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Effects of exclosure on community inter-specific relationships in a typical temperate grassland
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Abstract

Aims This study aimed to understand the impact of exclosure on interspecific associations of species in a typical
temperate grassland. We compared the species associations of dominant and companion species in grassland plots
with the six-year exclosure and grazing in Taips County, Nei Mongol.

Methods We selected 14 species according to important values in each plot, using variance ratio to analyze the
overall association. The »? test with 2 x 2 contingency table, Ochiai index and spearman rank correlation test were
applied to analyze the inter-specific associations of dominant and companion species. We used the niche breadth
index to analyze the ability of resource utilization of species and inter-specific competition for grazed plots and
ones with exclosure.

Important findings The inter-specific associations among 91 species pairs inside the exclosure showed that nine
species pairs were significantly positive but 4 pairs were negative based on the »* test with 2 x 2 contingency ta-
ble. Ten species pairs had significantly positive correlations and 16 species pairs were negative through the
Spearman correlation test. For the plots outside the exclosure, we found 19 species pairs were positively asso-
ciated but 8 pairs were negative associated using the »* test, and 12 species pairs were significantly positively cor-
related but 30 pairs were negatively correlated using the Spearman correlation test. The results indicated that the
community inside the exclosure was in a continuous development state while the outside community was degra-
dating. The Ochiai indices of dominant species were high both inside and outside the exclosure but the differences
using the 4 test were nonsignificant. It implied that there was some connection among dominant species but their
patterns of distribution were relatively independent. The niche breadth for dominant species inside the exclosure
was higher than ones outside, which suggested the exclosure has an important role in protecting dominant species.
Key words exclosure; importance value; interspecific association; niche breadth; resources utilization

Citation: Gong R, Gao Q, Wang YL (2016). Effects of exclosure on community inter-specific relationships in a typical temperate
grassland. Chinese Journal of Plant Ecology, 40, 554-563. doi: 10.17521/cjpe.2015.0446

AR H 1 Received: 2015-12-07  $:5% H ] Accepted: 2016-04-23
* JE@ 1% {3 Author for correspondence (E-mail: gaog@bnu.edu.cn)

©U0 00000 Chinese Journal of Plant Ecology



H AT, B EE 2R AR B S A 2GS
Jith, ‘& REAE Vb SRR ) ARk AR A
AR o T A TRV EC 25 M 23 BT e TR I A 0 A 1t 5 T
B ok A2 B E) O¢ R 2N AR RS A (TR R 4,
2015). M RIS 2 18 AN R AR AE 25 18] 3 A b AR B
RN, W 2 T VR AR B 0 22 e e i W) i oy A
MR . FEYFT ] ) IR S5 A1 IEAH AR 148
YA IR FRALE A A S I E S, B
TR AT AR (0 AR 2 R ROt AR 58 B A ALL Y
A ASTE M (T IR B ERRE, 2000) . TEAH IR B4 Fl
Al LR R B AR KN 5 A7 TS P IR A KRN i
(Callaway, 1996; Zaal & Georgi, 1998), XJ#Ei& ZAf
PR YERE AR RGIRS DiRe KA IR RBI/ER
(Callaway et al., 2002). i Ic4E F A SCARIIL 1 P Fh
B FRTHE 1, X R RIS AN [R5, 1A
AR A B R B 5 R, R AR ST 43 B 1) S i (2
WK, 1999). B FTR B R IR I 56 5 R 4E R AR
Y2 BEVER) 32K /J(Nufiez et al., 1999; Palmer et
al., 2003). KIIHITEF-FRBR AT R E LA
T 18] BRI B P A T PR P () AR A A 23 5 (al
FHE, 2015). YIFhBIARS 3 SO AR AR .
(B AR AR OC R BEVR R Fh A B35 SIRR BE
AR kbE. BB TR R A RE S Y A A A AL
B RN (R FARAE 2009; HHAEE, 2015). 1ET

AL =K/l S G B U N Y A S S A S
PRUEAEY) PR 15 S AR VR AL AT, X
T 52 A S n A A, AR A A B FE AR A BRI
(S A, 2014). 2= PAkAE(2014) B AL 45 SRR
el 3 F XA A A 58 B 2 T 1 F e X
SN AN

