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Abstract

　　Snow algae are photosynthetic microbes growing on snowpacks and are commonly observed in 
mountain areas in Japan. In this study, we report the snow algal blooms observed in Mt. Echigo-Komagatake 
located in Niigata prefecture, Japan. Field investigation was conducted in late June of 2021 on a snow patch 
located in an alpine zone at an altitude of 2000 m above sea level. Patches of snow with red, green, or brown 
color were observed on the snowpack. Microscopic observation showed that the colored snow contained 
various morpho-types of snow algal cells, which appeared to be similar to those previously reported in 
Japan. The algal communities of the colored snow were mostly dominated by red spherical cells, which is 
likely to be Sanguina nivaloides, and consistent with those of the red snow reported in other alpine 
snowpacks in Japan. However, some samples showed a community consisting of various cell types, including 
multiple species of genus Chloromonas. The difference in community structure may be due to distance from 
vegetation around the snow patch, nutrient conditions of the snow, and/or growth period of the algae. The 
snow algal blooms of Mt. Echigo-Komagatake can be characterized by the appearance of various colors and 
algal communities on a snowpack.
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1.　Introduction

　　Snow and glacier algae are photosynthetic microor-
ganisms that grow on the surfaces of glaciers and snow-
fields and are adapted to such harsh environments of 
cold, high-UV, and oligotrophic conditions. Typical snow 
algae appearing on snowpacks include species of genera 
Sanguina or Chloromonas of Volvocales, Chlorophyta 
(green algae) (Procházková et al., 2019; Matsuzaki et al., 
2019). Snow algae have been commonly observed during 
melting season across the world, including Antarctica, 
Alaska, Greenland, and other Arctic regions, as well as 
the European Alps and the mountains of Asia (e.g. 
Fukushima, 1963; Takeuchi et al., 2006; Hoham and 
Remias, 2020).
　　When snow algae bloom on snowpacks, the color of 
the snow surface visibly becomes red, green, or yellow. 
This phenomenon is referred as colored snow and com-
monly occurs in polar and alpine regions including Japan 
(Fukushima, 1963; Remias et al., 2005). The color of snow 
varies due to the cell concentration, algal community, and 

