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R WIE T ARG KAV AR PR E ALY 5 M) b S5 A0 1 DA S b 18] R BR 307450 7E 200m x 200m B4, ¢ & 100 > Im
x Im BARETT,2009 45 6 —9 A4 A IRAER T WITA EAEY UM S BELREE. SHEREN,6 —9 AmtAE
BIEAEY) 32 B, RIE T 16 B,24 & AZSTIERETY M ZHENNE,8 A EAEY WAL FEERF. 6.7 AHE
AAEYREVE ) Simpson FEHL , Shannon-Wiener 15 I 51 BEFRBUR A ,9 A M8/ it 28 3k (VR) Al R T3, 3o B
AREE SRR R R A BRVE Fh B R BRHEAT 20T o S5 RR U, A B BASCERETE 8 AR WIERER, HEA#(6.7.9
A ¥IARFREK. 6 —9 AM, BEAEYRE SRKIRERR ERHRE, b AR EH N A REMR, B SBAREAR R
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9, FF AR B — B SR B IEAR R, BN SRBIA AR o RV BRI SR TR W AR SR A T A AR 8o 20 HT 4 H R HH LG
20 MFPEIFPIRICEK , 25 R BR ,6 — 9 AR EAM Y IE UK, LU EAR SRR 0. 379 —0. 55854 > Wil 7 f v 57 BRE5 Fob X %0
R FIEBRG N 6 —9 AMEAY IR 2 88 KBtk rE R 8] 24 24k, LI FEE FE N RS S & F , BEE 4R AE
IR Est $ H BRETE A R ) SIS AE AL , A R o B e D R S A L OC ARt S R R A , E TS W D o (BT BR 45 1 o AL AR B9 I
BRESREL T AR FR BT DR AR (DM A0 A 5L B EE B , AELD 0o 9 SR BBK 485 PR B T b ) e i, SRR S I A TR B35
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Dynamics of species diversity and interspecific associations of herbaceous plants in

a Pinus Tabulaeformis forest on a sandy site in Chifeng, China

QI Kai,ZHANG Chunyu,HOU Jihua,ZHAO Xiuhai*
Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Betjing 100083, China

Abstract: The monthly changes of species diversity and interspecific associations of herbaceous layer were studied in a
Pinus tabulaeformis forest located on sandy site in Chifeng. The objective of the study was to obtain a better understanding of
the structure and the successional dynamics of herbaceous species in that forest. The results of the study should provide a
reference for scientific management, biological protection and sustainable utilization, especially a theory basis relating to
maintain the natural structure and function and accelerated restoration of degenerated ecological system of Pinus
tabulaeformis forests on sandy sites. Altogether 100 sample plots of 1 m x 1 m were systematically distributed in a 4 hm’
experimental area. In each of these plots, the abundance, coverage and individual height of each herbaceous plant were
assessed at regular monthly intervals from June to September in 2009. Up to 32 herbaceous species, which belong to 16
families and 24 genera, were investigated in this research. A range of different indices were used to define the biodiversity of
the community. The number of species and the Gleason index were the greatest in August. The Simpson index, Shannon-
Wiener index and Evenness index were greatest in June and July, while the lowest values were found in September. In order
to analyze the relationships among the species, including the overall association and the interspecific association in the herb

community, a series of techniques, including analysis of variance and the y“test, were used. The overall association among
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herbaceous plants was positive in August, but negative in June, July and September. The overall association strength among
herbaceous species gradually decreased from June to September, and changed from negative to non-significant associations.
The non-significant overall associations of the herbaceous species indicated that there was a certain link among the
herbaceous species,but the independent distribution patterns still existed. The overall association of a certain herbaceous
community was constantly changing with time , there was no single change from negative association to positive association, or
from correlation to noncorrelation. The overall association of a certain herbaceous community was constantly changing with
time. there was no single change from negative to positive association, or from significant to non-significant correlation. The
overall association among the community varied with changes in habitat, involving changes in moisture or radiation. An
interspecific association analysis of the herb species presented for every month, revealed that the ratios of positive to
negative associations ranged from 0.379 to 0. 558 in our investigation period (from June to September). The number of
species pairs with a negative association was larger than that with positive associations in each month of the investigation
period. In our investigation period, the interspecific associations between species pairs were also changing with time. This
is an indication that with the dynamic development of the different species during the growing season, the community
composition has changed dynamically. The decline of one species leading to the improved growth of another. The community
functioning and the relationship among the different species also changed during the observation period. These changes had
an influence on the interspecific associations. A positive association in a particular species pair indicates similar resource
usage and niche overlapping. A negative association in a species pair indicates repellency between the two species, which
may be the result of long-term adaption to different environments, different resource usage, and which may explain the niche

separation.