TRKEEE (2014) 75 N 58 1l KA T Bl 3 A 4 1)
W 2 R B A N ) b AE & B 25 KT Bl
Gh, M EE R E N T BN AR 7
A JR LA S AN [5)v5E  Br BB i TR A TR ) 50 2R A2
T P B 7% 5 B0 58 2 A KA AR H B 45 3 (Nathan,
2006). [ N AN 22 2238 BT A R # S 1Y ) A 35 b
Fhla) ¢ K48 7 1R 2 [ 58 (Henry, 1998; Grechani-
chenko, 2001; XIFE%:%%, 2010; B 2 & 5145 2014;
AR 4R 2014), (HEKT 2R E X & iE
e a] ¢ R A SR b o AR E AR I FUAE
Bl 35 64 J5 BB 422 P M WD 3 i T) b 1] G TR 1) 22 5,
GG AT LA, B R B R A S RS

SRR [ B o T SR R R R (R G AN 555

MRS AR IO, AR HEVE AR ) ¢ R T
T AR AN DL o

1 #RFFEE

11 FMRE#ER

WF T X AL T P9 52 o KA D =7 1 (114.85°-115.82°
E, 41.58°-42.17° N), J&fRILIEFRIX, HFGERAT,
W oz M4 56, ¥kl 300-1 800 m. %X J& Hhifa
B RB A%, - FRiR2.1 C, HFELH Ak
A H, FHAIE-18 °C, BAKIE-36 C.7H i
H, FARR21 °C, AR AA34 Co &FETCHE
WILIOR A BKETEETES. 7. 8= H.
354 KA B /K 5:384.5 mm. AFF7TIX i 1R
S, IR AR, KA A )
RPCTH LA PEIX (RBAEAESE, 2004), JB NS 5
IR - F B il AR B 2 25 (Artemisia
frigida). [ T % (Cleistogenes squarrosa). i FEF
> (Stipa krylovii). =£%(Leymus chinensis)&, &%
£ A Bl 45 UK HE (Agropyron cristatum) < £ B 15
(Medicago ruthenica). ~f % (Carex duriuscula). Fil/R
M) ik qE (Aster altaicus). 4 i i (Allium tenuissi-
mum). —Z4Z% 3 (Potentilla bifurca). #&3E(Allium
anisopodium) %5 . 3 A 2 BEHOR 1 /N RS )L
(Caragana microphylla)¥ M7 5 75 A2 P 4b .
12 FFHhEIRIFI

20074101, EKRANF (N TR 5E AR X
ARERENE, 42.07° N, 115.28° E, #§1k1 370 m) %t
L e b X5 B R D P A — R I, YRS B
FI 400 miE 7150 mir) A AR, R N AR AR .
FE RS FE AR S sk B RIRE AR K/ B~ AT e i AR
X REREHE . 1% X AE 20034 DL E U 2R A0
B, 20034 LAJE B FEB, AR AR KR IO H
FREN S AT RS, 20134E7 A, KBRS
53 7920/1~20 m x 50 mESHF 7T/ N X o FEREAMRIEFT /N X
WBENLIEES N EARE (L m x 1 m), FEFRIEH
ERAEDNFE, SN EES. BN
TF200/M6E 77 FE TR 12006 77 R AR R B3 74N
B, 75 IR A 40 23 ol ik BB B4 K T2 1T 14N
FREAT P R] DI 23 AT (WIS T, 2013)
1.3 BESHEE

W HEVE TR WA LE 25 R D7 b H IR A AT G
v, AR IR ARE HE R A A, A 32 RO )

doi: 10.17521/cjpe.2015.0446

©U0 00000 Chinese Journal of Plant Ecology



556 ¥4 25243 Chinese Journal of Plant Ecology 2016, 40 (6): 554-563

HE HEEAR FIN2 x 25, YIFRESFETT NI H
WA GUAE A IR aa Hm R AT 0 A, TE SRR TR e 45
I HEAT ) AR 56 A1 45 ol X 1] () Ochiai 16 #1052, (7]
IR 7 22 bR BB A IR (P AR B A 1
FH 5 s (S E) % ] ¢ R 12E 4T Spearman i AH
KM (Fk 4T, 2004).
131 EEEMITE

