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My F R R 25 R A OGRS R R S g
%o HRE HE A SOk 2 45 rh A AR
T HRE , SRR TR LS, PR
TF GRS B LRSS H RS0 55 A Bl THE =)
PR AR A3 A R L3

o3 BHRR (Quercus) Tz A AL ER,
e I BRZAARS Tl J2 v 245 il DX AR 1Y) 32 2 2 B
P, 207 BRI £ ZL R RN RAF®, 208
L KA A 3% E A6 #a Fileg iy g X, e
TR 2R Z RV IR LI, MR IR,
H R B KE g MRS, AR T 2508 X 5
B RARARS TS SRTAR ISR AE Ny 1L X
ARAE 7 A T N AT ECER) AR B A Al AR
U5, BRERIIMAZ BRI FR EE RN, R4 2 Al
RUAEMEL, KA WA TRk b B, 1%
MER TR RS BN, JERL T LIk
F ¥k ( Quercus variabilis Blume ) Jy3Eify | St
¥k ( Quercus aliena var. acutiserrata Maximowicz
ex Wenzig ) i 3 B4 f1iL R Bk ( Quercus
wutaishanica Mayr ) Ay 5c 81 VT 18 7% I i rp AR
TR BT, RIS 2 300 m, JEHArE ZBRYH
R AN 3k =Rt T B: A A L G A 57
VM AR AR 4 B2 BR AR AR BRI BB IE 1 — D E
MIREVRSCHT X, 3 FIBRZEREVR TR A AR 3
A& )R o

AT HE T2 TR (I AC R A B %
LA 3 PR A s A, R
PRS2k, b 1 3 Mo A AR 2
HERVARIR S5 . AN . EEEMN AL S 55
BERFRR, DU BRI AR A Y5 55
A SRR AR A% SR T LR 2%, TR
ZRUE M IX TG 2 A [EARSE R PR AP R A2 R 2
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1 MR %

1.1 HREXIE

WF5E X3 7 F JE B PR e 45 il (1 34.05°~
34.10° N, 107.67°~107.70° E), %X )@ %1%
FIER I ERY AR XA, S 5.6
TN, X R A B, Pz R0k
RiEAMER RN, HEREEIREW, LFIHER T,
WFSE IX B I BBl 7E 930~2 300 m, JL A T
R e R 3 N L N o i RN s A €3 NS L E I A T

AT RE AR BLIRERAR I ZR AR, R E T
PRI T =i B AR 5 BRI S B X, SR
SILAMRIE A HE X, 3 Pk 2 ha) il s 2R A A%
Jay, Herpd T TR B2 AR 3 A 14K 900~1 550 m
A, ] B MR AR S A T (1 300~
1850 m), il ARARARS> A Tk (1 800~
2300 m), H ERRTEHE MR, BF5EIX AN 1
BRI R RMAZIE, AR N BRFR AR . BRI |
LARBRA, 51 A4 1L #s ( Pinus armandii
Franch.) . 7K#ii{E#k ( Sorbus alnifolia ( Sieb. et
Zucc.) K. Koch) . 4 8 £ ( Dendrobenthamia
japonica ( DC.) Fang var. chinensis ( Osborn.)
Fang) . LI 4E ( Philadelphus incanus Koehne )
M #EA ( Rhus potaninii Maxim. ) 4,

1.2 HigE

FET AT A R TIGOR, SRR =S5 nk

i B AN 2022 45 8 AERHILERKH
SRR DX TG BRAS Pl N VR VB R0 B IR 13 B
M, FEHBA/NA 20 mox 20 m (MR R AT A AR
MU IE 2%, BE 2320 m x 10 m JEFR AR
b)), REF 5200 m?; 7ERRASREHLY DU f A E
15mx5mEAR/NMETF 21T mx 1 mpyE
AT, RIMETT MBS . AR EEA
AT, TOSRAEI AR . AEE . R, BREL (DA
). mES, FEHLE R LR 10 XA LN R
(DBH) =1 cm AR HATIA, Il
Mz . SEElR . W AR AR B A, 13 MR AR
5% DBH = 1.5 cm 9 4 45 SR A W A~ 1k 729 #k
DBH = 5 cm 19 #& {2 Bk 138 ¥k, i U5 itk 219
B, IL/RHR 98 k. FEHLNHEYI KR T 48 Fl 78
&, HhhrARETF 128178, EAHYFIE
T 298 40)8 , FEARMBEAMEY RE T 22F}
26 J&.

