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Ecological characteristics of vegetation and their responses to permafrost
degradation in the north slope of Great Khingan Mountain valley of
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Abstract: Permafrost; which is defined as ground that remains below 0°C for at least two consecutive years, is an important
component.of the cryosphere and is vulnerable to climate warming. Global warming has accelerated permafrost degradation,
as evideniced by a thickening of permafrost thaw depths, increasing ground surface temperature, and the change from
continuous permafrost to island permafrost. Vegetation is a vital component of the permafrost ecosystem and is sensitive to
permafrost degradation. The degradation of permafrost leads to changes in the characteristics of permafrost plant

communities, such as species composition and diversity and vegetation cover and biomass. The impacts of permafrost on
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vegetation have become a key topic in the field of climate change research. However, previous studies of permafrost have
mostly focused on the distribution of permafrost, whereas there has been little quantitative research on the mechanistic
connection between permafrost and environmental factors and the impacts of permafrost degradation on the ecological
characteristics of vegetation. Thus, understanding the response of vegetation ecological characteristics to permafrost
degradation is vital. In the present study, we investigated plant ecological characteristics and their responses to changes in
the permafrost thaw depths on the north slope of the Great Khingan Mountain valley of northeast China. The results showed
that there were 85 plant species belonging to 29 families and 55 genera in 30 plots. Angiosperms were dominant, accounting
for 97.6% of the total species, whereas there was only one species each of fern and gymnosperm, accounting for 1.2% of the
total species. In terms of four life forms, there were 51, 12, 19, and 3 species of hemicryptophytes, phanerophytes,
geophytes, and chamaephytes, respectively, accounting for 60% , 14.1% , 22.4% , and 3%, of total species. Of four hydro
—ecotypes, there were 50 species of mesophytes, accounting for 58.8% of the total species, whereas hygrophytes,
helophytes, and xerophils accounted for 30.2% , 8.2%, and 2.4% of species, respectively. Families, genera, and species
of plants reached a maximum at approximately 50—150 cm of the permafrost active layer thickness (ALT). Plant taxa were
next most abundant at an ALT > 150 cm, whereas an ALT < 50 was associated with ‘the fewest families, genera, and
species of plants. Species of hemicryptophytes showed a significant increasing trend with increasing permafrost melting
depth, whereas the numbers of phanerophyte species decreased. Changes in the numbers of geophytes and chamaephytes
with a change in permafrost melting depth were not significant. Species of helophytes decreased significantly with an increase
in permafrost melting depth, whereas mesophytes showed an increasing trend. Hygrophyte and xerophil species did not
change significantly with a change in permafrost melting depth. Collectively, our study results suggest that the study area has
a short summer and a long cold winter, and that the conditions conducive to the growth of plants have tended to moderate.
This research provides a theoretical basis for predicting trends ‘in_the variation of vegetation ecological characteristics against
a background of permafrost degradation. The findings. are also important for the development and implementation of
agriculture and forestry in the permafrost zone. In addition, our observations potentially provide an effective guide for forest

management and biodiversity conservation effotts in permafrost areas.
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Table 1 Basic information of sampling plots

Bt ZRE/(°) i/ (°) R/ m TS K Y/ (°) )2 IR/ em
Sample Longitude Latitude Altitude Soil water content/ % Slope Active layer thickness

1 120.676 51.3124 732 0.39021 0 50.0

2 120.677 51.3137 856 0.34659 16 120

3 120.675 51.3110 885 0.24376 30 —

4 120.677 51.3121 798 0.32589 25 60.0

5 120.679 51.3139 630 0.40212 0 3.00

6 120.680 51.3153 625 0.42058 0 7.00

7 120.675 51.3154 905 0.31644 20 14.0

8 120.673 51.3148 942 0.26399 30 —

9 120.672 51.3140 938 0.19879 28 —

10 120.677 51.3165 638 0.40987 7 12.0

11 120.676 51.3171 670 0.40588 9 15.0

12 120.671 51.5184 921 0.19687 28 —

13 120.670 51.5177 951 0.20145 37 —

14 120.699 51.5172 871 0.33946 28 108

15 120.716 51.5241 774 0.35477 20 58.0

16 120.715 51.5234 687 0.39477 0 42.0

17 120.975 51.2511 705 0.38574 0 45.0
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FEH ZE/(°) i/ (°) M/ m I AR BB/ (°) WG 3Z R/ em
18 120.975 51.2544 893 0.29745 19 128
19 120.972 51.2629 807 0.31053 20 75.0
20 120.735 51.1440 665 0.39211 12 18.0
21 120.733 51.1461 643 0.39678 8 27.0
22 120.729 51.1486 921 0.30539 16 142
23 120.728 51.1497 933 0.29856 14 147
24 120.954 51.1733 908 0.25644 32 —
25 120.955 51.1753 889 0.29854 29 90.0
26 120.957 51.1765 652 0.37328 7 29.0
27 120.951 51.1775 941 0.25478 30 —
28 120.953 51.1758 903 0.20796 25 —
29 120.952 51.1786 699 0.38667 10 34.0
30 120.950 51.1788 690 0.39623 13 40.0
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Table 2 Plant components in the permafrost in the Great Khingan Mountains

B B 15/ % JB% e/ % AP et/ %
Types Number of family Percentage Number of genus Percentage Number of species Percentage
FRZEAEY) Fern 1 3.4 1 1.8 1 1.2
BEFHEY) Gymnosperm 1 3.4 1 1.8 1 1.2

W THEY Angiosperms 27 93.2 53 96.4 83 97.6
A Total 29 100 55 100 85 100
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Table 3 The number of family, genus and species of plant species under various active layer thickness of permafrost in the Great

Khingan Mountains

i SR P T i
Active layer thickness/cm Number of family Number of genus Number of species
0—50 8 27 38
50—150 21 43 76
>150 16 34 49
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