HEYIESSIR 2022, 46 (6): 667-677 DOI: 10.17521/cjpe.2021.0498
Chinese Journal of Plant Ecology http://www.plant-ecology.com

6 5 L B TR PR AT RN B SRR 450 5 R DS
HHE
ek BRK ReW FRE"

st R AR A S RGO R LR T H A, b 100083; 23 MR AR T MLRIBE, K3 130022

M OE WA AT L R T ZLRA MR Y A ZAR (Pinus koraiensis)FREF R &, B gl FHBESR S A A R, THE AR D)
SIRE, SHAAEIIL SE R Z AN R 2, R4 AA7 R BOF 51N 0 4 AN (8] 77 51 SRR, S B £ Fa P RE A i
G5k, PR RIR R IR MR R R asy, DS EF AR LR R RGP AN R SR SR AR 2k H . 45 R E0R: LA A
WEA BB, 4l (- 20) AR (VI-XE 20O MAKUR 2, il V-V ZO M EZ I (XI-XIVE 20 MAER D, TR B
(AT (T P A PR S AR RS 0 AT X o PR A7V it 200 T Deevey-TITAL, RGNS TR m . ISP 1 A H = )7
BAARECKT>0, RUILLRRFREAIE KA, B R RSN T AR S S AR EEIT 170, 5B R AN KRR ML 2
L ES e A B R s SRS, FIANZA RS2 S TR TS AN o ZEAF R B A s, 2R A L AT T30
g HIIRRE . R TEIR AR R BT R ZIAR A AR S R IR Sl . AROK2. 34 4 5. 6. 74 8. 9. 101
WS, ZERA%. e MAKBOZETIR D, TR Z R RBER R B WG N . Ahife MASET R AR RMEIRFAR, &
U AR PRI 2 W R PR DR RS ) BRI WU sR gl MARITE T TAE, $Rm AR E, RPN
HAEAFIAGE, T HELLRA R (1 B SR BB AN R

REEIR)  ZDRA; RMEEARRYAIH, B arR, HURSIESRHE, RS

TR E, ERAR, R, FTRIE (2022). KA WM MR AAFIEAF R S5 5EESSRHME. YA, 46, 667-677. DOL: 10.17521/cjpe.2021.0498

Population age structure and dynamics of Pinus koraiensisin a broadleaved K orean pine for-
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Abstract

Aims To provide a theoretical basis for the protection and restoration of broadleaved Korean pine forest in
Changbai Mountain area, the population age structure and quantitative dynamics of Pinus koraiensis were investigated.
Methods We used field data to form the static life table, estimate the population quantitative indexes, and to fit
the survival and mortality curves for identifying the population characteristics of P. koraiensis. We also used the
survival functions and spectral analysis to explore its population age structure and to reveal natural regeneration
processes and as well as future developmental trend.

Important findings Based on the distribution of diameter, the population of P. koraiensis could be sorted into 14
age classes and combined into four subpopulations, i.e., juvenile (I-11I), middle-age (IV-VI), adult (VII-X) and
old (XI-XIV) stages. By contrast, the number of individuals in population was higher in stages of young and adult
and lower in middle and old stages. However, the survival curve of population was close to Deevey-III type, re-
flecting that the high mortality occurred in juvenile stage. In addition, external random interference was crucial for
whole population dynamics. With and without such interference, the population of P. koraiensis become the constant
type (V',; was close to 0) and increasing type (¥}; > 0), respectively. Moreover, the survival function analysis showed
that the number of individuals of this species was dramatically decreased in early stage, and then relatively stable in
middle-age stage and declined again in late stage. Furthermore, spectral analysis for this population indicated that the
pattern of natural regeneration exhibited periodic fluctuation along successional process. With population development,
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the number of young and middle-aged individuals would gradually decrease while the number of adult and old indi-
viduals would gradually increase. High mortality of young individuals, limitation of resources, and physiological
aging of old trees seem likely to be the important factors that drove population dynamics in this species. We thus
suggest that improving habitat condition from silvicultural way may enhance seedling or sapling survival rate and
promote their growth, which may benefit the recovery of population for P. koraiensis in this area.

