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Abstract 

 
Populus euphratica Oliv. is a common tree species found along the Tarim River and is important for the development 

of the local economy. We did our study in the upper and lower reaches of the Tarim River during 2.5 months, from 
September to November. We used the static life table and survivor curve for our investigations, and population dynamics 
were predicted by time sequence model. According to our results, young individuals were dominant in the upper reaches of 
the P.euphratica population, with the survivor curve belonging to the Deevey C type category. The time sequence model 
demonstrated that the number of mid-aged individuals in the upper reaches of the river will increase in population over the 
next 20, 30, to 40 years, when there will be continuous development. In contrast, in the lower reaches, young individuals 
were rare, and mid-aged individuals comprised the largest proportion of the population. The time sequence model for this 
population demonstrated that the number of old individuals will increase and young individuals will decrease during the 
next 20, 30, to 40 years. The main cause of this difference between the upper and lower reaches of the Tarim River is 
connected mostly to the level of ground water, which played an important role in the determination of age structure.  
Therefore, the crucial factors for the natural regeneration and restoration of P.euphratica were the rising ground water level 
and improvement in their habitat. 

 
Introduction 
 

The plant population structure is the common result of 
the survivability of individuals and the impact of 
environmental conditions (Khan & Shaukat, 1997; Fuchsa et 
al., 2000; Svensson, 2001; Manuel & Molles, 2002), and 
may also provide important information on the past and 
present regeneration of species (Agren & Zackarisson, 1990; 
Chen, 1999). So, the population structure of plant species, 
especially long-lived ones could be considered as indicators 
of vegetation succession as well as climate changes along the 
tree lined ecotone (Begon & Mortimer, 1981; Brubaker, 
1986; Johnson, 1989; Camarero & Gutiérrez, 2004). 
Describing the population structure is a well-known method 
for analyzing population dynamics. Age is one of the 
important elements to evaluate the structure of plant 
populations (Shaukat et al., 2012). Although a few authors 
have recognized the importance of age structure for such 
studies (Tappeiner, 1991; Huffman et al., 1994), the research 
on age structure is, in fact, the key to population ecology 
(Jiang, 1992; Chapman & Reiss, 2001). Moreover, the life 
table and survivorship curve are very important tools for the 
study of population structures and dynamics (Skoglund & 
Verwij, 1989), and can intuitively reveal the number in each 
age class of a population that will survive or die, as well as 
define the survival trend. The time sequence model, that 
effectively analyzes the changing processes in the future 
number of same age individuals, is also used to predict 
population dynamics. 

Populus euphratica Oliv. is the dominant tree species 
and exclusive germplasm resource in the Tarim Basin, 
which is an example of an inland river ecosystem in an 
arid area. This ecosystem plays a very important role in 
maintaining the delicate ecological balance within the 
entire Tarim basin, and being especially sensitive to 
environmental factors; it is a reliable indicator of 
ecological changes (Wang et al., 1996). The importance 
of P.euphratica for the ecosystem is well known (Tian, 
1959; Li, 1984; Liu, 1989). However, during the last five 

decades, intensive human exploitation of the natural 
resources of Tarim River, especially unsustainable 
agricultural development of the land and the use of water 
resources, have led to serious eco-environmental 
problems. As a consequence, the area of the P. euphratica 
population has been reduced considerably in the upper, 
and degraded in the lower reaches of the Tarim River. In 
spite of the fact that a number of researchers from 
different countries have devoted their investigations to 
P.euphratica, they mostly described the distribution and 
differentiation of biological characteristics of this species 
(Zhou, 1959; Huang, 1982; Chen, 1984; Xu et al., 2003; 
Ni & Niu, 2004; Nadja et al., 2005); quantitative data 
defining the structure and dynamics of P.euphratica 
population have been absent. This information is 
important for the managers of protected areas, who need 
to know the demographic mechanisms that are 
responsible for population ageing (Stewart, 1986; Sara et 
al., 2000). The exploration of the population structure, 
quantitative dynamics, living status and future 
developmental trends of P.euphratica population, through 
analysis of the age structure, static life table, and time 
sequence, are the main objectives of our study. Our 
results can provide useful information for the protection, 
restoration and further development of P.euphratica 
population along the Tarim River. 
 