pigment compositions in algal cells, which depend on 
environmental conditions of the snowpacks. For example, 
green snow often appears in nutrient-rich environments 
with low solar radiation such as forest floors, whereas 
red snow often appears in nutrient-poor environments 
with high solar radiation such as alpine areas above tree 
lines (Thomas et al., 1995; Suzuki and Takeuchi, 2023). 
The nutrients affecting algal growth or pigment com-
positions are organic and/or inorganic (PO43－, NO3－, and 
NH4＋) solutes, which are rich in forest snow because they 
are supplied by throughfall and litterfall from the forest 
canopy (Suzuki and Watanabe, 2000).
　　The pigments in snow algal cells consist mainly of 
chlorophylls and carotenoids. Chlorophylls are green-
colored pigments and play an important role in photo-
synthesis. Carotenoids are yellow to red colored pigments 
that function to protect cells from intense solar radiation 
in snow environments (Bidigare et al., 1993). Carotenoids 
are further divided into primary and secondary caroten-
oids, which are and are not directly associated with 
photosynthesis, respectively. Primary carotenoids are 
found in chloroplasts and are usually present in trace 
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amounts in algal cells. Secondary carotenoids are found in 
the algal cytoplasm and are more abundant than primary 
carotenoids (Remias et al., 2007). Astaxanthin, which is a 
major secondary carotenoid for snow algae, is a red-
colored pigment; it plays a role in protecting intracellular 
molecules, including DNA, from intense solar radiation 
(Bidigare et al., 1993).
　　Because snow algal blooms reduce the surface albedo 
of snowpacks, they have an effect of accelerating the 
melting rate of snow and ice (Onuma et al., 2020). The 
surface albedo of snowpacks is usually high, but can be 
reduced by various impurities in the snowpacks including 
snow algal cells as well as other windblown particles. 
The lower albedo allows the snow surface to absorb 
more solar radiation, resulting in promoting the melting 
of snow. For example, the surface albedo of snow without 
snow algae has been reported to be 0.75 ± 0.05, whereas 
those with red and green algae are 0.49 ± 0.08 and 0.44 
± 0.04, respectively, in a snowpack in Greenland (Lutz et 
al., 2014). Therefore, it is important to understand the 
growth of snow algae on snowpacks to evaluate their 
effect on snow melting.
　　Snow algal blooms commonly appear during melting 
season across the mountain areas in Japan. The first com-
prehensive study of snow algae in Japan by Fukushima 
(1963) reported a total of 59 species of snow algae, includ-
ing 4 cyanobacteria, 2 golden algae, 33 diatoms, 17 green 
algae, and 3 fungi. Recent studies have revealed phylogeny 
and ecology of the snow algae in Japan. For example, 
Matsuzaki et al. (2015) described the morphological and 
phylogenical variations in snow algae found in green snow 
in Mt. Gassan (Yamagata prefec ture). The snow algae 
were revealed to comprise mainly 6 lineages of the genus 
Chloromonas (Matsuzaki et al., 2019). Furthermore, 
Nakashima et al. (2021) revealed the variations in pigment 
compositions of red snow samples collected in the 
Tateyama Mountain Range (Toyama prefecture), caused by 
differences in algal species and environmental conditions. 
More recently, Suzuki and Takeuchi (2023) revealed that 
snow algal blooms and their pigment compositions varied 
seasonally and altitudinally from the lower forest to the 
upper alpine areas in Mt. Gassan. However, these studies 
conducted to date have been limited to a few areas 
within Japan. Since there are significant geographical 
variabilities in vegetation and climate in the mountain 
areas across the Japanese archipelago, it is necessary to 
study snow algae across different mountain areas of Japan 
to understand their geographical distributions.
　　The Echigo Mountain Range is located in Niigata 
Prefecture, in the mid-western part of the Honshu Island 
of Japan. Although there is a lack of information of snow 
algae in this area, snow algal blooms are expected to occur 
there since this region is one of the heaviest snowfall 
areas in Japan and snowpacks remain until early summer 
at the upper parts of the mountains.
　　In this study, we report characteristics of snow algal 
blooms found on a snow patch of Mt. Echigo-Komagatake 

in the Echigo Mountain Range. We described the morphol-
ogy, cell concentration, community structure, and pigments 
compositions of algal blooms in the snowpack and 
compared them with those in the other parts in Japan.

2.　Study site and methods

Study site and sample collection
　　Mt. Echigo-Komagatake is located in Niigata Prefec-
ture, Japan, and is one of the peaks of the Echigo Mountain 
Range, which extends over 200 km from north to south in 
the mid-western part of the Honshu Island of Japan (Fig. 
1b). The elevation of the summit of Mt. Echigo-Komagatake 
is 2003 m a.s.l. Heavy snow fall more than a depth of 3 m 
occurs in the mountain range every year because the 
monsoon westerly directly blows to the mountain range 
from the Sea of Japan during winter (Yamaguchi et al., 
2011). Snow patches remain on the northern and eastern 
slopes near the summit until early summer.
　　Field observations and sample collection were con-
ducted in the daytime of June 28, 2021. Along the trail 
starting from the Shiori-pass (1065 m a.s.l.) to the summit of 
the mountains (2003 m a.s.l.), five snow patches remained 
on the day. At the highest snow patch near the summit 

Fig. 1.　(a) Map of the alpine zone of Mt. Echigo-Komagatake 
showing the sampling site and (b) the location of the 
study area in Japan. (c) Photograph of the sampling site 
at the snow patch near the summit of the mountains. (d) 
Photographs of red snow, (e) green snow, and (f) brown 
snow surfaces observed on June 28, 2021.
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of the mountains, we found a number of patchy red and 
green snow algal blooms (Fig. 1a, c, d, e, f). The algal 
blooms were approximately 10-30 cm in diameter. From 
the highest snow patch, we collected 9 surface snow 
samples that were visually identified as red, green, or 
brown colored. Four red snow (sample no. 1R-4R), one 
green snow (5 G), and four brown snow samples (6B-9B) 
were collected. All samples were collected using a sterile 
stainless-steel scoop and transported in a frozen state to 
the laboratory at Chiba University and stored a freezer 
at －20 ℃ until further processing. A part of each sample 
was kept at 4 ℃ and used for microscopic observation.

