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Environmental Interpretation of Variations on Forest Community and
Understory Herbaceous in Taibai Mountain,Shaanxi,China

CHEN Yu,XU Jinshi,ZHANG Lixia,GUO Yaoxin,CHAI Yongfu, WANG Mao,

ZHANG Chenguang, YUE Ming”
(College of Life Sciences, Northwest University,Xi’an 710069, China)

Abstract: Our study aimed to determine the relationship between the environment factors and these varia-
tion patterns. Also,we examined the difference of variation patterns between forest community and under-
story herb layer only. The canonical correspondence analysis (CCA) was used for testing the relationship
between 9 environment factors and species composition data. A correlation test was determined the rela-
tionship between environment factors and species a diversity. Redundancy analysis (RDA) was used to ana-
lyze the importance of environment factors on plant functional traits. We also tested the Pearson correlation
coefficient of community « diversity and functional traits between forest community and understory herb
layer. We found that:1) 9 environment factors had a poor power to explain the change of both forest com-
munity and understory herb layer. However,the axis 1 of CCA could distinguish the altitude range of each
plot in both modes. 2) Along the elevation, the Shannon-Wiener index of forest community at first in-
creased and then decreased while the Shannon-Wiener index of understory herb layer decreased monoton-
ously. 3) The Shannon-Wiener index of both community and herb layer was independence to slope and
woody species layer cover degree( WCD). The axis 1 of RDA which related to altitude could explain 71. 2%
of total trait variation for forest community and 54. 7% for understory herb layer. The variation pattern of
plant max height value (H,.,) of forest community and herb layer was different.

Key words: understory herbaceous species;species composition; diversity; functional traits;canonical corre-

spondence analysis (CCA) ;redundancy analysis (RDA)
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Table 1 Family of most herb species numbers among plots

B4 PR EL Species number
4%} Asteraceae 30
IR Umbelliferae 16
H 4B Liliaceae 15

E A Ranunculaceae 14
AKAEL Gramineae 9
R Cyperaceae 8
T34l Rosaceae 8
JEEFF Lamiaceae 3
T+ F4EF} Brassicaceae 6
P HRL Rubiaceae 6
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Table 2 Community dominant species and the IV of dominant species of herbaceous layer

‘ - e (L4 FAR (R A
FETT G5 (@#i Community dominant Dominant species of herbaceous layer
Plot Altitude/m .

