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Spatial patterns of a treeline Befula ermanii Cham. population on the north slope

of Changbai Mountain
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Abstract; Treeline as one of the most important indicators of climate change has been extensively researched for the past
years. Elucidation of past and present treeline formation can help us to understand how rising temperatures influence the
treeline pattern and to predict treeline response to future climate change. On the other hand, global treeline positions have
been considered to advance or retreat because of human disturbance and/or changes in local environmental factors combined
with climate warming. Every natural treeline has a common convergence characteristic, namely, a limitation of tree height
growth because of low temperature or other stress conditions, and this causes a gradual change to elfin or shrubby trees along
an elevation gradient. Thus, elucidation of the functional differences between trees and alpine shrubs will facilitate an
understanding of the alpine treeline. The spatial distribution pattern is an indicator of the selective adaption of a population
to a specific environment, and it is considered to be a crucial character for describing the relative spatial location of the
population. The extent to which plant individuals are aggregated can reflect the dispersal strategies of a species and

determine how this species utilizes resources. The point process theory provides several statistics containing Riply’s K-
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function and the paired correlation function [ pcf or g(7) ] to analyze point patterns at different scales. Investigation of the
spatial point pattern of a species at the treeline ecotone will provide a valuable insight into ecological processes, for
example, the way in which individuals occupy this habitat and the strategies whereby these individuals utilize resources. In
the present study, we evaluated the spatial distribution of a Betula ermanii population growing in a 0.64 hm® permanent
sample plot at the treeline ecotone on the northern slope of Changbai Mountain, northeastern China. On the basis of the
number of branches and tree height, we defined three life stages (adult, medium-sized, and sapling) in single-stemmed B.
ermanii individuals and one shrubby shape in multi-stemmed B. ermanii individuals. We subsequently analyzed correlations
between these different life stages and tree shape to verify whether life stage and tree shape were related to the spatial
pattern. Results showed that 7.5% of the B. ermanii individuals exhibited a tree shape, whereas 32.0% exhibited a shrubby
shape except the rest medium-sized and sapling ones. The critical limitation of tree height growth for B. ermanii is 1.5—3.0
m. Larger trees were rarely observed in the study area, indicating that this species is markedly constrained by height growth
limitation at the treeline ecotone. We observed that adult and medium-sized trees were clustered in a small area with
appropriate micro-topography and/or soil conditions for tree survival, for example, high-quality soil and concave grounds
with seasonal snow drift. On the other hand, saplings and shrubby trees showed a weaker tendency for clustering and exerted
weaker selective effects on the spatial pattern. Our results imply that the most suitable tree architecture for B. ermanii at the
treeline ecotone is a shrubby shape and that an important period of life stage division may exist during the process of tree
establishment and development. We further showed a higher degree of clustering among shrubby-shaped individuals than
among tree-shaped individuals, implying that a multi-stemmed life shape with low stature is advantageous for survival of B.
ermanii in the treeline ecotone. Taken together, our findings provide a valuable insight into the survival strategies of B.

ermanii under local environmental conditions.
Key Words: spatial patterns; life shape; tree height growth; Betula ermanii, Changbai Mountain
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Table 1 Life stages of Befula ermanii classified by tree size

IR EEH Class

ETAE WREL H/m

Tree No. Tree height class W H/m Hi#% D/em W% DBH/cm AR JI o&5 B/ % ﬁ.jéﬁﬁ
Number Percent Class unit
n=1 H>3 4.246+1.072 — 4.954+3.1 215 7.46 s1 TR/
n=1 0.5<H<3 1.467+0.593 1.276+0.455 0.9+0.913 1646 57.09 2 HI
n=1 H<0.5 0.452+0.083 0.885+0.315 — 101 3.5 3 YT
n=2 — 2.041+1.221 1.441£0.565 — 921 31.95 s4 HEATY

Fr —" RRTL R LB TE R, 1 BAT S T HAM KT 3m BER/ AR (n=215) ;2. RAM. ETH AT 0.5m H
3m ZBIAT TR (n=1646) ;93 : HE/NT 0.5m BISIE (n=101) ;54 BA 2 D LLE ETEMEAREARA IR (n=921)

