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Abstract: Pseudotsuga forrestit Craib is a unique, rare and endangered species in China, with small population and narrow
distribution area. This study aims to quantify the future development trend of the population through population structure and
dynamic characteristics analysis, which will provide scientific basis for reasonable protection of P. forrestii. Based on field
investigation in Deqin County, Diqing Prefecture, Yunnan Province, the population data in different community types were
collected. The static life table was established, survival curves and function curves were constructed, and the population
dynamics were predicted by the time-sequence model. Results showed that P. forrestii mainly distributed in the area with
altitude ranging from 2200 m to 3300 m in Deqin County. The forest types of P. forrestii population habitats were P. forrestii

forest, Abies. spp forest and Pinus yunnanensts forest, respectively. Meanwhile, the population structure of P. forrestii in the

HEETB . =A% UCHE SR b B A2 A Y % U5 & 00 H ( YB-B401-MB179-49-13/11) ; z 7 48 ll 3 2 #0 %1 B F 4R B & SR F 2 4 101 H
(2020211068)

175 B #5:2020-01-10; ¥ 2% tH ki B A :2022- 03-22

# IAMEH Corresponding author. E-mail ; shuaifengli@ 163.com

http ://www.ecologica.cn



13 1 EA SF WU YIIRIE SEAZ R RS R S sl AR 5505

three mentioned habitats showed growth type. The dynamic indices V,, and V" were larger than zero, but were sensitive to
external disturbance. The population survival curves tended to be Deevey- Il type, which indicated that the mortality rate in
different age classes was similar. Population size of P. forrestii in different forest types was P. forrestii forest > Abies. spp
forest > Pinus yunnanensis forest. The above results suggested that P. forrestii forests were more suitable for the survival of
P. forrestii population. Furthermore, the survival analysis and the time-sequence model demonstrated that lack of young
individuals and high mortality rate resulted in the difficulty of population regeneration in the field, which could be the major
cause for P. forrestii population declines. Through field investigation, we found that anthropogenic disturbances including
grazing, tree felling and farming severely affected the survival of P. forrestii population. Therefore, we suggested that
scientific research is needed to further explore the factors affecting the survival of P. forrestii. Additionally, strengthening the
communication capacity and expanding protected areas could contribute to achieve the multi-directional protection of the

studied species.

Key Words: Pseudotsuga forrestii; population structure; life table; survival analysis; time sequence prediction
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Table 1 Basic information of plots of P.forrestii population

HHE MR Berw) WepE i IS FA1 ARk
Plot code Altitude/m Slope aspect Gradient/ (°) Slope position Canopy density ~ Anthropogenic disturbance
1 3102 E 30 Ex 0.60 A%
2 3043 N 20 bR 0.65 Wtk T TR
3 3043 N 25 Ex 0.70 WAk
4 2530 E 20 LR 0.75 T
5 2554 EN 25 s 0.65 T
6 2918 N 26 i 0.70 T
7 3002 N 20 LR 0.70 T
8 3056 N 25 ER 0.70 T TR
9 2403 E 20 LR 0.75 TR
10 2418 E 20 iy 0.70 T
11 2555 S 20 iy 0.40 W
12 2562 N 40 CR 0.60 WA e
13 3101 w 25 LR 0.70 Wtk Tk
14 3072 w 30 iy 0.70 Ak
15 2610 EN 25 iy 0.50 AR U
16 2718 EN 30 H 0.70 ¥
17 2972 N 27 ER 0.50 T
18 3282 N 30 H 0.65 ¥
19 2663 WN 25 iy 0.65 WAk Tk
20 2578 N 25 T 0.60 AR B
21 2458 EN 25 i 0.60 WAk Tk
22 2640 N 25 T 0.60 AR B
23 2645 N 25 iy 0.70 WA
24 2616 N 30 iy 0.50 A% Tk
25 2617 N 40 ER 0.70 Ak
26 2624 N 35 H 0.65 A% Tk
27 2661 EN 35 H 0.75 WA e
28 2781 ES 35 i 0.75 o
29 2626 N 25 H 0.65 Ak
30 2622 N 30 T 0.50 A% Tk
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Table 2 The top five species with high important values in P.forrestii population