species Fh Species FEMIV )@ #l Family
TBS01 1261 58 Quercus aliena var. acutiserrata KP4 3 H Carex lanceolata 0.162 7  JHF} Cyperaceae
TBS02 1 326 858 Quercus aliena var. acutiserrata B 2% Convallaria majabs 0.090 72 & #F} Liliaceae
TBS03 1 344 5 KR Quercus aliena var. acutiserrata FE#E Cimici fuga foetida 0.236 7 FBTHF} Ranunculaceae
TBS04 1420 B BE Quercus aliena var. acutiserrata IR Phlomis umbrosa 0.111 4 JEJEF} Lamiaceae
TBS05 1 440 B BE Quercus aliena var. acutiserrata B Carex siderosticta 0.128 7 P HF} Cyperaceae
TBS06 1494 58 Quercus aliena var. acutiserrata FER Cimici fuga foetida 0.278 1  FEHF} Ranunculaceae
TBS07 1617 5 BE Quercus aliena var. acutiserrata I BH Dioscorea nip ponica 0.146 6 ZEFiF} Dioscoreaceae
TBS08 1654 B BE Quercus aliena var. acutiserrata k&I Phlomis umbrosa 0.057 2 JBJEF} Lamiaceae
TBS09 1 665 BN HE Quercus aliena var. acutiserrata %% Convallaria majabs 0.198 6 & FF Liliaceae
TBS10 1751 5 BE Quercus aliena var. acutiserrata W B Dioscorea nip ponica 0.079 2 ZEF#iF} Dioscoreaceae
TBSI11 1767 B BE Quercus aliena var. acutiserrata EEFi Carex siderosticta 0.139 7 3R} Cyperaceae
TBS12 1773 58 Quercus aliena var. acutiserrata % Carex siderosticta 0.380 4 PHLF} Cyperaceae
TBS13 1950 i KB Quercus wutaishanica %58 Epimedium brevicornu 0.241 7 /NEEF} Berberidaceae
TBS14 1968 0 B Quercus wutaishanica W B Dioscorea nip ponica 0.153 4 ZEFiF} Dioscoreaceae
TBS15 1911 U E AR Quercus wutaishanica R A4E Epimedium brevicornu 0.1655 /NEER} Berberidaceae
TBS16 2 097 U E M Quercus wutaishanica Ht 25 Carex hancockiana 0.216 0 P HF} Cyperaceae
TBS17 2 101 U E MR Quercus wutaishanica B4 Epimedium brevicornu 0.162 0 /NEEFR} Berberidaceae
TBS18 2129 T B Quercus wutaishanica M B R Carex hancockiana 0.389 5 75 A} Cyperaceae
TBS19 2277 21 KE Betula albo-sinensis e ALk L3 Aquilegia yabeana 0.073 4 T HFl Ranunculaceae
TBS20 2 265 BN Salix cathayana SRR Milium e f fusum 0.285 6 ARAF} Graminecae
TBS21 2 255 HAEMI Salix cathayana 4B Artemisia dubia 0.253 4 %ﬂ' /\s%ergce_ae i
TBS22 2 452 21 ¥E Betula albo-sinensis KH P} Rodgersia aesculifolia 0.311 6 e i Saxifragace
TBS23 2 415 KHEKEY Rhododendron purdomii S EE R Carex hancockiana 0.297 5 %e‘ﬁﬂ— Cyperaceae
TBS24 2 477 Hil¥% Corylus ferox MM EE R Carex hancockiana 0.324 7  PHF} Cyperaceae
TBS25 2 503 KEF:ES Rhododendron purdomii T Carex hancockiana 0.421 0 $5#F} Cyperaceae
TBS26 252 8 21 KE Betula albosinensis M EEET Carex hancockiana 0.451 3 P3P} Cyperaceae
TBS27 2559 2T KE Betula albosinensis H 2R Carex hancockiana 0.423 9 PHF} Cyperaceae
TBS28 277 0 2T #E Betula albosinensis ﬁf M1k Heraclewn moellendor - 0.135 6 AFEF Umbelliferae
TBS29 280 0 W 2 BE Betula utilis M %E Fragaria gracilis 0.188 8 ##% P} Rosaceae
TBS30 280 4 K | #E Betula utilis B4R #F Cortusa matthioli 0.119 7 4Rk FHF A F} Primulaceae
TBS31 111 3 B8R Quercus aliena var. acutiserrata KEE Arthraxon hispidus 0.170 4  RKAF} Gramineae
TBS32 113 0 5 BE Quercus aliena var. acutiserrata REHE Arthraxon hispidus 0.155 4  KRAF} Gramineae
TBS33 114 7 B BE Quercus aliena var. acutiserrata /NHL3E Vicia hirsuta 0.293 9 & F} Leguminosae
TBS34 319 1 KELLAZ Larix chinensis KP4t 2E 8 Carex lanceolata 0.362 9 PHF} Cyperaceae
TBS35 3200  KELAS Larix chinensis VIR Heteropappus crenat™ o 66 4 4584 Asteraceac

TBS36 316 3 KEL A Larix chinensis
TBS37 305 3 E ¥ 12 Abies fargesii

TBS38 300 0 E ¥ A2 Abies fargesii

TBS39 294 8 B ¥ 42 Abies fargesii
TBS40 3511 Sk AEFEBY Rhododendron capitatum
TBS41 342 0 Sk AEFEBY Rhododendron capitatum

ifolius

<

. 130 4 %% F} Boraginaceae
. 143 5t K F} Crassulaceae

L8 Lithospermum erythrorhizon
B 41 5t K Rhodiola kirilowii

o 6 1 AE Heteropappus crenat-
ifolius

22 Carex filamentosa

RO &5 Kobresia gramini folia

j=l
—

0.144 0 2§F} Asteraceae

j=l

. 224 4 Y EEl Cyperaceae
. 400 0 Y HEl Cyperaceae
20 X Carex capilli formis 0.247 0 3P} Cyperaceae

j=}
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Table 3 Results by canonical correspondence analysis (CCA) ordination and Monte Carlo permutation test in community

