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Variation of competition intensity across a chronosequence in surface fire-

mediated Mongolian pine forest
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Abstract; Fire is a crucial disturbance factor in Mongolian pine forest. Under the approach of space for time substitution,
competition intensities of trees were explored using the long tradition of distance-dependent competition index in two 1-hm’
fully mapped plots of Mongolian pine forest across a chronosequence of different intervals of time-since-fire, in Hulun Buir
sand region, Inner Mongolia, China. Recruits were also estimated using the geostatistics method of kriging in a- 1994-
burned stand (B94). Our results show that (1) competition intensities of survival components were all significantly lower
than those of pre-mortality agents; (2) competition intensities of survival components in B94 were significantly lower than
those of corresponding components in BO6 (a 2006-burned stand) ; (3) most recruits inhabited in the gaps triggered by
surface fire in B94. Thus, competition intensity would decrease continuously and significantly across the chronosequence.
The survival components may have more resources and space to live on due to the diminishments of competition intensities of

stems, which are driven by surface fire, a dynamic driving force in the developing process of Mongolian pine forest.
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AT € it 52 L B JRUIE 1 T 2 PR R A% - #A ( Pinus sylvestris L. var. mongolica Litv. ) & B4t 75 & AR IX 32
BB AR EEETRE T AT TR AR B e A3 H, ki
TR T T IAME SR RBHTIEE D WIRE . FE K TG, BT REBNMRIAARAGLIE S BT
MBI TEFRRUIREE—ERER R R/, HERmEN B REBE? R AT R FH LB AE
— BRI, R iR R IR B HFER? FEREE MR T S 3R BE A0 28 4k, AR T 2 B BT i 7 5 2 ] R
FIERTT , X FIEF TR R K T RS F M E RS B A EEMNE L TR DRI H R IR A5
MBI BIR AR R R K TG AR G 6 R R HAR L S 4R B T 48 4 kTR, BRI,
A SORE MR AR AR [B] B 52 5 AT, BEGE AR K T HE T (8] 7 51 A3 T AA R SE S5 BE AR 4k
1 WRAZE
1.1 &%

WFSEHITE TSRS THAPK AR PP M B N B2l 0 /R 35, 1 SRR 2 ST ™ . 2006—2007 4F 6—7 H
B, FELLAE/RFE R AR T HA P AR Fh g 2 B 100 m f9IE J7 T SR 25 A b , A% b I 76 RO APk 43
BT 1994 424 H 16—18 H (B4 ,1994 FEHf Ak THAEHE) (14] 12006 45 H 16—18 H (B06,2006 FEHK kT3
Redh) R TR B KR o FFRARASE 7 75 8, VA2 10 SRR i Hh 8 R (B8 T ) ZE A b AT AR 3 vt
FIRAINRIESHIMA) HSEA (BTG AR5 SLAE MR B A ) L BEFEA (BO6 H g K BEFEHIB A ) F3G
SEAR (BT > 1.3 m BAAERRAR) IO E AL bR, [F] Bl & 42 (DBH B L& FHUE 1.3 m AW ERESEIA
BT LEERZE 1.3 m o ER)  IiA WAR B A R R TR, IR R R LIS B g —1E N
PEAEFIR AT FEEIT A AR AC O B BB SR, 3 LALAE 0 RAEAR AR 13845 > . B 4h,Bo4
IR & K G BRI, R VLA s, A2 100 2 m x 2 m [B8]#E 10 m MR FETT, ig 80
BEJT R ISR S, BO6 Fl BO4 K J5 F74E SLAC B BE 43 51k 568 #k +hm “2F1 379 #k <hm 2 e pk A i A
ERESY R 140 Ak +hm H1 1 Bk -hm >, BO6 1 B94 LFRAA (LI MBI A b SLA BEIEA N K G FEIE SLA)
FR55 BE 4351 2256 Fk ~hm > 1 506 #k <hm ? | S EAE A AR 2 B4 B8 633 Bk hm 2AT 1 #k hm %,
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MG E R LTI 3, e AW F D L, 7EG5 8 B — B 18 55 AR A bR b, R R 0t i B R
PRI E TR AR RO R S R K T TR TR RS 6 R, AN

