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Diversity and spatial distribution of herbaceous species with deciduous broad-

leaved forest in the Yaoluoping National Nature Reserve
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Abstract: The main protection objects of the Yaoluoping Nature Reserve are typical representative forest vegetation and the
national key protected, rare and endangered animal and plant resources in the Dabie Mountain area. It is also an important
water conservation forest reserve in the Dabie Mountains. The total area of the reserve is 123 km®, which is divided into
three functional areas. The core area is 21.2 km’(including Shifosi—Dachuanling core area, Diaojujing core area, Qilingou
core area and Duozhijian core area) , the buffer area is 28.4 km®, and the experimental area is 73.4 km’. This paper took
the herbaceous plants under the deciduous broad-leaved forest 11.56 km® permanent sample plot in the Yaoluoping National
Nature Reserve as the research objects, and then investigated the plant diversity, spatial distribution pattern, interspecific
association, and correlation of dominant species in the herb layer. The main results are as follows: 1. The herbaceous plants

investigated in the sample plot belong to 52 families, 134 genera and 195 species. The floristic geographical compositions of
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herbaceous plants in the Yaoluoping sample plot are complex, covering many distribution types. Among them, there are
more temperate elements, accounting for 60.44% of the total genera. The results showed that the temperate characteristics of
deciduous broad-leaved forest communities were obvious. Tropical plants accounted for 18.66% of the total genera. The
herbaceous plants in the sample plot had an obvious affinity to the temperate growth environment.2. Analysis of important
values of 195 herbaceous plants in plot showed that the important values of Carex breviculmis, Carex brachyathera, Carex
siderosticta, Elymus kamoji, Viola acuminata, Galium hoffmeisteri, Cardamine engleriana, Cardamine macrophylla, Carex
sp., and Galium bungei accounted for 58.57% of the total, and they were the dominant species in the plot. Among them,
the Carex breviculmis had a significant advantage in the plot.3. Species diversity not only reflects the species richness of
community composition and the degree of uniform distribution among species, it also reflects the relationship between
different physical and geographical conditions and the community, as well as the stability and dynamics of the community. It
is an important feature of the combination of community organization. Through analysis of Simpson index, Shannon-Wiener
index, and Pielou evenness index of herbaceous plants in the sample plot, it is found that the dominant species of
herbaceous plants in this area are obvious, the herbaceous plant diversity is rich, and the overall distribution is relatively
uniform. The area with high species diversity is concentrated in the central and southern corner of the river, and the species
diversity on shady slope of the south is higher than that on sunny slope of the north.4. Diffusion coefficient (C), average
congestion degree (m * ), negative binomial parameter (K) , cluster index (/) , agglomeration index (PI), cassie index
(C,), green index (GI) and other methods were used to analyze the spatial distribution patterns of the dominant species.
The species correlation was measured according to the 2X2 joint list and coefficient (AC) and X* statistics. The results
demonstrated that the herbaceous plants were mostly aggregated, and the positive correlation of species was higher than
negative correlation, but the correlation intensity was low. It indicated that the community remained in the unstable
succession stage.5. In the Spearman rank correlation test of the dominant populations in the large sample plot, among the 45
species pairs of the first 10 herbaceous dominant species, 27 species pairs showed positive correlation, accounting for 60.
00% of the total species logarithm. Among them, the logarithm with extremely significantly positive correlation was 17,
accounting for 37.78% of the total species logarithm, and the species logarithm with a significantly positive correlation was
1, accounting for 2.22% of the total species logarithm. The species logarithm with negative correlation among species pairs
was 18, of which the species logarithm with extremely significant negative correlation was 9, accounting for 20.00% of the
total species logarithm. The species logarithm with significantly negative correlation was 2, accounting for 4.44% of the total
species logarithm. The total species logarithm which was not significant was 16 pairs, accounting for 35.56% of the total
species logarithm. The results showed that the correlation among the dominant species was not strong, and the interspecific
state was loose as a whole, which was consistent with the results of the dominant population X*-test. The association test
among herbaceous species in large sample plots of mountain deciduous broad-leaved forest showed that the scope of Pearson
correlation coefficient test was for the data of continuous and linear relationship between two variables, normal distribution
or near-normal unimodal distribution. However, the Spearman rank correlation coefficient test did not require the overall
distribution shape of the two variables and the size of the sample size. The investigation and monitoring of herb under the
deciduous broad-leaved forest provided an importantly theoretical basis for the effective protection and rational utilization of

precious herb resources under the forest.
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interspecific association
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11'E) 2280 AU R =48 32 FUAk , SHaAR LKA % IR 20 AR Ik, B9 7% 57 A AR ORI X E R 3
R Ly DX R AT B R QSR ) BRARAR BN [ 5 T i AR AP S AR I SR B UL, o 2 R 1L X 0 B K P
BRSO X, DA XTI AR 123 km?®, X053 R =N TIRE X, H P A% 0 DXIHIAR 21.2 ke (CBLAG A R SiF - R 108 4%
O DX R EESF RO DX BB A O IR 2 AR X)), Zemp XTI 28.4 km?  SER XTI 73.4 km®
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TSV P AR PR X 2 I e AL 2 e N A2 3 Lz Sh A AR FH RS2 IR, A5 O XN R IR ST | LA 58
JE R BB BEE B AR, 7R R T XU, A2 RS e T S T U R 2 7K 52
il 25 SR SRR ; BN IR 225K, B Ak 5 BOR AL AR AR AR 22 5.8°C , 24 PR 12.7°C, 24
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LTE I R TR AT | TR AR T i T R A 2 R 2 30 1] R TR U R AR AR A A R R S
DX N ZE S 5 AR R, A AR YY) 2000 Z2 R0, RIS ELE 200 28, o B RSP A 30 ;T
AR & 2 A R ECT B, an € TN B L ( Salvia meiliensis ) | ¥ 111 471 5. *% ( Bulbophyllum huangshanense) |
KA 1 2 F (llex dabieshanensis ) . VU ¥ 1 #% 8% ( Lysimachia jinzhaiensis ) . K 5 1 HE 5 ( Lysimachia
dabieshanensis) \ K5t B8 ( Lysimachia tianmaensis ) 55,
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Fig.1 The diagram of the study area
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Table 1 Diversity index calculation
ZHEPEREL LV EN ik
Diversity index Calculation formula Remarks
ARG (DS) P ip ) K, PR — MR T4 | MR S ke
Simpson (DS) . = ‘ Ho P B P bR