Key words Pinus koraiensis, population age structure; static life table; quantitative dynamics characteristics;

conservation strategy

Zhang JF, Ge SS, Liang JH, Li JQ (2022). Population age structure and dynamics of Pinus koraiensis in a broadleaved Korean pine
forest in Changbai Mountain, China. Chinese Journal of Plant Ecology, 46, 667-677. DOI: 10.17521/cjpe.2021.0498

PO RARAE — IS A] A o 9 — o 2 B 1) B A A
MANRBIEE S, RIFEAE . RIEMEEL AR
7, R ERAEYME. BEERES RGN EA
WP SR, 2020). FREEEE 1 5 3h 25 2 PP AR A 22t
FEHIP M Z 0 W %5 (Helt & Loucks, 1976; Chhetri et
al., 2016), FUFETRFIHENMERFRE . K 2L
= M E B (Nunes & Petrere Jr, 2012; 5K3F75
%, 2015); Ja& 2P I I = AR (T — 5,
2010). FETERAEmERIIWE NS BED)
BDIRE AAFRE 155 B DL [R] 7 51 S0 AR A
M Y PP RESE ) 5 2 2 B 5 2 5 vk (Harcombe,
1987; ZEHENHSE, 2014; MoroR%%, 2018; ZE% N,
2020), AN ] LA 53 A B 24 1 A RS K
H 5 RIFIE S B (Wang et al., 2004; H H %25,
2004), & AT DATFAG ML R BDH R 2P0
Bl TR AR I R ia Ry, RHE Y B2 B PR AR
F A B SL(PRIEEE, 1998; XIS, 2012).

ZIKA (Pinus koraiensis) & 55 VY 28 UK )| o 18 Fh ({8
RIM, 2009; EFHS, 2020), FEIHAG T HE KL,
P Wizt A B A B R H AR (R AR, 1992,
Wit 148, 2005). ZA IR E ZR b X 20 RA AR
BRI A P S B PR, AR KRR . K LR EF
MAERF RS R GV 55 T7 T R 4558 324 H (kA
&,2015). 190K DK, BT BERAAFIFIH, K
70 [l ) Jir 4 R 20 R BRIE BIRRIR,  204A PR A A
JEEAE TR, B EB, WA E R ZHE
MR B AT R MIAE, 2019). HET, a8 TR
PR TR 1) S it DA S 21 AN A Dy 3 22 A B g
AR, HAHERE WE(T A, 2015). #ldn, 5K
Pi25(2015) BRRHZZEQO2D)IRIE T B R RIRIK
AR LA TR N IE K . SRT, LA FPBEMI R AR
BB 0] R SRAFALE - 0, TR EMS S5 (2021) K I 2R
L DX 3R AE AR N B AA P 9 3R B 76 546 e i
CLRAMRR B2 IR R WAITEAS WL | “LLAntR T ok

www.plant-ecology.com

LRI R (B RIGM M E, 1986; 5KHEZE, 2003;
FRIMEE, 2015). PRk, RN T MR R AR 5E H A,
SEZA R R R R LA MR R FE G B

CLRAFRRE 250 B T SCHRIR Y, PP B AR
L AT A LA AR TR AR (0 A (2R IE T i,
1986; {HNVANAIEEBEST, 1988; ZEL%F, 1989; &8
L, 1990). KRB BT I R I A2 A A B Hh A0 A 1) B
PRARE 57— B 1) BT R R0 P2 (R A R 3 5
1988). At @ik AF RS SRR T, 3E— DR
BB, RS SEMNERRE T
1. HET, KTz R I 2 b T4k
W, B B g T R (78 B R S ARV
HHHAL( BREE, 2015, BAESE, 2018; KIS,
2021). SRT, MHIFhEERRRERTE, H RAnE i
B BEARAR AR AN 28 R, R g 3 4 458 P AN A —
A AR B R AR, X AT RE S X AR T 4T K 4
FEAE R I(ZERIG M EMLIE, 1986); S —J71H, Rl
PR AN IR A4 A 10 22 S5 ] B R o o RO i) o e 8
TR R el 1 A o B (AR AR AR 6 4T, 1988)0 [A]
Uk, o 20 Fh R e B AR A 45 M 1) 4 A R DA Bl M 48
NP B FRAERLE S B K R