1.3 HESHITHHh

1.3.1 %X % Ll DBHENFMERI M2, 4
BFEHL R AAB O . 3 PR A AR AR R R A B AR
B, B 3FNERER AR o 9 AR e, ]
(1cm < DBH<5cm). II (5cm < DBH <10
cm). I (10cm <DBH<15cm). IV (15cm <
DBH <20 cm) . V (20 cm < DBH <25 cm) .
VI (25cm <DBH<30cm), VI (30cm < DBH <
35cm)., VI (35cm <DBH<40cm), IX (DBH =
40 cm), FFBF 9 MEHXI R 5 AR BT,
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Table 1 Basic information of the sample site on the northern slope of Qinling Mountains
FFs A R bR DA i )3 W) 8 P BE 1%
Number Forest type Altitude/m Geographic location Area/m? Slope gradient Slope aspect Canopy density
1 SPL 930 107.67° E/34.10° N 400 35° 7:F Southeast 65
2 SPL 1030 107.72° E/34.10° N 400 35° ™ South 30
3 SPL 1180 107.69° E/34.09° N 400 25° 7iFd Southwest 70
4 SPL-RCL 1320 107.70° E/34.08° N 400 26° 7:F Southeast 75
5 SPL-RCL 1550 107.69° E/34.07° N 400 35° Fim Southwest 80
6 RCL 1560 107.69° E/34.08° N 400 20° 7:M Southeast 65
7 RCL 1640 107.69° E/34.07° N 400 22° 74 West 70
8 RCL 1750 107.70° E/34.07° N 400 25° Pt Northwest 70
9 RCL-LDL 1830 107.70° E/34.06° N 400 20° 7 Southeast 50
10 RCL-LDL 1850 107.69° E/34.06° N 400 20° 1t North 50
11 LDL 2050 107.70° E/34.06° N 400 25° Pt Northwest 57
12 LDL 2200 107.70° E/34.05° N 400 30° 7 West 40
13 LDL 2300 107.70° E/34.05° N 400 20° ViFg Southwest 70

#: SPL. RCL. LDL. SPL-RCLFIRCL-LDL AR HBRAAR, BEUTMIARAIIR . ST ARBRAIAR, 48 B AR BT ARIR SS AR B8 15 KR I AR TR A PR
Notes: SPL, RCL, LDL, SPL-RCL and RCL-LDL represent Q. variabilis forest, Q. aliena var. acutiserrata forest, Q. wutaishanica forest, Q.
variabilis and Q. aliena var. acutiserrata mixed forest and Q. aliena var. acutiserrata and Q. wutaishanica mixed forest

BB ( 14R%), MEHE (T~M&E%), |h
BEEE (V~ VL), KB (VI~VI#E%),
B (I~IXAR%%)

132 #HAxak HSLEMEZHTALHY
FRHERI GRS o AR PR 25 05 2 R R AR 5 2 il
(S A e, RSt ES YR
AR IR AR 3 A0, IRIURRE R A A A
FEXFSRUO, DL SIRITAF T 5 AE S H P, gl
PBEIE I 3 FIERISH R FP S B A, ko
FET T, B x WRAEE (A AR5
a, P, AT

.= (ay/ay) x 1 000 (1
Oy = ly=hq (2)

.= (d/1x) x 100% 3)
L= (htheas)/2 (4)

T = LitLq+Lio+-Lyy (5)
&= T/l (6)

K,= Inl,—Inl,4 (7)

Se =1/l (8)