T~ RIGEL(H)
Shannon-Wiener ( H)

S
H=-Y PlnP,
i=1

Pielou $J2] FEFEEL(J) _
Pielou (J) J = H/InS
*k2 +LtHHBESTHIERSWAE
Table 2 Seven analysis methods of population distribution pattern
AR HE VI &
Calculation index Calculation formula Remarks
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SR (m ™)

Average congestion degree (m ™)

2

m* =X+(i—l)

X

m* >1 RGN, m™ =1 WENBEHLME, m ™ <1 W32
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ﬁ:Iﬁi};’g&([{) _ X2 %K@E?%%ﬁﬂq‘,ﬂﬂ@ﬁ Poisson ﬁ%’%ﬁ;K<0 Ej’j‘?%%ﬁ%ﬁ,
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Cassie ¥8HR(C,) . S -X M C,>0 BN RENA; C, =0 B ARG ; C, <0 B A2
Cassie index (C,) A X2 I3,
Green #6545 ( GI) . ($2-X) -1 n FHEAKETTE, M GI>0 W RS ;61 = 0 WA REHLAM 5
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FREE SERES TR EATINE .
(X %
T IORE A AR Btk 0 FARE SRR X FH Yates I HESEACIE AR,
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Table 3 The 2%x2 contingency tables of interspecific association determination

YFh B Species B

WyFh A Species A A1t Total
HEL Appear AHEL Disappear
13 Appear a b a+b
AL Disappear c d c+d
AT Total a+c b+e N=a+b+c+d

a 4 2 DYRRIE N I BLEIRE DT, b e Dy 2 DR BURRE DT HR, d Dy 2 DR EIOR BB T B

2.4.3  FhEARSCAES AT

iZ ] Pearson AH G R 50 R Spearman AR G 52 H50K: 50 00 5 A ) (4 SC IR BE 207 W 004G a2 kA 25 43 M7
HRAG 5 8 1) R/ N LA B A ) SR IBRE FY 22 57

Pearson FHOC R H0H5

2 (= %) (3, = %)
r(ik) = NFI -
2 (e =) 2 (= 5)’

A, (i) YR i 5k Z A TR Pjearson *H?&%%&,N ﬁﬂ“é\ﬁﬁﬁ,xijﬂ x@ﬁ%‘]ﬁ%ﬁ] i Sk
TERETT R Z R, EAT A B A 0 v, 5 x5 o B 2 SRS MIRD § FUIRl &k 2R AR DT P £
FER. o AROVE PRI [ —1 1] A T B TR AR S B0 B0y 0 )

Spearman FRAHIC R BT .

N
62 (xij_ki>2(xkj_56k)2
r(ik) =1 - '

N - N
A ,rp(i,j)ﬁj\jt}']%ﬁ i 580k Z 7§ REJT Y Spearman BRAHOC REL, N jﬂﬁ'ﬁﬁﬁ,xlﬁn xkﬁ:}‘%l]j:lﬁ’ i
Ttk 78 REDT TR B Z BE(E R RE

3 EROW

31 RAEYIX ALK

ZVA GG, R N AT SRR 52 B 134 J& 195 Fl R HAT S PR AE 19 A 5 7 A 1 I1 9 AR —
SRUNBAKY) . T2 40 T L, 4695 HR) ( Cyperaceae) 6 B ( Carex sp. ) HUHSH IR T A0
( Carex breviculmis) FEFRZETE ( Carex brachyathera) F5E M 22 ¥ ( Carex siderosticta)) Z MY PP 5 —Fric b 22 H
J& (Carex sp.) o
3.1.1 By ot

(1) R/NBHEY 43#

N3 4 Fos  FEFEHLN 52 BEEAAEY) T, & 10 B DL LR 5 A4, 3 67 B, 430 o5 A b R AR ) SR
O FPE 9.62% 1 34.36% ,TEREHIAEY X Z b o AT & 2—9 R BT 24 4>, 35105 Fft, 20001 i b
Mo BEAKIY) SRR SRR 46.15% F1 53.85% , Horb & 6—9 FEORHECS MY 11.54% 1 24.10% , 7 2—5
Pl RFECS OB T 34.629% F11 29.74% 5 5 1 FlAORHA 23 A4, 3 23 Flr, 4001 fi A% i o0 A A 90 BRSO A ol 4 1
44.23% M 11.79% . TERT T EALE T ERBIHRARLSAT 1A, pE R AR A 2 B I RR
A 4R,
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Table 4 The composition of species in families of herbs in plot

gk L& (B E gD Rk

No. of species No. of families No. of families

=10 HARH12/18) JBIEFRH(6/10) s #3FH(1/10) s 468 (13/17) s EEFH(8/12) 67

6—9 RARL(8/9) s ATTFH(6/9) ;TR (6/8) s KEgEFL(4/8) s 2R (4/7) ; BEHRH(3/6) 47
2BH(5/5) s IR 2/5) s TR (2/5) s WERR(1/5) s KB (2/4) s ZREEH(3/4) 5

2—5 BEIERL(2/4) s # PR (2/3) s IR (3/3) A A BE(2/3) s @ 8 R (3/3) s BB HEN(2/2) 5 58
FERERE(2/2) 5 SHYREERE(2/2) s BRIEBEA (1/2) s KIEFE(2/2) s TS FH(2/2)  HERH(2/2)

