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A review of snow-living Collembola
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Abstract: Snow-living Collembola live either on the snow surface or below the snow layer, although they can sometimes also
be found in the snow layer. They are capable of migrating and feeding in cold environments, showing physiological
adaptations that give them a strong tolerance to low temperatures and dehydration. Research on snow-living collembolans has
made a large contribution to our understanding of their behavior in the field, their physiology, and their strategies for
surviving in such a harsh climate. Studies of snow-living collembolans can be generally divided to three categories;
taxonomy , physiology, and phenology. Three main geographical areas are concerned: firstly, the Arctic, mainly referring to
Asia, northern Europe and North America, including Russia, Norway, Sweden, France, Germany, China, Japan, Canada
and the United States of America; secondly, the high mountain regions, such as the European Alps, Himalayan glacier
regions, including Nepal and other countries; thirdly, Antarctica. In total, more than 70 species in 24 genera of
collembolans have been found to be active in harsh winter conditions around the world ( not including those from
Antarctica). Some of them should have a wide distribution, such as Hypogasirura socialis, which is found in Norway,
Finland and the United States of America. Compared with other Collembola, snow-living species sometimes exhibit

distinctive morphological features, such as larger teeth on the dens in the winter form. Some snow-living collembolans may
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also hibernate in summer. The physiological mechanisms of cold tolerance and drought resistance have been elucidated. As a
group of arthropods with freeze-avoidance strategy, they increase glycerol levels, decrease fucose and glucose levels, and
produce antifreeze proteins ( AFP ), as well as showing other mechanisms to protect cells from low temperature injury.
However, the molecular mechanisms underlying these processes are not yet fully understood. Collembolans active on the
snow surface can use sunlight to make a continuous directional migration, thereby crossing large geographical barriers to
reach more suitable habitats and ensure gene flow. The activities of Collembola are greatly influenced by environmental
factors. Collembolan densities on the snow surface change according to wind, temperature and pressure, and are strongly
influenced by the seasons. They can be found in large numbers on the snow surface when the temperature is approximately
0°C, but withdraw to the snow layer when the temperature decreases at night. Collembolan activity increases mostly in late
winter when the climate is mild. In this paper we summarize the historical studies of the snow-living collembolans from all
the world, including the researchers and their study areas; provide a list of species that have been found world widely and
outline their distributions; describe the methods used to trap collembolans in winter; discuss their activities in snow
conditions, such as vertical migration within the snow layer and directional horizontal migration on the snow surface, their
jumping ability and dispersal rates on the snow surface; their feeding behaviors and the relevant food chain in winter; their
resistance to cold and drought, and other physiological characteristics; and how their activities are influenced by climate
and seasonal changes. The aim is to thereby increase our understanding of the biology and ecology characteristics of snow-

living collembolans.

Key Words: collembola; snow; physiology; behavior; feeding; migration
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Table 1 The checklist of Collembola that live in winter

P B s F 44 P o SCHRA T
No. Species name of Collembola Country Habitats References

