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Abstract 
The bone remnants of sea mammals are frequently dispersed everywhere in coastal areas 
of Svalbard Archipelago represent a specific natural habitat which is colonized by 
aeroterrestrial microscopic algae. Such bone habitat might be considered an analogue to 
stone substrates. However, bone habitats are not included in ecological studies of polar 
region. In the present study, thorough observations were made on some algal strains 
isolated to laboratory cultures. They included two green algal species Pseudodictyo-
chloris multinucleata and Tetracystis pulchra, as well as two stramenopile algal species 
Heterococcus papillosus and Xanthonema debile. All these taxa are new additions to the 
Svalbard flora. 
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Introduction 
 
     Algae as much of cyanobacteria occur 
in practically all Earth´s environments and 
some species are capable of growing in 
wide ranges of natural conditions. For ter-
restrial habitats of both Arctic and Ant-
arctic, extremities of environmental stress 
occur, principally freezing and desiccation. 
Furthermore, the persistent cold tempera-
ture is often accompanied by freeze-thaw 
cycles, extreme fluctuations in irradiance 
(including ultraviolet radiations) and large 
variations in nutrient supply and salinity. 

Nonetheless, polar regions are inhabited 
by numerous pro- and eukaryotic oxypho-
totrophic microorganisms, which are indis-
pensable e.g. in soil formation process and 
preparing substrates for subsequent colo-
nizers. The cyanobacteria and algae are al-
so known as the prominent primary colo-
nizers after deglaciation and therefore play 
an important role as producers of early 
detectable biomass on newly created habi-
tats. (Elster et Benson 2004, Thomas al. 
2008, Kim et al. 2008). 
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     Despite a long history of interest in 
terrestrial algae in polar environments, 
several aspects are rather unexplored and 
require further investigation. Very little is 
known about algal flora associated with 
bone remnants analogous as we know on 
stone substrate. The bone remnants fre-
quently dispersed everywhere in coastal 
areas of polar region represent a specific 
natural habitat which is colonized by 
microscopic algae. However, these habi-
tats are not included in ecological studies. 
The bones are specific anthropogenic sub-
strate providing a niche for organisms in 
extreme conditions. The stable environ-
ment inside the bone is suitable for the 
growth of numerous organisms. Algae 

grow in microspaces in bone tissue which 
helps them to avoid the stress like cold 
temperature, fluctuations in irradiance and 
freezing. In the bones a lot of biogenic 
elements such as e.g. calcium and phos-
phorus (Reeb et al. 2011) is available. 
Therefore, bone remnants are very inter-
esting substrata for growth of cyano-
bacteria and algae. However, relevant data 
from polar regions are almost absent. 
     The present study reports four newly 
recorded algal species grown on skeletal 
remnants of mammals (whales, seals and 
reindeers), collected during June 2011 in 
the Petuniabukta, Billefjorden, the central 
part of Svalbard Archipelago. 

 
Material and Methods 
 
     The samples were collected from the 
central part of Svalbard Archipelago in 
Petuniabukta in July 2011 from the mam-
malian bone remnants of whales, seals and 
reindeers, strewed in deglaciated coastal 
areas covered by tundra vegetation (78° 
40´ – 78° 44.5´ N, 16° 26´– 16° 40´ E). 
The small fragments of dry bone remnants 
were transported to a laboratory in sterile 
plastic bags and unialgal strains were iso-
lated from them following traditional 
culture methods. Cultures of the strains 
used in this study were maintained either 
in liquid or agarized Zehnder medium at 
15°C under a 16/8 hr light/dark cycle with 
a photon flux density of 50 µmol m-2 s-1 of 
photosynthetically active radiation pro-

vided by a daylight fluorescent lamps. The 
phenotypic characteristics were studied in 
regular time intervals at different growth 
phases of the algae. Linear drawings and 
photomicrographs were made using a Leica 
DM 2500 (Germany) light microscope 
with Nomarski contrast, fitted with a Leica 
DFC 290 HD camera and operated by 
LAS 3.5.0 software. Suitable Monograph 
(Ettl et Gartner, 1995) and research papers 
(e. g. Broady 1979, Matuła et al. 2007) 
were followed for identification of algal 
strains. All the strains were deposited at 
the Working Culture Collection of Algae 
at Department of Botany, Comenius Uni-
versity in Bratislava, Slovak Republic. 

 
Results 
 
     A total of 14 taxa of cyanobacteria and algae were identified on mammalian bone 
remnants of which genera Chlorella, Stichococcus and Phormidium were abundantly 
present in almost each sample. The following 4 species: the green algae Pseudo-
dyctiochloris multinucleata and Tetracystis pulchra, the stramenopile algae Xanthonema 
debile and Heterococcus papillosus represent new records from the Svalbard Archi-
pelago. Therefore, they are characterized in more details in the following text. 
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Fig. 1. Photomicrographs of: A, B – Pseudodyctiochloris multinucleata, C, D – Tetracystis 
pulchra, E, F – Xanthonema debile, G, H – Heterococcus papillosus. Scales for figures  A – F 
represent 20 µm, for figures G and H represent 50 µm . 
 