CI=%2 Y DD 'L} (1)
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B i BRI GAMAE, L o5 @ RO RAR S5 j MRIEF AR ABERS o THIR , M AARAR (6] B ) B 07 3 e ik
NER KRR IR — RN R, LET .
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KAV 38 BBV R A 3 40 B B A 5 M R 7 3 S SR BE TS PP R AR T BB AN, — RO 5o A T R B
BRBL I L5 IR ARG KN BBY F RA R TERE " BT Voronoi B WAL KR 54
BE 1Y S 0 R AR S . ABRST R, EARE ST T L, ARE R RTE 10 m 247 MRk
/N 5—8 m Z[H] ; F3Ah W AA AR 5 4 5 B2 BEE A I3~ A2 OB R T 3 , AR A SRAEARR [ 4205 10 m B
faTRE™ . B, EEREEEN 10 m R BRHIRE, FEHE TS AN, 20 GARE B 5 4 A
TR Z SN (AIE 1A 8 R, ) WAL TSN 38 AR A S IE R SE S8 BUN TR AT i il — RE 72
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Fig. 1 Maps of (a) B06 (the 2006-bumned plot) and (b) B94 (the 1994-burned plot)
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DA iz B S M Sy R A MR SR B AR HEAT R RIbR A B B S ) LR, DAL AT R R AR 40 3
FICRERZR o BRI R JORE 10 A S — B 22, (B N K5 ARAGR B B A 3t R
R—FPAE I TF B 50 AT E BT BN R AR KRB R M 25 5, TR 2 25 B il B 3 K Ak
SREE, SREH, AR HIMR X TR, KW EERREE0.0O1 K FERABENER(E ), WA
AR Bz B PR R R AE AR KB BE R R B — e RR B B AR LA AE o IR G RT UK, TR — 2R B bk ok (b
) FIT B FIARAE [0 52 T 5@ BEAR U AR K T4k
2.2 MWRAMEFA

BO6 i1 B4 Xt 2 AR 4351l ky 1436 #EFN 311 #R(E 1) , HAFET- MRS H 5 74.3% F124.8% . A[RIFEH
B FET- X RA R BAAE M RAR EBTE 10—19.9 em MAETEXT R A B Z R HH BENES , MHEEHR
HIFAE SRR iR R BB E BEER (K 2),

BO6 71 B94 435Il 2152 ¥R 467 #RTE AR (B 1) , A FET- MoK 435 (5 74. 8% 1 25.3% . A[EAEHL
H, SEIE TR HA RB/NT 10 em HFET- R FAREIAE BERHZER, T 10—19.9 cm BB FET- T F AR
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HEA BENER FERFATR, 2FFE R A AZBH 10—19.9 em WAAE SRR A BEZER, T
HERHHFER S ARESEABEER(K2),