1 23 BH(1/1) (BR4 ) 23

471 Total 195

(2) B34 XY

Mk 5 FoRs , FEREHL 52 ANFRHREAAEY R 2580 28 B A B R 53.85% ;12 At 41
AR 10 B, R N SRHEUY 19.23% , AL 70 A 288 8 B, i R N SR 15.38% , R WRE I N
AFEY) X R BRI RS AR B 2 A A 1z Hal FdL iRy SRR,

x5 HHEAEOHRNIHRER
Table 5 The Areal-types of herb families in plot

AYAT XA B Hor
Areal type No. of families Percentage/ %
1 54534 Cosmopolitan 28 53.85
2 {2t 53 Pantropic 10 19.23

3 AR (A AT ) TR I JE [T /370 Trop. & Subtr. E. Asia &

(S.) trop. Amer. disjuncted ! 1.92
4 PPN = PG PEM 20 Tropical Asia to Tropical Australasia 1 1.92
5 L 436 N.Temp. 8 15.38
6 AR KIALREMWi43 70 E. Asia & N. Amer. disjuncted 2 3.85
7 IHHEFHEMN /04 Old world Temperate 1 1.92
8 R4 E. Asia 1 1.92
A Total 52 100

3.1.2 JBISHT

(1) RN i) oA

gk 6 Fos , KN ARG 134 J@ b, & 5 Ll EREA 1A, B SRR 0.75% ;% 3—5 FiJE A5 4>,
BB 3.73%; % 1—3 FYIEA 128 /1>, (5 SUB Y 95.52% ., 25 RRW] R b A& S AEIA R 2

(2) 8By oA X R

AR M N B A ) I 18 o3 A X 2R 1), e 7 Feo . IE R A e A7 25 ), o5 SR Y 18.66% , F-
PG 2 Bk 3 & ( Lysimachia ) . 4 Hi J& ( Plantago ) . 8 5 J& ( Salvia) . T Bt B & ( Teucrium ) £k O 5 &
( Juncus) %5,

R 6 HMEREYENFAR

Table 6 The composition of species in genera of herbs in plot

J& N & AR JB% i BB EY % R i SR %
No. of species in genera No. of genera %/ of total genera No. of species %/ of total species
>5 1 0.75 10 5.13

3—5 5 3.73 21 10.77

<3 128 95.52 164 84.10

BT Total 134 100 195 100
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Table 7 The Areal-types of herb genera in plot

Loy B34 [Ep e
Areal type No. of genera Percentage/ %
L. F 54 Cosmopolitan 25 18.66
2.3Z V3 Pantropic 11 8.21
3. HH A A 434 Old World Tropics 1 0.75
4 P YN 2 B R BEV 34 Tropical Asia to Tropical Australasia 3 2.24
5. PG I HAEIEYN 3 A Trop. Asia to Trop. Africa 4 2.99
6. HH M 5370 Trop. Asia 6 4.48
7 AL N, Temp. 39 29.10
SR WAL IEI B Wi /34 E. Asia & N. Amer. disjuncted 9 6.72
9. IH{H FLIEA 04 Old World Temperate 12 8.95
10387 W 437 Temp. Asia 1 0.75
LRI E. Asia 20 14.93
12. 71 44 /34 Endemic to China 3 2.24
41T Total 134 100

it 0 Jm AT 25w, Hrh PGl A R A 11 &, AR R BN 8.21%, FEE AR ROK HR
( Oplismenus) P>%)& ( Eupatorium) MFE % J& ( Calanthe ) 55, HUEF- G 0 R ACA 1 &, BEIEERE &R
(Elatostema) o PN =TT RPEM A R A 3 & , A 48IR AT & ( Lophatherum ) | )& ( Cymbidium ) Fl3i
SRR (Mazus) . #Fer W 2 HGEAEM M EA 4 |8 045158 (Miscanthus ) R €J&E ( Thladiantha) KT K
J& ( Leibnitzia ) FIEE Y J& ( Amorphophallus) . iy WM s B JEH 6 &, EEA &5 K)E (Isodon) BN HE)E
( Gynostemma ) M R25)E ( Pterocypsela) %5 .

T AT R LA 81 &, o SR E60.44% FErE s s R A, b AR A e A 39 &8,
ZALPE A B R (Lilium) FRJE (Polygonatum) FEF )& (Veratrum) 2% o AN ANIL IS 8] Wi o045 19 s AT 9 J,
TR TR AV ( Croomia) JEZYIE (Smilacina) HIKALR (Tiarella) 55, IH L FHRE 0 i 8 A 12 )8, 4
TETEREJE (Paris) BT Z BRI (Lamium ) | E G J& ( Medicago) 55 il ai W 0 A (& ALAH 1 &, Bl LS &
( Pseudostellaria) . ZA 6 WEA 20 J& , 55 K A &8 ( Cardiocrinum ) JF O i J& ( Campylandra) Wy ¥R
( Ophiopogon) %%

HEREA A I JE A 3 8, A4S KL & ( Sargentodoxa ) | Il 7K B J& ( Eomecon ) F1 2 i 48 W&
( Sinojohnstonia) .