 
 
Pseudodyctiochloris multinucleata (Broady) Ettl et Gärtner 1987; (Figs 1A, B; 2A )                                 
Syn.: Signiosphaera multinucleata Broady 1977 
Cells solitary with thick cell-wall, oval or like lemon form, (9) 11 – 14 (15) μm in 
diameter and pale green in colour. Chromatophore solitary, centrally placed without 
pyrenoid. Cells are multinucleate. Reproduction by motile zoospores with two equal 
flagella and red stigma. Sporangium  (18) 28 – 60 (64) μm in diameter. 
 
Tetracystis pulchra Brown et Bold 1964; (Figs 1C, D; 2B)                                                                    
Cells solitary or packed in tetraedric group, sometimes clustered to form big complex. 
Cells oval or irregular, (9)10 – 12 (15) μm in diameter. Cell wall thin, not gelatinous. 
Cells arranged densely in well visible colourless mucilage. Chromatophore solitary with 
one central pyrenoid. Dark green in colour, orange in older ones. Reproduction is by 
colony desintegration.   
 
Xanthonema debile (Vischer) Silva 1979; (Figs 1E, F; 2C )                                                         
Syn.: Heterothrix debilis Vischer 1936      
Solitary, no branching, smaller filaments, dark green colour trichomes. Cells long or 
barrel shaped with 2 or more chromatophores without pyrenoid. Cells 4 – 5 μm wide and 
(5) 6 – 10 (11) μm long. Reproduction by motile zoospores with two equal  flagella, 1or 
2 chromatophores and red stigma.  
 
Heterococcus papillosus Pitschmann 1963; (Figs 1G, H; 2D)                                                    
Cells solitary or packed in group, 12 – 15 μm in diameter.  Colour is pale green , in 
oldest phase dark green. In warmer conditions have a growth like „rootlet“ in space.Cells 
with numerous  chromatophores without pyrenoid. Colony is desintegrated in three lev-
els. Reproduction by motile zoospores with two unequal flagella, 1 or 2 chromatophores 
and red stigma. 
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Fig. 2. Linear drawings of: A – Pseudodyctiochloris multinucleata, B – Tetracystis pulchra,         
C – Xanthonema debile, D – Heterococcus papillosus.  
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Discussion 
 
     The first floristic remarks about the 
living microorganisms associated with 
bone remnants are from Reeb et al. (2011). 
The authors report the finding of bacteria, 
Ascomycota fungi and Stichococcus-like 
trebouxiophyte green algae which inhabit-
ed the cavities of bone remnants from 
a bison carcass in Yellowstone National 
Park. In general, these microbes appear to 
be opportunists that have colonized an iso-
lated oases that provided nutrients and 
protection from desiccation and UV radi-
ation. In addition, the bone remnants are 
ecologicaly important anthropogenic sub-
strata with hight impact to cycle of nutri-
ents in nature. No doubt that this special 
substrate quite common in polar environ-
ment could be also a refuge for inhabit-
ance of interesting algal taxa as docu-
mented in this study from Svalbard. 
     Green algae (s.l.) are the dominant 
group of algae in Svalbard tundra as re-
ported in earlier published records (Olek-
sowicz et Luścińska 1992, Skulberg 1996, 
Kaštovská et al. 2005, Kim et al. 2008, 
2011, Matuła et al. 2007, Richter et al. 
2009). In addition to recent knowledge, we 
presented four algal species associated 
with the mammalian skeletal remnants in 

this study. Pseudodyctiochloris multinu-
cleata, Tetracystis pulchra, Xanthonema 
debile and Heterococcus papillosus are 
significant contribution to Svalbard algal 
flora recorded for the first time.  
     According to previous studies from this 
region Leya et al. (2000), Tetracystis on 
the genus level in their list of cryophilic 
and soil algae persited on snow fields in 
Northwest Spitsbergen. Similarly, Stibal et 
al. (2006) mentioned Heterococcus on the 
genus level only in their list of algae from 
supraglacial sediment samples from gla-
ciers in the vicinity of the Baranowski 
field station. The stramenopile alga deter-
mined as Xanthonema cf. sessile is re-
ported by Stibal et al. (2006) from the 
same environment also. However, the de-
scriptions or ilustrations to these taxa are 
absent the above in mentioned papers.  
     Further study of mammalian bone rem-
nants from polar regions could bring not 
only discovery of the new algal taxa, but 
also the new information on their eco-
physiological properties. This would help 
to understand better the life strategy of al-
gal species, and other microbiota in con-
ditions of extreme environment. 
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