F1 BAEHMHREERSHGITHE"
Table 1 Statistics of bark char heights in stands surveyed

Heit Bkt TS (PR B2 ) e e PR g N
Plot Samples Bark char heights (standard error) Median deviation Minimum Maximum
B06 2255 150.2 (2.68)* 107.0 127.3 12 880
BY4 482 139.5 (3.50)® 132.0 76.8 10 410
* BYEZ] AR R I 7R R IS8 Kruskal -Wallis £ 507E 0. 01 /K 1% B2 5
x2 BAEEMWNRARESHARWILLESH
Table 2 Comparison of targets and neighbors in stands surveyed
BW/em Giit& XK Target a4 K Neighbor
Size class Statistics BO6D B06S B94D B94S B06D B06S B94D B94S
0—9.9 #£7 Samples 1066 138 2 26 1607 201 64 37
HJ{H Mean 2.2(0.04)* 5.4(0.17)* 5.5(0.38)" 6.0(0.42)* 2.2(0.03)* 5.6(0.14)* 5.6(0.31)> 5.8(0.34)*
10—19.9 FA 1 26 25 30 3 53 39 vy}
Bift 11.2( =) 12.9(0.50)* 13.9(0.53) 15.6(0.50)® 11.8(1.25)* 13.1(0.37)* 13.4(0.42)* 15.7(0.45)"
20—29.9 FEA - 62 8 59 - 84 13 91
BT 1] - 25.8(0.35)* 22.8(0.78) 26.0(0.35)% - 26.0(0.29)* 22.2(0.55) 25.7(0.32)%
30—39.9 B - 107 2 90 - 151 2 136
BT 1] - 34.5(0.27)* 31.8(0.80) 35.0(0.32)% - 34.4(0.22)* 31.8(0.8) 35.1(0.25)%
40—49.9 FEA - 28 - 29 - 41 - 43
BT 1] - 43.8(0.48)* - 43.0(0.51)* - 43.8(0.38)* - 42.8(0.39)4
=50 KA - 8 - - - 12 - -
¥ - 53.6(1.31) - - - 54.3(1.19) - -
LHER FEA 1067 369 77 234 1610 542 118 349
All stems #JfH 2.2(0.04)* 21.8(0.77)* 10.7(0.82)" 28.0(0.74)® 2.2(0.04)* 21.5(0.64)* 10.5(0.61)> 28.1(0.60)"

* WG TE S NI EME AR e R 22 , FURAESBQE T A AR X R FEG AR I BBGRY , R —47 R 5 BEOR7E 0. 01 AKF EA B
FZES, K NG TR ATEE FCTAAR B LUBE FE 24 FRJE 15588 D il S 233 St R E AR

2.3 iR K THREFS] BT IR ZES R R

R K TS5 , BO6 FEIEMAA [R50 B 72 40 550 BE 39 (35 R s AR Bk BR B O B SE AR B ek
MZE IR EE (14. 88) , AT T AR5 HA-5 P A Yl 18] 154 o 161 3 4 5 BE R AS R PROR 4 4 o B /NG (0. 01) 5 B3R 2K
TYCRJE , AR b Py 3 40 500 B 4% 38 /1N T 0o [ 5 4 568 B2, T A9 B 76 1A 3 4 98 BE ) 8. 3 M K T
HAE T4 EE (K 3) o #RKTH 12a J5, B4 FAIE MR ITE S+ 3R BE UM ARARSE TR 32 4 3R L FY) 59. 0%
HICT-ARA 58 5 5 BE LR A R Y, 70 Bl DA B S B MROR FIAF I AR ARG 2 A5 3 15 (3R 3) 6

Mo KPR 6] 751, AS [RIbR 20 6] B EL B3R B, BO6 1 BO4 AR SE AR A 4 4 14 5 4 5 B2 W) 3 (38 Y 22
5, HRTE R TIEH (£ 3) o FEMARIETRIE HEE] FAE b A MRASF S fife 398 B 2RI T (K 2),
BO6 FHE FRACHN B4 FET-HIAA BTE G5 B[R M B A L& 25, M EA15 B06 1k K THRRIAMA K 72458 52
51 B3 25 (IESBOTZMT 1 =950.3418,P <0.0001) . XKM, #ik K THRRTEFF] L (122) , kG
BT HAMRER 58 3 BE R SRR MR AN IARIE] B SE 5 T08055 , A F T MAIR AR EZF
2.4 ETHGETRIMT BRI R B il

FIFHHBGETT A%t BO4 AKF SEBT A EAT Al T, A5 1R 28 53 pR BOREBY LU SR, e ST 20 A 3 F) 0L 0
JBE (BRE R BB 227 75 3 510 0. 909 F10.0091) , HIREEH (Co) HEEE(C, + C) Z N 0.403, B i
ZE A AR T AR S T — DA ko @it Kriging 3145 2 T BO4 A b 33 4y W 25 B4R J= 234 B 48 B
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B, SRS BT 2 RERTEMCK SFE TR 2 AR AR o, JU AR 7 SR 4l v B8 37 2 2 3R Y X R B A%

AW (1 2) .

