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) The first observations of red snow are attributed to Aristotle
Introduction in the third century BC [1, 13]. It was not until 1819 that Bauer
[2] attributed the coloration to a dense population of microbes
Populations of cryophilic microalgae collectively known agsresent in snow meltwaters. The most comprehensive work of
snow algae, mostly from division Chlorophyta or green algagow algae is that by Erzsebet Kol [13], who summarized her
are known to inhabit polar and alpine snow worldwide [6, 13}e’s work of four decades of research with reports from Europe,
While reports of snow algae are widespread, there aferth America, South America, Greenland, Asia including
mountainous snow covered regions from which snow algggpan, and Antarctica. Snow algae are also reported from the
have not been described. For example, it was not until recegtiowy Mountains of Australia [15], New Zealand [20], and
that the first report of snow algae from the Himalaya wasen Papua New Guinea [14]. Until this investigation, Africa
recorded [23]. The global distribution of common snow algafs the only continent with no reports of snow algae [5, 6, 20].
species has been a paradox [7, 20]. Why are snow algal
assemblages so similar worldwide? As Coleman [3] states, “No
open body of freshwater remains devoid of algae for muphaterials and methods
longer than the first gust of wind”. Thus, we hypothesized that
if snow algae were present in the Pyrenees mountainsifow samples were collected 27 May—2 June near the snow
northern Spain [13], then the same species might be presenhi® between 2800-3000 m at Pico de Veleta, Spain, and
the mountains of southern Spain and Morocco. 3100-3200 m at Mt. Neltner, Toubkal region, Morocco (Fig. 1).
Snow algae are found in mountainous and polar regianiglting snow packs less than 1 m in depth were inspected
that maintain regular and adequate snow accumulations [#{.signs of discoloration or indications of algal populations.
Blooms of snow algae occur in snow packs that are in thgow samples were aseptically collected and transferred into
melting stage, with resting spores normally found near tirl pak™ bags. Samples were kept cool in an ice chest during
surface of melting snow [6]. Dense populations impart a regansport to the Autonomous University of Madrid, where they
green, or orange color to the snow [6, 13]. While snow alggere examined using light microscopy three days after
bloom in cold meltwaters, they spend the majority of the yagsllection. Samples were maintained on ice and in the dark
dormant on soil or rock substratum. Because red-colored sngwil a more detailed examination was done at the authors home
algae generally inhabit open areas above tree line, they@iersities, 5-7 days after collection. Individual cells and
exposed to high levels of ultraviolet (UV) light and indeegopulations were characterized by phase contrast light
appear adapted to a high UV environment [21]. microscopy (1008 ), and by Nomarski differential interference




40

INTERNATL MicrosloL Vol. 2, 1999

Duval et al.

contrast optics (DIC). Photomicrographs were made @tange-colored pigments at each pole. These cells, with flange-
400-1008 through a Nikon Microphot. Algal populationslike extensions on the outer wall, are similaGtotiellalike

were not tabulated because cells were embedded in debriscatid reported as resting spores in speci€hidromonagrom
mucilage that formed clusters making enumerations unrelialsieow [8—10]. However, the markings here appear different from
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Fig. 1Snow algae collection sites. Pico de Veleta (3392 m) in the Sierra Nev
of Spain, and Mt. Neltner (3207 m) in the Toubkal region of the High Atl:
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Results and Discussion

A two day reconnaissance of Pico de Veleta, Spain, sn
yielded only one snowfield that maintained a visibly red col
on the snow surface imparted by the algae. This was a
surveying numerous areas with varying slope and wa
availability for visual signs of snow algae. The snowfield h:
a north facing exposure and a slope between 15-20 degr
and was not unlike other snow fields that had no signs of sr %
algae as observed by Hoham and Blinn [7] in the Americ |
Southwest. Light microscopy of snow samples revealed orar i
red aplanospores (Fig. 2). Cells were spherical and meast 4
between 25-40nm in diameter and often appeare:
encompassed by a halo of translucent mucilage to which de
adhered. These cells were morphologically similar to snc
algae belonging t€hlamydomonas nival{d 2, 18] which has

been described from Spain [13]. However, the color of o
samples was more orange-red rather than blood-red so tyf
of C. nivalis Thus we have designated our samples as

unidentified species d&@hlamydomonas

Resting spore§ of snow algae W(?re observed in Mt'_NeIt_Fig. 2 Snow algal cell€hlamydomonasp. (1008 ) collected from Pico de
snow from the High Atlas mountains of Morocco (Fig. 3 veleta (Spain) are spherical, red in color, 25¥80in diameter, and encapsulated
These cells were oval, 2 25 mm, and appeared to haveby a thick cell wall. A sphere of debris generally surrounds each cell

those found in other species@ifiloromonagiescribed from
snow. While this appears to be a previously unreported species
of Chloromonasit can not be confirmed. These algae were
observed in sparse populations in all six snow samples collected.

Other microorganisms observed in the Moroccan snow
samples included rod shaped bacteria, micro-fungi,
heterotrophic euglenids, ciliates, diatoms, nematodes, and
heterotrophic mastigotes (flagellated protists). Bacterial
associations with snow algae have been reported in previous
studies [21, 22], as have more complex microbial communities
involving algae, yeasts, ciliates, and bacteria [11].

The Sierra Nevada range is not part of a continuous chain
of mountains and is geographically set between the semi-arid
Spanish lowlands to the north and the Mediterranean Sea to
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Chlamydomonasp. is commonly reported as airborne
inoculum due to their heavy cell wall and gelatinous sheath
that can withstand desiccation [3]. While the inoculation
of algal resting spores by wind is a probable mechanism of
snow algal distribution, we would like to suggest that Late
Cenozoic era mountain building and glaciation events of the
Oligocene and Late Miocene periods (40-20 mya) [4] may
have provided a more contiguous alpine-snow habitat suitable
for snow algae. This possibility would facilitate more
widespread dispersion and may help to explain some of the
peculiarities of todayg snow algal distributions after the
retreat of glaciers.

Conclusions

Snow algae are now known to inhabit snow from all continents.
Red-colored snow algae resemblinghlamydomonas
(Chlorophtya) were found in snow collected from the Sierra
Nevada mountains, Spain. This alga is similar to that
encountered by Kol [13] in the Pyrenees mountains that border
northern Spain, but differs in color being orange-red rather than
blood-red. Snow collected from the High Atlas of Morocco
contained a resting spore ©hloromonas
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near the Equator [17]. It is debatable, however, whether the

ranges would have supported snow algae at that time dug toBaross JA, Morita RY (1978) Life at low temperatures: ecological aspects.
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For exampleC. nivalisis conspicuously absent in alpine snow  Cambridge University Press, pp 1-20
from areas above tree ||ne |n the northeastern USA, even thoﬁgh Dott RH, Prothero DR (1994) Cenozgic hlstory In: Evolution of the
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