B BUE (IV) 2 RAE AP P AE A U5 b 1 H Az A0
TER MZE G ETR b

IV = (X 55 5 + A X 1o P A3 ) /3
132 BARXEMEE

FETE I SR SR e S HE R O AR e 1, A
T A0 Fh ) 2 8] 23 A 9% & DA K P b 1) 1Y) T e o
Schluter$ Hi 1) 77 % b 2 (VR) 0] LA 56 2 N W A 1]
ISE USRI E S o
VR = Sf (1)

T

Sk, SRR 5} =Y P~ P, HE%

i=1

[ IL+T,+..T,
N

TR R IR AN, PAE LR LI R 7 B0
BRETTR L), noh SR B AL R, NORE
J7 K VREE S ST R I 40 F K4 A1, VR
= 1, BLEIFTE YRR S, VR > 1, BB
LU IERRS, VR < 1R B 5SS . o (0 = VR
N) 2 AG IR VR AL B (0 ST, 5l N2 0 it
HIFBRPI (095 (N) < @ <xPos (N)), WA RISGEAAS
TEN
1.3.3 40 E] LBk 434

T2 x 2B, TT LU S Bl [A]
(BELE R, T HUREIARESEE, 2
(R A, SRl 2 7T LA A Yates 4L IF R ¥0k
BEIE, HARA:

kS

2 1 < 2 n
S.' - (T _1)-a P =_f$
: NZ,: ! "N

_ Nflad —bc|-0.5NT
(a+b)a+c)c+d)b+d)

NFaf R FERA. BIAIRHIRE T, b&my
FBAFAEAE IR ARAELEIRE T L, cRRIIFhALT
TEABYIFBAAEAEIIRE )7 5L, dFRoR AN b A A7
E IR T 5, NOWREJ7 B8 8% 24,7 > 6.635, Hip <
0.010f, AR5 53 243.841< 4° < 6.635,

()

www.plant-ecology.com

H10.01< p < 0.05iF, A JRhAIBES, B2, )% <
3.8411f, Elp > 0.058f, Y AFHEELGE AR E. X4
ad < bc iAfEEE, ad > be Y ERS .
1.3.4  Ochiaitg ¥ E e X EXIEE

Ochiaifit £ (O1) & 7~ MOkt 1 1 25 M A FE A £
BEHLE L LR, £ NE0S 12 (A AL TSt
Tk, Fesook, Rhont [E I B RE T i LR R
Ko

a

OIZ(\/a+b><\/a+c) ©
135 SHMEE

A 258 SR Levins AR 25 47 %5 FEHAE, LA

EAWS
B=-YPlogP, )
i=1

ARE@) T, BOVWIFRIAESAL TR, Py R A
FE SIS ET5 Hhos BEUR A o 4 TR B
fil, Pij= i/ Nyj, TiNy= X ny, mARIERE 7 1
HEAH, sSHFEITH

2 H#R
21 BERE=RIMEERYIMIIE . EREMESM

wE

TEFEIF6FE ST, BN R AMEEEE.
AEL EER, RRTE. WIRES, SHEIEMNER2)
) — 3. A A AP B AR S 5 FE AR e B A — 5,
PLAP B AR HAE AT, U X LAY AR RV
thar ATz, N RIR R RE R . FEAZ IR
¥F & (Artemisia sieversiana). UK & (Agropyron cris-
tatum). J¥:E5)#E FA 5 (Thalictrum petaloideum)7EFf: 5
AR S ALEUIC, Ul X LA B A A A Ak
THHHAL, TR IS, XPEERE N fE /T8
o
2.2 BHEREMHXIRM