Microscopic observation and quantification of algal biomass
　　After the snow samples were thawed at room temper-
ature, microscopic observations and quantification of algal 
biomass were conducted. Melted samples (10-400 μL) 
were filtered through a hydrophilic membrane filter (pore 
size: 0.45 µm) and the number of algal cells on the filter 
(area: 2.5×106 µm2) was counted under an optical micro-
scope (BX51, Olympus, Japan). We repeated the algal cell 
counting at least three times for each sample and 
determined the cell concentrations (cell number per 1 mL 
of meltwater) as mean of the cell counts for each algal 
morphological type. Algal cells in the samples were 
photographed using the optical microscope with a digital 
camera (DP21, Olympus, Japan). Cell size (major and 
minor axis) of each algal cell type were measured using 
the photographs and an image processing application 
(ImageJ, version 1.53). We measured 50 cells for each cell 
type. The cell volume of each algal type was determined 
geometrically based on measurements of the mean size 
(major and minor axis) of cells. Using the obtained algal 
cell concentration and volume values, we determined the 
cell volume biomass (µL L－1) of algae (bio-volume).

Measurements of chlorophyll a concentration
　　Frozen snow samples (－20 ℃) were thawed in a re-
frigerator (4 ℃) before analysis, and chlorophyll a concen-
trations of the samples were measured with Welschmeyer 
fluorescent method (Welschmeyer, 1994). The melted 
water of samples (approximately 50-110 mL per sample) 
was filtered through a glass micro filter (glass microfiber 
filters, GF/F 25 mm, Whatman, Tokyo, Japan). The filter 
was placed into an 8 mL polypropylene tube with 6 mL of 
N, N-dimethylformamide (DMF) and placed in the 
refrigerator for 24 hours to allow pigment extraction. 
Fluorescence intensity was measured using a fluorometer 
(Trilogy, Turner, USA). Chlorophyll a concentrations 
were calculated from the fluorescence intensity using a 
calibration curve of chlorophyll a standard (C5753-1 MG, 
Sigma-Aldrich Japan, Tokyo, Japan) created from the 
fluorescence and concentration obtained from the 
absorbance (664 nm) measured with a spectrophotometer 
(UV-mini 1240, Shimadzu, Kyoto, Japan) based on the 
molecular extinction coefficient (88.74 L－1 g－1 cm－1).

Absorption spectra of algal pigments
　　To ascertain the pigment composition of algal 
blooms, we obtained absorption spectra for the algal 
pigments extracted from the snow samples. Light 
absorbance of the DMF pigment extracts of each sample 
was measured at 1-nm intervals in a wavelength range 
from 300 to 900 nm using a spectrophotometer (UV-mini 
1240, Shimadzu, Japan).

Major chemical solutes in snow samples
　　Major soluble ions (PO43－, NO3－, NH4＋, K＋, Na＋, Cl－, 
SO42－, Mg2＋, and Ca2＋) in the snow samples were analyzed 
using an ion chromatography system (ICS-1100, Thermo-
fisher, USA). Melted water of snow samples were filtered 
through an ion-free filter (chromatographic discs, GL-
science, Japan) to remove particulate matter. For anion 
analysis, we used guard and separator columns (Ion Pac 
AG12 A and AS12 A, Thermo-fisher, USA) with an eluent 
of 2.7 mM Na2CO3 and 0.3 mM NaHCO3, the flow rate of 
which was set at 1.5 mL min－1. For cation analysis, we 
used guard and separator columns (Ion Pac CG12 A and 
CS12 A, Thermo-fisher, USA) with an eluent of 20 mM 
methanesulfonic acid. Flow rate of the eluent was 1.5 and 
1.0 mL min－1 for anion and cation, respectively.