5 Mo i A A O SRR B A
5 Correlation with CCA ordination axes Monte Carlo permutation test
Variable %14 % 2 G 4 F i P fif
Axis 1 Axis 2 Axis 3 Axis 4 F value P value
Wk Altitude 0.9202* * 0.3247 0.1513 0.0124 2.54 0.001"*
+ 3 pH i pH-2 0.314 0.5603* * —0.1423 0.0356 1 0.478
+HEA KA SWC-2 0.9765* % —0.0965 —0. 0889 —0.0654 3.7 0.001**
TR S A NN-2 —0.1822 0.5679* 0.2378 —0.0177 1.03 0.419
+ S A AN-2 0.6255* * —0.4857" —0.0081 0.4223* 0. 99 0.513
+HER A TN-2 0.6788* * —0. 3289 0.0062 0.5043* % 1.61 0.006" *
+ 3 R RAP-2 0.6159* % —0.2296 —0.2348 0. 0564 1.17 0.148
B & Slope —0. 2807 —0.0962 0.7162* —0.2749 2.1 0.001"*
KA R E WCD —0.2432 0.0978 —0.7965" * 0.0145 1. 64 0.007**
FEAE{ Eigenvalue 0. 879 0.616 0.539 0. 326
A M C lations of spe-
YIF-IR B X Correlations of spe g4, 0. 952 0.911 0. 884
cies-environment
; % FeE i _
X Py #h @(.ﬁﬁq BRHA A 43 b Percent 8.9 15.1 20. 6 23. 9
age explainable of species data
X R BE- Rl O R g BB 4y 1L Cu-
mulative proportion of species-environ-  25.7 43.6 59.4 68. 9

ment relationships

W * % P<<0.01;

% 0. 01<<P<C0.05; FhHIHEFHH 10~20 em (W5 =2 HIEEFRE; TH.

Note:In the table,the value of soil means the second layer soil which took from 10—20 ¢m depth soil; The same as below.
T4 EABRYMAENESH(CCA)HFRFHFIRRER

Table 4 Results by canonical correspondence analysis (CCA) ordination and Monte Carlo permutation test in herb layer

5 A AT E R
A5 Correlation with CCA Ordination Axes Monte carlo permutation test
Variable 501 il 5502 W 503 54 F1{H P1{a

Axis 1 Axis 2 Axis 3 Axis 4 F value P value

Wk Altitude 0.8449* * 0.5015* % 0.1225 0. 0458 2.09 0.001**

+ 3 pH {f pH-2 0.2099 0.561** —0.1297 —0.2273 0.93 0. 634

+HEE K E SWC-2 0.9754* % 0.1014 —0.0831 —0.1131 2.95 0.001**

RS A NN-2 —0.3002 0.5882** 0.258 0.0069 0. 99 0.495

TS A AN-2 0.7037** —0. 3564 —0. 1452 0.4503* 0. 94 0.595

+ 4 BA TN-2 0.7401** —0.1694 —0.1578 0.5474** 1.63 0.002**

+ B A RAP-2 0.5903* * —0.1141 —0.2924 —0.0964 1.23 0.103

B Slope —0.2431 —0. 145 0.6859* * 0.1624 1. 44 0.021"

KA ZE 5 E WCD —0. 2658 0.0476 —0.8182* * 0.0604 1.92 0.001**

R iF(E Eigenvalue 0. 859 0.626 0. 604 0.425

] A M C ations of spe-

YF-IR B XA Correlations of spe= 4, 0.975 0.935 0.922

cies-environment

Xt R A i R R B 4 L (U6) Per- 7 125 175 11

centage explainable of species data

Xt - P 56 R R 4 i (0

Cumulative proportion of species-envi- 22,5 39 54.8 66

ronment relationships
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(W) Fh 2 Bt P-I% )& Pearson = — 0. 115, P =
0.473; &2 W) B Z H - K A JZ 35 B Pearson =
—0.001,P=0.995; B A JZ Y I Z £ 1E-HJE Pear-
son=0. 265,P=0. 094 ; 3R ZY Fh L ME- KK E

20 r 20
<]
1.5 2
Lok 17NN2 2 z pH-2
16
05 F 15 ©
N
2 8 SWC-2
%
< 0F Owct::
% slope
-0.5 F 410@?10 O30
360 o AN.S40
-1.0 ° 38
%9
STEH
2.0 L L L L L L ' '
-1.5 -1.0 -0.5 0 05 1.0 15 20 25

A1 Axis 1

BEGN AL R 430 % AL R TE CCA %l 1 Rl 2 B 91845, 1~41 0
BETT 'S . A BB A8 . Al i34k, Slope i 3 B, WCD g A A J2
R, pH-2 NS 2 2 HIERRIIE . SWC-2 K5 2 2 B S KR, AN-
2 R 2 2 A A S B ONN-2 S5 2 2 A A AU i TN-2
e 2J:'i*5%”/ft/a‘ﬁ RAP-2 % 2 J2 T30 & 5 B 2 [,

E 1 REFEEHEF 5 HE R AL CCA HEr E

Abscissa represents CCA 1 axis and ordinate represents CCA 2
axis , the number of the axis is the score. Number 1—41 represent the
plot 1—41. Alt equals altitude, Slope equals slope of every plot, WCD
equals the cover of woody plant layer, pH-2 equals the second layer
soil's pH value, SWC-2 equals the second layer soil’'s water content,
AN-2 equals the second layer soil's ammonium nitrogen content, NN-
2 equals the second layer soil's nitrate nitrogen content, TN-2 equals
the second layer soil’s total nitrogen content and RAP-2 equals the
second layer soil's rapidly available phosphorus content; The same as

Fig. 2.