K, [ AREE X BYTT UG IR AT AR
(— /85546 1 000); d fRFM x E| x + 1184
IBREALET %0 g, 03 x B x + 1 R RIBET:
Ry LACE x 8] x + 1 BYE] A SR
T ACE x RHFBT x BRI MRS e fUE
55 x BRI REAAIS B Y AR RO R, (REE T
AR A RE 15 KAVE S RIUNTE LR,
5 q YIREL T R BRI N B sh ARk s St
PR
1.3.3 &M KGEAFREL S, RIILT RN
KUFy. BET-% L RREL fgy) FISGIS 2 BREL A gy T TR
BEAAF TR, AR

Si= S1x8;x8;++- X §; 9)
Fp=1-S; (10)

fin= (Sea=Si)/ hy (11)
A= 2(1=-S)/h(1+S)) (12)

K, Sj= by qlly, by HRERHETEEE, i ARk,
Si MR, F ZIET R, f MIET- %, Ay M
falb 2, hy ARHIENE
1.3.4 HEwEs ALk 3k
Al. Deevey- | # ( 474 ) . Deevey-1I % (/4
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1) K1l Deevey-MAY ( MHY), T BUAETE f LM RE
W RZEOMAS Rk BB Ay, 1 AR
FIHE N A A MRIIET 23, 1 B Hh & Fh
ERTIIRS R Je AT R, T BUAEI i Ze A i i
FREEFET 5 G W, KdEt e &5 (R?) M
A 30 (A ) R AT T e e T el

1.3.5 APRRHCE AN R I B S TR S
HEITE, REEF S 5387 0 — O BERS
BRI 1Y 3 FhBRZE RN 1) A I 25 A A AL
A e

m_ 1y
M= 72k=x—t+1xk (13)

K, x WG], M RFVEEZ IR t A4
BHIE x HHBE, (1) 2R 1R, th
T BN Y ASRAF R (129, X, MAT k AR Fh
WA . AR TR, DL 3 FRFP s
I P A 5 25 R ORI I AR Ry S T A A
Kzt 2, 4. 6. 8 MRGETEIE R 3 FERE
FREES AR AR
136 AW SHEIBE Y ZHEEREECRH
Simpson 8% (D) Fl1 Shannon-Wiener #5454 (H') :

D=1-3 " p’ (14)

H=-)  (pinp) (15)

% H Pielou g %t ( E) X 3R ¥ 5 F 8 %k
( Magurran, 1988) .
E=H/InA (16)
Krh, PR iR A EEAE;, AN
i VAP FERE HL N D S ER
137 FT &4 RAHEZE (importance
value, IV) fENHEWTERER DLW TEIR, =
WOTHE 2 550 Bt e R R i E 22l (1v) 19,
IV = (RD+RH+RP)/3 (17)
AP RD JgAEXF B, RH g AH X & B
RP S AEx i 2
1.3.8 AT HH RIEF M rastertd iy
getdata PRELUI extract PRELLS & FE LA 45 B AR
FEARBH I A 7 AR (MAT) . 4
FEKE (MAP) | ST PR (MWMT) | i
RS (MCMT) . &R AR S &%
HFHE2E (TD) . AHXRE (RH) FIg4% B K
Wz % &Kk (Eref) . £3EE/KE (SWC) RH

BRI, 4 pH RAHAIEIE (K E A
ek 1:25) &,

1.3.9 ¥ FIH Excel Fl SPSS 22 #4714k
W43, SRJFH Origin 2019 #4724 K], i/ RIS
f“vegan™fi#17 CCA 7 #T.