ENTHENE- S S NI AR N Nk R R
DL BRI AT TN R, R Giit 2251k, ot
FhEEAERS 2540 5 BRSNS FRE, INRZ AR EER A4
AEIUIR B R SR TE AR, DUBA A B A= 20 Fa Fh R () R
Pt IE MR R, IO AL X RS RS
PR 2 FEER A SR AR K4

1 MRFREE
11 MRXER

WL IX AL T 35 A8 2R B R 1 L B R ) E SR AR
PIXACHEE L 150 mUL B RE 20 PR (127.55°—
128.27° E, 41.07°-42.75° N). S2iias KRV LS
s, ZXEFHEZW, £FBKIES,; FiF

©U 00000 Chinese Journal of Plant Ecology



RBIEAE: E R ZLRA PR ZDAR R RS S5 40 S HCR B SHHIE 669

KHE630-780 mm, HH160%5EHh F6-8H 4 FF
HRE3.6 C, BAHTH)Y PRI N7 C, &
S H (Y FE R A-18.6 C: 8K E7E KL
R AR L, £EEE20-100 cm. FFFX A
FEVE EMREMIR 21300 av IR ZIN26 m, M
MEEFBK. TERZBRAIG, EFH LB (Tilia
amurensis)~ ¢ i1 ¥k (Quercus mongolica)~ 11
(Acer pictum subsp. mono) Fi(Ulmus davidiana var.
Japonica)FK MM (Fraxinus mandshurica)s; H#EAR
£ A B (Corylus mandshurica) ¥ H 2 %
(Lonicera ruprechtiana)~ #RA67%#E T (Ribes mand-
shuricum) « 7R 4t ¥ Bi (Deutzia parviflora var.
amurensis)~ K N (Eleutherococcus senticosus)F1 T
X (Euonymus alatus) 5 ; B AR 7 F 2 A i
(Brachybotrys paridiformis) < W T % (Filipendula
palmata) KM I8 H (Meehania urticifolia)~ 111
RF(Parasenecio hastatus)F 9 1 i 55 Bk (Athyrium
sinense)& .
12 HRFE
121 HHigE

20204F6-8 H, LK H b3 1 ] i 20 Ra RN
WEFEF 5, SR FRE R 20, i AR B R 1] B
50 mi ES MM NS AN E S, FEHER/NA30 mox
30 m, FLA0MFEHB(EID), BFEHBTETAL 36 000 m’. R
AR %, SFFEH A B42(DBH) =1 emif 7R
HATAA, IR NTARNIE. SRS

o £ Sample plot
42.42° - MK Altitude (m)
m 1378

E 712

0 25 5

42.33°

42.25°

42.17°

127.91°

E 127.83° 128.00°  128.08°
BE1 K LORA SR LD RA R RERE 3 20 A1 ]

Fig. 1 Map of sampling locations for Pinus koraiensis popu-
lation in a broadleaved Korean pine forest in Changbai Mountain.
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Tablel Static life table of Pinus koraiensis population in a broadleaved Korean pine forest in Changbai Mountain

2% Age class (x) 122 DBH class (cm) Ax a, I d, qx L, T, e, In/, K. S,

1 0-5 30 51 1000 196 0.20 902 4971 4.97 6.91 0.22 0.78
11 5-10 52 41 804 196 0.24 706 4069 5.06 6.69 0.28 0.76
11 10-15 41 31 608 137 0.23 539 3422 5.63 6.41 0.26 0.84
v 15-20 23 24 471 39 0.08 451 2 882 6.13 6.15 0.09 0.91
\' 20-25 14 22 431 39 0.09 412 2431 5.64 6.07 0.10 0.90
VI 25-30 11 20 392 39 0.10 373 2020 5.15 5.97 0.11 0.89
Vil 30-35 15 18 353 39 0.11 333 1647 4.67 5.87 0.12 0.88
VI 35-40 19 16 314 39 0.13 294 1313 4.19 5.75 0.13 0.87
X 40-45 19 14 275 39 0.14 255 1020 3.71 5.61 0.15 0.85
X 45-50 23 12 235 39 0.17 216 765 3.25 5.46 0.18 0.86
XI 50-55 10 10 196 19 0.10 186 549 2.80 5.28 0.11 0.89
XII 55-60 9 9 176 19 0.11 167 363 2.06 5.17 0.12 0.82
XII1 60-65 8 8 157 39 0.25 137 196 1.25 5.06 0.29 0.43
XV >65 6 6 118 - - 59 - - 4.77 - -

