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Abstract

Aims Temperature limit is the main cause of alpine treeline formation. Therefore, it is important to understand
the response mechanisms of alpine treeline as well as their tree species under the global climate change. The pre-
sent study focused on the spatio-temporal dynamics of treeline and ecological characteristics of the tree species in
two treeline ecotones.

Methods Two vertical belt-transect plots were established in each treeline ecotone of the Zheduo Mountain and
Jianziwan Mountain of the eastern Qinghai-Xizang Plateau. Top and bottom of each transects were lain between
species line and forest line, respectively. Detailed information of each tree species treeline, including species
name, latitude, longitude, height, age, base diameter, and coordinates, was recorded accordingly.
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Important findings The temperatures of the two research areas have increased during the past 58 years. The
precipitation has decreased slightly in both the Zheduo Mountain and Jianziwan Mountain. The age structure of
Abies fabri from the Zheduo Mountain and A. squamata from the Jianziwan Mountain showed a reversed “J”
shape curve and a bimodal shape, respectively. Within the two transects, due to the limitation of seed diffusion,
the dominate species showed aggregated distributions at the small scale. At the large scale, A. fabri was aggre-
gated at the Zheduo Mountain, while A. sqguanmata of the Jianziwan Mountain was randomly distributed due to
the impact of surrounding environmental factors. Both tree height and base diameter decreased with the increase
of elevation. The fir trees (Abies spp.) at the upper part of the treeline ecotone presented an allometric growth,
whose height growth rate was higher than that of base growth, while the relationships between height growth and
base growth were isometric at almost mid and lower part of the treeline ecotone. Compared with 10 years ago,
there was no significant change at the position of treeline and tree species line of the Zheduo Mountain and the
Jianziwan Mountain, neither of the tree density in the Jianziwan Mountain. However, the number of trees in the
Zheduo Mountain increased by about 25%. Compared with 20 years ago, tree species lines of the Zheduo Moun-
tain and Jianziwan Mountain were shifted upwards by 50 and 30 m, respectively. Besides, their treeline positions
were increased by 75 and 40 m, respectively. Furthermore, the number of trees also increased significantly by
220% and 100%, respectively. Therefore, the treeline and its constructive species are mainly affected by tempera-
ture at the large spatio-temporal scale, while influenced by temperature and ambient environment at the small
spatio-temporal scale.

Key words treeline; spatio-temporal dynamics; age structure; allometric; altitude gradient
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Tl ) 5 25 DB RS Aot B 1 R AR g ey
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Btk 73 BE 5K 5 8 2 B 48 AR A Y R B S R 3R
(Kérner, 2017). BEr B AR K S BURHIAS R
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AT BN AR ICE A7, B e Bl Ak
bRl A, FRIRs el N u g a4 . i

Table 1 The basic information of treeline ecotone of Zheduo Mountain and Jianziwan Mountain

L R a1 40|
Plot Altitude (m)  Longitude and latitude

Slope aspect

Wi TR A

Slope Main species

e 4210-4380 101.73°E, 30.05° N iEdk North
Zheduo Mountain
[IESNT 4360-4520  100.82° E, 30.02° N PifRt30°

Jianziwan Mountain

27.5° IRJEARAZ . N, TN
Abies fabri, Picea likiangensis, Larix mastersiana

25.3° i B2 A4 . PU)IIZ0F. Abies squamata, Larix mastersiana

North-west 30°
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Jianziwan Mountain
28°t 428° 28°L 128°
125 250 500 km 125 250 500 km
100° 104° 108°E 100° 104° 108° E
[T T T T TS RN T[T T T T —_—
0.4 0.6 0.7 0.8 0.9 1.1(C) -0 6 -4 -2 0 2 4 6 8(mm)
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Fig. 1 The difference value map between 20102017 and 1961-1970. A, Annual mean temperature. B, Annual precipitation.
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Fig.2 Age structure of treeline-forming species at treeline in the Zheduo Mountain (A) and Jianziwan Mountain (B).
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Fig. 3 The relationships of tree height(H), base diameter (Dy,) and altitude (A) in Zheduo Mountain (A, C) and Jianziwan Moun-

tain(B, D).

