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The distribution pattern dynamics ofPopulus euphratica are influenced by

hydrology in the middle reaches of Tarim River

XU Mengchen, CHEN Yongjin*, LIU Jiazhen, WANG Dan, LIU Yaqi
College of Environmental and Planning, Liaocheng University, Liaocheng252059, China

Abstract: Populus euphratica is a member of the Salicaceae family, and is an important tree species of the desert riparian
forest. P. euphratica has some unique abilities such as withstanding sandstorms, curbing desertification, maintaining
ecological balance, protecting biodiversity in arid areas, and safeguarding the production of oasis agriculture. The population
distribution pattern refers to the level of the population and the distribution status of individuals of the same population
within a certain range of a horizontal area. The population distribution pattern is systematically affected by biological
characteristics, interspecies relationships, and environmental conditions. Ascertaining the population distribution pattern
and its dynamic changes contributes to elucidating the ecological characteristics of a species for further studies. Thirty
natural P. euphratica plots were established on the outer side of water conveyance embankments in the middle reaches of
Tarim River, and field data were obtained with a typical sampling method. With the use of environmental isotope technology
in combination with the monitoring data of annual runoff in Yingbazha and the Kala hydrometric station, we analyzed the
hydrological changes in the middle reaches of Tarim River. We divided the samples into a size- class structure to apply

aggregation intensity indices and conducted a quantitative analysis for plant population structural dynamics. The dynamics of
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the distribution pattern and characteristics of population structure influenced by hydrological conditions were analyzed, and
then time-series analysis was used to predict the population development trend in the future. This analysis is important to
provide a theoretical basis for ecological restoration of the natural P. euphratica forest. Since 1998. the runoff consumption in
the middle reaches has decreased and groundwater supplied by the surface water has become increasingly scarce.
Groundwater depth showed a linear downward trend, indicating that ecological water for vegetation growth out of the
embankment was deficient. With regard to the distribution pattern, P. euphratica showed a clumped pattern in each size-
class structure to resist the harsh ecological environment, and the aggregate intensity index was reduced with individual
development. The height class size showed a tendency to change from a clumped to a random pattern. With regard to the
population structure, P. euphratica showed a stable population type in 2003, and a declining population pattern for the other
years. These results showed that the population characteristics were structured by ageing and showed a long-term pattern of
decline. The runoff of the middle reach was the most abundant in 2002. Because of the hysteretic characteristic of ecology to
environmental change, the groundwater level was promoted in 2003. These changes led to the largest aggregate intensity and
the best population growth of P. euphratica in 2003. The regression model between the population dynamics index and
groundwater depth showed that population growth had a decreasing trend with a reduction in groundwater depth. Therefore,
the response of the P. euphratica population to hydrological changes was verified. Finally, population dynamics prediction
indicated that the number of saplings of P. euphratica is expected to increase, whereas the number of trees in other size
classes is expected to decrease in the next two years and the number of large (or old) trees will likely be rapidly reduced in
the next five years. The decline in surface water and groundwater influenced the distribution pattern and hindered population
development. We conclude that hydrological conditions directly influence the ecological characteristics of P. euphratica in

the middle reaches of Tarim River.

Key Words: Populus euphratica; hydrologic conditions; distribution pattern; size- class structure; the middle reaches of

Tarim River
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Fig. 1 The original (a) and new (b) distribution of investigation sections in the middle reaches of Tarim River in China
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Fig. 2 Annual runoff consumption change over years in the reaches of Tarim River
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®1 HAEHPHMBEIBREEILER

Table 1 Comparison of distribution patterns of Populus euphratica population on typical years
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Table 2 comparison of distribution patterns of Populus euphratica population on typical years at different size—class
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Fig. 6 Size-class structure of Populus euphratica population (a: 2001, b: 2003, c; 2008, d: 2012.)

FAKHRAE 3m 547 (2001 & 2005 4F) , Al fE—E R F i e i a: K & B RY/KAr 3K, 2001 4E 545 FhRE
JR R A (HAEZE Eh S BRI K 2002 F 2003 4EFEKBIRNG , T AR K F B AMA AL, LT KR
AT 2.68m, KL, 2003 47 AR Rfoe B, FREEZS A A6 K B BE)S , T IfEAE K R AR D
B T KRV I, JEB A A5 K B, S A PP AL AR AL (2008 452012 4F) , H iR 3#aE 26
W, BTSN AP RE IR (2 3)

*3 PEMBERRERNEI T
Table 3 Dynamic analysis of size—class structure of Populus euphratica population

R KR /m

GO

Year Groundwater depth V1 V2 V3 V4 Vpi P 728 P’ Vpt''

2001 2.97 -1.00 -0.87 -0.18 0.58 0.18 0.0200 0.0036 0.1056 0.0190
2003 2.68 -1.00 0.82 -0.71 0.54 0.57 0.0091 0.0052 0.1017 0.0578
2008 4.95 -0.86 0.39 -0.49 -0.17 -0.08 0.0087  -0.0007  0.0386 -0.0030
2012 5.51 -0.76 0.17 -0.50 -0.11 -0.16 0.0069  -0.0011  0.0264 -0.0044

Vi: 1 - I RRHASE 525455 Dynamic index value of 1 -1I class sizes; V2 [ - M #2475k 5 7545 %% Dynamic index value of I[-1II class sizes; V3:
M-IV 2K AE AL S A HEEL Dynamic index value of M-IV class sizes; V4 V-V 2L 1753548 Dynamic index value of IV-V class sizes; Vpi: TGAMEB
TS 5 254550 Dynamic index value under no external disturbance ; Vpi' : 58 2 FEHL T 28 b 31 2538 %1 Dynamic index value under completely random
disturbance; Vpi'"; JEFEHL T4 T 284k 3 2548 %0 Dynamic index value of non-random disturbance; P 524 BEHL T 48 T B9 XU B KA Maximum risk
value under completely random disturbance ; P’ JEBEHLTHE T A9 KUK A K AE Maximum risk value under non-random disturbance.
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