Ay, XEERANAFTE ARG a,, SIW R BN AT MR 1, xS BIOPRHEAFEANEEL d, At R Fx + TR GLINBE T AMARL ¢, M2 T x + 1821
BORPBEAMBIET 3 L, Wil + R ITEE MARG T, KT % Pl QTR MEREG e FRIMBAfr: K, MBHIKHE S, MBHFEE.
A,, actual survival number; a,, the correction value of 4,, /,, logarithmic standard surviving number in x age class; d,, standardized deaths from x to x + 1 age
class; g,, mortality rate from x to x + 1 age class; L,, survived individuals from x to x + 1 age class; 7, total survival number of individuals over x age class; e,
average life expectancy; K,, vanish rate; S, survival rate; DBH, diameter at breast height.

Fz2 KAWL A PR S AL 15
Table2 Dynamic indices of Pinus koraiensis population (%) in a broadleaved Korean pine forest in Changbai Mountain
|4 Vi Vi Viv 5% 4% Vi Vv Vix Vx Vxi Vxu Vi Vpi Vi

—42.31 21.15 43.90 39.13 2143  -26.67 -21.05 0 -17.39  56.52 10.00 11.11 25.00 13.11 0.12
ViV, FUREAARSBE R A A BB A S S TR, IRRFRL; 1V, BIESMEST IR AR B R S SRR EG 1V B IS SNBSS T (B
HERATEHL .
Vi=Vxm, dynamic index of of quantitative change between adjacent age classes in population, age class see Table 1; V), dynamic index without external inter-
ference; V},;, dynamic index with external interference.
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T3 A LA LD RA PR LA T TR Hh 2 P R B 7

Table3 Statistical test model for two survival curves of Pinus koraiensis population in a broadleaved Korean pine forest in Changbai Mountain

TG 28257 Type AR Test model J5 & Equation R’ F p
Deevey-II ay = age ™ ay =7.742¢ 003 0.623 18.918 0.001
Deevey-111 a,=ap? a, = 1.496x "% 0.718 30.505 0.000

ax, ST JExE P NATIEEG No, FRERIUE ARG b, SETIER

a,, the correction value of actual survival number of x age class; ay, initial number of individuals in population; b, mortality rate.
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Fig. 3 Survival curves of Pinus koraiensis population in a
broadleaved Korean pine forest in Changbai Mountain. Age
class see Table 1.
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Fig. 4 Curves of survival rate (S;) and cumulative mortality

rate (F;) for Pinus koraiensis population in a broadleaved Ko-
rean pine forest in Changbai Mountain. Age class see Table 1.
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Fig. 5 Mortality density (f;) and hazard rate curves (A,) of

Pinus koraiensis population in a broadleaved Korean pine for-
est in Changbai Mountain. Age class see Table 1.
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F4 KA LR LR BREDRA BN TE R JE I U Bl
Table 4 Periodic fluctuation of Pinus koraiensis population in a broad-
leaved Korean pine forest in Changbai Mountain

% Resonance spectra Ay Ay Ay Ay As  As  As Az

JRIEME Amplitude value 3.18 1.73 0.41 0.15 0.23 0.36 0.13 0.02

Xof N 2% 8] FE BAR R IVAIX, B B B 5 40 R e i
B B A, X 0N A R BN T e S AR R AR )
SRR LN . FRIAISE A G, R R R AR
BRI AR B B A RE
25 BB IR LA TN

A% B — P HERS v, TP 7E Ak
2. 3. 4. 5. 64 74 8. 9. 10N TR] 5 1 K &
HNEABHR(RS). 45 R EIR, AR EE AR
2NN TB) JE R0 T IV, VES MR 14
2.3 AR (] JEIA B EAE, BEE TR RS, ©
2 LR 4y MR E AR R R E S
VII. VII. IX. X. XI. XII. XITAXIV#EZ Ak
FAE AR AR G I, IR SR A LLK
P W 3 T, BEAS LA PRI 1) A A A
fErh, SR, ZRPY B (XT-XTV IS 27) /A ) T~ 157 4
F T RAK T RRE P B (VIT-XH8 20)(43 31 4 10.86% 11
19.26%), XAl REERAEBETE Z A K,