RS FEAEHEA Important values ranking
Plot code 1 2 3 4 5

1 T #H2(63.58) ZHIHAZ(13.76) H111H4(8.85) MEMZH(7.52) =N (6.29)

2 B2 (74.08) ZTHPAZ(10.64) I (7.5) ZRERRE(4.71) TR (3.08)

3 B (71.95) =HYH(10.14) AR 1A (6.99) MEMTH(3.56) FHHE(3.93)

4 B2 (68.18) THPAZ(12.85) TR (4.84) AR (4.66) HE(4.66)

5 IR (T111) SR (11.46) F(8.72) HHEH(4.56) FERRGL)

6 B (89.88) ML ZEA2(4.11) fe1lIH (3.22) JITE SRR 2.79) —

] Wit HH(9297) L (2.65) MERICS) NEELE20)

erasus clarofolia

8 TR T2 (64.53) ZHERIZ(17.06) ML ZA2(9.79) TIAMK(4.48) EILHR(4.13)

9 BT (63.68) AL (15.39) Z I (8.98) ZHIEAZ(8.06) NI IH5(3.89)

10 WV A2 (68.35) AR (11.33) ZEFN(T.5) HEM(6.92) TEELERK(2.91)
S

I KA (35.77) S (23.05) W (17.87) BUHRIER(019) )

12 KA H(37.76) B A2 (34.23) 1A% (9.66) AE11H2(6.25) ZHITR(3.26)

3 I (41.66) Wit A (34.34) HER(8.04) l1H(3.92) ITER G0
Sorbus arguta
1

14 KAAH(49.83) W HAZ(35.71) 1L#A(9.19) 1i#(3.09) fffﬁ(2..17> ) o
Tilia chinensis var. chinensis

15 KAHEAH(43.18) T4 (37.62) 15 (8.82) AE1IH4(5.08) FH(2.81)

16 KAAH(34.47) A2 (27) ZHEAZ(19.85) HHM(7.33) 1i#%(5.00)

17 KA1 (32.34) ML 242 (22.57) JIE S LR (20.61) IR (20.34) HHER(2.32)

18 KA H(27.34) B 2542 (26.33) TRBAZ(20.5) LA (13.12) NI H(5.78)

19 JIEAH2(38.95) TR HAZ (36.24) FHERR(12.32) i (4.22) T (2.35)

20 KAE12(36.5) B A2 (32.18) HER(22.53) B (5.21) WER(2.13)

21 TR (42.33) RPN (22.12) FHME(18.34) B HA2(15.32) %lé?ﬁ%éié“*Z( 1.89)
Taxus wallichiana

2 TR (38.74) T AZ(30.52) FEM(13.22) JINERHZ(7.94) Wi (3.75)

23 ZHITN(36.22) FHHEMR(22.75) AR (20.32) B2 (17.88) HE(1.72)
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RS F A HES Important values ranking

Plot code 1 ) 3 4 5
24 IR (43.24) B2 (32.89) KAiZH(12.15) TR (6.24) TIHR(2.48)
2 ZRIIA(37.15) WA (33.28) HA(17.13) HRH(5.78) fﬁ@m“ﬁj)
26 “RIFA(33.55) HilhR (25.7) H111H4(20.32) B HAZ(15.88) HH X (4.55)
27 =R (32.22) NI 42(27.88) WV HEAZ (25.65) AE111%4(8.23) FHHEM(3.82)
28 ZHIA(43.15) HiliR (22.23) =HIEAZ(13.59) A1 (10.78) TE2EA2(7.89)
29 ZHITA(37.88) TR HAZ (32.54) AL (15.84) NI H(6.82) FHPE(3.87)
30 T (33.65) WV #EA2(31.32) JIERAZ(26.53) A (3.68) 1118 (2.32)
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oyl i BANEREL 8.80% (12.36% \25% , X FE AR HE TS JS BT v B AZ AP RERS L Pl S0 7 84, 4
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I B A