Key Words: herbaceous species diversity; interspecific associations; Pinus tabulaeformis forest on sandy site

T TR R 25 P 2 4 A [ A A R 2 [B) 2 A A B ORI S8 % 2t FREE A 2= Jm T WiFpsr A 51
A o BFSURETE BOFh IS5 P , NS A A IS I 4% ) Fh 7R RE VS PP B M A 1 O , 25 0 i F B 535 IR F) 335 o7 A
FERYMEREFRR FERTHMBMEERR, BB TH# BN ERE NS AR R BRI EE
R

AL (Pinus tabulaeformis ) 3 ERFA R, A THKIR T 5 FR5 W 0 4 522000, A0 R & AR, 78
TRRK 1 R FK G R R SR A W) SRR A ROl A 7= 5 0 TR 48 TR E R MR . Y HbAAR 2
AR PR A 25 RGP AR R R AU A RBIASR S o RIS T R R K FR 3t v b e A MRS H B P
AL RIR AR . AT B ELAFE YDV HIM AR BB A B 5. — 5 T, AR AR I 40 A AR
FRIE3Z BIARS3 TR Z AR A BR 1 5 55— 75 T, PR B AS Ay th il 2o A A T S AN Wi 38 8 MK T BGRB8, AT X 38
MEHHIAAES RENRE JEERBMAEY ZHEREFEZEM . AR T UMM T EAREY Y
FhZAEVEH S22 T BEACHE W BE VR (] DRI DA B B 7 38 (A SRR PE B S 28 4k, DA A T AA MROBR T B A< A
YRR FE T A W) E R P R R S A R BE S 2%, IR A 1D M A AR A 28 R G i @ AR &2 LA R 447 A
BRGIEH WM RS- ISR .

1 LR

mel 7K F 6 T N S8l B VR X AR T S A T B I IR B AR IX (AR & 116°57'—117°29", k45 42°53'—
43°53") Pk 1200m , J& iR KREHE AR, R FERIERR, XA FEBKER , BRIEREK K. 24 H
HRETHCH 2700—2950h,, 4 fE/K & 250—540mm , BEEHTE 6—8 Ay, MImHARKIRA -45.5C,7 AF¥
SIRA 18.6°C . FRMAE L FEMARLL EHE LA B R 3, FRA B R R AR SR . HH AR AZ %
BN IR B WA ST FEMVEGCR DR T 438 PRI 32, LA B0 Ll BT
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2 HRFAE
2.1 PAEIE

2008 4F 5 HZEBFFEIX AL 200m x 200m 7K A W AR , 7EAE 3 AL s S0 100 4> 1m x 1m FAS
7 KR 4 ANTRUEH PVC BARICLAG R, 2009 4F 6—9 A4 A RIAEAE T NTE EAEY Wi £
BE R R RE . Dk Al IE AR AR 22, SEXIAE T N A AT 28 AR T N R B T 1
R, MRS = BE s i AT 02 o R B I EE YRR R B AR T B R B S, A P A il
AR R BE , 35 = TT x A Ah x - Ha

2.2 gtk
2.2.1 YrhZHE

AR R Z TGS ATV R AR BE . R 5 BEHE 80, ] Gleason $88(H#iiR (G), G =5/In4;
Simpson $§%%(D) ,D =1 - ¥ pi*; Shannon-Wiener 3§34 (H) ,H = - Y pilnpi; =SB BEFEE (L) A = [ Ni(Ni

-1)J/[N(N-1) ] 5 FEHE(E) ,E =D/InS(S HYIFE,A NFETTTEAR , Ni 368 AERE L ORREL,
BNZ I, N ke BT A S A B B AR B0 ™ . AR EEME = (XS E + HXHHE + Hxt %
) /35,
2.2.2 Fpla]ERZS

Fh I S35 R R Rl 76 23 1) _b MO L SCIevE , VS Ak S R M [ IR S I BN T . ABFSTRA 2
R AT : Yates (LR EARITE GHE R BEEARMYFETESE) " ={[ | ad-bc | -0.5N]*
Ni/{(a+b) x(a+c) x(b+d) x(c+d) |, =\, N HEAEEE, o RAYF A F1 B [FEFH I, b RRPFp A
I B A, c Rt A RNHImYF B 13, d RRYFP A T B #H AL, HTRKA PR
ad —be >0, NIFBRES ;25 ad - be <0, LS, HIH,3.841 <x* <6.635 JBELE B ;% >6.635 Wik B3,

