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Driving factors of understory species diversity in forest on
the northeastern Qinghai Province of northwestern China
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(1. Research Center of Forest Management Engineering of National Forestry and Grassland Administration,
Beijing Forestry University, Beijing 100083, China;

2. Sichuan Forestry and Grassland Inventory and Planning Institute, Chengdu 610081, Sichuan, China)

Abstract: [Objective] The Qinghai-Tibet Plateau in the northwestern China is one of the most sensitive
regions to global climate change. The northeastern part of Qinghai Province is an important distribution area
of forests on the Qinghai-Tibet Plateau. Exploring the biotic and abiotic driving factors of the understory
species diversity on the northeast of Qinghai Province can provide a scientific basis for species diversity
protection and forest management under climate change. [Method] Based on the field survey data of
understory species diversity of 29 tree quadrats, 116 shrub quadrats and 116 herb quadrats in the northeast of
the Qinghai-Tibet Plateau, the relationships between understory diversity and biotic (stand structure), abiotic

factors (including climate, topography and soil) were analyzed by the generalized linear model (GLS).
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[Result] The main results showed that: (1) the species composition of forest community in northeastern
Qinghai Province was single, mostly pure forest, and the species diversity was mainly contributed by
understory vegetation. A total of 108 species of vascular plants belonging to 89 genera and 44 families were
found in 29 quadrats. Rosaceae, Caprifoliaceae and Berberidaceae were the main species. The diversity of
herbaceous species was significantly higher than that of shrub species (P < 0.001). (2) Climate and stand
structure were the most important driving factors, accounting for 34.9% and 26.2%, respectively. (3) The
key driving factors of species diversity of shrub layer and herb layer were different. The species diversity of
shrub layer was mainly affected by stand structure (44.0%), and the species diversity of herb layer was
mainly affected by abiotic factors such as edaphic (28.8%) and climate (28.2%). [Conclusion] There are
differences in the driving mechanisms of species diversity between understory shrub layer vegetation and
herbaceous layer vegetation in northeastern Qinghai Province. The feedback mechanisms of species at
different levels should be fully considered in the process of biodiversity conservation and forest management
of forest vegetation community in this region.

Key words: Qinghai-Tibet Plateau; forest ecology; species diversity; stand structure; topography factor;

climate factor; edaphic factor
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Fig. 1 Quadrat layout drawing
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Tab. 1 Calculation formulas of stand structure and species diversity

T H Item B2 Index 1543 Calculation formula
TiH 1 244 Ind A3 Calculation formul
. . N
% J¥ Density SN = 3

NG N
4325 ¥4 Stand structure G Zk_z (k- N - 1Ay
iniD==%=~

[l 422 Je $6 4 DBH Gini index 2
Dy (N = DA

N
19 = T HI X Basal area k;\/ i
SBar = 5
EARZ. AR EEE V= a+f+y
Important value of shrub layer and herb layer - 3
i E B Species richness S =N
s ni m
Shannon-Wienerf& #{ Shannon-Wiener index Hg = —Z Nllni
WP Z 1 Species diversity P N
Ns oo
Simpson#& %1 Simpson index Dy=1- Z (N’)
i=1
e D,
Pieloufii #{ Pielou index ===

T 51 A5 CHR[6]. N NS AMEEG SRFETT A A ERET7 N SN FRI o WT TR s A, i BT P ORI TR SR AN A2 £ 6 v D i A 5
NSERETT RS ng& SBi IR I ANMAREG o H 36 B 5 B AT 55 s p 2 AHXEATIE - Notes: cited from reference [6]. N is the total number of
individuals in the quadrat; S is quadrat area; 4, is the breast height area of the ith individual in the quadrat. 4; is the breast height area of the kth individual
in ascending order of size in the quadrat; NV is the total number of species in the quadrat; »; is the number of individuals of the ith species; « is relative
density; £ is relative coverage; y is the relative frequency.
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Tab. 2 Statistical information of basic variables in the sampling plot

45 & Variable Ji [ Range “F¥{H Mean kR % Standard deviation
Fk 2 FE/(Fk-hm ™) Plant density/(tree-ha™) 444.00 ~ 2 989.00 1094.41 643.39
J#94% DBH/cm 1.20 ~ 95.00 15.43 9.56
P75 Tree height/m 0.70 ~ 34.00 10.95 5.65
VEAFH =7 BE Shrub species richness 0.00 ~ 10.00 4.83 2.85
FARY R £ E FF Herb species richness 5.00 ~ 17.00 10.28 3.08
+ 3 4% Soil total nitrogen/(g-kg™") 2.75~23.54 8.44 4.93
+ 34 MR Soil organic matter/(g-kg ™) 50.39 ~ 433.83 168.14 96.93
+3EH K H Soil available potassium/(mg-kg ') 88.00 ~ 690.00 240.24 148.37
4345 %8 Soil available phosphorus/(mg-kg ™) 2.28 ~26.35 8.38 5.01
+ 3984 A% Soil ammonium nitrogen/(mg-kg ") 1.38~7.13 291 1.53
+ WA A Soil nitrate nitrogen/(mg-kg ") 7.59 ~161.18 62.04 42.80
L IEF AT FLA Soil soluble organic nitrogen/(mg-kg ') 2.12~43.15 10.52 7.59
3T 4% Soil soluble total nitrogen/(mg-kg ™) 9.89 ~175.16 67.90 41.57
+ 35 7K % Soil moisture content/% 12.38 ~ 205.66 61.63 43.86
- 3EpH1E Soil pH value 5.79~8.34 7.23 0.57
34K Elevation/m 2210.00 ~ 3 113.00 2598.62 221.66
B Slope/(®) 1.00 ~ 40.00 20.86 11.10
Y1\ Aspect/(°) 0.00 ~357.00 168.24 129.70
4E[#/K & Annual precipitation/mm 341.00 ~ 505.00 421.31 51.25

£ JH Annual mean temperature/°C —0.27~4.12 2.25 1.25
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A pHAEGR 4.