1 Arrhopalites cf. principalis (Stach) E7199 e [20]

2 Arrhopalites pygmaeus ( Wankel ) 974 Em [20]

3 Desoria blekeni ( Leinaas) W ERN [20]

4 Desoria hiemalis (Schott) 65, ERN [20]

5 Desoria olivacea (Tullberg) 199 EF [20]

6 Desoria sp. 1 hE EL&EHT
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=2 B i 44 E % A SCHRA R
No. Species name of Collembola Country Habitats References
7 Desoria sp. 2 i EEL&ET
8 Desoria sp. 3 i ELE&EF
9 Dicyrtoma fusca ( Lubbock) i3 ESN [20]
10 Dicyriomina rufescens ( Reuter) HA Eflo [36]
11 Entomobrya nivalis (Linné) R TF [8]
11 Entomobrya nivalis ( Linné) 7= £ [21]
12 Entomobrya spp. XKH £ [37]
13 Entomobrya marginata ( Tullberg) £ 19 e [20]
14 Entomobrya guthrei XKH £ [30]
15 Entomobrya multifasciata ( Tullberg) EH ITF [30]
16 Entomobrya triangularis ( Schétt) XM £ [30]
17 Entomobrya sp. 1 wh FEL&EFT
18 Entomobryidae IEYN £ [38]
19 Folsomia quadrioculata ( Tullberg) i[9 =T [20]
20 Folsomia sensibilis ( Kseneman ) £199 ERN [20]
21 Gisinianus flammeolus ( Gisin) E1195 E-N [20]
22 Hymenaphorura polonica ( Pomorski) 79 e [20]
23 Hypogastrura socialis ( Uzel) B el [39]
24 Hypogastrura socialis ( Uzel) = Eflo [21]
25 Hypogastrura socialis (Uzel) E7199 ETiN [8,12]
26 Hypogastrura socialis ( Uzel) £ 19 e [20]
27 Hypogastrura spp. JEIIR e [3]
28 Hypogastrura spp. Wk Elo [38]
29 Hypogastrura spp. 75 e [14,40]
30 Hypogastrura spp. [=1E] =L [3]
31 Hypogastrura himalayana ( Yosii) JEIAR A e [41]
32 Hypogastrura nivicola ( Fitch) KHE EN [30]
33 Hypogastrura succinea ( Fitch) F Edt [30]
34 Hypogastruridae JIEN e [29]
35 Heteroisotoma sp. 1 o EL&EHEF
36 Isotoma alpa F [ e [30]
37 Isotoma gelida FKH e [30]
38 Isotoma hiemalis (Schott) o2 £ [21]
39 Isotoma hiemalis (Schott) it £l [10]
40 Isotoma mazda ( Yosii) JEIIR KA 5E [25,41]
41 Isotoma olivacea ( Yosii) W2 £l [42]
42 Isotoma saltans ( Nicolet) b= ESl N [42-43]
43 Isotoma saltans ( Nicolet) Tl Efio [3]
44 Isotoma saltans ( Nicolet) Fit EN i [44]
45 Isotoma saltans ( Nicolet) TRRAH R RIFE [45-46]
46 Isotoma viridis (Bourlet) Fii EN [47]
47 Isotoma viridis (Bourlet) VN £ [48]
48 Isotoma viridis (Bourlet) FH ERN [30]
49 Isotoma palliceps KHIE RIE [46]
50 Isotoma sp. 1 hE ELE&ETF
51 Isotomurus sp. 1 i EL&ET
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75 Bk i Ex o SCHRA IR
No. Species name of Collembola Country Habitats References
52 Lepidocyrtus cyaneus (Tullberg) IE N £ [48]
53 Lepidocyrtus cyaneus ( Tullberg) R TF [20]
54 Lepidocyrtus lignorum ( Fabricius) A el [21]
55 Lepidocyrtus lignorum ( Fabricius) L IF [8,20]
56 Lepidocyrtus pallidus ( Reuter) EE| TF [30]
57 Micraphorura absoloni ( Borner) £ 19 e [20]
58 Orchesella ainslet JIEYN TF [48]
59 Orchesella alpa K TF [30]
60 Orchesella bifasciata ( Nicolet) B E-l [21]
61 Orchesella cincta ( Linnaeus) E197 5T [20]
62 Orchesella flavescens ( Bourlet) 79 EF [20]
63 Onychiurus subtenuis gk e [49]
64 Parisotoma notabilis (Schiiffer) i1 EL [20]
65 Pogonognathellus flavescens ( Tullberg) 71971 EN [20]
66 Protaphorura pseudovanderdrifii ( Gisin) 7974 £ [20]
67 Pseudanurophorus binoculatus ( Kseneman ) 1R, E-N [20]
68 Sminthuridae IEYN ITF [29]
69 Sminthurinus flammeolu 719 e (8]
70 Tomocerus flavescens ( Tullberg) ESE| ITF [37]
71 Tomocerus flavescens ( Tullberg) eS| ITF [30]
72 Tomocerus flavescens ( Tullberg) 7%= = I [21]
73 Tomocerus flavescens ( Tullberg) gk ITF [48]
74 Tomocerus spp. EH el [50]
75 Tomocerus nepalicus JEIIR R E [25,41]
76 Tomocerus sp. 1 e EFEL&EFT
77 Willemia anophthalma ( Bomer) E799 e [20]
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Fig.1 The illustration of the trap
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