IR b PN FEAS A Wy DX 28 b B 20 8 o3 B 20, TR i AR 22 03 A IX R A O Rl i B 2 o R B
60.44% , FWIIZ DX 5 ] I AR A T A ek D (5 R SR 1y 2 A0 it T LR (4 7 I ] AR P B 8 43 T
P SE B 93.75% A0 HEIEAFAERR 220 5 A R0 80 UK o S5 TR 1Y 18.66% , ¢ Wty A R A AE ) %o Ui
AR IS B A U RS
32 EE{EMYIM « R
321 HEME

B E YR EA VG TP MR — D EAR, B RE S — DR TERL IR 75 vh ) LA
SGeTE, KA N AR YIS 222694 B 4 m 2 d KRBT HES) 1T 10 FhEAOLHAAEY), ik 8 FF
TNo T 10 B EASHE YY) B S B Y 58.57% , Hh AR AL R R 5 AR AN 26.07%
8.82% 55 4.49% , W1 i T B REAMLHF R UL N )L SRR il & B2 R R AR AR 1K
322 Yfh o ZHAE

YFh Z2 REPE R 0 2H U B AR AU W 1 % 2E I i = B R (] 3450 43 PO R 2 ] Hsf 1 i
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TR F AR5 ST AR L OC R DL R R e e M 5 3h 81

RS HMANEREYERMER 10 YT

Table 8 Top ten species with importance value of herb plants in the plot

)45 AHXSHE /%o AHXS 22 8/ % AT 5 B/ % HEAH/ %
Species Relative frequency Relative dominance Relative abundance Important value
HERELRE Carex breviculmis 5.32 42.21 30.68 26.07
TERELE Carex brachyathera 3.49 11.80 11.16 8.82
LM E B Carex siderosticta 4.40 3.49 5.56 4.49
W EIRE Elymus kamoji 2.40 3.66 5.23 3.77
YYBEEZE Viola acuminata 4.00 3.47 2.32 3.26
NAE Galium hoffmeisteri 2.94 3.63 2.15 2.90
63k IWWEKSE Cardamine engleriana 1.36 3.33 3.35 2.68
KWK Cardamine macrophylla 1.65 1.68 4.70 2.67
ZEFL)E Carex sp. 2.22 1.91 1.88 2.01
VUM Galium bungei 2.25 2.58 0.89 1.91

WL 9 fir7R , Simpson T840 ( DS) S X Z ARV R A vh PR Y B2 ) AR rh MR SR ARG, e —A>
HET& rh Wy R A SAA2 BE A EE 2R AR, BUETE Y 0—1, BUE IR | W R 2B e, R N B A Y4
A Simpson F8%L(DS) A 0.83 , F& BHFE M N KA ) 2 HEEAR &5

Shannon-Wiener 8% ( H) 7] LLF0M A% BEAL S0 H— AN AR BT JE B YR 2 B, S RETE TP AP B9 %k
H AT AR 1A B i o3 A SR A S AN BE B RN, 2 Rt AR, A R — R TE 1.5—
3.5 Z I B BE R e — B PR s M BOR R IR R e A BT 22 5 BT IO 25 R R A L SR
EEERR L, FEHL N FEAS AP ) Shannon-Wiener $840(H) i 3.63 , 3% B A () KA N BEARE P A TR =
I Z

Pielou BJ5) JEFEEL () S5 IERFIE R AR S BE k20 X0 2 REPE DN 2 HEAT AP ST R 58 38 | S B ) J2 4>
BRI A ZAEE, Pielou Y2 EIRE0()) MYERDN 0—1,0 R FA — D NA YR, 1 AR
FITAT R 5 AT AE D A H AR R, FEH N AR Y Pielou 2127 BEFR BN 0.69 , 3¢ W R 1y P 5 A i 4 il 2
AR AR S

K9 HHERX o ZHEEIEH
Table 9 « diversity index of herbs in the plot

TR ZHERREL

Diversity index Diversity index

Simpson 84X Simpson index( DS) 0.83 Pielou #J2] £ 454X Pielou evenness index(J) 0.69
Shannon-Wiener 454 Shannon-Wiener index( H) 3.63

WA 3 Fis, 54FE 7B Shannon-Wiener 840 ( H) 7 0.18—2.14 Z [R] 28 Bl , FCkE PN 635 BH 3% ¥ Fh 2 A4
AR, PR | bR B3 0 R AR PR A IR 2 1 X, K AR TR Y A K
KB o BTS2 R 50BN AR AS )35 ) IR R 5K S AR B 2 A 1 25 5%, AT UK
b AN TR] DX SRR AR A 4 = 5 B RN SRR R I 25 5, 33 S R R A5 2 o el L R X AR SR 25 AR A

KL ALY YA Shannon-Wiener F8 5L (H) Fl Pielou $414] FEFR () BH 2 5 T 78 XU 4N AT ZRAREE
b T B UL SR S N MR b O AR AR, A2 10 TR L F T P SRR AN A ZRARORT L
PR W ] P AR 5 10 B B B RV, TR AR 2 R B R AR AR P A, WA J2 — AR D 2= Ak
T B 55 (A B PR RS  ANSGE & A M AR 400 A K T AR e PR 7 AR 2 Ak~ o T v T B B 270 S il A
XF A8/ N HLRE R[] [A] BE AR RO, 28K FEAS Z A AR A T R A A KRB 5 A, A b Ay v it i i
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Fig.3 The Shannon-Wiener index of herbs in each plot
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o0 e o

HA W8 AL, FEF AR JZ A M Z Hi, MR BHOG 78 AR OB K R ) I — AR A s AR A AR
ARSI AR 5 7 63, IE R R AR YA — 4 A B AR R R R AR K S R | DA R A A )
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£ 10 =FhAREEEE R Shannon-Wiener 1551 ( H) 1 Pielou 35 1551 (J) Lb &

Table 10 The Shannon-Wiener index ( /) and Pielou evenness index (/) in 3 different community types

i i Shannon-Wiener 841 ( H) Pielou Y5 EEH 5 ()
Community type Shannon-Wiener ( H) Pielou (J)
T P PRV I [ 1
5 T—/% Jrlﬂ.ﬂ%( 3.63 0.69
Yaoluoping deciduous broad-leaved forest