F2 W2 L EHTELAREENAE KRS SR REF KR

Table 2 The correlation between the growth of height and base diameter in Zhedou Mountain and Jianziwan Mountain

B i R p RER(95% A5 [X H]) S A KA IS
Plot Y (m) Slope (95% confidence interval) Test of isometry p
#% 1l Zheduo Mountain <100 0.80 <0.001 1.64 (1.30, 2.08)" <0.001
100200 0.54 <0.001 0.72 (0.51, 1.00)° 0.053
201-300 0.72 <0.001 1.15 (0.98, 1.34)" 0.08
>300 0.52 <0.001 1.12 (0.90, 1.34)" 0.296
BY 71l Jianziwan Mountain <100 0.75 <0.001 1.53 (1.21, 1.93)* <0.001
100-200 0.85 <0.001 0.99 (0.80, 1.22)° 0.92
201-300 0.80 <0.001 0.83 (0.63, 1.10)" 0.18
>300 0.90 <0.001 0.85 (0.74, 0.98)° 0.028

KNG TR A2 5 R
Different lowercase letters indicate significant difference.
FESSE M. B PSR S 2 g M
L, PR RENRELR@P < 0.001), HIE
AR > 12 ) AR KO R, T A (R B R LR A
AR RS> AR KHER R SR (P < 0.05), HARW
BRI R RKIRS . EREMA R4 K
R ZEAE AN IR 4B B TR 3 AR B 25 22 e, A
AT AT R A R R R AT 50
2.5 BEMZTES RGNS

X PR ASRE I R BE R A A2 AT R0 TR R 20 AT,
45 0L P4 Bt 5 3R WA b [ 10 2 A A% R B R 1) 22

S, P12 LR Rl B JE A RS TE /N RS L R AR
OrAT, BEE RS, REREGIR,; 8T
LR R 5 R VA A2 AE /N RUBE S L Y (R PR 2R 4R
o)A, /ANTF60 migiE P SRR 2 ISR,
FEHE KR E F(>60 m) U £ 3L H BEHL A6 1 R,

RIS ATHE SR 5 R RN DI
R AR -5 R 4 T 1) 5 R RS 22 40 A7 i3k 4T
B HT (LOSE T L2045 1T), AR -4 e 455 784 I,
F3. FRLITEANREHL R - R R B i (p <
0.001, R*4)5150.68F10.71), Aek#Er AT 10
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F3 2L EHFE LR E(H) S H (@) E R = He m TN \
Table3  The regression m:del of tree height (H) and tree age (a) §20$ E/J r% ﬁ ° ﬁ%j:u‘%%ﬁ_‘ @5’ EE 1:%}“ A %ﬁ ]7/;':] ﬂ U\
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Fig. 4 Point pattern analyses for the Zheduo Mountain (A) and Jianziwan Mountain (B). The two green lines are the confidence
intervals for the fitting, and the solid line is from the simulation.
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Ko TP R H LSS 23 [ AR AR KR R AR R
fE T HAE R IAEE B AR K SRS 1) 22 5 S R A v 48
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van Bogaert, 2011). BFZZ S AE 104 N RFFES
SR Z MBI T . B, AR iR

www.plant-ecology.com

Hiy XA A A K B LR g, R AR I R I B
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Supplement I The variation of temperature of the Kangding and Yajiang in January and July.

http://www.plant-ecology.com/fileup/PDF/cjpe.2018.0082-s1.pdf
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Supplement II The variation of precipitation of the Kangding and Yajiang in January and July.

http://www.plant-ecology.com/fileup/PDF/cjpe.2018.0082-s2.pdf
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Supplement III The variation of temperature and precipitation in the Kangding and Yajiang during the past 60 years (from

1960 to 2017 AD).
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