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Abstract: The Great Khingan Mountains, located in northeastern China, feature zonal permafrost. Lying on the southern
edge of the Eurasian permafrost boundary, the permafrost region of the northeast portion of the Great Khingan Mountains is
one of the plant communities most sensitive to the effects of global warming. Permafrost is gradually degrading from south to
north, because of the effects of human activity and environmental changes such as global warming. The degradation of
permafrost leads to changes in the characteristics of permafrost plant communities, such as species composition, species

diversity, and biomass. The impacts of permafrost on vegetation have become a key research topic in the field of climate
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change research. However, previous studies of permafrost have mostly focused on the distribution of permafrost, and so the
mechanistic connection between permafrost and environmental factors, and the impacts of permafrost degradation on
community composition and structure have not been the focus of much quantitative research. Thus, the plant communities of
30 plots on the north slope of the Great Khingan Mountains were classified according to permafrost depth, using two-way
indicator species analysis ( TWINSPAN ) and canonical correspondence analysis ( CCA ). Accordingly, the effects of
permafrost depth on plant species diversity were analyzed using these plots. The resulis indicate the following. (1) Plant
communities were categorized into three plant associations, and as the permafrost depths changed along a gradient from
shallow to deep, plant associations changed from Betula fruticose + Ledum palustre var. angustum-Carex subpediformis to
Betula fruticosa-Carex subpediformis and Betula fruticosa + Salix rosmarinifolia-Carex subpediformis. These relationships were
validated by CCA ordination. In addition, permafrost melting depth (PMD) , topography, and soil moisture could together
explain 38% of the community change. Their combined effect was the biggest explanatory factor for community change. (2)
The species diversity index increased trend initially (in shallow permafrost) and decreased as the permafrost melting depth
increased. It reached its maximum value at about 50—150 ¢m deep. When PMD =< 50 ¢m and PMD > 150 c¢m, the species
richness and diversity index are low, and the significant difference. Patrick index and melting permafrost depth has
significant correlation (R>= 0.58, P < 0.58). When PMD < 50 cm, the species richness of the communities was higher,
at 23.83+2.44; when 50 < PMD = 150 cm, it was 26.36+2.01; and when PMD > 150 cm, it fell sharply to 21.14+1.57.
The Pielou index and Shannon-Wiener index with the increase of the permafrost melts deep appeared a trend of reducing the
rise, and when 50<PMD<150 c¢m, the Pielou index and Shannon-Wiener index value were significantly higher than those of
other permafrost melts deep under the index value. The Simpson index values fell significantly when PMD>150 cm. This
study provides a theoretical basis for the prediction of trends in the variation of plant community composition after the
degradation of permafrost. It is also important for the development and implementation of agriculture and forestry in
permafrost areas. In addition, it would be an effective guide for forest management and biodiversity conservation efforts in

permafrost regions.

Key Words: The Great Khingan Mountains ; permafrost deeps ;species diversity ; TWINSPAN ; CCA
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Table 1 Basic information of sampling plots

HeH ZHE/(°) I/ (°) T3/ m TSR % e/ () P/ em
Sample Longitude Latitude Alt SWC Slo PMD
1 120.676 51.3124 630 0.402 0 3
2 120.677 51.3137 625 0.421 0 7
3 120.675 51.3110 638 0.410 7 12
4 120.677 51.3121 670 0.406 9 15
5 120.679 51.3139 665 0.392 12 18
6 120.680 51.3153 643 0.397 8 27
7 120.675 51.3154 652 0.373 7 29
8 120.673 51.3148 699 0.387 10 34
9 120.672 51.3140 690 0.396 13 40
10 120.677 51.3165 687 0.395 0 42
11 120.676 51.3171 705 0.386 0 45
12 120.671 51.5184 732 0.390 0 50
13 120.670 51.5177 774 0.355 20 58
14 120.699 51.5172 798 0.326 25 60
15 120.716 51.5241 807 0.311 20 75
16 120.715 51.5234 889 0.299 29 90
17 120.975 51.2511 871 0.340 28 108
18 120.975 51.2544 856 0.347 16 120
19 120.972 51.2629 893 0.298 19 128
20 120.735 51.1440 905 0.316 20 140
21 120.733 51.1461 921 0.305 16 142
22 120.729 51.1486 933 0.299 14 147
23 120.728 51.1497 942 0.264 30 —
24 120.954 51.1733 908 0.256 32 —
25 120.955 51.1753 885 0.244 30 —
26 120.957 51.1765 921 0.197 28 —
27 120.951 51.1775 903 0.208 25 —
28 120.953 51.1758 941 0.255 30 —
29 120.952 51.1786 938 0.199 28 —
30 120.950 51.1788 951 0.202 37 —
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Table 2 Importance values of main species in the association groups in the study area

B E{H Importance value/%

i BEAAL T BT AL D'fgi ? ; F 1A
Species Association Association Association freedom F value
group | group Il group I

SEHE Betula fruticosa® 4.16a 5.61a 8.99b 2 5.473"
B kT Ledumpalustre var. angustum® 4.76a 0.80b 0.67b 1 12.389
Y- YAHI Salix rosmarinifolia® 0.90a 1.94a 6.11b 2 5.132*
B H Carex subpediformist 4.00a 2.78a 1.78a

GBS Vaccinium uliginosum® 2.52a 2.79a 0.45b 2 6.375"
WIH-454%5 Spiraea salicifolia® 0.14a 1.29a 0.95a

B T8 Eriophorum vaginatum® 3.96a 1.46ab 1.12b 2 7.413"
KMHE Calamagrostis langsdorffii* 2.68a 2.64a 1.13a

INAAREHLIT Sanguisorba parviflora® 0.63a 1.42a 1.13a

KB Carex rhynchophysa® 0.26a 0.66a 0.62a

JNHAEBS Phododenron parvifolium 1.06a 0.81a 0.45a

42 MF Poteniilla fruticosa 0.86a 1.09a 0.91a

AEM Salix myrtilloides 0.82a 1.57a 0.73a

FHFEMD Salix pentandra 0.08a 0.22a 1.78b 2 4.936"
HIH4E Chrysosplenium altemifolium 0.48a 0.21a 0.27a
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FEEAH Importance value/%
i PEAAAL T R I REAALIN D‘i‘gfj " F
Species Association Association Association freedom F value
group | group I group Il

ZIMREZY Smilacina trifolia 2.11a 0.66b 0.43b 2 12.945*
JbEAHF Rubus arcticus 0.42a 0.75a 0.73a

Bemt 2419 Angelica anamala 0.75a 0.68a 1.00a

)] Equisetum pratense 0.74a 0.49a 0.32a

B85 Arundinella hirta 1.38a 0.59

FHRKILWEE G Lathyrus quinquenervius 0.49a 0.91a

L HPLHLRE Galium boreale 0.59a 1.37a

ikl Sanguisorba officinalis 0.403

RIS Aegopodium alpestre 0.111

L Iris lactea var. chinensis 0.139

IR AE Anemone dichotama 0.169

ZUM- 8 Artemisia tanacetifolia 0.072

# P<0.05;# : L ST BTN ; [FAT Bl 5 A 6 7R 30K 22 5 .35 (P<0.05)
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Fig.3 Variations of plant species diversities with different depths of active layer of permafrost
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