3.　Results

Microscopic observation of snow algal cells
　　Microscopic observation revealed that snow samples 
contained algal cells with various morphological types 
(Fig. 2). The algal cells were classified into nine types 
(Type A-I) based on the color and morphology. Type A: 
Red spherical cells with thick cell walls (Fig. 2a); 
chloroplasts were observed at the center of the cell; and 
the size of cells was 17.4 ± 6.4 μm (mean ± standard 
deviation (SD)) in diameter. Type B: Orange spherical 
cells with thick cell walls (Fig. 2b); the size of cells was 
20.8 ± 5.6 μm in diameter. Type C: Yellow spherical cells 
(Fig. 2c); the size of cells was 14.2 ± 1.9 μm in diameter. 
Type D: Orange ellipsoidal cells with numerous small 
spines on the surface of the cell wall (Fig. 2d); the size of 
cells was 28.7 ± 3.5 μm in the major axis and 23.9 ± 
3.5 μm in the minor axis. Type E: Green spherical cells 
(Fig. 2e); cells with 1, 2, or 4 flagella were observed; and 
the size of cells was 15.5 ± 4.9 μm in diameter. Type F: 
Green ellipsoidal cells with chloroplasts (Fig. 2f); color 
varied from light to dark green; and the size of cells was 
17.1 ± 2.6 μm in the major axis and 11.7 ± 1.8 μm in the 
minor axis. Type G: Yellow-orange oval cells (Fig. 2g); the 
cell size was 26.3 ± 4.0 μm in the major axis and 15.1 ± 
2.1 μm in the minor axis. Type H: Green ellipsoidal cells 
(Fig. 2h); the size of cells was 17.9 ± 1.0 μm in the major 
axis and 8.7 ± 0.6 μm in the minor axis. Type I: Green 
oval cells (Figure 2i); cells were rectangle with round 
corners; and the size of cells was 20.3 ± 1.2 μm in the 
major axis and 10.5 ± 0.8 μm in the minor axis.
　　Algal cells were often observed to be attached by 
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many small mineral particles at the cell wall. Furthermore, 
some of the algal cells formed clusters consisting of 
several cells, which adhered to each other due to adhesive 
substances in the algal cell walls. All of the snow samples 
also contained plant fragments, pollen grains, fungi, and 
mineral particles besides the snow algal cells.

Chlorophyll a concentrations
　　Chlorophyll a concentrations of the snow samples 

ranged from 13 to 385 μg L－1 (mean ± standard deviation 
(SD): 174 ± 137 μg L－1, Fig. 3a). The greatest chlorophyll 
a concentration was found in the brown snow sample 
6B. The mean chlorophyll a concentrations of red, green, 
and brown snow samples were 241, 82, and 130 μg L－1, 
respectively. There was no significant difference in the 
chlorophyll a concentrations among the colors of snow 
surfaces.

Cell volume biomass and community structure of snow 
algae
　　The total algal cell volume biomass and community 
structure of snow algae varied among the samples (Fig. 3b). 
The cell volume biomass ranged from 0.3 to 490.0 μL L－1 
(mean ± standard deviation (SD): 183 ± 190 μL L－1, Fig. 
3b). They were generally consistent with the abundance 
of chlorophyll a, but the greatest biomass was found in 
sample 2R, which had the second highest chlorophyll a 

Fig. 2.　Microscopic photographs of snow algal cells in colored 
snow samples collected in Mt. Echigo-Komagatake. Scale 
Bar = 20 μm. (a) Type A: Red spherical cell; (b) Type B: 
Orange spherical cell; (c) Type C: Yellow spherical cell; 
(d) Type D: Orange ellipsoidal cell with small spines on 
the surface; (e) Type E: Green spherical cell with flagella; 
(f) Type F: Green ellipsoidal cell; (g) Type G: Yellow-
orange oval cell with cell wall flanges; (h) Type H: Green 
ellipsoidal cell; (i) Type I: Green rectangle cell with round 
corners.