3.0

05

04 |-

03
80% 4

02 20% 444

M3$5% Morishita index

MEZK 25 Probability density

0 2 4 6 8 | | | | | J
e hj-ﬁ*f#’fﬂ‘r‘?gﬁ W 0 10 20 30 40 50 60
eight value of betula/m £ K/ Diameter of quadrat/m

E1 MEAMAEGHESENZEES S
Fig.1 Density distribution of three height of every individual

2 EHMBLGEARRETHRERES M

Fig.2 Plot of Morishita Index of increasing diameter of quadrat
Betula in population

2 B VA b DXOpR R A SRR T M LB A S 5E DBH X 3 IS G A R, TR o T i B 4 b
S HER A KN MR ARER A B a2 X, A KT 3m AOREER A R M AR B ) AR 9 R R AR s 25 F 4
BRAEWA LR KA e T b A A 1 Ry b e 2 06 S0 o B 5 A 90 80 4 Jl R I A b 9 BT A S MR RR 40
sl A7 1 HAE R T 3m MM/ TR R (n=215) ;52 BA M £ TR ENT 0.5m F 3m Z 81 bRt
(n=1646) ;3. B /NT 0.5m LN (n=101) ;84 . A 2 NLLEFE TR RBEARLETHE R (n=921)
2.2 FREEERI S Ak e

FREE ARG MI & (] 4) SR, 0—60m YL P, MT 3R AR T 1, ) 0—60m A4S AN IR, MR EE S 3
PR R BEAE A AT s ML TE 0—10m (197N B2 Py MI B G I/, 10—60m 3R R BE | ML A FFREAR (B AFE E 7 1
DAL SRR 2 R A R B IR () R4
2.3 AN[EAETE SR BLR o A R

R AR TR B (8] 3) MR 40 LABE SR AT R o300 TAE b P AR [R] A= 35 sk B B 1) 6 M 0 A 446
JaAl A 250,

g(r) Geita e m T 4 FhAE TG 5B B A EMEAE A B LA SR (& 4) AR 55 A 43 M 3 BB Ry 0—
20m, EWAE 0—16m [X [a] P H B i 24010, 16—18m MBEHL R , 18—20m Ry ¥ 51 534 ; rPA 7 0—

http ; //www.ecologica.cn



120 JAE = 3545

£
8
<
g
o
8
3
N
40 60 80
X-coordinates/m
B3 EMME4INEFENRAOTESHZEEST
Fig.3 Kernel estimation of distribution for different life stages-related Betula
P (0 BRI A1 30 JEE O, B0 €0 B A3 4 A 2 /N
3.0 — 3.0 2
20 — 20
1.0 — [ — = = e
— I | | ]
& 0 0 0 0 5 10 15 20
50 — —
3.0 30 |- <4
20 - 2.0
1.0 — 1.0
0 | I I ] 0 I | I ]
5 10 15 20 0 5 10 15 20
Scale ()/m

4 BEFLEMEHZEERE
Fig.4 Spatial patterns of different life stages
sl: BRI AR SRR LA ; R OB LUK RIS AT R TR g (r) s G KO 95% BAR XAl 2 i, HAl[R] o153
A 4 BT

http ; //www.ecologica.cn



14 EWERN A5 R F LB AR R 2= 6] A 1 S5 121

20m [X 8] P — BRI R AL A3, FL R RUBE 3G K, RAE B 3B 08/ s S BT AE 0—Tm DX [A] N e 3k BH (2 1 2R
R, T—19m KREBCHBEYL /3 41, 19—20m 345 534 7 th HE AR ALAE 0—5m Ju [l N R B R A 4310, 5—
20m M BEHL i,

JUR A 3% S0 B BERIAE R TR R BE R B AK R 22 53, AR /N B RGHr R BN B4, N T Ak 4 R
1) R BRI o (r) , TS — D EINGETTHE CL, Cl= (WEUE-FIS(E) /(B 5 FIR-BSME) . PRt 3 (&l
5) LT s4.83,s2 51 B0 B 42 (R SR AE A
2.4 RTAIAE G s B B 2 ] B4 2 ) Bk

