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Size structure and spatial patterns of Balfour spruce treeline population in Yushu, Qinghai
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2. College of Urban and Environmental Sciences, Northwest University, Xi’an 710127, China

Abstract: Background, aim, and scope Typical Balfour spruce (Picea likiangensis var. balfouriana) treelines
were found in Yushu, Qinghai. It provides a rare opportunity to explore the structure and spatial patterns of
treeline population. The existing studies mainly focused on the variations in tree growth and altitudinal position
of Balfour spruce treeline, however, little is known about the stand structure and spatial distribution patterns
of Balfour spruce treeline population. Herein, this study aims to reveal the size structure and spatial patterns of
Balfour spruce treeline population in Yushu, Qinghai. Materials and methods Using dendroecological methods,
three rectangular plots (30 m X200 m) across grazing-disturbed Balfour spruce treelines were investigated in
Yushu. Distributions of size structure of trees were analyzed within each plot. Using the O-ring statistics, we
calculated the spatial patterns of different height classes of trees at the scales of 0— 15 m. Results Population
structure within three plots was characterized by reverse J-shaped distribution. Number of seedlings less than 10
years was rare or absent. Seedlings were clustered at the scale of 0—4 m, but were randomly distributed at the
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scale of 4—15 m. Both adults and old trees were randomly distributed at the scale of 0—15 m. Seedlings and
adults were spatially positive correlated at the distance of 2—6 m, but were unrelated at other scales. Positive
correlations between seedlings and old trees were detected at the distance of 9— 14 m, but were unrelated at other
scales. Discussion High regeneration potential and insufficient new recruit may indicate the combined effects of
climate change and overgrazing disturbance. Clustering of trees was only detected at small scales. Intraspecific
competition was found to be important within treeline population. Regional climate and local site conditions (e.g.
grazing disturbance) jointly drove tree spatial patterns. Conclusions Disturbance regimes played an important
role in driving structure and spatial patterns of population at treeline. Lack of new recruit may be a serious threat
to the long-term survival of the spruce forest. Tree-tree interactions should be carefully considered in the studies
of treeline population. Recommendations and perspectives This study laid a foundation for the understanding of
spatial distributions and intraspecific interactions of treeline population on the eastern Tibetan Plateau. Ecological
protection of spruce forest is urgently needed to achieve the sustainable development of mountainous ecosystems.

Key words: spatial pattern; grazing disturbance; treeline; timberline; Tibetan Plateau
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Tab.l Characteristics of three treeline plots in the Yushu region
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Plot Location Elevation/m Aspect Slope/(°) Mean BD/cm Mean DBH/cm Mean height/m Mean CD/m
BZ1  96°27'47"E, 31°48'47"N 4370 IEdE North 26 34.7 23.0 9.7 2.9
BZ2  96°27'07"E, 31°49'33"N 4308 74t Northeast 22 35.6 24.8 6.8 3.9
BZ3  96°27'53"E, 31°48'43"N 4398 1EJE North 24 22.8 22.8 7.3 22
BD: basal diameter, DBH: diameter at breast height, CD: crown diameter.
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Fig.2 Monthly mean temperature and precipitation (a), and variations of summer mean temperature (b) in recent 62 years in
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Yushu, Qinghai Yes Expansive type 4—15RD QS X
TG 6K A 9—14+,
i ,m . S3 il E‘JL_“A 1—4CD 1—I15RD 1—I15RD 1—15X% 1—15X  BZ3
Yushu, Qinghai Yes Expansive type QS X

WERHERERIAY . S1 (KREWAZ) , 82 (2RKAERYZ) , 83 (JIWAKZ) o s (CD) , P (RD) , B5J4045 (RGD)
ZS[AIERIR (+) , ZMFOCHK (—) , ZSETER (X)) , HARE (QS) ; ZSEME R AL mo SIHSCRERE: A (BRIFIESE,
2008 ) , B (Wangetal, 2012) , C (Lyuetal, 2016) .

Tree species forming the treeline: S1 (4bies georgei Orr), S2 (Abies georgei Orr var. smithii), S3 (Picea likiangensis (Franch) Pritz var.
balfouriana). Clumped distribution (CD), random distribution (RD), regular distribution (RGD). Spatial positive associations (+), negative positive
associations (—), spatial uncorrelated (X), other scales (QS); unit for spatial analysis: m. References cited include: A (Zhang Q Y et al, 2008), B
(Wang et al, 2012), C (Lyu et al, 2016).

SSD (size structure distribution), DS (distribution of seedlings), DA (distribution of adults), DOT (distribution of old trees), LSA (linkages between

seedlings and adults), LAO (linkages between adults and old trees), LSO (linkages between seedlings and old trees).