50 P. Forrestii community

2 »
(=} (=}
T T

HEARSL Indiyiduals
(3]
o
T

o =
=
=
=0

i

i

I o mwv v X X
50 N 50 PN
A. spp community P. yunnanensis community

» 40 40

<

S

> 30 30 |

el

=

&K 20 20

B

enllonodl "l 0al

0 H. .I_I. .I_I. . ||—||I_I|I—I| 0 |_|. Al .|_|. .I—I.I_I..—..l_|.
I o v v vivivi X X I I mv v vivivii X X

4%k Size class

E1 FAEEEBETHEECHRRLEN

Fig.1 The age structure of P. forrestii popultion in different community types
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LRI PR, T TRUE AL, BEAL TP KA (P 1K) 439012 0.05 (TR B AZAK) (0.05 (2 424K) (0.1
(RAAR) R UL R BAZ IR0 S T4 BAT 5 RO U

R3 TRBBELBTROCECHBEERFEUITEUEY

Table 3 Dynamic indices of P. forrestii population and size structure in different community types

hZ5 85X Dynamic index value/%

TR Sh TR B
Dynamie index W HAL I B Z R
P. forrestii community A.spp community P. yunnanensis community
v, 9.76 -62.5 -69.23
v, -15.91 66.67 42.31
Vs 22.73 -27.27 20
v, 32.35 18.18 50
Vs 21.74 -47.06 —-45.45
Ve 44.44 11.76 45.45
v, 50 80 66.67
Vs 60 33.33 50
Vy 0 -66.67 =50
Vi 7.61 38.6 33.25
V', 0.38 1.93 3.33

3.2 FhBEH AL AR S AR LR

S AR HTAE AN 4 TR | BEEAERS RN I B RRE M ARIE B (1) BN/ , A A 28 55 A (i
(e ) WBEHTHIRAT , 5 An 1R ML =R BEE LRI h o T AR rh i, IR BEAE S T RN i B BEHL
A 1 A A B

RRGE AL TS 22 AR GAR IS GO B AR, LA Ind, VAR, W0IE] 2 BT, B4 Deevey ! (%143,
TEE MR VT LAAY Sl = Rh | T SR 4R | %2 20 (R B 400K 22 SRR I B R I A 1% | R AE T2 %418 (1
T (A AR I A A aET s I 2B PR | Rt £ 280 | 32 KR (A B A5 IS S BE T R B A
HITe] 5 TG0 (M i 2%, A0 1% 1, — LT B ANAE IS JET 2 AR, SR Hett 1 Loucks 1 (9425 A
RS A, 45 R UNFE 5 iR , =AM REE AT PR RLRY (3004 45 R 5 T W 8K 7 (P<0.05) , #5504k
) RP Y9I F55 bRE, D8I B SR BB TR 00 4 B, R AT 5 B 1 77 075 I R B4 F Deevey- 11 B, F2 1A R
BARRIBE TR IEAAA