KT oM 4 FRRIRAERLE 2 A0 22 5 B eI g (r) GEH 0T B X ¢ K656, T g (r) SETHE N SE
BE, PEBCHL S11 AMEIATRERS , 255 (36 2) RIAJURP AL Z R R AL A 52500

L] L]
24 %" s1 24 %" s2

18 18

Trot it sehitanles e o |

CI

Scale (r)/m

5 BEEREMBRNEGREER
Fig.5 Clustering trend of different life stages
sl: M PR B R -1, 1 B R E RIS IRV E K M e 2k AU R AR s s R OO S SR R AR R il 5 2 vh
W HABTR s15s3: 40 4. SR MAEATY

x2 FREFEMRZE g(r) FITERIET ¢ 103
Table 2 Paired ¢-test of g(r) of different life stages

257 Type t g mean difference P df
s1—s2 ~21.9085 -3.993731 < 0.001 511
s1—s3 12.4781 1.974787 < 0.001 511
s1—s4 13.4009 1.678653 < 0.001 511
$2—s3 35.5429 5.968518 < 0.001 511
s2—s4 35.3676 5.672384 < 0.001 511
$3—sd -3.3264 -0.2961342 < 0.001 511

http ; //www.ecologica.cn



122 35 %

FIH geross () BUE f kg g5 1725 [ OCHR e M 45 R BH (B 6) , 7E 0—10m BIR/INRE | sl 52 51 5
s4.52 5 83 2 5 s4 HRIUMIEHK ;51 55 83 .83 5 s4 FRIMH IO AL SHEF s 7F 10—20m YRR I,

W BrZ 1) R B O e s HE R R AR

35 35 ¢ 35
s12 s13 sl4
3.0 3.0 | 3.0 |
2.5 2.5 | 25 |
2.0 2.0 |
1.5 - 1.5
1.0 RSP 1.0
S oost 05 05 |
8
5 0 | | | | 0 | | | | 0 | | | |
;]';H 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
w35 35 - 35 -
=3 s24 s34
3.0 3.0 3.0 |-
25 25 L 25 |
2.0 |- 2.0
1.5 1.5
1.0 1.0
0.5 0.5 .
0 1 1 1 ] 0 1 1 1 ] 0 1 1 1 ]
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
ZE AU Scale (+)/m

B 6 &FRZEHITEXREK
Fig.6 Spatial correlation of multiple types
x WARERZS IR, y Bl U ik g () HL, B A i) ) DX 5 A BEATL O3 A ) 4 X 11

3 WiREHSR

3.1 ihe
311 b MR P A A T R

AA G EAT — B S 3 AR A B M R R AR M 0 1) AR 7.46% AN 31.95% , Xt AR AR
TIEARIF ST %0 5T X N R e A K 2 B, ELAFAE — S SE R A A 8 IX R 1.55—2.5m, THeAR") %5 ] —
DX IR HE A IR 25 R R B TR MEAEAR AR 18em ISR BIAR /&5 AR K BRI, 158 B ARER &b A 55 A 1 BH i 32 IR B R il
XSGR —E, BT TR &K SZ BRVLBE A 55 22 48 o T BB UG 78 37 PR B0 | P R A1 3 A
Bk Iy BRSO ol o BRI 58 A2 3 B 22 K7, Koeh ™ S50 5 1 A K32 i AR BR &) 1 ik i K/
FOCHRET B M K28R DIREA 22U A R T A B A 0 P 344 16 AR A A 1 1% il A 4 14
43 A L AU R AR A 1o T A 5L 38 0 2 A 0 £ K T 3 00 I A B A A e A 0 R 5 442 1) b ol
J2 AT AR A A 8 5 2 DAL S VR B e SR BRI A IR R g i 6T i LA 5 3 e i i 98 A
J MIEHEA RS E ALY 5 T AR H, 525 5 B 466 J BBl A0 R 2R A s i, 8 BB A5 7 1 el o AR 3R A
U A, SRR A T R A S RS 3 BI3E AU ( Trade-off) (25 L, 78 B A K ASBE ML
KGRI B, o 1 34 Jonn JEL A Jolp 3 JRU ISz 4n XU S5 42 28 40155 400, AL 400 3 o7 A e 36 9 R 784 DL AR W 3 2%
PR A T A S v A DX AR B QTR A A 1 B A SR A
3.1.2  EHEFEEO AR R