Materials and Methods 
 
Study area: The Tarim river basin is situated in the 
southern Xinjiang Province, northwestern China. This 
basin covers an area of 1.04×106 km2 and is bordered by 
the Tian-Shan Mountains in the north and the Kunlun 
Mountains in the south. The Tarim River stretches from 
the Aral Sea to Taitema Lake and runs for a total of 
1321 km. The upper stream of the Tarim River occurs 
from the Aral to Yingbazha (495 km) and the lower 
reaches flow from the Qiala Water Reservoir to Taitema 
Lake (428 km) (Fig. 1).  
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Fig. 1. The location of Tarim River. 

 
The upper reaches have a typical climate of an arid 

zone with a yearly average temperature of 9.8°C. The 
annual precipitation varies from 42 mm to 76 mm, while 
the annual potential evaporation rate reaches 1,900-
2,800 mm. (Huang et al., 2007). Here, the dominant 
plant species are P.euphratica and Tamarix spp. Among 
herbaceous species, Phragmites australis, Apocynum 
venetum, Glycyrrhiza uralensis, and Alhagi sparsifolia 
are common. The lower reaches are situated in the area 
of a warm arid climate with a yearly average 
temperature of 10.8°C. Annual precipitation varies from 
20-50mm, but the annual potential evaporation rate is as 
high as 2500-3000mm. Among trees, the dominant 
species is P.euphratica; among shrubs, Tamarix spp., 
Lycium ruthenicum and Halimodendron halodendron are 
often noted; and among herbaceous species, Phragmites 
australis, Alhagi sparsifolia, Karelinia caspica and 
Glycyrrhiza inflata are common (Liang & Liu, 1990; Liu 
& Dai, 1981). 
 
Field sampling: Our field investigations were carried out 
along the upper and lower reaches of the Tarim River 
from September 18 to November 18, 2007. Six transects 
perpendicular to the main channel were laid with an 
interval of every 25-30km along the river. Each transect 
consisted of 8 sampling plots, each plot 25m × 25m in 
size and set at 100m intervals, starting from the riverbank. 
All individuals found inside of every sampling plot were 
recorded. We measured the stem base diameter, coverage, 

height, crown diameter and number of individuals, which 
were bigger than 2.5cm in diameter at breast height 
(DBH). If DBH of P. euphratica individuals were less 
than 2.5cm, only the number of trees was recorded.  
 
Age structure: Population age structure analysis is one of 
the main methods to discover a population’s living status 
and update strategy (Zhang, 1991). The tree age is closely 
correlated with a tree’s DBH; therefore we estimated the 
age of each individual by the age-height relationships for 
seedlings or saplings and the age-DBH (diameter at breast 
height) relationships for big trees. In this paper, we 
classified every ten years in age as one class (e.g. trees at 
the age of 1-10 years were defined as the first age class, 11-
20 years as the second age class, etc). We recorded the 
number of individuals of every age class for determining 
the age structure of the population. Taking the age class as 
the x-axis and the percentage of trees as the y-axis, we built 
the age structure graph (Crawley, 1986; Jiang, 1992). Four 
categories of population age structures are generally well 
known: (1) Pyramid; (2) Inverted pyramid; (3) Nearly 
column; and (4) Irregular shape (Li et al., 2000).  
 
Static life table and survivorship curve: There are two 
kinds of life table forms, an age life table and a particular 
time life table, which we used for the population dynamic 
estimation. Using life tables is a widely used practice, 
since it is not feasible to trace the whole life history, from 
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birth to death, of long-lived species (Jiang, 1992; Yang et 
al., 1991). So, in this paper, the static life table was 
constructed according to age structure data of the 
P.euphratica population (Armesto et a1., 1992; Wu et al., 
2000; Hong et al., 2004).  

We also used the survivorship curve for describing 
the specific age mortality rate. This curve has three basic 
categories: upward concavity (Deevey A), straight line 
(Deevey B) and downward concavity (Deevey C) (Li et 
al., 2000). The categories for this paper were created by 
using the survival number of standardization (lx) as a 
horizontal coordinate and the age class (x) as a vertical 
coordinate (Han et al., 2007). 
 
Time sequence model: We used the time sequence model 
for predicting population development trends for the 
future, and made calculations based on the following 
formula: 
 

 
 

where, Mt is the average value in t moment of n 
observations; in this study we took the number of 
individuals in every age class as the n value and Mt 
was calculated for populations in 20, 30, and 40 years 
(Xie, 1999). 
 