RE KA LR LR AR ED R R B S A I Il e 50 T

Table 5 The prediction number of Pinus koraiensis population by using
time sequence analysis in a broadleaved Korean pine forest in Changbai
Mountain

g WIERAAE R M,
Age Initial number
class ofindividuals M2 Mz My Ms Ms M; My Mo M

I 30
1I 52 41

il 41 47 4

v 23 32 39 37

\% 14 19 26 33 32

VI 11 13 18 22 28 29

VII 15 13 14 16 21 26 27

VIII 19 17 14 15 16 21 25 26

IX 19 19 17 16 16 17 20 24 25

X 23 21 16 19 17 17 18 21 24 25
XI 10 17 11 18 17 16 16 17 19 23
XII 9 100 9 15 16 16 15 15 16 18
XIII 8 9 9 13 14 15 15 14 14 15
X1V 8 8 8 9 12 13 14 14 14 14
M, %2, 3. 4. 5. 6+ 7+ 8. 9. 10MEHIF A G FIRERI RN 2R
F#1,

M, the number of individuals in each age class after the population has
developed from 2 to 10 age class in this study. Age class see Table 1.

3 THgFLER

31 LIMATPEFFRRLEMYFIE

RN SR AW VN 7 SAW VA L e 2 = = £ 1=
PE, #hRe (HIIE 2 MR 2, 5B EUN43.9%, &
B R A — B AR R ), 4G B REED)
BANIREY, > 0, ATFIME VKA. SR, TE
IV-VIEE ¢ 8], FPEEA R B2 B, Ul B 9hid >k
e DA g I BT B, FREEER = 4 5 2 KA,
SIS S5(1990) K T /N D6 T8 RARLLAAFREE LIS A
BAHEMHEELRS, M/ SmHRD. X0]Eee
AV RIS R I FEE MR . amE
SCARFURI R B K, HRGE S 2 80K T B E
TX T AR R P A A 1 A 2 () B T R S AT 1)
FEAE (2R TG AIHLT, 1990). SR A2 % B ) L1520,
AL AT AN A Z (B B A AETE T Z Rl 4 55 5,
AHH.Z (B 425 6 R KA RN 3R o0 25 02 R LA i L AR
FHRE, ST REMERIET (B, 2020); BRAf
P SEFAL, B AN A 52 1) 4830 H A A 4 DA B Bk
JE RBRRE 5 43 23 18] YR AN S Bk 58 4, 38900 7 38
IR (H A58, 2015; XIIB4EE, 2016). Mok, RAEHH
Fifa HHLUAS G A B A e (i B, (H )k
RPMRAFAA T 702 HEIR(ERIE AT, 1990).
S A R I, R LD AR A R, ERRES, U
WIREE, MZAZIX A ZFEREK, TRE IS
Mo FEGRAMEAE KA R B2 I0T (B4R, 2020;
WEESRL o BEHTE AL, 2021). HHULET I, ZDRASHIEAS
PREHEN PRSI B, A 5 4 DA S IR BE R T 1Y)
Z H ik, BELEMEARE A T — AR K ER
1, Tk B 4IRS B BAR: 20 FA T e B B R R TR

KRBT, VXS % F B AN 7R 2505 i 1
b, REZE BN S R ) R B, AR DR S
P — 5 2 (R AR SRR, R g AR — B
R WL, HAATRE I I IR 1& B RE A P 1
5o XTS5 FPEAMABOOZ T AR, X 2R b
EMBEMEECAWINZ, KRR KREE, SH5E
BRI R, Tl R R 52 31 PR (212 35 AR T2,
1990); 1 —7J7 1, AHIEE M2 FEOZE N B
PRREIET. . B BIR YR S TR R4,
AREHERR DT ST AT AR BRI R . PEHRIE,
2028 HILASK, K LR LA AR P 43 0 SR
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%, BUE LA RAEFAER IR, PP 288 (TR
H1Z5, 2019).
32 IHAFEFRIBRNSHFE