AR RIS 0—10m BN A RAE /340 AT 10—20m AR RUE B 5) 5040 X 5 IR

http ; //www.ecologica.cn



14 EWERN A5 R F LB AR R 2= 6] A 1 S5 123

AR I b GE 2705 2 4 BT BB AR B 0 S A AR 1R 7 e — RUBE B it 2 [l R & — > s LA A 3 i
FEICEIFE IR ZE R BN BE L RS Jay S AT REZ W o A1 S SR SRR A SN TR A PR S 25 PR R E | T AR/
JURE L A6 Joy P RER AN R R EE AR ol A i ] 5 4 o797 BB 25 DR R B s, 1 1 Ll AR SRRk I ME 23 A1 52 3t
R TR IC IS, HuE ol AE-5 HARE sC AR 0 45 5 A — 2 , SR I ME R AR 0 AT A Jm o R AR ) i
TG RFFLE A R 7R 5 ARMIR S, RAEHEGE b T EBEN %, WA B 5 B0 S i RRER LB, DA
RESPAT , B HE JR 5 A AT RS SR A SC Ry . AR EE TR, S T A Ml B2 AR 1 5 M P TR AR L
BB . AL A BTN MR S A5 A RN SR TR S0 TEARER A 25 18] 23 5 W] 0, M 30 3 A e o 8 2
18 25 U - 9 R R AR o % S fe A Al
313 A[R) A S B B S [l R 55 K

N[5 A= 35 s B B A S0 AT A% R T LR — 8 R L SO Rl ) R B e, AN XM BRI B0 T KA
byl e HEAE R B 1 R o i SR RE ST R R BEAL A 10 1 AR BFSE th AR AR I R ) (19 B4 4, 0—5m
f/INRUBE R 28 B Bt R A R AL 231, 5—20m {8 1Bl A R AR RIS R 2 BHR RN SRR | ST HC G 2 [R] ) 7 B o
PEPRRCR i , R S 4y v R BUA BEAL A, OGS 23 [ 53 PR PR A SCR A 8055 . AR TR AR Y | A TR
T MER IR RIS BEALAG 7017, 3o SR A B2 0 2 ) B 3 1) 22 5 P REAR /8 1 R il | 0 S MR 22 (W) ) B S5 385 7
BEPRIZE ST SR ARG SR A 1 B0 ] R R A — e (9 D PR DL, T T A B 22 M R BLAE o5 A 0 o7
B, R E SR AT REAEAE— R E B, AP R e — ol T A R A SRS, 1 RAT R B A
PR, LUELSE T B U AR 1 UERAE A B ORI RO 26 AF | DATEAC 2R 136 B0 15 Jo] FRIBR 85 [ 1)
B RIEEAE , AFRARAUE DT IR I SRR L 4 A KBRS A B 2 £ 20 TR &S, By
DS A R T 2 T BN AR R R PR 0G0 SR AT REAF AR — A 1 B AL R B

PEARARZ 8] AR B2 A — 2 VR TV L, 25 S8 04 2 1) 3 A1 SR IR SR ST/ N AT
F0—10m BIBUINUE L BR s1 5 s3.s3 5 s4 RIN IO R AE 1k iR b, AR ) 2 3 fe AR T
(EARSCTE A e A B -5 2 EAR L 2 (] 3% JC W S e b A P, 505 PR R A7 A S 8 TE SRR T (S R 5 A 2
TUHRFR BN TEAR S, ] BE Y B PR AR BT ol FE 81l K, AR SC AP 0 D5 vk 50 & BILIX 3 T AR 16 S 9 45 B B, il
TEMER fe A R 2 PR I ZR S MR
32 Z5ig

