sp., 10 - Asterocapsa sp.,         
11 - Geitlerinema sp., 12 - Phormidesmis sp., 13 - Calothrix sp. 
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Fig. 6. Microalgae and cyanobacteria diversity of grey-brown soil crusts. Dominant species: 1, 2 - 
Gloeocapsa sp., 3 - Trebouxia sp., 4 - Coccomyxa sp. 5 - Unidentified green balls, 6 - Asterocapsa 
sp., 7 - Chlorogloea sp., 8 - Pseudanabaena sp. 
 
 

 
Fig. 7. The initial phase of lichenization. 
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     In most cases, cryptogamic crusts were 
dominated by cyanobacteria such as 
Gloeocapsa sp., Nostoc sp., green algae 
such as Hormotila sp. and Trebouxia sp. 
Green microalgae are usually present as 
the photobionts of lichens (Fig. 7) (Nash 
1987). In three types of soil crusts, the 
green microalgae, which are very difficult 
to identify by morphological analysis, 
were found as dominant species.  
     Also, we observed soil crusts that  were 

located in the places with high water 
content, including areas near shallow wet-
lands or in the places with melting 
snowfields. The stereomicroscope analysis 
showed that these areas were usually 
covered by Nostoc sp. (Fig. 8a). These 
areas had also a high potential of photo-
synthetic activity (Fig. 8b). The presence 
of a high amount of Nostoc sp. might also 
be explained by an increased nitrogen de-
mand of the soil crust (Lan  et al. 2012). 
   

 
 

     
 

 
 

 
Fig. 8. Nostoc sp. (a) from a soil crust, (b) in an area with high humidity. Red circles show the area 
covered by mosses.  
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Altitude effect 
 

     The same types of soil crust were 
compared from different altitudes. Micro-
coleus sp. was the most dominant species 
among the microalgae and cyanobacteria 
at all studied altitudes (Fig. 9-1). When it 
is wet, the filaments glide out of their 
sheaths and, in a phototactic response, 
move towards the soil surface (Belnap et 

Lange 2001). Other common species are 
presented in Fig. 9. Differences in altitude 
do not affect the biodiversity of cyano-
bacteria and microalgae. However, their 
amount increases with increasing altitude. 
This is probably connected with the soil 
water content on mountain upper parts and 
presence of melting snowfields. 

 

 

   
 

                                       1                                                                      2 
 

                                                                                                      
 

                                       3                                                                      4 
 
Fig. 9. Common dominant microalgae and cyanobacteria species at different altitudes.                    
1 - Microcoleus sp., 2 - Nostoc sp., 3 - Bracteacoccus sp., 4 - Gloeocystis sp. 
 
 
Concluding remarks 

 
     Different types of soil crusts are 
presented in the studied area. The presence 
of a high diversity of cyanobacteria and 
microalgae allows photosynthetic activity 
the potential of which was indicated by 
chlorophyll fluorescence measurements. 
While the diversity of cyanobacteria and 
microalgae differs among the various 

types, there are some common species for 
all types of soil crust. Water content is 
important ecological parameter influ-
encing abundance, diversity and photo-
synthetic performance of cryptogamic soil 
crusts ecosystem. 
     Chlorophyll fluorescence measure-
ments of soil crust ecosystem are effective 
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and promising tool for ecological and eco-
physiological studies of soil crust ecosys-
tem. Further study of the soil crust should 
be focused on detailed chlorophyll fluo-
rescence parameters measurements, poten- 

tial and effective quantum yields in par-
ticular, followed by proper taxonomical 
and ecological studies of soil crust eco-
system.  

 
 
References 
 
ANANTANI Y. S., MARATHE, D. V. (1974): Soil aggregating effects of some algae occuring in the 

soil of Kutch and Rajasthan. Journal of the University of Bombay, 41: 94-100.  
BELNAP, J., KALTENECKER, J. H., ROSENTRETER, R., WILLIAMS, J., LEONARD, S. and ELDRIDGE, D. 

(2001): Biological Soil Crusts: Ecology and Management. USDI, Bureau of Land Mangement. 
Technical Reference 1730-2. Denver, USA. 110 p.  

BELNAP J., LANGE O. L. (2001): Biological soil crust: Structure, function and management. 
Springer-Verlag, Berlin, Germany. Ecological Studies, 150. pp. 503.  

BELNAP J., LANGE O. L. (2003): Biological soil crusts: Structure, function and management. 
Springer, Ecological Studies, 150. pp. 506.  

