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Altitudinal patterns of population structure dynamics of Picea schrenkiana in the

northern slope of the eastern Tianshan Mountains
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Abstract: Picea schrenkiana is a unique tree species in the Tianshan Mountains and a constructive species of the Tianshan
forest community. Studying the elevation gradient changes of the population structure dynamics of this species helps to
protect and manage this important forest resource. This article took the P. schrenkiana population in the Jiangbulake scenic
area on the northern slope of the Eastern Tianshan Mountains as the research object, combinated portable backpack Lidar
(LiBackpack) scanning and manual measurement verification, 27 sample plots with an area of 30 m X 30 m ( total area of
24300 square meters) were set up at an altitude gradient of 1800—2600 meters for survey and measurement. Based on the
obtained tree diameter data, we created a static life table and survival curve for P. schrenkiana, calculated its population
dynamic change index and time series prediction model, and analyzed the dynamic characteristics of P. schrenkiana

population structure at different altitudes. The results indicate that overall, the population structure of P. schrenkiana of
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Jiangbulake Scenic Area is good, but the reserve of seedlings (DBH<5 cm) is significantly insufficient. The diameter class
structure of the low and high altitude P. schrenkiana population shows an “inverted J type”, while the middle to high
altitude segment shows a “stable type”. The population of P. schrenkiana has a common feature of high mortality rate among
young trees at different altitudes. 2) The dynamic change index of P. schrenkiana population in medium altitude is the
lowest. Risk rate is lowest for mid-altitude population. The survival ability of trees at mid altitude is the strongest, and the
growth status of the P. schrenkiana population is the best at medium altitude. 3) The future dynamic update trend of the
P. schrenkiana population in the research area is good. The time series prediction model shows that the number of
individuals in the low altitude section II—VII diameter class, high altitude section II, IV—VII diameter class will show an
increasing trend in the future 2, 4, 6, and 8 diameter classes. The variation in the number of individuals of different
diameter classes is relatively small. It is recommended to adopt nurturing and thinning measures for individuals of low and
high altitude P. schrenkiana populations. Areas with excessive deforestation should be transplanted with native seedlings to
promote the development and renewal of P. schrenkiana populations; At the same time, management efforts should be

increased to reduce human interference.

Key Words: Picea schrenkiana; altitude gradient; DBH class; LiBackpack; protection strategy
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W, 26Dl IR DA R AP A5 00 P AT T2 R X 2 AR R SR M R I R R A S R
GitaE MEM R X

Ll b RN  A 1 X, g R Ll b A 1 I 25 ) AR R T 22 A ) 1) A AL B8 BE I
T B A BTG AR 40 T T 445 ) R0 2 265 ok B 055 06 J3E 0 17 () BRARL X dek 70 JIR =42 ( Picea schrenkiana Fisch. et
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VLAGRL AL TR I ACHE | B 7R 725 1 2R P 2%, Ja T T 2 1 T Ly b =M IX, b 3 AR AR A AR 48 89°25715"—
90°16'49", Jb.4h 43°25'06"—43°39'42" , AERIRL) 2.5C AFE /K E 2 420 mm, ARIRIHEFFIR S ZFEEE
B A AEIER 1750—2650 m Z [A] (1) 55 1L X3, 32 X3RN 77 AR DL E5 08 =42 ( Picea schrenkiana ) 25 3, #RMR 534
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2022 4% 7—8 HAE R INAR BT AR H se b E AT sl Ay . AR 8 3508 25 42 70 A5 i Bl (4R 1750—2650 m)
e e CFMERE L (IR 1800—2600 m) , BE[AIFAHER 100 m B 3 NFEHL, BEMFEHLR /N R 30 m x 30 m, 3%
B MBREE 27 AMREHL, FEHL AL 24300 m®, FHAEHE UTFALIOG T 1K ( LiBackpack ) Xt SFEHLIEF T4, 0
SEIFIR LB AEAARME 2B & HARFET S5 BRI T (£ 1), JE I Lidar 360 4 Ab 3 55 2= $i 4 3 B
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Table 1 Basic information of P schrenkiana population plots