3= B Pearson=0. 137, P=0. 394) , (K it A< WF 5% 5 %
TEEARRR BE b RET8 BT W) b S R A 2 W) b 1) 22 P
ot a5 R ILIE 3.4,

P& 3R], A TR BT A ) R B B 7% Shan-
non-Wiener $§ %0514k 1 5C R 2 H 04, BB
W T BEVE 0 o ZREE 2 IR THE S AR A AR
X Hfem A AEMEIR 2 200 m 24 . MRF B
JEAEY o Z2REME S R Y OC R AR S BV I BB
MORFEAAR, B PLEE R KT ALY o« £
FEE 550 3R 0 OC RS B HR 1 T A /N IE R R
FERACE 4. XTHETE o ZHEMESHR T REAMEY) o
ZFEYER) Pearson AH 3¢ 70 BT & B, 3% (9 A9 28 AL L
A oC BE 2 B I % (Pearson = 0. 458, P =
0.003),

YA EEEOREY RN —F R, &£
T EYMEEE AR S E R AR
YRR S LA ST R AN SR 6 PR,

2.0
1.5

2
1.0 NN-2 19&3 24 pH-2
o ° %

0.5

42 Axis 2

-1.5
-1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0

Bl Axis 1

B2 ARG T 5T A FERE CCA HEFE

Fig.1 The graph of CCA with variables and plots Fig. 2 The graph of CCA with variables and plots
in community in herb layer
x5 HERFHXERER
Table 5 The Semi-matrix of correlations among variables
IS 5273 A KR RERA RHESE RIMAA LHEsEE 15 pH e pE

Variable Altitude SWC-2 TN-2 AN-2 NN-2 RAP-2 pH-2 Slope
THEE KRG SWC-2 0.895" "
+ B TN-2 0.470" * 0.576"
+ B S A AN-2 0.456"* 0.582** .996 " *
T A A NN-2 —0.005 —0.238 —0.261 —0.351"
+ HEHE R B RAP-2 0.492** 0.548" * 0.564" 0.562"* —0. 155
+ 3¢ pH {d pH-2 0.349" 0.249 —0.126 —0.17 0.484** 0. 056
Y i Slope —0.131 —0.279 —0.192 —0.198 0.127 —0.310" —0.169
ARAZEHE WCD —0.211 —0.063 0.128 0.137 —0.127 0.229 0.036 —0.26
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T LR R 7E 44 A B B A R ) S 35
i ok BB T I R B B 37. 5% ~87. 5% , il .
75t HE 7V 4K 00 0 BN BE 95 BE 7 P (TBSA0, 5E R
TBSAD) FF 4 i1 H A5 T 53
2.4 FEEFSHEERGEF 3t
KA 15 43R5 R T SRS KB AR R 4 A4 kg 2!
SIS D BE AR G b T AL e R I 4 0
B KRR B #E 4T TT A 40 BT (RDA [8 25 Bt iy DCA 00 200 a000 400d
WK 2) . B RLE ILE 5.6. i 41 Altitude/m
5.6 FsE S5 kR E N A LS 1.2 M B3R o 2R R 5
[@. XFFREIE A YR IR T B AR Y fl, RDA | 4 Fig. 3 The relationship of altitude and Shannon-Wiener
I 349 R R TR B MR 6 R 10 100 %6 . T G S e 4 in community
WIOHEIT 2 5. 1 BETE T A ¥ F b RDAT i g .
BHER (LAY 71, 2% (P=0. 001) . T fij 4 i3 7T it
B 79.500(P=0.001), N ik, RDAT fh B i KB w5 : _
Wer BE 5 PERR 9 S LR RDA 69 1 %015 16 45 12 ft mE2[ e Ll
3 TEA 9 GG K 0. 9526, P<<0. 001) 4815 1- 8 5 | TT——
Bk R R A OE . AR R R A Y Eo b - o -
H L RDAT i T 44 4R A5 1 B0 A% B L o 54. 7% “
(P=0. 01), i 4 i J& T fi & JB 4R 75 4k 19 58. 8% Pt
(P=0.012) . #Ti] RDAT 175 & 5 Bk F 554 ek "0 200 3000 4000
A AL 1 B 4 BE B . AR R B K4 RDAL il eIt
U35 W3R 35 Ji R (MR R 80, 873 5. P<<0. 01D B R R o SRR X R
B RS KE B R RS A O Fig.4 The relationship of altitude and Shannon-Wiener
i E A, in herb layer