Results 
 
Age structure: The age structure of P.euphratica 
populations was quite different in the upper and lower 
reaches of our study. In the upper river area, the age 
structure of the P.euphratica population had a positive 
pyramidal type with a wide base and narrow top (Fig. 2). 
The number in age class 1 accounted for over 83% of the 
population, while old individuals were rare and 
individuals over 60 years were not found at all. In 
contrast, in the lower reaches of the Tarim River, we 
found a bell-shaped age structure with only a few young 
and old trees but a lot of mid-aged individuals. Young 
individuals were rare and only 19.88% of individuals, 
with weak growth, were less than 10 years old.  
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Fig. 2. Age structure of the P. euphratica population in upper and lower reaches of Tarim River. 

 
Static life table and survivorship curve: We calculated 
the survival number of standardization (lx), number of 
deaths (dx), longevity (Tx), expected longevity (ex), and 
periodical longevity (Lx), for every age class to determine 
P.euphratica population’s static life table of both the 
upper and lower reaches of the Tarim River (Table 1). As 
we can see in this table, the oldest trees of the 
P.euphratica population in the upper stretch of the river 
were 50 years. The sapling mortality rate was high there, 
though the proportion of living saplings reached 83.12%. 
Life expectancy was maximized for age class 3, and then 
began to decrease. In spite of a different mortality rate for 
each age class, we found a tendency for the number of 
surviving individuals to gradually decrease with an 

increase in plant age. The mortality rate was highest for 
the first age class (Table 1). The survivorship curve 
belonged to category type Deevey C, but the slope of this 
curve was quite steep, which meant that the survival level 
of P.euphratica population dropped sharply and the death 
rate was highest at the beginning of the growth period. 
When the age of the individual was above 10 years, the 
declining range of survival started to diminish (Fig. 3). In 
contrast, there were only a few young individuals and a 
lot of mid-aged individuals in the lower stretch of the 
Tarim River. The proportion of young individuals was 
low here, and the rarity of young trees was typical for an 
inferior regeneration type of population.  
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Table 1. Static life table of P.euphratica population in the upper and lower reaches of Tarim River. 
  Age class ax lx dx qx Lx Tx ex lnax lnlx 

1 4416 1000 875 0.88 563 703 0.70 8.39 6.91 
2 552 125 68 0.54 91 141 1.12 6.31 4.83 
3 253 57 40 0.70 37 50 0.87 5.53 4.04 
4 75 17 13 0.76 11 13 0.74 4.32 2.83 

the upper 
reaches 

5 17 4 4 1.00 2 2 0.50 2.83 1.39 
1 405 1000 -432 0.00 1216 4530 4.53 6.00 6.91 
2 580 1432 -111 0.00 1488 3314 2.31 6.36 7.27 
3 625 1543 886 0.57 1100 1826 1.18 6.44 7.34 
4 266 657 435 0.66 440 726 1.11 5.58 6.49 
5 90 222 128 0.58 158 287 1.29 4.50 5.40 
6 38 94 69 0.73 60 129 1.37 3.64 4.54 
7 10 25 -5 0.00 28 69 2.76 2.30 3.22 
8 12 30 15 0.50 23 42 1.38 2.48 3.40 
9 6 15 4 0.27 13 19 1.27 1.79 2.71 

the lower 
reaches 

10 5 11 11 1.00 6 6 0.55 1.61 2.40 
 

 
 

Fig. 3. The survivorship curve of P. euphratica population in the 
upper and lower reaches of Tarim River. 
 
Time sequence: Based on the number of trees in each age 
class of the P.euphratica population in the different regions 
of Tarim River, we calculated the number of surviving 
individuals for each age class for the next 20, 30, and 40 
years (Fig. 4). According to our data, the number of mid-
aged individuals will increase over the next 20, 30 and 40 
years in the upper reaches (Fig. 4). This result coincided 
with the data of the static life table, which demonstrated 
that P.euphratica population has a rich sapling bank for 
maintaining steady development in the upper areas of 
Tarim River. In contrast, the number of individuals in the 
lower reaches continues to decline in mid-aged classes. Our 
data showed that the number of trees in the young-aged 
classes was not sufficient for maintaining long-term stable 
development and will lead to the destruction of the 
population in this area of the river if special measures 
against these processes are not undertaken. 
 
Discussion 
 

On the basis of our data analysis, life table, time 
sequence and age structure we found that the P.euphratica 
population dynamic had a big differences between the upper 
and lower reaches of the Tarim River. This difference was 
the result of impacts from different biological factors, 

ecological characteristics and habitat peculiarities. Among 
them, the groundwater table was the key factor for the 
quality of the ecological conditions (Ye et al., 2009).  