Fig. 3.　(a) Chlorophyll-a concentrations, (b) cell volume 
biomass, and (c) compositions of algal morphological types 
represented by cell volume biomass of snow algae of the 
samples collected from the snow patch of Mt. Echigo-
Komagatake.
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concentration.
　　The community structures can be classified mainly 
into three groups (Fig. 3c). The first group was comprised 
of four red snow samples (1R, 2R, 3R, 4R) and one brown 
snow sample (9B) whose community structure was 
characterized by the dominance of the red spherical cells 
(Type A). More than 80 % of the total cell volume biomass 
in these five samples was dominated by Type A. The 
second group was comprised of one green snow sample 
(5 G) and two brown samples (7B and 8B) whose com-
munity structure was characterized by the abundant 
green colored cells (Types E, F, H, and I). These types of 
algae accounted for more than 26 % of the total cell 
volume biomass in the three samples. The third group was 
comprised of one brown snow sample (6B) whose commu-
nity structure was dominated by orange ellipsoidal cells 
(Type D): Type D accounted for 35 % of the total cell 
volume biomass, and Types A and B accounted for 27 % 
and 29 %, respectively.

Absorption spectra of algal pigments
　　The absorption spectra of pigments extracted from 
the snow samples showed that there were generally two 
main absorption peaks, but the absorption value of these 
peaks differed among samples (Fig. 4). The two absorption 
peaks appeared at the wavelength ranges between 640 
and 690 nm and between 350 and 570 nm, respectively. 
The absorption peak at the longer wavelength range 
likely corresponds to chlorophyll a absorption, and that at 
the shorter wavelength range likely to corresponds to 
the absorption of chlorophyll a, astaxanthin, and other 
carotenoids. The four red snow samples (1R-4R) showed 
stronger absorptions at the shorter-wavelength range: 
their maximum relative absorption values were above 15. 

The spectra of one brown snow sample (8B) showed no 
significant absorption at both wavelength ranges. The 
other four samples (5 G, 6B, 7B, 9B) showed intermediate 
absorptions at the shorter-wavelength range.

Major chemical solutes in the snow
　　The major chemical solutes in the snow samples were 
generally dominated by Cl－, Na＋, and K＋ (Fig. 5). NH4＋ 
and PO43－ were abundant in some samples, but the other 
solutes, including NO3－, SO42－, Mg2＋, and Ca2＋, were 
generally low in all samples. Two red snow samples (2R 
and 4R) showed higher concentrations of Cl－ and Na＋; 
one of these (2R) showed relatively higher concentration 
of K＋, NH4＋, and PO43－. Another red snow sample (3R) 
showed higher concentration of K＋. However, there was 
no significant difference in concentrations of Mg2＋ and 
Ca2＋ when comparing all samples.

4.　Discussion

Snow algae observed in Mt. Echigo-Komagatake
　　The nine morpho-types of algal cells observed in this 
study are likely to include different life stages of multiple 
species of snow algae. As we did not analyze DNA 

Fig. 4.　Absorption spectra of extracted algal pigments in the 
visible wavelength region of the samples collected from 
the snow patch of Mt. Echigo-Komagatake.