) gl B
A 225 oo
Xishuangbanna tropical forest

A AL St N )

oy FE LS A St ] b 1.39 0.32

Gutianshan sub-tropical evergreen broad-leaved forest

3.3 BRAES [E] 3 AAKR SR o B

PR R 25 (B0 AR AR SR 1 ARMKAE V& S AR IR S A 0 A BB AR . SR A RRE 22 B 107 22/ X9 {H T 1L
RB(C)RIMZER RS RAPFE L (m + ) IS E(K) NESRER (1) SRIAEAREL(PI) | Cassie 1
PR (C,) FI Green $8EL( GI) > E5A43HT T HEMS A TEZLAEAT 10 (AR FAEY) 23 10 43 A A% Sy, 10 AR FAFh
TERIRBUN RAE A, A3k 11 PR WORFEHL LS A A A B ) SR EE R R TR, AN [l B A K xR B2 T 5
FIBHYEAE RS 7 & DL A AR, E R i i R v, b SRR B 5 A S R G RE EAT A —E
FHR 2, W o R R A P g U 22 M S A PR ) B SE 7 , SoF AR v B R0 M TSI 5 2L, e TEOINARAE o
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X1 EBHEESHEEE
Table 11 Spatial distribution patterns of the dominant species

LI EN i FHHGE  fmsH Cassie T85F  Green 545

R R RIS ) 4 =

44 Diffusion Average Negative WAtk TR T/T Cassie Green ﬁiﬁ*ﬁﬁ

. - . L. Cluster Agglomeration . . Distribution
Species coefficient congestion binomial index (1) index (PI) index index "

. maex maex >
(c) degree (m ™)  parameter (K) ¢ ¢ (Cy) (GI) patte
FHEEERL Carex breviculmis 42231 137786.52 0.77 42131 423.61 1.30 475.83 RES
FEAEA L Carex brachyathera 281.81 25906.45 0.32 280.81 284.90 3.09 88.66 RN
FEMSEET Carex siderosticia 50.53 1409.03 0.54 49.53 52.37 1.84 4.62 RN
il BB Elymus kamoji 133.87 3910.29 0.21 132.87 138.57 4.71 13.01 REM
KYBEHESE Viola acuminata 65.22 1807.45 0.42 64.22 67.62 2.40 5.96 RN
NI Galium hoffneisteri 92.41 2673.40 0.31 91.41 95.68 3.27 8.86 REN
Jek (R
L .M@? . 211.56 5645.34 0.12 210.56 219.76 8.20 18.78 RN
Cardamine engleriana
"

x W?K 7 96.41 1341.11 0.14 95.41 103.80 7.38 4.28 BENM
Cardamine macrophylla
LR Carex sp. 96.32 1514.38 0.15 95.32 102.78 6.47 4.87 RENM
DU Galium bungei 116.27 2429.43 0.17 115.27 122.06 5.79 7.96 RES

3.4 RS OGS B
3.4.1 FplEIBeEsbE

HE 4 o] LIE H KRR N TR T 10 SR 3EF 45 ARt v, SRR B 38 A OGS 20 X 5 Lot 1)
44.449% S IEEANICHIA 7 X5 S BRI TAY 15.56% , N S E A CRIA 18 X E Y AT 40.00% , 2 A EE
T RLAFIRERP AR A MRS AR ZAEY R B A, RIIEASCHA 26 XT 5 SRR 57.78% , Horp
A S A SRR A 19 X, AN R IEARSCHYAE 7 X, KRR R S I S i R A R R
EAHZE , P R & 75 SR ( Rubiaceae ) PLPLBE R ( Galium) , A= W2 FRAE 5 A K 2 PERC AR L, £ B AH G 0
19 X5 i SR Y 42.229% , Hor i 25 R OC 50 28 SOAHDC RO 8 X, N i 35 SRR DG YA 11 X, anf
P 5 0 R A S ) SRR G, TR R R A R R | S TR R DA A K A3 A AR A ) 3
AN,

AERFI VRS HE A1 BT 35 X KB (3 2 ULfe p i
TS R R DB 55 2 5 W S T v U o [ 6 4 W R
PRI, PRI T I 25 2R B AC 254 ) 7l ] G [] ARG

AN\ BEAHKE

Bk,

KFEHL N IEYS 10 DB A AR LS R AL AC ~FHE
MR TN 5 Fis . AC=0.40 YR ECH 4 XF 5 Bfh
XTEUIY 8.89% , 43| oy T Fill 22 7 55 i 22 | I il AT
S G RRAESE SIS PO RO L LRSS R
K, UL AR 22 (8] 3K 45 7 B8 4 ey, % AR B I 75 oK
AHAEL;0.20 < AC<0.40 OFPXTECA 6 XF i AR Xt %)
13.33% , 1t Wl Xt [1] 52 B 82 0K 25 - 0.20 S AC< B4 s B B B
0209 RIXFACAT 29 Xf i EAIXTRLHY) 64.45% , BEWIRIXT 0\ G matrix of interspecific correction x*-test of
(R ERZE M A TPhSr s A 2 X (S 2535 52225 association of dominant population in the polt
RS AR O AC 0 0 WINEIAERRIL L e sk by .
P AT 58 ST, AR T HER PERL R 5 —0.40 SAC<—0.20 3yt 453 Viola acuminata) 1675 M-He ( Galium hoffncisteri) 7.
HFPXTECE 6 %F o5 SRR X B 13.33% , 156 B Ffoxs [H] 42 *”@*#(C"’dj’"im engleriana ) ; 8. K I W K 3 ( Cardamine
f%xﬁ%‘ﬁ*ﬁﬂéo 2%%/\/2 *ﬁgﬁ{ﬁ'ﬁﬂféﬁ%%ﬁ AC }Eﬁ ’ macrophylla) ;9.2 )& ( Carex sp.) 3 10. P42 ( Galium bungei)

O HBERHR%
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TEIREE YRS I 22 T SRS Bl | (EJ IR AR B 4 o

TEBAR A K- | 22 I FE T o A% B0 ] 3B 45 1 4 5 : 0 4c<-040
FAR Z MY R T A A > A\ -0.40<4C<-020
3.42 MM o m e : O -0.20< 4C<-0.05
o & -0.05< 4C<0.05
FIUFIX® BB HIWERN ] St 458 Pearson AE2G | O] O | ¢ o
RH Spearman BAHICREG R0, femm |4 @ | MID]S  g oy
AT T AR R M P B R R pod e DX XX (A M o
B ololx|ala]m]| -
FhX ) Pearson #H2% R %05 Spearman 4 5% R %L O|lO|lO|AlA N @] 3
R e R B R, E e |[O| O |A|A|E IO Mo
7 ERCR R T e R A, B B || [ XX || @ A|A] O 0

