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Abstract: Cryoconite is a kind of granular sediment found on the surface of glacier, and comprises
minerals, organic materials and biomaterials. The sources of cryoconite mainly come from dust and
aerosol transported from far sources, and coarse moraine from local sources and plant debris from
surrounding ecosystems. With high absorption of solar radiation, cryoconite can reduce the surface
albedo of glacier and promote glacier melting. Cryoconite is also the most diverse microbial habitat on
the surface of glacier, where bacteria, fungi, and algae live in. Microbes in cryoconite are the main
drivers of the geochemical cycling on the glacial surface, which decompose and transform the organic
matter in cryoconite, decrease the albedo, and affect the material balance process of the glacier. In view
of this, this paper reviewed the physical and chemical characteristics, potentially influencing factors of
which, the microbial community structure, and the biogeochemical cycling of carbon and nitrogen
driven by cryoconite microbes in glaciers of Antarctica, Arctic and the third pole (TP). In addition, we

also put forward research directions on cryoconite microbes.

Keywords: glacier; cryoconite; microbe; biogeochemical cycling
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Cryoconite on the surface of glacier (A) and in the cryoconite hole (B).
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x1 IKREFRNEZRIKRN

Table 1  Size of cryoconite particles

Glacier/region Granule size/mm References
Meikuang, China 0.55+0.26 [15]
Gohza, China 0.55+0.28

Xiao Dongkemadi, China 0.80+0.35

Urumgqi No.1, China 1.10+0.39

Austre Broggerbreen, Svalbard 0.49+0.29

Penny Ice Cap, Canada 0.33+0.11

Devon Ice Cap, Canada 0.33+0.13

Longyearbreen, Svalbard 8.59+6.67 [29]
Aldegondabreen, Svalbard 110.00+35.00 [30]
Leverett, Greenland 2.59+1.54 [31]

x2 FEsRK)KETRFE R KNS

Table 2  Size of cryoconite particles of the Tibetan Platean glaciers from various sites

Granule size/mm Reference

Glacier/region

Long range Local range
Laohugou No.12, China 1.28+1.12 4.55+3.05 [27]
Shiyi, China 1.25+0.84 4.83+3.54
Dongkemadi, China 1.23+1.02 4.63+£3.20
Zhadang, China 1.24+1.06 4.01£2.85
Urumgqi No.1, China 1.15+0.93 3.98+2.61
Baishui, China 1.36+1.25 -

—. none.
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Figure 2 Comparisons of Richness (A) and Shannon (B) of cryoconite bacteria in the tripolar glaciers. **:
P<0.01, ***; P<0.001; ns: no significant difference. TP: the Third Pole.
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Table 3  Dominant phylum and their relative
abundance of cryoconite bacteria in the tripolar

. 32,41,43,45-48
glaciers (%)[ ]

Phylum Antarctic Arctic TP
Acidobacteria 5.0 3.2 0.3
Actinobacteria 5.1 6.5 6.2
Bacteroidetes 323 16.4 7.5
Chloroflexi 0.5 0.8 1.1
Cyanobacteria 12.1 13.2 2.3
Deinococcus.Thermus 0.2 0.4 0.4
Firmicutes 1.7 3.7 5.5
Gemmatimonadetes 3.5 0.7 1.6
Planctomycetes 2.8 0.2 0.0
Proteobacteria 25.7 40.1 71.8
Verrucomicrobia 5.0 1.9 0.2
Others 6.1 13.0 3.2
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Figure 3 Diagram of the carbon and nitrogen cycle processes driven by the cryoconite microbes.
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x4 RERRIKINKECOFHEFERXRKE

Table 4 Types and concentrations of carbon in different glacial cryoconite (holes)

Glacier/region TOC DOC References
Midtre Lovenbreen, Svalbard 20.10 mg/g [66]
Vestre Broggerbreen, Svalbard 33.90 mg/g

Austre Braggerbreen, Svalbard 17.30 mg/g

Midtre Lovenbreen, Svalbard 22.96 mg/g [67]
Vestre Broggerbreen, Svalbard 28.10 mg/g

Austre Broggerbreen, Svalbard 15.60 mg/g

Laohugou No. 12, China 1.60% dry wt 0.20% dry wt [45]
Tanggula Dongkemadi Glacier, China 2.84% dry wt 0.32% dry wt

Yulong Baishui Glaciers, China 9.70% dry wt 0.60% dry wt

Laohugou No. 12, China 1.51 mg/g 0.17 mg/g [65]
Dongkemadi Glacier, China 0.89 mg/g 0.16 mg/g
Nyaingentanglha Glacier, China 0.25 mg/g

Karola Glacier, China 0.39 mg/g

East Antarctic ice sheet, Antarctic 0.20 mg/g

Kronprins Christian Land, Greenland 1.48% [12]
Kangerlussuaq, Greenland 1.30%

Midtre Lovenbreen, Svalbard 3.27%

Longyearbreen, Svalbard 2.76%

Vestfonna, Svalbard 6.07%

Dronning Maud Land, Antarctic 0.50 mg/L [59]
Larseman Hills, Antarctic 0.06 mg/L

Amery Ice shelf, Antarctic 0.58 mg/L

Himalaya, Sutri Dhaka 5.20 mg/L
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Table 5 Types and concentrations of nitrogen in cryoconite (holes) in the tripolar glaciers

Glaciers N NH," NOj3~ References

Kangerlussuaq Glacier 0.10% [41]

Longyearbreen 0.21%

Midtre Lovenbreen 0.25%

Hansbreen, Werenskioldbreen, Nannbreen, Austre Torellbreen  0.24% [44]
0.24%

Leverett Glacier, Greenland 0.18 mg/L 11.40 pg/L 11.30 pg/L  [72]
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