YR BERFASE MR Az, el
2 Y O 26 i 2R e 0 Ha s A (1 AR A7 BIDIR RO AT
PRBEIE M ALH] (Wu et al., 2010; Kang et al., 2014;
ZREANEE, 2020). BEFCRIN, BEESHIIGIN, ZLAF
TR AR A B 220 5 e s, IVIR ML R
I KA A AR AE, i B 1208 P T PR 1 3 B
JIER, EfER B R, VISG, SRR
RE, 73 (B AT BEIE 1) 75 SROB B G R, N AR A]
S E R, B GG E F R, X5 HRES
(2020) X} I Ll 8 L AA (P taiwanensis) Fh B LA & 5K
75 S5 (2015) 0] B - 51 S AN [R) 0 X AL AR (Juniperus ri-
gida) FIFE I T 45 AL MAFTE 28 T LG
LTRAFIEEJE T Deevey-IITHAL, RIFhHE Py 2h ik >4 58
TR E, X5 FIRF RS 45 MIRRAE 24T 1R 45 AR
X R, SR 7T 45 B 5 R A (2015) /& (1 1L P
J6HE 2R FE AR 3 20 8 Fob B A7 3 1 263 T Deevey-11
G RN, 13X 0] B AN R 9 DX 300 A 458 22 5
SARTFICL R EVEREA . ABtAd, Bt
A KRR P B BONAE, SRR, BISET:
RNV 2 45 B AE TR XIS 200k 3 i b, 1 %
T2 M AE 2 [ RN BE R 264 R PR, 10 )5 38 R Re = A
TR TS

AR R T E W B A I K S
FL s AT GR35, 2010). BFFURIM, 110
WP A AR KT BATFET R, XK A
AMAECR TR, FEA LR S 7 B e 4 T S
BZIE AT H B R T BT AR AR R R
ENNRS 2, AEAFREET BATET- R, Mk s Ty
ARAS, MG R ) 8 J7 R &, AR A7 S A
FEIR A PR DA A F AR 3 2 R A AA PR N3
IEHAR R RGN, 2015; #EEHLE, 2020). ILAF,
AT, T-TIS 2% (] Foh B A A7 28 R R TSR T 2R 1)
A BIRIV-XIEE T B, FET- % FE A 6 3
B AR /N IR R AR A7 R Bt 2R 3R]
R, ARAFIRER SRR AR B A BB, B AT B
W IR E. JEHIEER . XSS EGERE R
MGG IR FET 23R A 2R 2R 1
M R
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33 LIRAFPEFAYIL 4 4 S EE) B 51 TN
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J/IN R I B A S R R N . AELDRA R AE K
REREH, XN IR B RE W R SRR
B S BRI, T4EREE B & R e .

B 1] 32 B F00 4 Afr e B, 2 2 NS 2 i T
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2.3 AR LT (8] fEIA B EAE, SR TR, R
B LT AR Gl AN VX DL ) RS Y B R, X TE— S FE
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1990).

34 LIRFPEFIRIPRTER

ZLRA AR L i 2D BRI 2 B R, X4
R X AV ZREME . TSR R4 S T 55
HBREEREENEH. dE—A2ita, ZRIEN

©U 00000 Chinese Journal of Plant Ecology



RBIEEE: K I ZLRAMRZAR R RIS G5 4 SRR B SHE 675

Fom, Kl 2R o A X R B (TR A,
2019), Bk, BAEX LA EAT A SRS AN
HE, RIEATALER, KA FE AR AT
TSR 5 AFAE LT A8 — R A4l MA ST
o HAME LSRR, R R TG0 TR K 2%
18, RMEFZRMEETHE. Bk, @I
LR RS 8 D)IF R SCA T EE MEE TAE, $#2
EANTH R AR, RN, AP IR T
SRR AL, S AR T IR 20012 i A e B R A
(TRIEE, 2018). 2):KREUEF PRy $5 i, B Xt
FAFRFEEAN B s BB IR . 76 B 5 (37 1 R I 2R 4T R
SMEEFE T, TR KB S N g
PR Z . 3)IATIT AR Y, EBE S5
Ji AR 35 B A [ S 2% A I Bl e AT N L H 1,
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