x4 WLHEEMBREEGR
Table 4 Static life table of P.forrestii population

LIRS 2N I DHB<2cm 41 1000 73 0.07 964 4749 0.08 4.74 6.91

P. forrestii community | 2em<DHB<S5 c¢m 38 927 49 0.05 903 3785 0.05 4.08 6.83
Il 5 em<DHB<15 cm 36 878 73 0.08 842 2882 0.09  3.28 6.78
I\ 15 cm<DHB<25 cm 33 805 49 0.06 781 2040  0.06  2.53 6.69
Y 25 em<DHB<35 cm 31 756 439 0.58 537 1259 0.87 1.66 6.63
VI 35 cm<DHB<45 cm 13 317 73 0.23 281 722 026 227 5.76
VI 45¢cm<DHB<55 cm 10 244 73 0.3 208 441 036 1.8 5.5
Vil 55 cm<DHB<65 cm 7 171 49 0.29 147 233 0.34 1.36 5.14
IX 65 cm<DHB<75 cm 5 122 73 0.6 86 86  0.91 0.7 4.8
X DHB=75cm 2 49 — — — — — — 3.89
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WAL I DHB< 2c¢m 21 1000 143 0.14 929 4408 0.16 4.4 6.91
A. spp community I 2em<DHB<5 ¢m 18 857 143 0.17 786 3479 0.18 4.06 6.75

Iir 5 em<DHB<15 cm 15 714 95 0.13 667 2693 0.14 3.77 6.57
v 15 em<DHB<25 cm 13 619 95 0.15 572 2026 0.17 3.27 6.43
A% 25 em=DHB<35 cm 11 524 95 0.18 471 1454 0.2 2.77 6.26
Vi 35 em<DHB<45 cm 9 429 143 0.33 358 977 0.4 2.28 6.06
VI 45¢cm<DHB<55 c¢cm 6 286 48 0.17 262 619 0.19 2.16 5.66
Vil 55 em=<DHB<65 cm 5 238 48 0.2 214 357 0.22 1.5 5.47
X 65 cm<DHB<75 cm 4 190 95 0.5 143 143 0.7 0.75 5.25
X DHB=75cm 2 95 — — — — — — 4.55
P EER /YN I DHB<2cm 20 1000 150 0.15 925 3925 0.16 3.93 6.91
P. yunnanensis | 2em<DHB<5 ¢m 17 850 150 0.18 775 3000 0.2 3.53 6.75
community I 5 em<DHB<15 cm 14 700 100 0.14 650 2225 0.15 3.18 6.55
v 15 em=<DHB<25 cm 12 600 150 0.25 525 1575 0.29 2.63 6.4
A% 25 em=DHB<35 cm 9 450 150 0.33 375 1050 0.41 2.33 6.11
Vi 35 em<DHB<45 cm 6 300 50 0.17 275 675 0.18 2.25 5.7
Vi 45cm<DHB<55 c¢m 5 250 100 0.4 200 400 0.51 1.6 5.52
VI 55 em=<DHB<65 cm 3 150 50 0.33 125 200 0.4 1.33 5.01
X 65 em<DHB<75 cm 2 100 50 0.5 75 75 0.7 0.75 4.61
X DHB=75cm 1 50 — — — — — — 3.91

a, 7€ x AFR BN FRIE AR B i AL B (19~ A%L Number of individuals after smoothing; , : 7E x -84 Z I IR I HR AL FE T 1) A%L Proportion
organidms surviving from the beginning of the life table to age x;d, : x FREZL B w+ 1 AW IFRHELIET L Number of dead organisms from age to x+
Liq, : M\ x ARG a1 ARG BRI P FET 3R Mortality rate age x to x+1;L, s M x AEIE R3] a+ 1 e G 0] SF- X5 77 155 (19 %L Number of survivors

from age x to x+1;7T, N v SRR BHE AR IR S EE Total number of alive organisms from x to x+1;K, AR I EPE /7 Elimination rate ;

e A x WA EE 4 Life expectation of individual in age x class;Inl, ;1 [ F ZX X%} %X The natural logarithm of [ s 85375 (—) #/ARH T N

RJn— RGN TG AR IR 1A 1

=5

b bow- g ka2 ca i Ea kot ki)

Table 5 Test models of survival curves of P.forrestii

FE% 2R Population type J7 2 Equation R? F P
TR EAZHK P. forrestii community N=8.029¢0-05 0.87 51.68 0.000
N=17.945570208 0.63 13.63 0.006
BHZHK A, Spp community N=7.472¢ 004 0.92 94.72 0.000
N=17.487x"0132 0.73 21.52 0.002
MK P. yunnanensis community N=7.812¢0-0% 0.92 88.31 0.000
N=7.801x"0212 0.71 19.3 0.002