In the upper reaches, the groundwater table is relatively 
close to the surface and the floodwaters frequently reach this 
area. In addition, the floods occur often during the time of 
P.euphratica’s seed dissemination. So, the upper area of 
Tarim River is suitable for disseminating P.euphratica’s 
seeds, for survival of seedlings and for population 
regeneration, especially in the area within 100 m of the main 
river. There were many saplings in this region, with a large 
population density of up to 83%, indicating that the 
population will develop continuously here. The survivorship 
curve in the upper river belonged to the Deevey C category 
type, which signifies a high rate of sapling mortality during 
the early stages of growth, but only the mortality level 
gradually stabilized later in the growth cycle (Table 1). A 
high rate of sapling mortality is a consequence of a too high 
plant density and an increase in competitive self-thinning, 
environmental filtering, and the allelopathy phenomenon of 
plants, resulting in decreasing fecundity and the survival rate 
of individuals (Chou, 1987; Ma, 1998; Ma & Dong, 1996; 
Liao, 2000). The time sequence model indicated the same 
conclusion for the upper reaches: the population has a stable 
continuous development due to a rich sapling bank (Fig. 2).  

In contrast to P.euphratica population in the upper 
river area, the lower river population had the opposite 
situation, where we found only a few young individuals 
and a lot of older individuals, and the age structure 
demonstrated the lack of young seedlings. The time 
sequence model of P.euphratica population indicated that 
the number of old individuals initially would increase, but 
gradually drop later. Additionally, the lack of young trees 
for restoration of the population was the distinctive 
characteristic of the lower reaches population. The main 
reason for this situation was the high degree of 
agricultural development and an irresponsible use of 
water resources in the upper and middle stretches of 
Tarim River (Song et al., 2000; Feng et al., 2005). This, 
in turn, caused a decrease in the level of the groundwater 
table (up to a depth of 8-12 m) and severe damage to the 
riparian forest, where P. euphratica was dominant (Song 
et al., 2000). Since 2000, a project to create eight water 
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diversions has been implemented, from the upper reaches 
of the Tarim River and the neighboring Kaidu-Kongque 
River, for the protection and restoration of natural 
vegetation (Zhang & Yao, 2004). As a result, the 
ecological degradation in the lower reaches of the river 
has been slowed down to some extent. However, our data 

demonstrates that these measures are not enough. The 
present method of an impulsive linear water diversion 
along the riverbed cannot radically change the local eco-
environment. Only a sustainable water utilization and 
ecosystem protection scheme is effective for the 
restoration of the degraded ecosystem. 

 

 
 

Fig. 4. Time sequence prediction of P.euphratica population in the upper and lower reaches of Tarim River. 
 

From the analysis above, optimal environmental 
conditions could enable a well-developed population, and 
limiting ecological factors will result in poor growth of 
plant individuals, as well as problems in the regeneration 
process of the local population. Earlier studies have also 
stressed that the native vegetation in arid and semi-arid 
areas is closely dependent on the groundwater table, 
which is supported by adjacent streams (Groeneveld & 
Griepentrog, 1985; Michael et al., 1999; Jenifer et al., 
2004; Richard & Mark, 2004).  So the natural restoration 
of the P. euphratica population in the upper reaches of 
Tarim River is very strong, putting the population into the 
progressive category on the survivorship curve. But, the 
area of the P.euphratica forest that depends on the 
groundwater level has had great degradation at present 
due to the extensive agricultural development in the 
region (Feng et al., 2005): many individuals of 
P.euphratica were felled in the study area, and local 
livestock often enter these regions, which has an 
unfavorable impact on the growth of saplings.  

Thus, we think that strictly controlled human 
exploitation of the natural resources and scientifically 
based management of the P.euphratica population in the 
upper reaches, would be enough to maintain the steady 
development of virgin forest, with its important ecological 
functions, in the upper end of the Tarim River. In 
contrast, the population in the lower river needs additional 
effective actions for the restoration of the severely 
degraded ecosystem, specifically the implementation of 
artificial floods and sustainable use of water resources. 
 
Acknowledgments 
 

We are grateful to the PhD foundation in the Western 
Light Talent Training Plan of the Chinese Academy of 
Sciences (No. XBBS201004) for financing this research. 
We thank David Blank and Patricia Johnston for revising 
the manuscript. 

References 
 
Agren, J. and O. Zackarisson. 1990. Age and size structure of 

Pinus sylvestris populations on mires in Central and 
Northern Sweden. J. Ecol., 78: 1049-1062. 