SRR LR 22, WA 1] B AT AR A A 25 0 4
FIAE AL, X FHRAR AN PR 5E LA RE T B 2, ARG
HRVEANGER o X AR ACSR B IEAR SC I | dL i WA A 14 A
JERAR, 25 Wy A EAR D DUAH EL I 7 G FORAS IR Y 7873
AU, T TG AR o ()RS i 3K 0 55 i SC X A6

B 5 et P B B A B BX 45 S 4B P ]
Fig.5 Semi-matrix of interspecific association of dominant
population in the polt
AC. BEZE R B Association coefficient

Kot
1 1
o, o BEIEHI% ° ,
A TEIEMR
oo m R E A% ° 0
O REEFHR
AlO|O] , Nl olAlA],
o A0 A, o I
o mmmlof, SICIEID I
i ECe me, Olm|O|elo|e]|,
olololelalo]e], olojolelo|e|e]
Olo[o|/m{oalam], olojdjelo|e|e|e],
Olololo|ale/m|o[o]w |(mimmmjele/ 0|c| m|

B 6 HPMERMRTEFEEFHE Pearson 18K R F1 Spearman Fk1H X REFEIEFEE

Fig.6 Semi-matrix of Pearson’s correlation coefficients and Spearman’s rank correlation coefficients of main population in the polt

KAEH P PEFAFIIERY Pearson AHICATER , 413R 12 iz Bl 10 DHARPLEFNAY 45 APyt ) 20 IE
AR Ry 25 XF, SRR XY 55.56% , Forb AR 5 25 TEAR G XTEICH 12, 5 SRR AL 26.67% 5 1 40 3
IEAHSE AT BN 4, b7 SR XL 8.89% , Aot 1] 5 B AH S AT B0k 20 X, Hodb B2 Bl I 35 St oe 5
AR B4 0 3, 4 5 BRI XY 6.67% , SIS 1 3 B B RN X B 23 X, 7 SRR B
51.11% , 0] LA HOL SR (B G IR NS, Bl DB AARAAHOIR A | X SRR RE X R 3025 5 — 2,

KL AL FFIEE R Spearman FEAH SCAE IS , W15 12 FizR, 1l 10 AL EFNAG 45 AP Fh R 52
PLIEAH GBS A 27 XF, i S 60.009% , Hor SR 0 3 IEAHOCBYXTECH 17, 5 SR 400y 37.78% ; &2
W TEAR GBI EON 1, A7 BRI XY 2.22% , Fioor ) 52 BLGAH JC AT B0k 18 X, H 2 A I 3 A AH
KIFIXTECHR 9, 5 S ELTY 20.00% 5 50 0 2 ARG YRR RTECH 2, 5 SR 201 4.44% , I E Y
SFPXTECH 16 X, b7 BT 35.56% , AT LA H AR SR 8] SCIRPE AN SR | o ] S AR AN BOIRAS | 3 5 A 34
BEX K It R —2
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K12 FEM AL FEFEIH x? 18  Pearson 1855418 70 Spearman Bk HE X486 L8

Table 12 The comparison of Y-test, Pearson’s correlation coefficients and Spearman’s rank correlation coefficients of main population in

the polt
TEHESE (FH3€) Positive association ( correlation ) FUEE (FH9%) Negative association( correlation )
Kty i aTE S A ZNTE e R N
Test methods Distinetly . Not BE Distinetly Not JEL i
o Significant e o Significant s
significant (P<0.05) significant Sum significant (P<0.05) significant Sum
(P<0.01) = (P>0.05) (P<0.01) = (P>0.05)
X2 f
v L 16(35.56) 3(6.67) 7(15.56) 26(57.78) 4(8.89) 4(8.89) 11(24.44) 19(42.22)
“-test
Pears Y
carson HEXRH 1202667)  4(889)  9(2000) 25(55.56)  3(667)  3(667)  4(LI)  20(44.44)
Pearson’s correlation coefficient
Spearman FAHC R 4L

17(37.78)  1(2.22)  9(20.00)  27(60.00)  9(20.00) 2(4.44) 7(15.56) 18(40.00)

Spearman’s rank correlation coefficient

4 WRE%R

AR HER i B AR SRS, th BAT 5 R EY SR A S E AR R T R AT 1 AN R AR AR S
PRI TE X S L 5 5 B MR IEE ™ RS R G, SR ML SR Z P&
FiESSRUE S RGN EBAEHR ™ o FRARZS (RS J5) S8 B0 RE 72 ARMCRE 7% P 14 43 A1 A% Jo B e 235 i) 1 () T 8 bR
O SERE YR LA R AR . ARAR S [A)AK Jay (1) W 58 32 B vh TR 104 225 (8] 3 A A% Jmy R0 Aol (] G 356 R A~ 7
TET RN 928 18] G315 A Sy S8 7E— 8 7K T 45 TH] 9 BB 9 5 — R 18 3 A1 R D0, & AU e 1 R 4 A2
A SRR IR S T IR BRE T 00 Sl AT R, DA ORI 5 SR B E T 0 S, RHE R T () 1 B2 AL B
BT E TR Y O3RN (T 7 2850 R S 25 A S TFE VA (0 e 1 | i ] SC I T A48 7% 7 9 4 [ 1) 56
SR S AHSCAR | IR (] ) JCHE G Rt 32 A B | XSRS AE Ak L RV T R e S