AR(L) TS RRW], HR N RS SR SRR
M5 Z R MEVR > 1, ARSI B BENS
Iy AugE I BRYE N, U VR S ZE W B 1. B
HETE BEARR I B 2 I G PE (3R 3), &4 T A
T PR EE PR 5 A 8 K SR A5 22 Wi |] ) A E
7. BRI HEREVR < 1, IR S H B ofEy* sy
gh I A BREFE A, VRIW B LA B35 o BB FEIA=4h
FHEBAAATE, A2 ERES) .

it

©U0 00000 Chinese Journal of Plant Ecology



RL BN SRV . AN A A AL

SRR [ B o T SR R R R (R G A 557

Table 1 The frequency, importance value and niche breadth of species inside the exclosure

5 Pfp L7053 HEMH a SN VA Y53
Numbers Species Frequency Importance value Niche breadth
1 FEEE Artemisia scoparia 98 9.814 1.95
2 i Artemisia frigida 84 8.608 1.88
3 2fE Leymus chinensis 91 7.747 1.93
4 FEBS 75 Cleistogenes squarrosa 81 6.601 1.96
5 ST Stipa krylovii 70 5.689 1.82
6 16 Ei%% Medicago ruthenica 53 5.101 1.72
7 HklE Allium polyrhizum 67 4.243 1.81
8 BB Potentilla bifurca 45 3.965 147
9 JeE Artemisia dracunculus 23 3.506 1.24
10 KA Artemisia sieversiana 8 2.581 0.86
1 <} % Carex duriuscula 15 2553 1.14
12 VKEL Agropyron cristatum 7 2.529 0.84
13 B /R ZEAIEAE Aster altaicus 17 2.385 1.22
14 P& FFAZ Thalictrum petaloideum 6 2.003 0.75
2 FERLSMEH R . EEEAAESA R
Table 2 The frequency, importance value and niche breadth of species outside the exclosure
P Pfi 71053 HEH AT
Numbers Species Frequency Importance value Niche breadth
1 FEBS 75 Cleistogenes squarrosa 97 10.180 1.86
2 Wi Artemisia frigida 79 9.674 1.84
3 FBEE Artemisia scoparia 92 8.676 1.93
4 2EEE Leymus chinensis 73 6.447 1.81
5 TLERAHSE Stipa krylovii 55 6.284 1.71
6 BRlE Allium polyrhizum 82 5.518 1.89
7 Hitt# Neopallasia pectinata 20 4.491 1.25
8 THFFSE Potentilla bifurca 33 3.874 161
9 KF¥F#E Artemisia sieversiana 20 3.657 1.29
10 VKEL Agropyron cristatum 26 3.397 1.41
11 ~f# Carex duriuscula 28 3.165 1.42
12 167 Medicago ruthenica 37 2.864 1.55
13 KA K Carpesium abrotanoides 22 2.613 1.32
14 JeiE Artemisia dracunculus 18 2.585 1.34
R3S R AR R A A
Table 3 Dynamics of overall associations inside and outside the exclosure
T ZE AR (LR Ay KOl SRS
Variance ratio Statistic @  threshold value Results
FElE2 P4 Inside the exclosure 1.320 132.42 [77.93, 124.34] B IERSE Significantly positive association
FEl4#%4h Outside the exclosure 0.931 93.11 [77.93, 124.34] UL Insignificantly negative association
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Fig. 1 The semi-matrix of the 42 test inside the exclosure.
Species codes: 1, Artemisia scoparia; 2, Artemisia frigid; 3,
Leymus chinensis; 4, Cleistogenes squarrosa; 5, Stipa krylovii;
6, Medicago ruthenica; 7, Allium polyrhizum; 8, Potentilla
bifurca; 9, Artemisia dracunculus; 10, Artemisia sieversiana;
11, Carex duriuscula; 12, Agropyron cristatum; 13, Aster al-
taicus; 14, Thalictrum petaloideum.
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m i3 B4 Positive correlation at p = 0.05 (3.841 < 4* < 6.635)
A B4 Insignificantly positive correlation (2 < 3.841)