BOND R. D., HARRIS J. R. (1964): The influence of the microflora on physical properties of soil. 
Australian Journal of Soil Research,  2: 111-122.  

BROADY, P. A. (1996): Diversity, distribution and dispersal of Antarctic algae. Biodiversity and 
Conservation, 5: 1307-1335.  

DICKSON, L. G. (2000): Constraints to nitrogen fixation by cryptogamic crusts in a polar desert 
ecosystem, Devon Island, N.W.T., Canada. Arctic, Antarctic and Alpine Research, 32: 40-45.  

DUNNE, J. (1989): Cryptogamic Soil Crust in Arid Ecosystems. Rangelands, 11: 180-182. 
ELSTER, J., LUKEŠOVÁ, A., SVOBODA, J, KOPECKÝ, J. and KANDA, H. (1999): Diversity and 

abundance of soil algae in the polar desert, Sverdrup Pass, central Ellesmere Island. Polar 
Record, 35: 231-254.  

ETTL, H., GÄRTNER, G. (1995): Syllabus Der Boden-, Luft- Und Flechtenalgen. Gustav Fischer, 
Stuttgart, pp. 720. 

EVANS, R. D., JOHANSEN, J. R. (1999): Microbiotic crusts and ecosystem processes. Critical 
Reviews and Plants Sciences, 18: 183-225.  

HOUSMAN, D. C., POWERS, H. H., COLLINS, A. D. and BELNAP, J. (2006): Carbon and nitrogen 
fixation differ between successional stages of biological soil crusts in the Colorado Plateau and 
Chihuahuan Desert. Journal of Arid Environments, 66: 620-634.  

JOHANSEN, J. R. (1993): Cryptogamic crusts of semiarid and arid lands of North America. Journal 
of Phycology, 29: 140-147.  

KOMÁREK, J., ANAGNOSTIDIS, K. (1999): Cyanoprokaryota. Teil 1: Chroococcales. In: 
Susswasserflora von Mitteleuropa. Band 19/1 (Ettl, H., Gartner, G., Heynig, H. & Mollenhauer, 
D., eds). Gustav Fischer, Jena, Stuttgart, Lübeck, Ulm, Germany. 548 p.  

KOMÁREK, J., ANAGNOSTIDIS, K. (2005) : Cyanoprokaryota Teil 2, Part 2: Oscillatoriales. In: 
Susswasserflora von Mitteleuropa. Band 19/2 (Büdel, B., Krienitz, L., Gärtner, G. & Schagerl, 
M., eds). Elsevier/Spectrum, Heidelberg, Germany. 768 p.  

LAN, S., WU, L., ZHANG, D. and HU, CH. (2012): Composition of photosynthetic organisms and 
diurnal changes of photosynthetic efficiency in algae and moss crusts. Plant Soil, 351: 325-336.  

LANGE, O.L., KIDRON, G.J., BÜDEL, B., MEYER, A., KILIAN, E. and ABELIOVICH, A. (1992): 
Taxonomic composition and photosynthetic characteristics of the ‘biological soil crust’ 
covering sand dunes in the western Negev Desert. Functional Ecology, 6: 519-527.  

LEYS, J. F., ELDRIGE, D. J. (1998): Influence of cryptogamic crust disturbance to wind erosion on 
sand and loam in rangeland soil. Earth Surface Processes and Landforms, 23: 963-974.  

NASH, D. B. (1987): Sulfur in vacuum: Sublimation effects on frozen melts, and applications to Io's 
surface and torus. Icarus, 72: 1-34.  



E. PUSHKAREVA et J. ELSTER 

18 

PONZETTI, J., YOUTIE, B., SALZER, D., and KIMES T. (1998): The effects of fire and herbicides on 
microbiotic crust dynamics in high desert ecosystems. Unpublished report submitted to the U.S. 
Geological Survey, Biological Resources Division, Forest and Rangeland Ecosystem Science 
Center, Portland, USA. 89 p.  

YOSHITAKE, S., UCHIDA, M., KOIZUMI, H., KANDA, H. and NAKATSUBO, T. (2010): Production of 
biological soil crusts in the early stage of primary succession on a high Arctic glacier foreland. 
New Phytologist, 186: 451-60.  

ZAADY, E., KUHN, U., WILSKE, B., SANDOVAL-SOTO, L. and KESSELMEIER, J. (2000): Patterns of 
CO2 exchange in biological soil crusts of successional age. Soil Biology & Biochemistry, 32: 
959-966.  

 
 
 
 
 




