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Disturbance regimes and gaps characteristics of the desert riparian forest at the

middle reaches of Tarim River
HAN Lu'**, WANG Haizhen'*, CHEN Jiali*, YU Jun®

1 Xinjiang Production & Construction Corps Key Laboratory of Protection and Utilization of Biological Resources in Tarim Basin, Alar 843300, China
2 College of Plant Science, Tarim University, Alar, 843300, China

Abstract: Desert riparian forests, widely distributed in the basins of inland rivers of the northwest arid regions of China,
are dominated mainly by Populus euphratica Oliv. and Populus pruinosa Schrenk species. The largest and most typical
desert riparian forest is found along the Tarim River Basin and occupies over 350000 km®. This forest plays an active role in
climatic regulation, desert expansion control, river banks protection, channels stabilization and oasis conservation. The
riparian forest not only protects the fragile desert ecological system but also acts as an irreplaceable natural barrier. The
Tarim River riparian forest is highly prized in the Tarim Basin for its great ecological, economical and social benefits. As a
consequence of the increase in human population, an excessive exploitation of soil and water resources in upper and middle
reaches of the Tarim River, induced recession, nonbearing trees and death of a large area of the desert riparian forest
beginning with the 1960s. These effects directly endangered projects for development of sustainable oasis agriculture and for
maintenance of an ecological balance. The objective of this study was to elucidate the characteristics of gaps in the riparian
forest, the disturbance regimes and causal factors of gaps and predict a developmental trend as a theoretical base to manage
and realistically protect the desert riparian forest. The P. euphratica forests of the Nature Reserve Region of Luntai County

in the middle reaches of Tarim River, is the only remaining original desert forest and the center zone of distribution for
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P. euphratica. The research plots were located in Luntai (84°15'E, 41°09'N). The expanded gaps and canopy gaps were
investigated in a 0. 64hm’ plot in 2009, by identifying all gap makers and gap border trees and measuring their stems. The
results show that gaps in the desert riparian forest were nearly elliptical in horizontal shape, and the average ratio of long
axis to short axis for each gap was about 1.52 for expanded gaps (EG) and 2.31 for canopy gaps (CG). Gap density was
approx 62.5 per hectare, and the area occupied by EG and CG in desert riparian forest landscape was 69. 52% and
29.03% , respectively. The results also show that the natural disturbance frequency was 1.45% /a for EGand 0.61% /a for
CG, and the return interval of canopy gaps was about 164 years. For most EG and CG, whose size were in the range of 40
—200m*, and 0 —80m’, respectively. The gaps were formed within the last 50 years, most of them being 20 to 30 years
old, and their formation rate was about 1.30 gap hm~>a™'. Most gaps were created by a combination of stem breakage and
natural death (95.73% of total gaps). The majority of gaps consisted of 2 to 5 gap makers with the 4 gap makers category
being the most abundant group and the average number of gap makers was 4. 1 per gap. The diameter at breast height
(DBH) of most gap makers ranged from 5 to 25c¢m, and their height varied from 4 to 8m. The average area of EG and CG
formed by each gap maker was 27. 12m’ and 11.32m’, respectively. The structure of DBH classes of the gap border trees
(GBT) show a normal distribution, but tree height classes show a left-skewed distribution. The average numbers of GBTs
was 8.375 per gap. The average DBH of GBT was 73. 1% higher than that of gap makers, indicating the gap disturbance
was a frequent occurrence in the desert riparian forest, and the continuously declining level of underground water was the

driving force of gap formation.

Key Words; Tarim River; desert riparian forest; gaps; disturbance regimes
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Table 1 Dynamics of runoff of Tarim river

1950’s 1960's 1970's 1980's 1990’s  2001—2006 2007 2008 4 Average
FA[H7 /R 3k Alar station 49.35 51.62 44.98 44.76 42.41 50.82 31.3 25.3 43.48
HEM LG Yingbaza station 37.48 36.85 28.83 26.59 22.92 22.78 9.63 7.42 23.92

1.2 Wk
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J5 ORI 2 S A RRAE o RS A0 2 BRI 2R i A A i | Sl s B B AR 2 5 T SRR R P TE A % B AR 11
PR S8 AERBI P 00 d5 328 1) R AR PR 0 174 8 B ARG [0 19 - il 5 2 e L %) WO A T ) 1 B A
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Fig.1 Relationships between expanded gaps/ canopy gaps and the long to short axis ratios
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Table 2 Percentage of gaps in the forest area

19 i AN SN, 2 W S T AR
ki TRHBERR i e A B T
ap density Total area of Total area of
Percentage of EG/% . Percentage of CG/%
/(A4/hm?) EG/m? CG/m?
62.5 4449.4 69.52 1857.9 29.03

2.3 MRBRK/NEE
E 2 BT UL, e FE AR 40—200 m*EG 5 A% 90. 0% , /N T 40 m* FIKTF 200 m*EG 4V 7 5.0% ,
Hrh L 40—80 m* i %2, ﬁ%r 35% o WA BAARBEAE T A ARBR P BT 5 A AR 43 FE R, 120—200 m* 1 EG
b HE R, M 48. 7% , FLR R 40—120 m?, 4 38.8% ; =200 m’ Y EG BEAR HAEMRB A E0H 5 5. 0% ,
A ST AU A 10.9% . CG ARRIGEHRMB B S EG A, <60 m*CG (7 84k 75% , Hr Lk 20—60
m” B B e 23k 52. 5% , HoT 5 TR L B A XL K, 3K 46, 15% 5 {H<20 m*CG /i 8 25% , T 1 ALY