Armesto, J.J., I. Casassa and O. Dollenz. 1992. Age structure 
and dynamics of Patagonian beech forests in Torres del 
Paine National Park. Chile, Plant. Ecol., 98: 13-22. 

Begon, M. and M. Mortimer. 1981. Population Ecology: A 
Unified Study of Animals and Plants. Oxford London: 
Blackwell Scientific Population. pp. 345-362. 

Brubaker, L.B. 1986. Responses of tree populations to climatic 
change. Vegetation, 67: 119-130. 

Camarero, J.J. and E. Gutiérrez. 2004. Pace and pattern of recent 
treeline dynamics: response of ecotones to climatic 
variability in the Spanish Pyrenees. Climatic change, 63: 
181-200. 

Chapman, J.L. and M.J. Reiss. 2001. Ecology Principles and 
Application (2nd Ed) Beijing: Tsinghua University Press. pp. 
23-48. 

Chen, B.H. 1984. Research of natural forests biomass of P. 
euphratica at the middle reaches of Tarim River. Scientific 
Technology of Forestry of Xinjiang, 18(3): 36-42. 

Chen, X.D. 1999. A study on the method of quantitative analysis 
for plant population and community structural dynamics. 
Acta. Ecol. Sin., 18(2): 214-217.  

Chou, C.H. 1987. The selective allelopathic interaction of a 
pasture-forest intercropping in Taiwan. Plant and Soil., 
98(1): 31-41. 

Crawley, M.J. 1986. Plant Ecology. London: Blackwell 
Scientific Publications, pp 97-185. 

Dong, M. 1996. Plant clonal growth pattern: risk-spreading. 
Acta. Bot. Sin., 20(6): 543-548. 

Feng, Q., W. Liu, J. Si, Y. Zhang and H. Xi. 2005. 
Environmental effects of water resources development and 
use in the Tarim River basin of northwestern China. 
Environ. Geol., 48: 202-210. 

Fuchsa, M.A., P.G. Krannitzb and A.S. Harestad. 2000. Factors 
affecting emergence and first-year survival of seedlings of 
Garry oaks (Quercus garryana) in British Columbia, 
Canada. For. Ecol. Manag., 137: 209-219. 



WU JUNXIA ET AL., 1656 

Groeneveld, D.P. and T.E. Griepentrog. 1985. Interdependence 
of ground water, riparian vegetation, and streambank 
stability: A case study. USDA Forest Service General 
Technical Report RM 120: 44-48. 

Han, L., H.Z. Wang, Z.L. Zhou and Z.J. Li. 2007. Population 
structure and demography of Populus euphratica in upper 
and middle reaches of Tarim River. Acta. Ecol. Sin., 27(2): 
1316-1322. 

Hong, W, X.G. Wang and C.Z. Wu. 2004. Life table and 
spectral analysis of endangered plant Taxus chinensis var. 
mairei population. Chin. J. Appl. Ecol., 15: 1109-1112. 

Huang, P.Y. 1982. Condition of growth and renewal in the 
middle reaches of Tarim River. J. Xinjiang Univer., 8(2): 
138-153.  

Huang, Q., R.H. Wang and S.X. Wu. 2007. Spatial-temporal 
dynamic changes of landscape fragmentation in the upper 
reaches of Tarim River. J. Arid. Lan.d Resour. Environ., 
21(9): 73-77. 

Huffman, D.W., J.C. Tappeiner and J.C. Zasada. 1994. 
Regenernation of salal (Gaultheria shallon) in the central 
Coast Range forests of Oregon. Can. J. Bot-Rev., 72: 39-52. 

Jenifer, M.M., T.O. Jonathan and S.W. Robert. 2004. Response 
of Nebraska Sand hills natural vegetation to drought, fire, 
grazing, and plant functional type shifts simulated by the 
Century model. Climatic Change, 63: 49-90. 

Jiang, H. 1992. Population Ecology of Picea asperata. (Ed.) 
Chinese Forestry Press, Beijing. 

Johnson, E.A. and G.I. Fryer. 1989. Population dynamics in 
londgepole pine–Engelmann spruce forests. Ecology, 70: 
1335-1345. 

Khan, D. and S.S. Shaukat. 1997. Population structure and 
intraspecific competition and phasic development of 
Urochondra setulosa (Trin.) C. E. Hubb., A coastal 
halophytic grass of Pakistan. Pak. J. Bot., 29(2): 271-288. 