Fig. 5.　Major chemical solute concentrations in the samples 
collected from the snow patch of Mt. Echigo-Komagatake. 
(a) Solutes representing potential sources of nutrients for 
algae. (b) Solutes from sea salt. (c) Solutes from mineral 
dust.
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sequences of the snow algal samples in the present study, 
it is difficult to identify the species of each morpho-type 
observed in the snow samples. However, comparison of 
the morphology with those reported previously in 
snowpacks in Japan could be used to infer the possible 
species of snow algae in the present study.
　　The red colored spherical algal cell of Type A is 
likely to be Sanguina nivaloides, which has been reported 
on alpine snowpacks in Mt. Tateyama in Japan as well as 
polar and alpine snow areas worldwide (Procházková et 
al., 2019; Nakashima et al., 2021). Most red snow identified 
worldwide is dominated by the typical snow alga S. 
nivaloides. The cell size, color, and structure are 
consistent with those reported in Mt. Tateyama. The 
spherical algal cells of Types B and C, which were 
orange- and yellow-colored cells, respectively, but were 
similar in cell size and shape to Type A, may also be S. 
nivaloides but with reduced contents of the red pigment 
astaxanthin.
　　All other morpho-types, including Types D, E, F, G, H, 
and I, are likely to be species of the genus Chloromonas, 
which have also been reported as a common snow algal 
group in snowpacks in Japan as well as other polar and 
alpine snowpacks worldwide (Matsuzaki et al., 2019; Hoham 
and Remias, 2020).
　　The orange oval shaped cells of Type D covered 
with many small spines on the cell wall corresponded to 
aplanozygotes of Chloromonas brevispina,  which has 
been phylogenetically identified as Chloromonas krienitzi, 
reported from Mt. Gassan and Mt. Hakkoda in Japan 
(Matsuzaki et al., 2015). However, the Type D cells ob-
served in this study were slightly larger and had an oval 
shape rather than the reported spherical cell shape.
　　Green cells of Types E and F are likely to be vegeta-
tive cells of the genus Chloromonas. The photographs for 
these types in Fig. 2e appeared to lose their flagella after 
starting the microscopic observation. Spherical green 
cells of Type E may be vegetative cells of Chloromonas 
miwae, which has spherical cells (6-9 μm in diameter) 
with two flagella (Muramoto et al., 2010). This alga is 
commonly observed in green snow in Mt. Gassan and Mt. 
Hakkoda in Japan. Oval green cells of Type F may be 
vegetative cells of Chloromonas chenangoensis (15-23 μm 
in length, 5-9 μm in width) or Chloromonas muramotoi 
(12.5-19.5 μm in length, 8.5-13.5 μm in width), which have 
also been reported in green snow in Japan (Matsuzaki et 
al., 2019). Type G cells, which had spindle shape with 
flanges on the cell wall containing orange pigment inside, 
were probably cysts of Chloromonas alga. This morpho-
type is commonly observed in green snow in Japan as well 
as snowpacks worldwide, but is represented similarly by 
multiple Chloromonas species, including Chloromonas 
nivalis, C. miwae, or C. muramotoi (e.g. Matsuzaki et al., 
2015, 2019).
　　Types H and I are similar to vegetative cells and 
hipnospores of Oocystis lacustris, respectively, which have 
been reported on snowpacks in Japan by Fukushima 

(1963) and have been subsequently identified as C. 
brevispina based on the morphology by Hoham et al. 
(1979).