BMAARBES 2 WRE(VR) Y GHE AR B AR : 67 = Z{Pi(l -P), P, =n/N,S; =

(I/N)/Z; (T, - 1)*, VR = 81/87 o R, S HBMWFEGN B HRETT B T HREDT j i L IFRI B, n,

JonFh i HBLRIRE T B, e AR AR, VR =1 i, B AR kST s VR > 1 s, 28Rk E] R IE AR
K;VR < 1B, ZYFPEE AR
3 ZBREW

LPRAESR B, PP A IR 9 MRl 7876 BRITA, HorbiibA 4089 #k, fi 2FRIT AR 52%
FEREA W R A LA (Armeniaca sibirica ) KA ( Juniperus rigida) | #i W ( Ulmus pumila ) | 52 & 8k ( Quercus
mongolica ) . 1114% ( Populus davidiana) 1 |3 ¥E ( Betula platyphylla) . #EARJZH Tk T ( Corylus mandshurica) | BB
AR % ( Viburnum burejaeticum ) | 45 2% 35 ( Spiraea salicifolia ) | 2= ( Rhamnus davurica ) ., /]> B¢ ( Berberis
thunbergii) AT J& ( Lespedeza) #1722 J& ( Lonicera) ) o
3.1 EAEYZHENS

PR BN A 32 F,RET 16 BL,24 &, FEW T HEY . HRNEAFLRZ HRHKIKZ SR
( Compositae) 8 i, B & F} ( Liliaceae) 5 F, & Bl ( Leguminosae ) 2 F, 3 7%k B} ( Rosaceae) 2 Fh, £ 17 F}
( Caryophyllaceae)2 Ff , Y5 E R} ( Cyperaceae)2 Ff , Z2H} ( Polygonaceae)2 1, BEHF} 1 F, RAE} (Poaceae) 1 T,
¥Rl (Valerianaceae) 1 F , JETE B} ( Labiatae) 1 1, 5t KB} ( Crassulaceae) 1 1, SFE L ( Umbelliferae) 1 Ff, +
EBL ( Cruciferae) 1 F , Z 2B} ( Scrophulariaceae) 1 1 , X 5L F} ( Boraginaceae) 1 i,

FHAKEY) 6—9 AP ZAMEINER 1 Fin . MR FE BB S WM 2% —3; Shannon-Wiener
16405 Simpson $5 4 B A A K28 (ke 9 H hyILiA#& B FAHE 22 Fr, Gleason (4. 7772 ) Fl Simpson $5 %
(0.7606) X THE A M. 8 ABEAMEYYFAE .+ 5 EE; (Bl T EAMEKREE D , Simpson F5HU KT
6.7 At . HEAMEYBSERRBO/MEIF .7 A4 (0.7254) >6 A 43(0.7233) >8 A 43(0.7054) >9 A
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(0.6564) s LR BEFEBA/NFF H:9 A43(0.2387) >8 H45(0.1567) >6 H#y(0.1474) >7 H43(0.1462),
S5H5ERBITTHR . 5 EREURB T YR AASE S B SR E . 7 A EREYEREARRY
RS IS RS ,9 A WEAR, EBRBEIEE B EHTE NS R REE LG, £
BHEFRBOBK , Yl TEE N o A A 5] BB s AL SR S o

F1 EREYEASHEEEY
Table 1 Diversity index of herbs from June to September

ZFEMEFE B Diversity index 6 A June 7 A July 8 H August 9 H September
Y Fp%L Number of species (S) 24 24 25 22
Gleason(G) 5.2115 5.2115 5.4287 4.7772
Simpson (D) 0.8522 0.8533 0. 8427 0.7606
Shannon-wiener ( H) 2.2987 2.3053 2.2707 2.0291
5] Evenness (E) 0.7233 0.7254 0.7054 0.6564

H: 2548 % Dominance () 0.1474 0.1462 0.1567 0.2387

3.2 RIS AT

Fx* B3R5 T T 16 FhEEAKEA LT 120 ASFhd R R DG (& 1) , 45258 B SRS Fh o 0z 7 T IEBK
GERRXT o 6 Ay IEBRESFRXT 43 X, SAHREE RIS 77 X , IE SR SS HUAE D 0. 55857 Xof )b i 1] S Bk 2. 3,9 Xob b
[BICER R R o 7 A IEBRGEFIXT 34 Xt , SAHREE RIS 86 X , IEFUBSS LLAE Dy 0. 395519 X4y b [a] SC ik 2
45 MY R AP SCHR 2R B3 . 8 H Y IEBREEFIXS 40 Xt , FABKZSFioxt 80 X , IEFABREE LL{E Dy 0. 50059 XF )
T E] SRR 3,6 XM R FH AL G 2R B3 o 9 A IERRESFhxt 33 X, SABKES RS 87 X, IEAHKES LL{E N
0.379 ;2 X Yy Fh i [E] R B3, 13 X4y F b ] SRR 2% B2