16 19.4% 12 18.0%
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Fig.2 Size distribution of expanded gap( EG) and canopy gap( CG) of desert riparian forest in Tarim basin
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Fig.3 The relative size of CG vs. EG Fig.4 The ratio and age structure of gap

N: FREEREC B LA

2.5 MBI

ASE BURTE I SR AR 40 ASARBR I 164 BRI WA S 256, SETH AN [RS8 T8 CAYIE AR FE MR IUIE BA
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Table 3 The manners of gap formation and percentage,number of gap marker in desert riparian forest

AW

ARBIE 5 2 AR AU Hbisz T ik
. X Breakage X Y
Manners of gap formation Uprooting Standing death Breakage on trunk
at trunk base
JEARREL No. of gap maker 7 69 32 56 164
H ] Percentage/ % 4.27 42.07 19.51 34.15 100. 00
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A4 AU AR 164 FRIE AR AR AV BRI 96, 76 3. 1—51 em Z (8], P34 Hg42 47 16. 19 em , B F %
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Table 4 Diameter class structure of gap makers in desert riparian forest

14£2% Diameter class/cm

Wi H Ttem

<5 5—10 10—15 15—20 20—25 25—30
AL Numbers 11 38 34 36 20 14
H /7 H Percentage/ % 6.71 23.17 20.73 21.95 12.20 8.54
29 Diameter class/cm 30—35 35—40 40—45 45—50 >50 >
WAL Numbers 3 3 2 2 1 164
H /7 HE Percentage/ % 1.83 1.83 1.22 1.22 0.61 100
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2.6.3 BRI A Y & FE L
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40 MARBR HZAR ARH I AL I TE  7E 4.2—69. 4 em Z[a], SEI 4% 28. 03 em, ALY FE 4L+
TE 25—35 em P, A 196 ¥k, 5 B AL 58, 51% , HON 20—25 em 124%, 5 AE17.01% , KBS AI/NMEH A
WRE D AR T 50 em BIIGAAA 7 8, /NF 5 em B 2 Bk, 3605 BRRER) 2. 69% , 3 HLRSE ] 2
MR GARIE R L B R TER A P Y A BRI AR B 4 A2 85 73. 1%
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Fig.7 Height structure of gap makers Fig.8 Diameter class structure of gap border trees
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PHAAARBD SR B KA FAAg , i A7 8 Bk, A2 3478 20. 6 em {0 A7 AR BT 2. 38%
IR 5 64 5 R 2 A B0 B9 5 T TR AR 2 PR 1 L A — 3
2.7.2  MRBRIGAN = L5

TE 40 DARBR P AR A ) 335 BRI @ i 15,1 m, SR 4.5 m, PR R 8. 4 m, HH 15 H
AR FEARARB = AT BAE N 8.4 m, REBGNG AR EAE 6—10 m Z[A], Hrf 8—10 m W MARZ , A
187 #k, 15 MK 55. 8% , Hk Jy 6—8m MAE, 584K 29.6% . /NT 6 m 5KT 10 m BIHZA 5 MK 14. 6%
(KS5), XRIA—EBMAE A FHZARNRE N AR ZENGA RS BEE TR FERA A
SRR IR B

R5 FEARKKEBEARNEELEH

Table 5 Height structure of gap border trees in desert riparian forest

B Y Height class/m 4—6 6—38 8—10 10—12 12—14 >14
AL Numbers of gap markers 17 99 187 25 5 2
LA Percentage/ % 5.1 29.6 55.8 7.5 1.5 0.6

3 Zit5itie
MRBARE R P BEARMRIE IR FE ™ A2 1, FH LA R b 1 Ak DL EMOE = (FAR)Z ) SR SE T T B
B BT o U S SRR A 8], TR S ARBRIE B S RETE I 2s A% JR O SR Sl ) R AR AR IR S e R B
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B LA 30t bt AR BRI A i o, 5/ R AU T R AT TG e S A bR o A 114 e YT b PR LA
PR A B A RS S50 MRBR A 5 T =R ket DRI, S 8T 2 MO B R i B B AN )
FBUFRAR I BURTR B Ak rh |, K BORBREEE FAIEDE  H CG K/ il i) tu B P 34{E 2. 31 1 EG K/
JE AT L2008 1. 52 K, FeBH PR LU B3 o) LA, A T3 il o3 B AR B R /N AR f T AT A8 4k, 6] — AR, 2
B CC KA/ e p b EG AR k5 R FE I R HHE 2k I PR 45 R — B, (H5 A T A AR
ARBEE  E A FAGHT LU b RO I A S SRS 3T R AR RO [l SO AR T o L IR T AR R
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20 60 AEAR LA LR AR MRS TT B by B i KA S50l v U 0 R A PR A 8 e 7 AR R g
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