®3 WRAFHRHERFI LEFRRFEREASTSEEEMNLLE "

Table 3 Comparison of competition intensities of the components across a chronosequence in fire-mediated Mongolian pine forest

B06 BY%4
MRS
Stand components A BEGRER) HA B (FrEiR)
Samples Mean( SE) Samples Mean(SE)
FEA FfLE AR PRI PY Intraspecific accompany species 344 0.31 (0.0161) - -
Dead trees HEFHARN N Intraspecific Mongolian pine 733 0.76 (0.0284)* 77 3.64 (0.4500)°
FEH= B4 R Rb[E] Interspecific accompany species 334 0.14 (0.0112) - -
HEFHARNE] Interspecific Mongolian pine 733 0.22 (0.0077) - -
LFFER All dead stems 1067 14.88 (0.4142)* 77 3.64 (0.4500)"
RV N FEA B R RE Y Intraspecific accompany species 92 0.25 (0.0292) - -
Survivals HEFHARN N Intraspecific Mongolian pine 271 1.35 (0.1182)® 234 1.02 (0.0867)"
FEH= B4 R Rb[E] Interspecific accompany species 92 4.52 (0.2693) - -
HEFHARNE] Interspecific Mongolian pine 277 0.01 (0.0016) - -
AFRTE LA All survival stems 369 2.32 (0.1402)* 234 1.02 (0.0867)"
L EBFRA FEA B R RE Y Intraspecific accompany species 426 0.49 (0.0226) - -
All stems HEFHARN N Intraspecific Mongolian pine 1010 12.09 (0.4544)* 311 1.73 (0.1466)"°
FEH= B4 R Rb[E] Interspecific accompany species 426 9.35 (0.3360) - -
HEFHARNE] Interspecific Mongolian pine 1010 0.32 (0.0120) - -
2HMA Al stems 1436 11.65 (0.3420)* 311 1.73 (0.1466)"

* [{—47 P AR N FRRRIES A RAE 0. 01 kP LA BEIK2 S

3 Zig5itie

MARIAETIHEENTIRE T, bk
SMRAIFPIE A R S RN Rk R A K S %
BB TR o
3.1 R KT T AR TPk B AR
FRIPR S G A AR K B8 B R

ST 046 /R 2 R AR TR AR 7E 20 fiE48 50 48
RERAE I B Btk R Ak i 2 0 b 28 55 5 T T8 AR 0+ i
A L A K AR MY e b % IT R i ) L
IR SRR AR, AR SN BN 5 — B, ERES
(72 KT 20 em) b2 3L AU RRAE , X 52 A F
FE4e AR BT B B PR 43 2 43 1 38 B H A D) 0 45 ) AR AT
(% 2), WE—FRHSMRARLI SLHEREE , IRt 4
FEAEAR BRI AR KRB 5 T AR K IR 85 S R AR AL B, [l — 2
RUIARCK (AR K ) T8 S TER 7 S5 4 A8 L B R 2 o
FRAR MBI AR K AR AES . R, B4R BO6 1 B4 8 %
B[R] A B 3t KT, (ELEL AR K B B () 30 3 3 B
EHEF(FE L), BT A4 Bk K THR808 (BIRET-#A
AR I RE ) o2 2 B AR B4R AE o X RE, SR
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Fig. 2 Spatial pattern of recruits postfire in B94. Grey scale
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3.2 iR K TR F 5 BT AR SE 4 3R B