Appearance of multiple colored snow in Mt. Echigo-
Komagatake
　　The appearance of multiple colored snow (including 
red, green, and brown) on the snow patch of Mt. Echigo-
Komagatake suggests the presence of diverse conditions 
for algal blooms on the snowpacks. On alpine snowpacks 
in Japan, red snow is generally common but green snow 
rarely appears (Terashima et al., 2017; Nakashima et al., 
2021; Suzuki and Takeuchi, 2023).
　　A large absorption at wavelength of 480 nm in the 
pigment extracts from all of the red snow samples (1R, 
2R, 3R, and 4R) indicates that the red snow was caused 
by abundant astaxanthin pigments in the algal cells. For 
each of the four red snow samples, more than 80 % of the 
total algal biomass was dominated by Type A, which is 
likely to be the cyst of Sanguina nivaloides. The absorp-
tion spectra and community composition are consistent 
with those of red snow observed in Mt. Tateyama 
(Nakashima et al., 2021) and in the alpine area of Mt. 
Gassan (Suzuki and Takeuchi, 2023) in Japan. Therefore, 
the red snow observed in the present study site are 
typical algal blooms by Sanguina nivaloides, occurring in 
alpine snowpacks in Japan as well as across the world. 
Although the red snow sample that showed the greatest 
cell volume biomass (2R) contained most abundant 
nutrients (PO43－, NO3－, and K＋) in the all samples, there 
was no significant correlation between the biomass and 
nutrient concentrations in most of the samples. Thus, the 
nutrients cannot simply explain the occurrence of red 
snow on the snowpack in this study.
　　The red snow on Mt. Tateyama and Mt. Gassan, as 
well as Mt. Echigo-Komagatake, share the common snow-
pack condition of remaining until early summer. In the 
alpine zones of these three mountains, the high altitudes 
cause the snowmelt to begin in April, and the heavy 
snowfall during winter makes the snowpacks remain 
until early summer, typically in late June or early July 
(Nakashima et al., 2021; Suzuki and Takeuchi, 2023). In 
contrast, according to Onuma et al (2016), in Tohkamachi, 
Niigata Prefecture, an area with lower altitudes (200 m 
a.s.l.), the snow disappears earlier, around late April. 
During this period of snowmelt, algal cells are present on 
the snow surface, but they do not bloom into colored 
snow as observed at higher altitudes (Onuma et al., 2016). 
Thus, the presence of a snowpack until early summer, 
when solar radiation intensifies, is considered a necessary 
condition for the occurrence of red snow.
　　The presence of multiple cell types in the green snow 
sample (5 G) suggests that the green snow patch is formed 
by propagation of active Chloromonas algae. Types E 
and F are likely to be vegetative cells of Chloromonas 
algae, indicating that they actively grow in the snowpack 
and increase their population. The dominance of vege-
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tative cells of Chloromonas algae has been reported on 
snowpacks in forests in Mt. Gassan (Suzuki and Takeuchi, 
2023). Because of the shading effect of the forest canopy, 
snow algae can grow without photo-protective pigments 
such as astaxanthins; thus, green colored blooms appear 
on the forest snowpacks. However, the green snow 
collected in this study was not from the forest but alpine 
area. The reason for the appearance of the green snow 
on the snow patch is uncertain. Investi gation of the major 
chemical solutes showed that there is no significant 
difference in nutrient conditions between the green snow 
and other samples. The appearance of green snow may 
be due to the effect of a partial cover of dwarf conifer 
shrub (Pinus pumila). The green snow sample was 
collected from the snow surface near the margin of the 
snow patch, where the dwarf conifer shrub was present. 
The shading effect and nutrient supply from the shrub 
may affect the community structure of snow algae on the 
snowpack, although further investigation is necessary.
　　Brown snow samples (6B, 7B, 8B, and 9B) contained 
generally less abundant chlorophyll a and biovolume than 
other colored samples, but contained various types of 
algal cells. The absorption curves of pigment extracts 
showed that the brown snow samples contained lower 
level of astaxanthins than red snow samples. The small 
biovolume and lower level of astaxanthins are probably 
the reasons why the snow surface was visibly brown 
rather than red. Thus, the brown snow may be in the 
initial stage of algal blooms and would become red or 
green as the algal blooms proceeded. One of the brown 
snow samples, 6B, contained exceptionally abundant 
chlorophyll a and was dominated by Type D cells, which 
is likely Chloromonas krienitzi. In most of the samples, 
chlorophyll a concentrations were generally consistent 
with cell volume biomass, but chlorophyll a concentration 
in 6B was greater than expected. This may be due to 
greater chlorophyll a concentrations contained in Type D 
cells, aplanozygotes of Chloromonas brevispina although 
the reason for the high chlorophyll a concentrations of 
this algae is uncertain.
　　Although it is unclear why the color of the snow 
sample was not clearly red or green, the result suggests 
the presence of algal blooms that are visibly unclear. It 
should be noted that the dominance of Type D has not 
been reported in Mt. Tateyama or Mt. Gassan in Japan. 
Although the reasons for the dominance of Type D alga 
are uncertain, the blooms of Chloromonas krienitzi may 
be a characteristic in the present study area.