SRS i
K FEHb 45 SRR m®  FERE/m P/ em R/ A~ T B Numk ) ¢
Altitude Plot code Mean CA * Mean TH Mean DBH Stumps Number of um )fer °
seedlings

death trees

IR 1800- 1 1679.04 17.75 19.74 18 9 4
Low altitude 1800-2 1745.57 19.09 22.61 17 3 4
1800-3 1603.80 14.10 17.34 12 6 6
1900- 1 1643.19 16.66 22.53 20 1 4
1900-2 1429.54 14.25 19.36 10 5 3
1900-3 1406.36 13.34 18.75 13 7 3
2000- 1 1299.69 9.35 11.91 21 14 2
2000-2 1547.14 12.02 14.10 22 11 6
2000-3 1695.57 15.96 19.93 11 11 4
ik 2100-1 1861.49 15.14 22.67 12 0 4
Medium altitude 2100-2 1908.19 13.32 20.81 16 5 3
2100-3 1197.62 16.38 25.99 17 7 2
2200-1 897.80 18.05 28.92 14 3 1
2200-2 645.30 19.71 32.59 19 1 0
2200-3 1412.67 18.63 29.86 14 0 0
2300- 1 850.12 17.14 28.45 20 1 2
2300-2 1041.21 17.48 25.90 10 1 1
2300-3 1550.07 14.10 19.61 16 7 0
=R 2400- 1 935.42 10.18 16.62 1 15 3
High altitude 2400-2 725.60 9.28 14.96 10 9 2
2400-3 822.43 9.94 16.73 5 8 4
2500- 1 666.69 6.81 13.54 0 3 3
2500-2 804.70 11.34 17.69 0 2 2
2500-3 833.65 12.46 23.82 0 1 3
2600- 1 228.05 7.48 15.48 0 0 1
2600-2 387.40 10.52 24.14 0 0 1
2600-3 514.06 12.82 26.30 0 0 0

# CA:crown area;TH :tree height; DBH : diameter at breast of height
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Fig.1 Age structure of P. schrenkiana population
R T I IV V VTV A28080053 725 ems [ <10 em 10 em< 1T <15 em 15 em< Il <20 em 20 em< IV <25 em 25 em< V <30 em,
30 em< VI<35 em 35 em< VI <40 cm 40 em< VI

RIEES BRI IE R (R 2) AR V,—V, K FF, hilgdk V,.—V, V, V, K F%E,V,—V,/h
TR NVAETE SRV, —V R TE VTR Al AR 5 10 5B AR R A KB B, A BRI AR
AREAE T —MRPIREATI 3 WRF AL PR A 5 16 2 T — Mg,

K2 BREMMBENTTUIESR

Table 2 Dynamic indices of P. schrenkiana population

ias V.

j\Igficlass 1 2 3 4 5 6 7 G Vi
G Low altitude 39.78 25.45 29.27 13.79  42.67 27.91 16.13 28.54 0.1151
i Middle altitude 1224 2558  -938  -7.14  36.00 0.00  66.67 3.16 0.0082
B High altitude 13.42 19.38 33.65 2029  63.64 35.00 0.00 24.64 0.2369

'S TP n B n+ 1 BB S AS 2R FE %0 Number dynamic index of the population from age class n to n+1 ;Vpi . W AMER P B AR A B Bh
AL 5K Number dynamic index of the population when the external disturbance is ignored; V'],L- L B ANIR T R B 3 A S L F5 5 Number

dynamic index of the population when the external disturbance is considered in the future

22 FWREMEEESAaR fAEIL,
221 EESAmRSN
MY AR (R 3) MR H IS A2 P AL 3 SRR R 52 B e 18 i 5 B AIG ka2, 6 IR TR 34
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B, g e AR e By BUG A AFRE D W5, vhifEs 1T I I,V VIR ER 5 i e TR it 4B, ] Ul v
TR T e 2 AR ) AR AT BE T 3

x3 BWEEMERSEGR
Table 3 Static life table of P. schrenkiana population

Py Py
fiiEdk I 5<DBH<10 274 274 1000 0.40 109 801 2453 0.51 245 691 0.60
Low altitude Il 10<DBH<15 165 165 602 0.25 42 526 1651 029 274 640  0.75
I 15<DBH <20 123 123 449 0.29 36 383 1126 035 251 611 071
\% 20<DBH <25 87 87 318 0.14 12 29 743 0.15 234 576 0.86
\ 25<DBH <30 75 75 274 0.43 32 215 447 056 1.63 5.61  0.57
VI 30<DBH <35 43 43 157 0.28 12 135 232 033 148 506 072
VI 35<DBH<40 31 31 113 0.29 9 97 97 034 086 473 071
VI 40<DBH 36 22 80  — — — — — — 439 —
LRETIE I 5<DBH=<10 98 98 1000 0.12 12 939 4520 0.13 452 691 0.88
Middle altitude I 10<DBH<15 86 86 878  0.07 6 847 3582 0.07 4.08 678  0.93
I 15<DBH <20 64 80 816  0.18 14 745 2735 0.19 335 670  0.83
\Y 20<DBH<25 70 66 673 0.12 8 633 1990 0.3 295 6.1 0.88
\ 25<DBH <30 75 58 592 0.17 10 541 1357 019 229 638  0.83
VI 30<DBH<35 48 48 490  0.17 8 449 816 0.18 167 619 083
VI 35<DBH<40 48 40 408 0.20 8 367 367 022 090 6.0l  0.80
VI 40<DBH 80 32 327 — — — — — — 579 —
R I 5<DBH<10 149 149 1000 0.13 20 933 3161 0.14 3.16 691 0.87
High altitude Il 10<DBH<15 129 129 866  0.19 25 782 2228 022 257 676  0.81
I 15<DBH <20 104 104 698  0.34 35 581 1446 0.41  2.07 655  0.66
I\Y 20<DBH<25 69 69 463 0.20 14 416 866 0.23 187 6.14  0.80
\% 25<DBH<30 55 55 369 0.64 35 252 450 1.01 122 591 036
VI 30<DBH<35 20 20 134 0.35 7 111 198 0.43 148 490  0.65
VI 35<DBH <40 13 13 87  0.00 0 87 87 0.00 1.00 447  1.00
I 40<DBH 13 13 87  — — — — — — 447 —