2  GRFHH

2.1 FhEHESME

211 #HAA4 R HmESAEaR (F£2) AL
it BUAHHEAE N ERESGE R, (SERMRR
) 48.9%, HFZEDEN~VI 2%, =& N5
FiEE S AREOE K 60.4%, HAIV B9 REUR
%, h61EE, R AREE T 23.9%; R
AR EEEFEN~V 2%, SN ED
60.5%, HHIV RYEEREZ N 40 Bk, kAR
FIRER) 24.7%; L ARBR MR EZEPEN~ VI 12
%%, HFVEEMAR 70.5%, HhV B ERSE
&%, N34k, HFEEARY 32.4%. 3 FiER
IEFRHE AR A 35 R E IR 4 PR 45K . 1T ARAR
FHEELIE AN (T~ 11 29 ) MMABR i
A 3FARRA (T %) m/ME (T 25%)
BB AL REEE ( T/ £29% ) A%, Hrpgidy
BRI AL R IR N 13.9%., ISR (ay,) FlbniE
TRAFIEHC (L) PIREFEGR R BG4 2
BE . BLRAR AL ARARFI R A A (o)) H7E
I BYIHR, 439k 3.24. 411 F13.19, HIWE
5 G K e R ARS8 = PR AIG ;I AE TR R
(Sy) W4 5IAEVE, VIT A1 VI A2 R de A, KA
0.33. 0.43 f10.50,

212 sTERSHEXE,>HF WK s, B
BR . BT AL ARARFIRERIZET R (q,) FHR
R (K, ) IhZAfbtasgeh—a, MBERgAEm
SRR IS, g MBI BSET R RN
JRTE T BB,

213 A BW FBEEAOERERY (F2),
3 FIHREFREEAAR Sy FIRTTFETHR F) L is
LA, BB BRI INA AR S ) BMFEAT,
M RIFFE TR Fy BT . FhEPE T % i it 4%
fiy 7R, 3 FIRSFIEETE 1| RHNBET 2 IR,
T R E) 2%, EIHET- I miE R,
PR K EE/D, 3 R R G RGR
Ay IR BTSRRI AR Sy A1 R
TR Fjy P 18] 5 T8 AR AN B A AR
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Table 2 Static life table of three geographic substitution Quercus species on the north slope of Taibai Mountain

i [ (6

S:Z:Pes Age?cf;ss DBHLIais/cm =5 h % Ik 0 Ex Tx & K S
I 1~5 24 42 1000 143 6908 014 929 3238 324 015 0.86
I 5~10 14 36 857 286 6.754 0.33 714 2309 2.69 0.41 0.67
11 10~15 27 24 571 71 6348 013 563 1595 279 0.13 0.88
e AR \Y 15~20 40 21 500 119 6.215 024 440 1059 212 027 0.76
Q. variabilis \ 20~25 31 16 381 143 5943 038 310 619 162 047 0.63
VI 25~30 18 10 238 95 5473 040 190 309 130 051 0.60
VI 30~35 6 6 143 95 4962 067 95 119 083 110 0.33

Vil 35~40 2 2 48 48 3.863 1.00 24 24  0.50
I 1~B 36 56 1000 54 6908 005 973 4105 411 0.06 0.95
11 5~10 5 53 946 286 6853 030 803 3132 331 036 0.70
il 10~15 21 37 661 36 6493 005 642 2329 352 0.06 0.9
N L v 15~20 50 35 625 89 6438 014 580 1587 254 0.15 0.86
Q. aliena \% 20~25 61 30 536 107 6.284 020 482 1107 207 022 0.80
var. acutiserrata VI 25~30 43 24 426 196 6.060 046 330 624 146 061 054
VI 30~35 18 13 232 107 5.447 0.46 179 295 1.27 0.62 0.54
il 35~40 14 7 125 71 4828 057 89 116 093 085 0.43

IX >40 7 3 54 54  3.981 1.00 27 27 050
I 1~B 8 29 1000 138 6.908 0.13 931 3190 319 0.15 0.86
Il 5~10 2 25 862 310 6.759 036 707 2259 262 045 064
11 10~15 13 16 552 103 6.313 019 500 1552 281 021 0.81
i v 15~20 23 13 448 103 6.105 023 307 1052 235 026 077
@ wjj':\s*f;inica \ 20~25 34 10 345 103 5840 0.30 293 655 190 036 0.70
VI 25~30 17 7 241 103 5486 043 190 362 150 056 0.57
VI 30~35 7 4 138 69 4927 050 103 172 125 0.69 0.50
Vil 35~40 0 2 69 34 4234 050 52 69 1.00 069 0.0