K6 ERABEREAEYWHFEEE

Table 6 The richness of plots in community and herb layer

e b b S . " k . A 4 e ; R W
o BSHBEE sAwRy TLTEREREEE] L wepmpn soppmy  ThT0RFEREIE
Sy Proportion of herb S Proportion of herb
Number of Number of . . Number of Number of . .
Plot o herb species species Richness Plot o herb species species Richness
species erb species 10 all species/ % species 1erb species 10 all species/ %

TBS01 42 18 42.8571 TBS22 36 11 30. 5556
TBS02 33 21 63.6363 TBS23 33 15 45,4546
TBS03 23 10 43. 4780 TBS24 29 16 55.1724
TBS04 31 17 54. 8387 TBS25 31 12 38.7097
TBS05 38 19 50. 0000 TBS26 33 12 36. 3636
TBS06 23 8 34.7826 TBS27 33 13 39. 3939
TBS07 40 17 42.5000 TBS28 26 15 57.6923
TBS08 40 22 55. 0000 TBS29 27 12 44, 4444
TBS09 31 19 61.2903 TBS30 31 17 54. 8387
TBS10 29 15 51.7241 TBS31 30 15 50. 0000
TBS11 36 18 50. 1000 TBS32 27 14 51.8519
TBS12 30 14 46. 6667 TBS33 24 9 37.5000
TBS13 31 12 38.7097 TBS34 25 16 64.0000
TBS14 31 15 48. 3871 TBS35 25 18 72.0000
TBS15 38 17 44,7368 TBS36 22 15 68. 1818
TBS16 45 21 46. 6667 TBS37 19 14 73.6842
TBS17 38 15 39.4737 TBS38 18 9 50. 0000
TBS18 27 14 51.8519 TBS39 29 18 62.0689
TBS19 33 15 45, 4546 TBS40 8 7 87.5000
TBS20 23 14 60. 8696 TBS41 21 17 80.9523
TBS21 32 21 65. 6250
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2 Axis 2

-0.8 : . : . .
-1.5 -1.0 -0.5 0 05 1.0 15 20
Hh1 Axis 1

T A A B 3 3 O 45 A8 B AE RDATL Bl A 2 il /94548 1—41 K
FETT S5 . & R BEAS i Al i 4R, Slope Jy 3% i . WCD 2y R A 2
i pH-1/pH-2 55 1.2 2 TR B B, SWC-1/SWC-2 55 1.2
BEHHEE KR, AN-1/AN-2 455 1.2 2 £ S A & & NN-1/
NN-2 K5 1.2 ZHEMASA &8, TN-1/TN-2 J5 1.2 2 HHER
A&, RAP-1/RAP-2 %5 1.2 )2 H el & 25 6 [l

Bl 5 AR FREEE 5 REE MR E 19 RDA HE)7 #

Abscissa represents RDA 1 axis and ordinate represents RDA 2

axis,the number of the axis is the score. Number 1—41 represent the
plot 1—41. Alt equals altitude, Slope equals slope of every plot, WCD
equals the cover of woody plant layer, pH-1/pH-2 equal two layers
soil's pH value, SWC-1/SWC-2 equal two layers soil's water content,
AN-1/AN-2 equal two layers soil's ammonium nitrogen content, NN-
1/NN-2 equal two layers soil’s nitrate nitrogen content, TN-1/TN-2
equal two layer soil's total nitrogen content and RAP-1/RAP-2 equal
two layers soil’s rapidly available phosphorus content; The same as
Fig. 6.
Fig.5 The graph of RDA with variables and

community trait value

0.8

42 Axis 2

i1 Axis 1
K6 REFSEHFSHAZHRER RDA H7E
Fig.6 The graph of RDA with variables and
herb layer trait value
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B & & (LDMC, Pearson=10. 733, P<<
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V& 5 BAR 2 B bR 8 (H o) B IR HRAB 22 1] 52
A B #F LB (Pearson=0. 262, P>0.1),

3w
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