N SR T ERL 1 o AR 4 o i BB A 9 T Y 5
Wel o 7E A e S 2 AR (BB LL X, 75 56 B 4T
FIMRZHIX S ), REWTE LR IRMLAE N
o x4 (IkBF 9%, 2008; Liang et al, 2011;
Liang et al, 2016; Lyuetal, 2016 ) . 7Eft= 14
BCTILAR/NAUI LT, A AR A 1 T AR S
A, feMhi i &g, Ktk e80T
AR R BRMFRERY S BE (Liang et al, 2011) . 7E
FRHLIX, i BE O A TR ARG vl 1
A7 I X A8 A T e R A RS, AR AR
JFE LA R T M XS AR R 10 a LA 4l
H I HEEE

FRNTPG = AR Z 0] 1 25 0] 6 R S e T #h
e (RS = ey P i B A b A T S5 R

2013) o YA AETEAEHE T AR A ) AT
. A A KR, AEY 2 R IE A B S
KA RZ, WIAERE B2 [0 56 R LASE G E R A
F (Callaway, 2007 ) . 7E75 1 KR HLIX, JI[VY
IR A IR AR Z (8] (M vs. BAER, ER)
vs. BEET ) AR/ SR ELES ) E S, NP =
TG 5 AR . e /N RUBE AT T DG
X AT BB AR A DA 1 AE K PR R A R T R bR
FHG, AR STE W — M B A R ZS HOE R,
RUAE ) AR JEE4P 5 9 4P 2500 ” (Flores
and Jurado, 2003 ) ., FERPRKEF (AGCHE . K5,
B REAEN, BTN TR,
20 BE AR . AR AMDH: (PhE R, 1988) , B
RARZ A ARG, Koy, EFRERELE
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IEAEAER (Callaway and Walker, 1997) . A
AR ], 7T BE I o M A B S R IR T R B
IEMEAEH (RS, 2013) o FER KA R R
BE b, RS AR B RN AR AR 2 ] DG, X
AR T —S6hE 27 I Z B2 (B b1k |
TR ) o BPAMEA R, )NV A2 T &
FLEERAEHRE, RL, BRI R RE NS Tl 112 i
Fk B AP AR B, SRR Z ETE
BRI ZS R ROEE 3R o o O R AR
SR A A AR FH AT BE L2 B T S AR AR TR /N RS
LB =Z MR R 22—

TN PG B AZA R 23 (8] o3 A BURE A7 ] 24~
AR (FhFEUE. FNseessE) raksh, W
Z R RS AU ( Smith et al, 2003; Maher
and Germino, 2006; Kambo and Danby, 2018 ) .
R AR R T, TN BT 2
JEFN S [ 3D, Tl N SE AR A0S, T B A
AR AL R PR B R gD, PR B A/
RO AR R A (5RAd5E, 2007) o
TN, HESE . MR 2 S S P A
JE R GEBE A 1) 5 I Z — (Bader et al,
2007; Pirtel and Helm, 2007 ) . 7EJII P4 = A2H4E
BREIE, AR P SR R 0 A 1 B R R T L A R
X AT g B At A A R BRI T AR A A A% R Y
KA, EEBERMBX, THETF (A0
HCHC) BEAE IR AT R, i 2 TR SR AR
AR RBE RIS BE . )P = A2 AT 5 2 22
EHBEVL A R, X AT RE S AR S 4 A B AR
AR, BFIREI, WETERK M AER i
B XoF O £ B - 18 B YR ) A N B 4R R i 2
o AHR ML, BARERE S A R BEL oA A SRt b
Z I (AFBES, 2010b) o

R L b B 1) 25 ) ¢ 3R A2 B 20 IR 52
Wil 7E T M IR SRAR X PN, A SE X (5] Qs
Wil X, PR S A ) B 2RI LAFP P 1E2E B
YER R, Hofld X (BIanpamipk 2 shIx ) pypkek
FE RN R AAE S RN Te e 5 IESC HAE T (3R
4, 2008; Wangetal, 2012; Lyuetal, 2016) ,
R R (Blanfgae . LA MRE
THAE) FEIKSW AR ZS M C R L T EZAE
F O 88 45, 2007; 2T 4, 2009; Greenwood
etal, 2014) ., YE R EHZEMW AL S HRZ—,
TR PR T AR 8 L PR 24 ] DG 2R 1 52 Mol 0, B A
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WEFEFTUESE o B LTS AN 4R 1L PYBEZF LA
A-frilr, SEEVE L MRS I B AR LB oY
WA TR ZE I, BRSSP BB A8 X e L )
2R AR Y 25 ) A% SRy 77 AR B 252 ) ( Camarero and
Gutiérrez, 2004; Holtmeier, 2009; Batllori et al,
2010; Elliott, 2011; Green and Venn, 2012 ) .

4 25t

FRPEMMEER B ( stress gradient hypothesis )
T 5 26 B sl s M R X, AR =2 R ) 25 R S R —
s LLIEAR BEAE A & (Maestre et al, 2009) , &
T b X AR B 5 45 SR S R — S T E AT R
FRARIE (5RMF9E4E, 2008; Wang et al, 2012; Lyu
etal, 2016; Wangetal, 2016 ) , HEREZ 1 H
DX L FPRE 1 B 5 5 AR AT R RIS AE e . 48
T, FELVG IR Lo, 75 28 N W]
AT N A8 TAE FHA A 2 A= 2SS R A2

MR RURR R 25 A 45 s 1 9 B0 AR B T
J1o SR, Tt B, ERIPE 242
R4y 1 BB A/ o 2 R B A 4 B B TR R
— e FE (Camarero and Gutiérrez, 2004;
Liang et al, 2011) , ZEiFaEa] GEXI 7Y =42 4%
MR % 8 DL B AR AR 25 IR 55 I RE 1) & 45440 g
JEEE . BT, R S AR A M5 X AR A OGTE
2O 7 1 N St | i ER B 7 WP 4 £ 2
S A SR, DS M ARAR A AT S R R .
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