ABIFTERS B V5 T H AR ORGP D75 R AR 11,56 km® KAE D AR BCARE W 7EA T 10 R G0 ) A v i 5% 1) 52
P 134 J& 195 F 222694 k5 HAIIE Ty & R AR T IR AAEY) X R A LG, KA N FEA X R L5 B %,
A X R T (HEA R IR AT X RAFE, WEEHERE , KA N 5 S A0 TR 2050 5 Rt 2201 5 4
WAL R E R R AR YY) 3 G LR A7 T VR R AR B AR . SRIH-C R R, 53 A0 4 = 3 B 1 7 R 25
3BT RAE I N PE TR 23 A A% 5y, 10 DR SFRRE X 2RI 0 IR AL I3 A | Ul W32 7% - il b e 3 2 P B B B
i A IR B R R TR R AR, RAEHBIN Y Simpson 358X ( DS ) Shannon-Wiener #5857 ( H) F1 Pielou %]
FRE(T) 53510 0.83 3.63 ,0.69 , K BT I f AR BAKEY) ZHEMERG R (B AR D7 b A 2R B A R
Sto ZREVERIRIRE T 248 TR 28 DX, He— DA T it 2 5 ) OB L rp o 5 G g A, B PR AT e A TR i
(b 5 AN F T AR B EAR A B FEA ) A K2 B 5 80N 5 L RRE i R B B 3BE , JRARE b A i #8
e BRI Z Rk T ACTR PR, X 5 e Y AR+ R b X SEAS [R]85 1] S A TR 9 o0 A R AIE 110 45 21
HH—E,

T AT DR 45 P A — i 25 [R50 Bl P A [ 42 e ) 1) DI A 82 LA S b ok A 45 110 338 RO, 70 AN [ ) R i T
W Bh IR] A SRR A B R R ZEAL ™ FEXCAG ISR 1=, SR RS A0 AC 72 Mo A7 o ) A B 285 P R
%54 Pearson HHEFRELY Spearman FRAHIC R BUE B 73 MR W] 1Y A DG HERR B, 25 G 25 R R WA N 1Y T A
Wy R AR IR A 22 B IR) S 500, W0 1) A 8 N7 18 DG RN B URHEA T 78 70 R o ok X6 DR e PN ) AR i
YRR TE]IBR S5 MG 30 25 R 7 BT 2 W, Pearson AH G 2R 500K 36 19 138 90 FRL2 X0 T A2 B 22 ) S 1 2 H 2t ok
B SR IE S A B T2 T IE 25 A B A1 BB 5 1T Spearman B AH 5 28 HI0KS: 30 1 18 ik ) EAR S A
TEZ FEARZS B R/ NEAT BER ; [RIE Spearman BRAH G R B I6 1) R ABEE K Pearson FH G R BUR 560 T &7, o7
WAL, BEIR AR Pearson H1C REG IR A 2 X 5K ZHUNIIIR LR 8,
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— R, BV B PR, D E) RS Rk ) T IEER S 5 Sz BRI R ASASUE ol ) HE e gl e K ol i) BB
SR ) T OHSE P KB AR R I M G5 T 4 14 b X B8 22 T 60 DG B BBk 45 A oot A, (H %
K 55 A DGR B K 2 4 P ZE AR XA AR 7K T | 3R BH R AR A 1] L B 5 P 22 ) 56 2R 1 A 3K B AR X A Bl 2
SEAPIRAS  BEVE AL TR TR B B, 1 A 8 B RS BB VE I RE AR FEAR AT 5 IR AT s R E
BB S Rr—20

FARY) Z R EE AR R R P 5 ERAR K, ELXE 45 b 4 Bk A Ab 3R s PR 28 85 hy URR , A 46 R AL R A
TR B GRE RS PEEE [ SR X0 BRI AR 11.56 km® FORE M N AR T BEAS R W 20 A% 3 o, 7 25 B %
TR A X AE DR I B Ay, AR RE A AR T KGR | Bl K B FEAE K, B I 1
DX A4 7K T TR 7 o, A TR B 7K 37 1 TS AR v = A LR ey R B S R Y RS XM R
A 25 (8] 53 A0 S R AR ) 2 RETEIR . | AR R MO NGRS A R L, R
RABT S HE BRI

5% 3Lk ( References) :

[1] BRE, Faa, skindE, S, SokaE, 1%, R0, B KA W ARMEEE FAKT B4 ALY R BE g R, PUdLRiP“#4le, 2016,
36(4) ; 784-795.

[ 2] Elliott KJ, Vose ] M, Knoepp ] D, Clinton B D, Kloeppel B D. Functional role of the herbaceous layer in eastern deciduous forest ecosystems.
Ecosystems, 2015, 18(2) ; 221-236.

[3] RUPF, i, BIE, BEEW, RIRR, e, AR, T WriTa st RORUCA: MR F2 2R Fh 23 [ A A% Jm B HORHR . AR 352
%, 2018, 38(2): 537-549.

[4] HuiGY, Li L, Zhao Z H, Dang P X. Comparison of methods in analysis of the tree spatial distribution pattern. Acta Ecologica Sinica, 2007, 27
(11) . 4717-4728.

[ 5] Maestre F T, Rodriguez F, Bautista S, Cortina J, Bellot J. Spatial associations and patterns of perennial vegetation in a semi-arid steppe: a
multivariate geostatistics approach. Plant Ecology, 2005, 179(2) : 133-147.

[ 6] WL, AWML, XEFE, 2230, 285, 258, FIUE, RTUE. Q05T B A KAERIEEM 0 A% Jm) 5 R E) 28 [ OCHCME. A2 RE:, 2011,
19(2) : 252-259.

[ 7] R, BFM, Famn, kEM, M6, B A, Y00 JUE LW & S AR 50 23 |1 5 A A% R, B2, 2012, 32(9):
2729-2737.

[ 8] B, AL, MICH, b= ZHEET ARRI XAEEHYIX R0 EPFAE, 2008, 25(6) : 26-30.

[9] Ed&wm, PfE, E3CE, R ZHUE TR BT E R A RO XERMEEE S 022 208, R A= 25 2441, 2016, 40(6) : 615-619.