IX >40 1 1 34 34 3540 1.00 17 17 049

e Ay ap b Ay, Gy Ly Ty €5 Ky FIS I AR AMEE, S0 R MAEEL X RGIT IR AR EIL R R AA %L AxEx + 142250 A b5
HEABET A, MBI + 1RPANSETAR, MxBx + MR AT RIAMEEL AR BB AR A AR B8 BEA AR SR A ST B P 2 1
B, PEE AR AR I

Notes: A,, ay, Iy, dy, 9%, Ly, Tx, €4, Ky and S, represent the number of individuals of x DBH class, the number of individuals of x DBH class
after smooth, the number of individuals after standardization at the beginning of x DBH class, standardized mortality rate from x to x + 1 DBH
class, mortality rate from x to x + 1 DBH class, the number of surviving individuals from x to x + 1 DBH class, the total number of individuals
from x to over x DBH class, life expectancy or average life expectancy of an individual entering the x DBH class, vanish rate and Survival rate

14 ks b5 Q. variabilis T4 0 iR Q. aliena var. acutiserrata 141 LA Q wutaishanica
‘ 1.2 f—=—%ET= Mortanlity rate (q,) 1.2 | = %E1-% Mortanlity rate (q,) 1.2 | —= %L1 Mortanlity rate (g,)
“‘%’\( o 10l 4<% Vanish rate (K,) 1ol™ 2 Vanish rate (K,) ol ™ 1% Vanish rate (K,)
X o 08 08} 0.8
AT X
"2 06 0.6 + 0.6
M ©
Tg04t 04} 04
R 0.2 0.2 0.2
ol ob= . . . . . ol
I o m v v Vi viwm I T m v v v wmIX I T v VvV VIV IX

%94 Age class
1 3FMERSHBIFEMFIETE (q,) SHEE (K,) iz

Fig. 1 Mortality (q,) and vanish (K,) curves of three geographic substitution Quercus species
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Fig. 2 Population survival, cumulative mortality, mortality density and risk curves of three geographic
substitution Quercus species

214 FHEwk B 3 FEREFHE bR ME
e e (Inly) A5 45 Deevey-11 # (p<
0.01), HIK IFMHRFEAMBEAE T~ YR HT
R, HREATH ( T~V 29) &R LA X7
L, WV RGUS ARG RO R, Ui
AP BRI TR B (B 3)

2.1.5 FPBEERT R PR IS FAm FE IR —OE Y
HERS AT 2204 K A LAY 3 A M i AR AP A
KK 2. 4. 6. 8GNt EMAAESI SR
PAEATII (R 3), 3FEREMEE T 2K
B a ks, oo IV A% AR R
TR, B ARRER V RRAREE BT
o JE T R R, T B D A AR N L AR R R AR
VR ERECR 2 TR, VIRV R85
CARG RN i EE

22 ERHSHEMT

221 HRYSFHRERA TR EAR
B, K E LA R R A AR T R
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—B- 125 Q. variabilis
N N,=7.932e%°7 R?=0.823, P=0.001
—@— Bl Q. aliena var. acutiserrata
N,=7.926e°%", R?=0.809, P=0.001
- —A— iL 7Kk Q. wutaishanica
N,=8.053e%78x, R?=0.663, P=0.000

e O B T A I
9% Age class

H: by No FIl N S HIRRIE TR . FRERIIG MABCRI ST S X B2

SR

Notes: b,

population initial individuals and the correction value of a,

B 3 K. SR AR AL TEE 2k (Inly)

Fig. 3 Survival curves of Q. variabilis, Q. aliena var.
acutiserrata and Q. wutaishanica

FREALAETE IR Ind,
Normalized survival curve In/,
(6]

T

~

w

N, and N, represent the mortality rate, the number of

WML (B 4A), MBS BRRREHE (p<
0.05) . 3MEMIIMMHEMMAE (1&14B), &

R 33 MHREMEL NS TALHI A (] FF 5T

Table 3 Time series prediction of the population dynamics of three Quercus species