F3 ERHSM
Tab.3 Principal component analysis
B 7 R = e S R
o EENRIER I Accumulative
Principle . Contribution rate o
Eigenvalue . contribution rate
component of variance/% .
of variance/%
1 2.67 71 71
2 0.98 10 81

R4 EMSFERTFHRE

Tab. 4 Factor loadings in principal components

e FHr1 F g2
febr . ..
Principal Principal
Index
component 1 component 2
14 4% Soil total nitrogen 0.355 0.111
+ A MU Soil organic matter 0.357
T+ HEH 4 Soil available potassium 0.299
+ 345 2%0% Soil available phosphorus 0.311 0.389
+ 345 5% Soil ammonium nitrogen 0.320 -0.106
T IER A% Soil nitrate nitrogen 0.320
Liﬁ ] N it
RITIBEATLA 0294 —0.102
Soil soluble organic nitrogen
IR 4 Soil soluble total nitrogen 0.348 -0.119
45 /K Soil moisture content 0.349
+3pH{E Soil pH value —0.160 0.885
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N T R8RS JT 2 TA] 8] A O RS2, {8
R i & “nlme™ G ) e/ Z 3L (GLS), LAk
A AR AR SV Fh 2 R A AR A1)
DRI 28 PR o 7 o £ 4G SR AR T, B Z-score J7 50 Hi s
HEAT bR AR I . 22 E R 2R 1 o 5 ) A R A X )
A% B ) S R AT TR 6, A O Z I KR 5~ (VIE)
for By %% AR & 1] (1) 2 AL A M, 2 VIF < 10 IR
AP R 2 B AL M), B0E 45 IR AR B, AT
AR B VIF 33/ T 10, NFAE 2 EIL M. BT
% AL A e a5 IR, R AT R Y A R A, k3%
AIC(Akaike information criterion) /)N AR Y AE Sy ¢
PR, Fdfa b BEAN > BT 229 74E R 4.0.3 AT

2 HER G

21 TR
Gtk b 116 M HEACRT 116 /B4 4E J7 8

HAEAH, il B4 E R 108 F, BT 44 F
89 J&. LA R (Rosaceae) . 2 4Fl(Caprifoliaceae)
/N BE Bl (Berberidaceae). ¥ *#. %l (Cyperaceae)
K A B} (Poaceae). 2§ Ft (Asteraceae). £ B Fl
(Ranunculaceae) N F . HH, EAREFR 31 F, HFh
SH 28.7%, FET 12 B 19 J&, (RBM I EA F
R4 (Lonicera tangutica, 0.174). Rz Potentilla
glabra, 0.169). Ik J5 #% 7k (Rosa omeiensis, 0.113)%% .
B 77 M, YRS E 71.3%, KR T 36 B
65 J& , L3 Fh I B % T& & %5 (Carex lehmanii,
0.242). & R F- 8K (Poa alpigena, 0.116) %7 54
(Fragaria orientalis, 0.115)(58 5) . MEARYIFF & J&F
TEFER 0 ~ 10, SFHIE N 4.83, HAMFERE RN S ~
17, SF3ME R 10.28(F 2).

x5 ENBEERXEZEEHFE S AU
Tab.5 Top 5 species in the importance ranking of shrub
communities at different levels

Bk L/ BB
Layer Species Important value
JE R4 Lonicera tangutica 0.174
HLFEME Potentilla glabra 0.169
WEK Shrub  WkJE 5K Rosa omeiensis 0.113
MBI F Cotoneaster tenuipes 0.104
BEHE/NEE Berberis dasystachya 0.102
[ HEE B Carex lehmanii 0.242
FERK Poa alpigena 0.116
B Herb %7 EH Fragaria orientalis 0.115
W PHAE 5.3 Sanicula giraldii 0.036
WA RGBS Saussurea sylvatica 0.035

WML REW, EAZESEARZEY 4 M) Fh
ZREMREAEEEZR(P<0.00D). BEAZHY
Yi#h 3 & ¥ . Shannon-Wiener 5%, Simpson $5 %
Pielou 18 435 . 3 = THEAR JZ MM (B 2). X 5
FhZH A — 20 B HHC R 108 Fh, FAKEY)
A 77 By HHEE 70%, EATEY) 31 Fh, SHAGT 30%.
22 HTYMHESHEENIRESE

WL GLS W 7 AR 2R (bR 4 D N
AR T AR, TR SRR A B R £
FEMEI DTMR . 7 S IR N R b 2 RE 1 v, S f
DRl 25 2 f SR R BK B0 77, ARG RE IR R 34.92% . H K2
0TI A v TSR 1B AN I DO A I [
26.20%- 22.50% 1 16.38% . #t—2 70 H1 7 SRR AR
Wendh 2 FEvE R A BE WP 6 NIRSIH T, 1Y
SRS A B B RECRIAR T R R Z R
H) 52 3 TR AH R OG R, AHXT REIA A 23.76% 14.77%
F19.62% . 13 pH E . 1 =1 i A2 4 B /K 2 A0 AR
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