3.3 MHEAAfER
3.3.1 PR BRULT Rl

ARV ST B AL B A AT R BBV TR MUK 3 7R . ARAr R MIBET R 38 oAb, BEA I 2110
S, Ve BAZ R RE R AR R BT T TR BT AR E T BT, AN RV 2 B VR SRS R B0 2R A SRR R
BULTRIPHIE 4.6 B (IR EAZH) (4.2 IR GL(RAZHR) A 3.8 WS (= MK ) IE B, SRt 7 25 7
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I ANMRBE T S 2R, R SRR Sl T P

H A A AR A R 22 BE T T R B K

HEA IS LU  BIEEAPET 32 B S 50 T i, H T, 25 T AR PRI 9 A T B 1 1 ot 4 i ke AR

K, FE IR R T

FRUEALTEEXBL (Inly)

Logarithmic standard living number

S = N W kA 1N ®

—
]
=

m v v v vi i X X
#34k Size class

e ES bR EZ S

I 1 1m v v vi v v IX X I oI I v v vi v v X X
12 - WA Age class

=R

1.0 |

4

0.8 F

HAER BRRBET %
Survival/Cumulative mortality rate

—— B REH

061 e ERUETR

0.4 r

02 L

-0.2

I 1 o v v v v IX X
W% Age class
B3 AESHERETHEEACMBEFERMERALLTE

Fig.3 Survival rate and cumulative mortality rate of P.forristii population in different community types

3.4 FRREECEET ] F

] FE S AT 45 R AN 6 Fs  TEZ I AR 2. 4.6 .8 LB 8] 2 J5 , FRERD A PRkt s /L, T 78 342
MFHEM IV &I AR BB WG, 5 BARARAIVAZ PRAE S MRS ST 46 M A A Bl 2 4 o, (B v
I AR AR Y NN A B8l . LR A B P I R RA S ORTE 6 B RREAE — E I ALY, 4T3 9%
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Fig.4 Mortality dengsity and hazard rate of P.forristii population in different community type

R6 TRBFLITRCELMENSLLNEFS

Table 6 Time sequence analysis of age structure of P.forristii population in different community types

TR AR AN PR RN
o P.forristii community A. spp community P. yunnanensis community
Age class  VRHR JRA SR AR SR
Primary M, M, MY Mg Primary M0 M, MY MY Primay M,(0 M0 M) M,
data data data
I 41 9 8
I 37 39 24 17 26 17
| 44 41 8 16 15 21
v 34 39 39 11 10 13 12 14 15
\ 23 29 35 9 10 13 6 9 15
VI 18 21 30 33 17 13 11 13 11 9 11 13
VI 10 14 21 28 15 16 13 14 6 9 9 13
il 5 8 14 22 27 3 9 11 11 12 2 4 6 9 11
X 2 4 9 15 22 2 3 9 10 11 1 2 5 6 10
X 2 2 5 10 17 6 4 7 9 9 2 2 3 5 7

(1) FIR—UFE BT M, My, Mg, Mg IFR AT 22075 2,4 ,6,8 B2 I J5 0 7 BAZ AR RE /N TS0 ;540 5l A M AN S o ) 4 i

4 Wit54i
4.1 IR AR SRR

ABIR T BOAZ PP RE A B AR B R B e BAZ AR W MG SRR AR AF S 45 F 24 22 AN HLN < 7
B BHASHERE R /s =Rl v 2820 N AR 3 I B TS E , B AR TIVE BOAZ AR B I BB I I AN R A9 A
FERSE (B T RIRE 1 IR A A TC LA FE R B WA PR B K Sl 6 1 mT REXE LA 4 Fr, 24 4=

http ; //www.ecologica.cn



5514 A E = 2%
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AR TR A KIS B I BIA R A B P B RE A B R, AR B T 3 KA DB BRRTE P 48 R
N T R A A A KL P TR B A R, AR B UEA , AT RO T | RS G 2R
S v ] REAS R T AR AR SR, B DA sl S LA T RENIE B, BRI RSN AR JE R
T e & R (R 850
4.2 TR EZFEE S EE