W ¥ BE Q. variabilis BiviHiR Q. aliena var. acutiserrata LR Q. wutaishansea
hoe EQ@%&%& My M, Ms My E\Qé%{ﬁ M, M Mg EQS%{}E My, My Mg Mg
class  primary date Primary date Primary date

I 24 36 8

II 14 19 5 21 2 5

il 27 21 21 13 13 8

I 40 34 26 50 36 28 23 18 12

\% 31 36 28 61 56 34 34 29 18

VI 18 25 29 27 43 52 44 36 17 26 22 16

Ut 6 12 24 23 18 31 43 33 7 12 20 16

Vil 2 4 14 21 20 14 16 34 35 31 0 4 15 16 13

IX - - - - - 7 11 21 32 27 1 1 6 14 12

H: M2, M4, M6. M8: AilfAREIT2. 4. 6. LI IA]GFHEE A/ T
Notes: M2, M4, M6 and M8 respectively represent the prediction of population size after 2, 4, 6 and 8 DBH class
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Fig. 4 The importance value of geographic substitution Quercus species along altitudes
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Fig. 5 Species diversity of three geographic
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Population Structure and Substitution Distribution
Characteristics of Geographic Substitution Quercus
Species on the Northern Slope of Taibai Mountain

HUANG Rui-zhi**3, WANG Qi"?, SUN Jing-yi*?, YANG Shao-wei'?,
ZHAO Yi-pei'?, LIU Jian-feng'?, XIAO Wen-fa®

(1. State Key Laboratory of Efficient Production of Forest Resources, Research Institute of Forestry, Chinese Academy of
Forestry, Beijing 100091; 2. Key Laboratory of Tree Breeding and Cultivation of National Forestry and Grassland
Administration, Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China;

3. Institute of Forest Ecology and Nature Conservation, Chinese Academy of Forestry, China 100091)

Abstract: [Objective] Deciduous Quercus spp. are key components of deciduous broadleaved forests and
coniferous broad-leaved mixed forests in temperate and subtropical zones in China. The population struc-
ture and substitution distribution characteristics of three altitudinal substitution Quercus on the north slope
of the Mts. Taibai in the middle part of the Mts. Qinling were investigated to address the potential mechan-
ism on altitudinal substitution of woody species. [Method] The age structure , dynamics and changes in
the importance value along the altitudinal gradient of the three Quercus species were analyzed. Static life
tables, survival curves, and mortality and disappearance rate curves were plotted to assess the species'
population characteristics and regeneration patterns. [Result] The altitudinal range and individual num-
bers of Quercus aliena var. acutiserrata were higher than those of Q. variabilis and Q. wutaishanica. The
population survival curves of the three Quercus species were similar to the Deevey-1I type. As for the
status of natural regeneration, the transformation of young trees to small trees was significantly hindered in
Q. aliena var. acutiserrata, while seedling renewal in Q. wutaishanica was poor. The mortality (q,) and van-
ish (K,) curves of the three species followed similar trends, with medium- and large- diameter individuals
increasing and then decreasing in the 2-8 age classes. High mortality rate of individuals with small diamet-
er were identified as a destabilizing factor limiting the population development. In terms of community spe-
cies diversity, the Q. wutaishanica community had higher a-diversity. The quercus populations were largely
affected by hydrothermal conditions. with Q. quercus and Q. wutaishanica being particularly responsive to
MAT and MAP. Future warming and drying climate may have a greater impact on Q. variabilis and Q. wu-
taishanica. [Conclusion] In the north slope of the Mts. Taibai, the altitudinal range and population size of
Q. aliena var. acutiserrata are larger than those of Q. variabilis and Q. wutaishanica, and the latter exhibits
certain "edge effect" characteristics. Given the significant reserves of middle age, future populations of the
three Quercus species are expected to show an upward trend in the number of medium- and large-sized
individuals. However, the low survival rate of young individuals may pose an instability factor for popula-
tion regeneration and development. The distribution range of Quercus species may shift or change under
the influence of intensified regional warming and drying in the future. This study contributes to understand-
ing the dynamics of altitudinal distribution in woody species.

Keywords: Quercus; geographic substitution; population structure; climate change
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