HEREREYMERESNEERG Y REERSNE - MEAABSEEZNES A, R K
ZEERMFTESES . K TRAOBETAREEEER K, 3R K THAT BO6 Hksr25 BE 45 H k
JE TG SLAEE B AN BO4 {ESL AR LR 4 5 S M52 (K 2) o B4R BO6 F1 BO4 Mo , RASE TR (AE S HfBi i
K x* =636.1,P <0.0001) \2FRELAR B 10—19.9 em &AM MR RISE BEWER, HE
BB HTESLABIR R A BA BEZR (R 2) , KRR K TS E S EA BEEZRMDME BT
AL TT 16 K J o MR K TG AR TARR P KRB K/ MEBT PR BLRESE (BO6 HHRIEAR LI 1688 Hk, Mife
<10 cm [k 99.8% ) ,BO6 Mo BEFE SIS ] N TR T 74. 8% 5 i bR K THJE 122 14, B4 Ao rhRpLkst
TARA (AR B ARG SLA) IR LE 0. 9—32.6 em Z ], Horp 42 <10 em 5 2 #RFEM ) 54. 3% , HARZ
WRETE G 12a WRFET 25.1% o FHRLH, 3R K T 8] P51 L, FEAR 7048 B2 F W B9 (R s , AR S M %2
AT AR BL AR AL B A PR AR AR [8] T4 BE 80/ T A L (8] B 32 5 BE LB PR PRI, B T AR AR B S 4
5B A\ BO6 1R K THURTAY 11. 65 TREZIKJEH) 2. 32; B4 {E L RTEH 3L (1. 02) SN HARASE LRI AY
59% , HA R H 3R K T-HHT BO6 i 10% (K 3) o Bk, MR KIS T, W5 E G 2 i 18] 7 51 (AR K T4
Hi—KJG la—KJ5 12a) BT HAREOTE S0 BE 0 23t TP Rl AR B9, A ARACKE A S 58 R AT
FIFIERAIREE ™ AT ANE AR A K R F L A2 RN B T WA AR 1 BREHR T 1) & R o AT , B 25 I [
HBHERS A T AAPRTE G0 B R A AT 7 X T Z X KR K TS [E] 51 (AR T 12a) B HIBETHA
MHEFTRAIHINTE o 350, BEBEAE TARTE S 5R BEFE I 18] ROBE b B9 B2 AR, R B SE B 4 Hh BUAE s R K T
YOG BB AP (18 2) X ol HEAE B T AR AR TE S 5 R3S AL, AT A FAF B AR A2 K 2 1 A4l £ 38
o SR, B4 G S BERT ER LA EE N LA TR EHE (8 2) , XSFREHRDWZE TR
MM LS B R R A IE S5 RO R M A A 5 BRI, TRABITFE K PR Sl B9 SE 38 , 18 7 2258 IR AR 2
MALSHEERH T

g ROBE b 3 B3 B N AROR S 5 BE RN, BB SE INvREmf T 20 WL 48 A TR T2 K R o R KT
PUAS E] 751, P K 58 BEARBL A (7] B 300 0 b 3 B A PR ST R R /MR B AR T S 3 3 PR T AR B 5 088 B2
KIGAETEAA TR P o [ 3 4 3 B2 B HL G P47 S8 38 3t A /1N, AT 2 B L S 0 b R K R 3l i ko A
o BB, 3R KR BRI HERR T RE/IMEGTAOR , HAR b8 oyl /0 bR o2 B T A 3 3 PR T R
(] KI5 58 BE , TS 7740 />4 B D = 1 70 2 B R R R BT UR AR5, th A R AR S A B8, sl A3 1~
R AERER ST AAPRREAS B PR [ 35 G544 B AN 53 ) BB TT Tl & o BT LA, 3R KA T HAPK B 4R
PATIARI BE  FR AR PP EE B IR Bl g AR AR A P B A R AR AR BRI AR P, BRI X H1 3 R AR
R B LIS BRARERE R, A B IR A AT RS2 AR S5 o
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