[10] Wyatt J L, Silman M R. Centuries-old logging legacy on spatial and temporal patterns in understory herb communities. Forest Ecology and
Management, 2010, 260(1) : 116-124.

[11] Small CJ, McCarthy B C. Spatial and temporal variability of herbaceous vegetation in an eastern deciduous forest. Plant Ecology, 2003, 164(1) :

37-48.

1 R, REDT. ZHAE BT RO X AR BB R LA A . AR R 2 . FARBREIR, 1995, (3): 93-102.

] RAESE. thEFTAEY RN X R R RETSE, 1991, 13(S4) : 1-139.

[14] AR, FWiE, 208k, 24, M. AR FRDRHY A X BB R G, ZRAEMPITT, 2003, 25(3) ; 245-257.

1 IMETIK, 2, EE, MRS, AR J. SEEE MM, 1993

] BRI, ST AR RIS L. b, hEBREEECR A, 1994,

1 XMRE, BN, BHER. EEREE YR 2 BV B R 25 (8] 0 i A% JR A BFY. PUJLpRaABe 24, 2008, 23(5) : 55-59.

(18] FuEIe, Wik, T2, ySl4A. R4 INERG ARG AR S R G A M F 23 (8] 23 7 ks Jm. 0 g Al K254, 2014, 48(5) .
590-595.

[19] k&, FradAss. doat. Biashiat, 2004.

[20] XHELL, 2£H, ¥k, R, oA, B8, iR, XERE, WEN, HEW, RiEE, Sk, R LR i £
ARAFHY RN LS SAR AT, A%, 2018, 38(19) : 6881-6893.

[21]  xUmE. JURtZR R L e L R AR AR X R 5 2R ERESE [ D] dEat. destshol K2, 2011.

[22] EAA75. MR AU WSEHE ML, 1987.

http ; //www.ecologica.cn



8030 A E = 2%

[23]
[24]
[25]
[26]
[27]

[28]
[29]
[30]
[31]
[32]
[33]

[34]

[35]
[36]

[37]

[38]

[39]
[40]

[41]
[42]

[43]
[44]
[45]

Magurran A E. Ecological Diversity and Its Measurement.Dordrecht: Springer, 1988.

HRHERE. A s 0 E R AR KA SR KPS D] AN . FRER MR, 2013.

R, VU BT 25 R A6 R S AR TR ZAEEAR R SE [ D] B K%, 2019.

PR i I LS A o 2 e PR A AR Y RV 25 I R AR AR R BT E L D] & Wi R, 2013.

E, EHEF, SR, BB, ST, FEIYL, KRG, B, BET, BR. BV EZ R AR XA YR Z R S RIS, A
AR, 2019, 39(1) : 309-319.

Elliott K J. Herbaceous species composition and richness of mesophytic cove forests in the southern Appalachians: synthesis and knowledge gaps.
The Journal of the Torrey Botanical Society, 2014, 141(1) : 39-71.

MWL, B AKE, T2, ek, FRE, SR, Tomsk. KRB — RS T ALY YT 2 R0 SO Pte 2 18] 7 A i SRy .
K EPRFRIEE, 2011, 18(3) : 92-96.

FICIE, XBLER, R, Wrife. U I SRR KT AR OLSABIE BRI RO PEAMT. A2 52441, 2009, 33(4) : 672-680.

ik, MPEGE AT . JUat hERRAEOR IR, 1995.

Pérez M R, Fernandez C G, Sayer J A. Los servicios ambientales de los bosques. Ecosistemas, 2007, 16(3) : 81-90.

Kutschker A, Brand C, Miserendino M L. Evaluacién de la calidad de los bosques de ribera en rfos del NO del Chubut sometidos a distintos usos de
la tierra. Ecologia Austral, 2009, 19(1) . 19-34.

Borchsenius F, Nielsen P K, Lawesson J E. Vegetation structure and diversity of an ancient temperate deciduous forest in SW Denmark. Plant
Ecology, 2004, 175(1): 121-135.

SRR, EARRE, BRUK, kiR, XUBE, FHIEEE, T o RIS IR RIRR A AR H R R RIS 2. Mol B2, 2015, 51(1) ¢ 12-21.
HISOME, 25500, WA, (I3RK, RHKOR , spRAR, W0 FEPT R IR R T A2 U0 3 i (B] IR . B 5 Al A4, 2016,
47(2) : 256-262.

MW, &—22, XUESF, AHE, RERE, =W, T 5. NS TR LSRR B SRR AT, N5EH R4 A AR,
2016, 47(6) : 617-624.

ETEE, B, B, SR, KR, XK. 284 e KYETAFT 4% ( Caragana korshinskii ) Mt FEAE Y S A FRAE. HPIRVDEE, 2021, 41
(02): 120-128.

MRCE, JRSOME, T, BESCHS. A7 LRI RRARRY i £ TR ARFIRE AR IS 1. A 3824f, 2018, 38(9) : 3165-3174.

HFIFE, HEWr, Zgess, S, SR, B, FACR. IR WL DR AU EARAAE R0 E] L5 SAHSC T, EREARE, 2015,
34(6) . 1473-1479.

mKCIE, RBER, R E Y, ARG R TLIR X R SR R RS R R R DC R A, SR, 2011, 9( 1) : 1-7.

IR, SRR, 258, HER, SR WP L A AR X B D T AR AR AR R RS . AR, 2013, 31(1) ;
42-48.

ETHL, 5RO, BOCE, Y0, 5. BRI RIS R M RV IS Pk, 2R 452440, 2010, 30(1) : 67-78.

Gilliam F S. The ecological significance of the herbaceous layer in temperate forest ecosystems. BioScience, 2007, 57(10) ; 845-858.

SR, SR, FAEPE. ARBUS RS B, AR, 1999, (1) : 94-99.

http ; //www.ecologica.cn