(1) K A ILHESEAR L MR 5 A 2 B BRI, 1. 5—3.0m J2— P R EERI R S 4647

(2) FHEC T8 R, Iy v FIRE AR 2R R A B D 145 Sx 2 [ ) eSS P e B 58

(3) MREIEME L B i A v A — LR TR B0y B R B 2B BL

22 3L Hf ( References)

Kérner C. A re-assessment of high elevation treeline positions and their explanation. Oecologia, 1998, 115(4) . 445-459.

FWEZR, XU, KA IR B A R AR Nz, (L3242, 2011, 29(5) : 551-560.

Drake J E, Raetz L. M, Davis S C, DelLucia E H. Hydraulic limitation not declining nitrogen availability causes the age-related photosynthetic

]
[ 2] Kaormer C. Alpine Plant Life: Functional Plant Ecology of High Mountain Ecosystems. Berlin: Springer, 2003 3-40.
[ 3] Tirado R, Pugnaire F I. Community structure and positive interactions in constraining environments. Oikos, 2005, 111(3) ; 437-444.
[ 4] Gittins R. Canonical Analysis: A Review with Applications in Ecology. Berlin: Springer, 1985.
[5] JMEE, BRER, BER, 855, U7, T X g ZE AR R, PO 244, 2006, 26(3) : 579-584.
[6] T, Bk, EH5E, FWUL, AR, KA IAAERTE B R SR X A AE . BT A4, 2004, 15(10) : 1760-1764.
[ 7] EBE, whitA, 405, AR KA WLEEERRER R a2 40T, M A4, 2002, 13(7) : 781-784.
[ 81 Karner C. High elevation treelines // Kérner C, ed. Alpine Treelines. Berlin; Springer, 2012.
]
]

decline in loblolly pine ( Pinus taeda 1.). Plant, Cell & Environment, 2010, 33(10) ; 1756-1766.
[11] Ryan M G, Yoder B J. Hydraulic limits to tree height and tree growth. BioScience, 1997, 47(4) . 235-242.

[12] Thomas S C. Photosynthetic capacity peaks at intermediate size in temperate deciduous trees. Tree Physiology, 2010, 30(5) : 555-573.

http ; //www.ecologica.cn



124 JAE = 35 %

[20]

Thomas S C, Winner W E. Photosynthetic differences between saplings and adult trees: an integration of field results by meta-analysis. Tree
Physiology, 2002, 22(2/3) . 117-127.

Koch G W, Sillett S C, Jennings G M, Davis S D. The limits to tree height. Nature, 2004, 428(6985) : 851-854.

Grace J, Berninger F, Nagy L. Impacts of climate change on the treeline. Annals of Botany, 2002, 90(4) . 537 -544.

Scherrer D, Kémer C. Infra-red thermometry of alpine landscapes challenges climatic warming projections . Global Change Biology, 2010, 16(9) :
2602-2613.

Korner C, Paulsen J, Pelaez-Riedl S. A bioclimatic characterization of Europe’s alpine areas // Nagy L, Grabherr G, Kérer C, Thompson D B A |
eds. Alpine Biodiversity in Europe. Berlin: Springer, 2003 13-28.

EBEAR, XIHH. KA LR LA S KA T, H BRI, 2011, 30(3) : 313-318.

Hagedorn F, Shiyatov S G, Mazepa V S, Devi N M, Grigor'ev A A, Bartysh A A, Fomin V V, Kapralov D S, Terent’'ev M, Bugman H, Rigling
A, Moiseev P A. Treeline advances along the Urals mountain range-driven by improved winter conditions?. Global Change Biology, 2014, 20(11) :
3530-3543.

Aune S, Hofgaard A, Soderstrom L. Contrasting climate- and land-use-driven tree encroachment patterns of subarctic tundra in northern Norway and

the Kola Peninsula. Canadian Journal of Forest Research, 2011, 41(3) : 437-449.

http ; //www.ecologica.cn