Comparisons of algal blooms with those in other areas
　　The chemical analysis of snow samples suggests that 
the nutrient conditions in the snow patch of Mt. Echigo-
Komagatake were comparable to those in other snowpacks, 
where colored snow has been reported in Japan. In the 
three alpine zones of Mt. Tateyama, Mt. Asahi, and Mt. 
Gassan, where red snow has been reported (Terashima et 
al., 2017; Takeuchi and Sugiyama, 2019; Suzuki and 

Takeuchi, 2023), concentrations of soluble nutrients 
(including PO43－,  NH4＋, NO3－) were similar to those in 
the present study. Suzuki and Takeuchi (2023) found 
more abundant nutrients in the snowpacks in forest areas 
in Mt Gassan, but the nutrient levels in the present study 
were significantly lower than those in the forest (e.g. the 
mean of this study versus (v.s.) mean of the forest snow 
of Mt. Gassan for PO43－: 2.2 v.s. 42.9; NH4＋: 2.8 v.s. 
24.9 µEq L－1, respectively). The lower nutrient level in 
the snowpack of Mt. Echigo-Komagatake may be the 
reason why the appearance of red snow was dominant in 
the snow patch of the study site. The appearance of 
green snow cannot be explained by the nutrients like in 
the forest areas in Mt. Gassan, since the concentrations of 
major chemical solutes did not show significant 
differences on the surface of the snow patch of the study 
site (Fig. 5). Thus, the cause of the appearance of green 
snow in the study site remains uncertain.
　　Our results showed that the snow algal blooms that 
appeared in a snow patch in Mt. Echigo-Komagatake 
include not only a typical red snow algal community, but 
also communities of various algal species. Although the 
red snow algal community appears to be similar to those 
occurring in other alpine areas of Japan, algal commu-
nities consisting of diverse algal cells have not been 
reported in the other areas of Japan. A number of snow 
patches were distributed in the alpine area in this Echigo 
Mountain Range until early summer. Although more studies 
are necessary, our results suggest the presence of active 
snowpack ecosystems with diverse algal communities in 
the alpine areas of this mountain range.

5.　Conclusions

　　Snow algal blooms were observed on a snow patch 
of Mt. Echigo-Komagatake, Japan. The snow patch 
showed various colored snow surfaces including red, 
green, and brown. The nine morpho-types of algal cells 
were observed in the colored snow and are likely to 
include different life stages of multiple species of snow 
algae. The red snow samples were all dominated by red 
spherical cells, which is likely to be the cyst of Sanguina 
nivaloides. Characteristics of their absorption spectra and 
community composition are consistent with those of red 
snow observed in alpine zones in Japan as well as across 
the world. The green snow sample contained multiple cell 
types of Chloromonas algae, including vegetative cells 
and cysts, suggesting that the algae actively grew in the 
snow. However, the green snow in this study contained 
much less nutrients than the green snow observed in the 
forest area of Mt. Gassan, Japan. The appearance of 
green snow may be due to the effect of a partial cover of 
dwarf conifer shrub (Pinus pumila), although further 
investigation is necessary. One of the brown snow 
samples contained exceptionally abundant chlorophyll a 
and was dominated by orange ellipsoidal cells, which is 
likely Chloromonas krienitzi. It should be noted that the 
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dominance of orange ellipsoidal cells has not been reported 
in other alpine or forest areas in Japan. Although the 
reasons for the dominance of this alga are uncertain, the 
blooms of Chloromonas krienitzi may be a characteristic 
in this study area. Thus, the appearance of multiple 
colored snow in Mt. Echigo-Komagatake suggests the 
presence of diverse conditions for algal blooms on the 
snowpacks.
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