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Ice and snow cover at the peak periods
in the annual cycles, Northern and 

Southern Hemispheres
(http://www.grida.no/publications/geo -ice-

snow/ebook.aspx)

TheEarthςcoldbiosphere



http://fds.oup.com/www.oup.com/pdf/oxed/Pages%20from%20aqa_as_ch02.pdf

ÅHigh latitude and altitude

TheEarthςcoldbiosphere



Data visualization and 
modeling in ArcGIS 10

Snow microbiology

Avalanche simulationsField measurements
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quality in the mountainous region 

Fieldsof our research



Priemern§ roļn§ teplota vzduchu (°C), priemer za roky 1961-1990

http://geo.enviroportal.sk/atlassr/

Cryobiotopin Slovak republic



×Psychrophile
optimum temperature < 10°C

¶true snow algae, numerous adaptations

×Psychrotolerant
optimum temperature > 10°C

¶snow assuboptimal environment

cryoseston

Organisms



Upravené z originálu Jakub Ģ§rskyïKurz glaciologie (Ļesk® BudŊjovice 2013) Kol 1968



a) Chlamydomonas nivalis
raspberry red

b) Smithsonimonas abbotii
red pepper

c) Chlamydomonas sanguinea
blood red

d) Scotiella nivalis
brick red

e) Pink colouration

f) Cystococcusnivicolus
yellow

g) GenusKoliella
green

h) GenusCarteria
green

i) Dactylococcopsis hungarica
blue

j) Ancylonema nordenskiöldii
violet -brown

Algal cell

concentration

4x104 cells.ml-1 in 

coloured snow

0,1-5 % of this value

in white snow

(KOL 1968)

Reduce the snow

albedoïincrease the

rate of snow melting

Colourationof snow



ÅGreen colouration
ſLarge areas

ſLower altitude , below the tree line

ſLesssolar radiation ïunder the trees

ÅRed colouration
ſAbove tree line

ſAvalanche paths

ſIntensive solar radiation on exposedsurface

Microphotograph of the fresh red snow sample
from Antarctida . Bar indicates 50 ɛm  
(FUJII et al 2010)

Å Dominant taxa : 
Å Chloromonas,
Å Chlamydomonas

Å Supporting taxa: 
Å Stichococcus,
Å Raphidonema, 
Å Koliella , 
Å Selenotila nivalis , 
Å Chionaster nivalis

SIGEE 2005

Colourationof snow



ÅSpring, summer ïfirn snow

ÅEdgeof snow fields

ÅAccumulated pollution

ÅEnvironmental heterogenity

ÅSeasonaldynamics

ÅAltitude

ÅForest

BEER ET AL 2011

NEDBALOVÁ ET AL 2008

MCCLUNGïSCHEARER 2006

kryosestón

)

Chlamyd omonas nivalis (Bauer) Wille

Chloromonas nivalis (Chod.) Hoh. et Mull .

Chloromonas rosae v. psychrophila Hoh.

Chloromonas brevispina (Fritsch) Hoh., Roem. et Mull

Forest

Open area

Occurrence



YOSHIMURA ET AL. 1997

ÅLow temperature

ÅAbsenceof free water

ÅHigh solar radiation and UV 

ÅCyclesof melt and freeze

ÅNutrient depletion

ÅUnstability of biotop ï
mechanical disturbance

ÅpH

Extremeenvironment



ÅBrief growth period

ſRapid colonization and motility

ſRapid population growth : r -selectedspecies

ſReproduction strategyïresting sporesïasexual
reproduction

ÅProtection from harmful irradiation

ſIntracellular production

¶photoprotectants ïsecondarycarotenoid
pigments (astaxanthin) 

¶antioxidants

¶Repair systemïrepair UV damageto 
chlorophyll and other photosynthetic pigments

Resting sporesof Chlamydomonas nivalis
NEDBALOVÁ & LUKAVSKÝ 2007

Life cycle of Chloromonas brevispina
HOHAM , ROEMER & MULLET , 1979

Adaptations



ÅLack of nutrients

ſResting spores

ſFlagella

ſQuick colonization environment with plenty of
nutrients

ſRatio of surface area / volume cell ïoptimize the
absorption of nutrients

ÅLow temperature

ſAbility to photosynthesize

ſCells with low water content

ſRatio of fatty acid in the cell ïincreasethe
fluidity of the membrane and maintain this state 

ÅDesiccation

ſResting sporeswith more stratified cell wall

ſMucilage layer

Adaptations



Å The species composition of communities of snow algae
in selected mountains of Slovakia 

Å Monitoring of physico-chemical parameters of snow

Material and Methods

Locations

Å Mountains of Slovakia ïHigh Tatras, Low Tatras, VeŎk§ Fatra, 
Malá Fatra

Å Snow fields ïpermanent or semipermanent
Sampling

Å Surfaceof snow fields (to the depth 30 cm)
Å Sterile sampling container (100 mL )
Å Fixation with Lugol's solution
Å Transport to laboratory assoon aspossible

Physico-chemical parameters of environment

Å Temperature of the air abovesnow surface, intensity of solar
radiaton ïMinikin OTHi

Å Conductivity , pH, chemical analysis of snow samplesïlaboratory
of National Forest Center 

Treatment of samples

Å The microscopic identification of species
Å Cultivation and isolation of snow algae



Coloured snow patchesin Slovakia

aŜŘŜƴł ŀ ±ŜƯƪł Zmrzlávalley

HighTatrasMts.
August ςN exp. ς1950-2150 a.s.l.

6ǳƳōƛŜǊ

LowTatrasMts.

JunςN exp. ς1695 a.s.l.

Zlomiskovávalley

HighTatrasMts.

September ςW exp. ς2100 a.s.l.

Zelené pleso (mountain lake)

HighTatrasMts.

Mayς1550 a.s.l.



Other sampling points ...



Resultsïmeteorological data
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ZlomiskovávalleyςHighTatrasMts

Å 1966 a.s.l.

Å AverageT: 4,5 °C

Å Dailyoscilation: 2-10°C

Å Lowtemperatures

Å aŀȄΦ t!w нмоо ˃ƳƻƭΦƳ-2.s-1

Å Normaly PAR 1000-мрлл ˃ƳƻƭΦƳ-2.s-1

UnderBaníkov peakςWestTatras
Mts

Å 2078 a.s.l.

Å AverageT:  7,3 °C

Å Dailyoscilation: 3-8°C

Å Without low temperatures

Å aŀȄΦ t!w мофн ˃ƳƻƭΦƳ-2.s-1



Resultsïchemical analysis

NT VT1 ZT VT2 BT VF MF

Box-and-Whisker Plot
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pH

Å 3,4-7,2

Å Slightlyacidifiedenvironment

Å Comparisonof samples: 3 groups

Å Colouredsnow

Conductivity

Å 3,9-147 ɛS.cm-1

Å Largecoefficientof variation
within localities

Å Relationshipconduct. vs. snow algae

Nutrient content

Å N-NH4 0,06-5,39 mg.l-1

Å N-NO3 < 0,03-12,54 mg.l-1

Å P-PO4 < 0,06-1,44 mg.l-1

Å DominantN-NO3 (exceptfor NT, VT2)

Å Snowin general: oligotrophic

Å Heterogenousdistributionof nutrients
within the fields

Å Unnoticedimpactof algaeon nutrient
content

Å Impactof trees