AL 3 A S MR B ARRAE R TP SR AS ] DR R R A (0 45 R S AP 25 57 ARAEME LA ARAS
WHAZEBAMREAR IO, TS AR AR T B e s &S B EESEME, FSE
i 222 FH ) — B A IS S AR AR I A IR I AR R il 1T B, S B T 2 B E S AR I8 s S T R v i — AR
BRFIE] AN 2 Xof 3k — b FF 4 300 A 9% sl 03 2 RS AR R R R A R A TR R T
Deevey- I1 8, U BHAPEA AHX RS E AOFET %, FRRE I A /0 0 s T 78 B AZ P RE 38 S 3G A s TR,
AT, AT RE R th AL TP i AR SR A 2, — i RIS (] PN FRREATS SR TT DL AE SR 50T, PR VR 1 1
K, B A 3 T UE B T X — 2538, 3 5 B T A AR R AR R R AL

A IR AT LUR I EAZ IS T — VIS AE R AZ MR 22 AR 8 M 3 B R i A A A7
FRIET R W 2 B AR R Rt A 1B I YA PRI 2, TR B 2B A7 43 B v AR B0 T4 B RN A e 236 il 2 ik
TNV A PR LIS A A3 R R AE T ARG, X BB T KU 7E 2= R AR AR RN A2 AR h R BT S 58, R,
2 R A MRAIA A2 M EAE v 4 B B 32 R 58 5 Wi B B 808, 30 B I8 AR R B8 2 i vl BB 2 el T b i B B P S5
oAy P 425 A IR AN 28 (R0 300 . A ST R B, 2 B B AR R T B 3k i v e o 0 e BEURR ) By
B A B B VRR 23 TR A R A R SR A B A R0 FE S R AR AZ AR T v B RS R A R &
WA R AE AR TE G A7 AE 5 HA Y Fh AL A7 B0 USURN 25 18] 1) 5 4, DRI 32 P45 5 W o A S, () Bt 75
5 % IR R 4 S R X FAR ) 9 A A A B A e 25 5 Y AR 9 Al TR AR 2 B AN [ AR 80 T v
BSRVREL B AE TR ], = m AA MR AZ PR BN LI I B B A ZE T 23 50 5, DRIk, TR 8 A2 PR 3 ‘B P 1)
.
4.3 TV EAZFIRE B ORI R 20 R

FEYFWAE R H R G IRZ R 0905 7 ORI DT & 2R3 RG-S K AR A A N AR
A AR AR B R 90 EE AL RS A SR U T AR T RS A AR |, 4l i S AR A
PIFET 5w, (BRI LM BUC I ER A Rt — D058, I, AR I 58 i ASWoin RRHIT g B 4%
SRR it , LISt R DR A7 R 52 TR Y A2 SR BIRE . I AR BT B A K ML &2 4, B 5 H 3 i A B
A ZRBAT 2 A0, O T R B R Y | i B AN A ], A XA AE T 16 .18 .28 Ab T3 IX
Y TR VR B A PR A2 B T A AR T DR AP DX LA SN Rl A7 2 b 32 00 5 85 T F1 I N T, X AR
AAE AR T BRI, e E S TR A AR SN TR AL IR R K B L, B M R RCRARE L
R B TR BTLEAE AP B BN SRR Y T AL A PR, DGR AT 45 N\ SIS sl A 35 1
IR B8 1 RAR, TE IR BF2E A 55 1 B (%) [R]BE ZER WIS X 78 B2 R B 4% 1R, 97 RS2 3B M0 A SR PR IX
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