Yot ik 3 1Bk 4E Negative correlation at p = 0.01 (> > 6.635)

o0& 2 1SS Negative correlation at p = 0.05 (3.841 < y* < 6.635)
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Fig. 2 The semi-matrix of the »*test outside the exclosure.
Species codes: 1, Artemisia scoparia; 2, Artemisia frigid; 3,
Leymus chinensis; 4, Cleistogenes squarrosa; 5, Stipa krylovii;
6, Medicago ruthenica; 7, Allium polyrhizum; 8, Potentilla
bifurca; 9, Artemisia dracunculus; 10, Artemisia sieversiana;
11, Carex duriuscula; 12, Agropyron cristatum; 13, Aster al-
taicus; 14, Thalictrum petaloideum.
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Table 4 Ochiai indices (OI) of inter-specific associations inside and outside the exclosure

0 < 0OI<0.2 02 < 0I<04 04 < 0O1<06 06 < 01<0.8 08 < OlI<1
e HOW e HOW e EHL LR AL LR AL
Species Percentage  Species Percentage  Species Percentage Species  Percentage Species  Percentage
pairs (%) pairs (%) pairs (%) pairs (%) pairs (%)
FEl# P Inside the exclosure 20 22 36 39.6 15 16.5 7 77 13 14.3
[E4#24h Outside the exclosure 8 8.8 21 231 46 50.5 8 8.8 9 9.9
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00 < 01<02 <02 <0I<04 O 04 < O0I<06 00 < 01<02 < 02=<0l<04 O 04 <O0I<06
06 < 0OI<08 ¢08 < Ol<1 ¢ 06 < 0OI<08 08 < OlI<1

B3 [E42 P Ochiaifi ¥ (ON)FHEFEE . WA 1, JEE i,
2, % 3, £ 4, RERTE; 5, WIRESY, 6, HETE; 7,
Rk 8, ALK, 9, Ju; 10, KM 11, ~FEE 12, ik
%0513, BUREMEEAL; 14, JEEHNE,

Fig. 3 The semi-matrix of Ochiai indices (Ol) for species in
plots inside the exclosure. Species codes: 1, Artemisia scopa-
ria; 2, Artemisia frigid; 3, Leymus chinensis; 4, Cleistogenes
squarrosa; 5, Stipa krylovii; 6, Medicago ruthenica; 7, Allium
polyrhizum; 8, Potentilla bifurca; 9, Artemisia dracunculus; 10,
Artemisia sieversiana; 11, Carex duriuscula; 12, Agropyron
cristatum; 13, Aster altaicus; 14, Thalictrum petaloideum.
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Fir-iE) O140.23, 2-8 (¥ - 32 K) 01540.37,
2-9 (B HE-KHFE) 0180.22, 2-11 (AE-~T5) Ol
0.32, 2-13 (A &- R4 K4) O1K0.24.

A — LR, QR Y (EI3) R 1-2 (FE &
E-AE) OIN0.9, 2-4 (A E-KiFETH) 01°40.93,
3-7 (CEHE-ZIRA) 01)450.85; HIFLANEA)HI1-3 (K
Fa 1S5 ) O1~0.94, 2-4 (A8 -F5) OL~0.8,
3-6 JEEE-ZRA) 0109, X ELRhxy K %
RPN B 2 (R O SCERAR B AN AR X L

B4 HFshOchiaifa £ (O1) 4R K. MRS 1, HEHE;
2, Wil 3, SFEEL 4, WERATEG 5, WIRENS; 6, {EHTE, 7,
BdE; 8, "R, 9, M 10, KK 11, ~FE 12, UK
513, PURZRAMEEAE; 14, MEFL .

Fig. 4 The semi-matrix of Ochiai indices (OI) for species in
plots outside the exclosure. Species codes: 1, Artemisia scopa-
ria; 2, Artemisia frigid; 3, Leymus chinensis; 4, Cleistogenes
squarrosa; 5, Stipa krylovii; 6, Medicago ruthenica; 7, Allium
polyrhizum; 8, Potentilla bifurca; 9, Artemisia dracunculus; 10,
Artemisia sieversiana; 11, Carex duriuscula; 12, Agropyron
cristatum; 13, Aster altaicus; 14, Thalictrum petaloideum.
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