A, i BYNAATE MAEL, Actual survival number;a, : SJW G » RN AN AZL, The correction value of A, 51, :x R MIBRHEAATE MRS,
Logarithmic standard surviving number;q, L, : A x ] x+ 1 BRI F-I7EE MASL, Survived individuals of the interval form x to x+1;d, : A x 3 5] x+1
WA FET-MASL, Standardized death;q, : A x #53) x+ 1 S FIHESASE T3 Mortality rate; T, : KT T « PN FATE K S4L, Total number of
individuals form level x to greater than level x;k, ; FhHETY 25 % Vanish rate; e, : B4 67 {l, Life expectancy ; Inl, ; 57 A6 77 3 06 %2, The natural
logarithm of [, ;S, : FRFEAZIE 3R, Survival rate

2.2.2  fEIE FETRANE R ML

A7 TG IR (18 2) o, H i AR AR AL S22, RhESS MR 5 1T 1 — I 4240 V — VAR 940 IR g 440
EER IS = R R BB P 0 R IR B, IS S A B 2] T, AR
FET- A M e (& 2) 450 K RV AR FE T RN 2 e die i "B R AIG, W] WA F IS 2 2 1A K
TN GASE T ZIEIBR T, A20E i R ERim (R 4) RW] AR P SR SIS 2 A2 R AT S Deevey-
T 7Y | 3 BH 508 25 A2 P REAE AN [R) T 3 B A7 A6 B AR AR BB T 3 IR
2.3 FRBERAEAE BT
231 FREEMEAFS BB T R

AR LA AR B AR B AR I A AR I RIS, SRR T AR R, wT UL IR s A 4
B, R R/ N—F53 A BEAFTE B2 W B AR B A AR B R T R AE T — AR R AH3E, i 4k W 7E
M5 , = LA PR I A AR T /N (B 3)
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Fig.2 Survival curves, mortality and vanish curves of P. schrenkiana population
F4 TERZMBETEEBENRIER
Table 4 Text model of survival curves of P. schrenkiana population
AR Altitude J7F#E Equation R? F P
A N, =1301.377¢""17' 0.918 66.842 0.000
Low altitude N, =1328.1945703% 0.991 673.44 0.000
iR N, =1199.61¢70-513+ 0.850 34.125 0.001
Middle altitude N, =1240.633x7"1% 0.986 413.11 0.000
R N, =1746. 496¢™ 125+ 0.794 23.062 0.003
High altitude N, =1940.8355 70402 0.942 96.932 0.000

N, 215 x BB AFIEEL The correction value of A,

v EfFR . RITE

Mo ik FitfEH [ 1o
0.8 08 £
S
=g &
% E 06 0.6 3 £
%S 18
&z Re
i‘H(g 0.4 04:":“3
B
g
0.2 02 3
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Fig.3 Survival rate and cumulative mortality rate curves of P. schrenkiana population
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Fig.4 Mortality density and hazard rate of P. schrenkiana population

®5 TUEAAZFEE EFZIH

Table 5 Time sequence analysis of age structure of P. schrenkiana population

%7 ERNIES AR
(3 Low altitude Middle altitude High altitude
Age class FT VAL VRS KA AL W V ACCCR VLI VARG LR VXS DR S ALV K SN Y A ORI VLD
I 274 98 149
11 165 220 86 92 129 139
1 123 144 162 64 75 80 104 117 113
v 87 105 113 128 70 67 74 74 69 87 89 88
A% 75 81 82 87 104 75 73 64 65 71 55 62 62 65 69
VI 43 59 59 66 70 48 62 60 64 59 20 38 39 46 50
VII 31 37 46 45 49 48 48 63 54 48 13 17 25 28 34
VIII 36 34 28 31 34 80 64 44 42 40 13 13 12 17 21

M,V 253 2 .4.6.8 MEHJE LA/ The population size after 2, 4, 6 and 8 age class time
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