R2 EXENHERES

Table 2 Name and number of herbs

YiFh Species Niﬁ;n?er IRl Species Niﬁ;n?er Wil Species Niﬁ;n?er
HM-EHE Carex stenophylla 1 RS Artemisia sacrorum 2 Y4t B Carex lanceolata 3
M43 Polygonum divaricatum 4 /N#E Chenopodium serotinum 5 TEHESE Dontostemon dentatus 6
5 Artemisia stelleriana 7 JEPANEL Thalictrum petaloideum 8 ZEBR 3K Potentilla chinensis 9
BEWEYN Veronica incana 10 ¥ Patrinia scabiosaefolia 11 3% Sedum aizoon 12

# K5 Polygonatum sibiricum 13 W4k Allium senescens 14 W FE Agrimonia pilosa 15
L5 Bupleurum chinensis 16

T RPN 6—9 PR v th BN REAAE Y

BEE RS NRISh S R, s A RTEA RIS 39t BT 5 I B S22k , AN [R1 W 7o B e v D RE S AR L
RAWH YL, MR YRR E RSV . ARYE 6—9 H My sEAE Y A [R] IR SIS , RDRE PR 3 &il o
HZRIEH 1R FEIRERE WG R . A0, ZRRR S BEAN B ST 5. 55 2 26, Pl SRRk 2
TR BN, SRR A R S SR o B8 3 38, FhlE] RIS AR IE B IEAE . Bildn, PR RS
S M B RS X (B 1) .

3.3 BEEEARSREME T

FIFATT 22 EAREE AT AR BARSRTRME AT , G5 R 3R 8 A i AR BASRIRTE 2 A B3
IEARSE, B A i SRR R A B AR (R 3) o B BRI B2, UL R sh Y a) BAR A7 e
—EHR  EAFFAEMSL M A R o 9 A MRS S ASCEME VR EHGE 1, B S SCERIER AR, T
RSRINE S BET 18] AESE 2250 T A AR AR o ARV BMACSR IR PR AN 2 Fh R v 2 B2 A X B B b X SRk
ER(EL,%K3),
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¢ & B |Xx|5 * | & |H|x|S
* [k |k |k|[#%|6 LIL IR AR NS
IR IR AR IR AR AN & |k (O | k|| 7
* (| Ok |w|[x]|8 ®| k| H|O | K| K| k|8
d (& (O[S |[k|[*|O|H*|9 K|k |O|% [k |*x|O|®]| 9
EAR AR AR AR AR AR AR AR AR K[k |[%|% |k |*|[k|[&|O|10
O |k [k k[ k| k| k|| 1] Flw|(m|m|(m|m| m(m|m| m|ll]

Fo | O | K| k| o [k |k kK| w]|w]|]2 wlo/m(m|m|m|o|m|m|m|m]12
o | A k|| k|| k| k&K |13 k| [k |k |m|m|kx|[o[x[x|[m[m|m]|13
g A [ &k [ x| x[x][x[x] 14 k| k|| (|| K|o|o|(m|m|m|m|l4
S [ |k k[ k| k k| k| k|k|k|k|®]|x|15 | w|k|o(m|[e[xk|o|/o|[m|O|m|[m|[m]|I5
Ao w [ x| w|*k[x[x][*x[w][x]|x[m[m]|m]I6 % w [ x[e|m[e|x[m[x[m[m[c[m|m[m]I6
1 1
[%]2 [%]2
x| & 3 SB% *| e 3 9)%'%
x| x| x| 4 * %[ x| 4
L AEAR IR A * | k|| k|5
W W k[ x| 6 * | k| k|| x| 6
| k(O % | *|%x|7 * | k|| k[ x| k|7
k| @[ k||| 8 * | k| O *|[%|*x|[x|8
e k|03 | k| k[0 |%][9 S|k || k| k| k|d|% |9
S| k| v [ | k| k| % [%[O][10 Yo |k || k| k| k| k|[%[O]10
o | fr |k [k K k| K|k k| x|l vo | e [ kM| K[k |k [k |x|x| 1]
| O J [k || k| k| %[ k| |[x]|]2 Yo | fo [k | M| k| k| k| k| k| k| k|2
o | k| v [k k| v kv kx| k|13 Yok k| M| %[ k| k| k| |x|m|m|I3
X k[ w (k| x|o|w[x|x[x|e|x[x]|14 x| W s m]x |k [w %[ x| x|x|x[m|14
J |k [k kK| k[ k[ k[ K[| K[ k|[®] 15 Yoo [ k|| %[k k[ k| k| X|&|[k|[m | &|I5
*ﬁﬁ*ﬁ**ﬁ*ﬁ*ﬁi‘z**|l6 **ﬁlﬁ****v‘z**l**“é
B 1 EAREWHIEREE
Fig.1 Association among herbs species pairs from June to September
=3 EREWMEHEBEXEE
Table 3 The overall association among herbs community

H 1 Month VR W I Association X
6 0.44 43.55 A n X.95.100 =77. 93
7 0.95 95.33 k£ n
8 1.21 121.08 A% p Xo.05.100 =124.34
9 0.98 98.33 k£ n

4 iFig

X R BN, 7E 6—9 AL 120 AFhxd o GRS A X TR T IEAR KA . X 5% R LW F L F
O ISR 0T E A AR R R FAR Y LA ROR T B T AR T B AR A BT A R
— B A% FE = VLI BT AR X FE R PE S ARG S5 R A Y BEVE A5 B I A 4536, TE ORI o O
%o AFEPIFIXTIE] B PR UBES , AT RE i T & W0 T Re B TR 2 (B AN A AP 3RS IR [R] , R B 0[]
e R , AT BEAEAE R R FR S, LA A Tt — B ™ o REAS IR HIRLEE B IR K4 1 4
SFHE IS T I RN 22 5 AT REAS [FIAR BE RN T ORI OG0 XDk &5 , R =K. 78
AR AL FEIR A BREOEREE 1T, R 51 RO IR UK 028 R BR MRS vh , BEA MY X 35 R A R
Bk oy S BEIRA A L9225, R & BRI BRI TESE 5, A0 () AR R S R BUUAHSE . TR,
Fobtoh— it ot A= 25 L R 204 , SR SEBUFH 18] AL A7 , 37K 20 2R A AN TR 5 SR B R 2 i) B2 R 56 5 Xk 20 PR 73
AR BN AR AR 22 I — R SR BLTEARSE o Wik e ik 55 3R 1L E A B AR A8 S S A i e A, T =
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LIRE BT & TR B SR X, S5 2 T AR S B A M Y BEVE R 1] e B vt B2 R BB R
ATFFE A B2 R B 7 SR B TR B A0 B 3 TE SRR, AR A b MA R A M M BEVS PR B
LR 25 TF SC BRI 75 TR B 20 B 3 oI A g ) 7R I bR Sy Sl Akl i ik, EL AR 4Rk B
TR K 3, bR AN ST R R AR B K BB 22 S T BB R B A A R R R C R I F B R B —,
WX B TE 5 AR T AL ) PR YR FROAR R 0 A 2557 0 2 e e, AL X 0 7 BB 85 Pk B T 0 e i 4
i, 332K JIRE AR RIS , PR )25 (] U A 45 58 , R R S S B R e

TRV Ho AR B A REVE A SR B T84k ,6 A R B EHAHR (VR =0.44),7 ARREE
FRISE(VR =0.95) ,8 ABMERBEEME(VR=1.21), HEEREZEIL, SAREE G KAt 4 R 2 i
BTREMRE, XA RSB TIERS, URESYHEREEIRE. 6—8 AR 5iiE
RS MU B e A B, RTT,9 AR EARYI RS SR N LB B E (VR =0.98) , VR
(BB 1 AR/, TS B CHE T DL T o6 . BRI, 6—9 A (Y EEATEVS M ARG TP phy (B AR S R 4 1) T
FoKH o 6—9 F M fhaas s 5t e A7) 760 RE 5 JR0ai Yo A B 1L TR AR ST 4598 — Bk, T, B —
EEA VR MR ST P B 7] AR AL R AR IR F , I R R B — I NS SE B IE A 36, SEMAE R B R A G, B
AR MIREBR AT SN GBI, JE IR UK 55 R T8 L S W 35 S A M 0y 30 v 0 o 4L B % ol
[B]36 2, H B M B B A TR MARAR e o X T M AT 3 , 7K 40 7T BiE 2 S L TE U B A SR Ik Atk
MEERE . AR HA 7 H R, B R/ R SR R TR IIE R R /b
5 523 [ P I 2 7 4%
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