Li, B., C. Yang and P. Lin. 2000. Ecology. Beijing, Higher 
Education Press, pp. 11-32. 

Li, H.Q. 1984. Operations management and stand characteristics 
P. euphratica at the middle reaches of Tarim River. 
Scientific Technology of Forestry of Xinjiang, 26(2): 28-36. 

Liang, K.Y. and P.J. Liu. 1990. The remoting studies on the 
resources and environment in Tarim River. (Eds.) Science 
and Technology Press. Beijing. 

Liu, J.G. 1989. Operations management and dividing ecotype of 
Populus Euphradica forest in Tarim River Basin. Scientific 
Technology of Forestry of Xinjiang, 12(2): 86-92. 

Liu, Y.L. and J. Dai. 1981. Report on field survey of middle and 
lower reaches of Tarim River. Beijing, China Statistics 
Press. pp. 18-26. 

Ma, Y.Q. 1998. Effect of vanillin on the growth of Chinese-fir 
seedlings. J. App. Ecol., 9(2): 128-132. 

Ma, Y.Q. and L.P. Liao. 2000. Effect of continuously cultivated 
land on seedling growth of Chinese-fir. Chin. J. Ecol., 
16(6): 12-16. 

Manuel, C. and J. Molles. 2002. Ecology, Concept and 
Applications (2nd Ed) New York: McGraw-Hill Companies. 

Michael, L.S., Patrick, B.S. and T.A. Gregor. 1999. Responses 
of riparian cottonwoods to alluvial water table declines. 
Environ. Manag., 23(3): 347-358. 

Nadja, R., S. Maja and M. Michael. 2005. A fuzzy habitat 
suitability index for Populus euphratica in the Northern 
Amudarya delta (Uzbekistan). Ecol. Model., 184: 313-328. 

Ni, P. and B. Niu. 2004. Characters of desert vegetation in arid 
and research of its recovery–take Tarim River Populus 

Euphratica ecosystem for ex ample. Environ. Pro. 
Xinjiang., 26: 103-106. 

Richard, H.F. and S.L. Mark. 2004. River regulation decline of 
ecological resources and potential for restoration in a 
semiarid lands river in the western USA. Aquat. Sci., 66: 
388-401. 

Sara, D., M. Carmen and A.C. Sergio. 2000. Structure and 
population dynamics of Pinus lagunae M.-F. Passini. 
Forest. Ecol. Manag., 134: 249-256. 

Shaukat, S.S., S. Aziz, W. Ahmed and A. Shahzad. 2012. 
Population structure, spatial pattern and reproductive 
capacity of two semi-desert undershrubs senna holosericea 
and fagonia indica in southern sindh, Pakistan. Pak. J. Bot., 
44(1): 1-9. 

Skoglund, J.T. and S.T. Verwij. 1989. Age structure of woody 
species populations in relation to seed rain germination and 
establishment along the river Dalalven. Vegetation, 82: 25-
34. 

Song, Y.D., Z.L. Fan and Z.D. Lei 2000. Research on Water 
Resources and Ecology of Tarim River, China. (Eds) 
Urumqi: Xinjiang People Press. pp. 395-410. 

Stewart, G.H. 1986. Population dynamics of a montane conifer 
forest, western Cascade Range, Oregon, USA. Ecology, 67: 
534-544. 

Svensson, J.S. and J.K. Jeglum. 2001. Structure and dynamics of 
an undisturbed old-growth Norway spruce forest on the 
rising Bothnian coastline. Forest. Ecol. Manag., 151: 67-79. 

Tappeiner, J., J. Zasada, P. Ryan and M. Newton. 1991. 
Salmonberry clonal and population structure: the basis for a 
persistent cover. Ecology, 72: 609-618. 

Tian, Y.Z. 1959. Preliminary study to happen to distribute and 
grow of populus euphratica for rest Taklamakan Region. 
Beijing, Science Press. 

Wang, S.J., B.H. Chen and H.Q. Li. 1996. Populus euphradica 
Forest. (Eds.) Beijing, China Environmental Science Press, 
pp.16-54. 

Wu, C.Z., J.L. Wu, W. Hong and J.S. Xie. 2000. Life table 
analysis of Tsuga longibracteata population. Chin. J. 
Appl. Ecol., 11(3): 333-336. 

Xie, Z.Q., W.J. Chen and P. Lu. 1999. The demography and age 
structure of the endangered plant population of Cathaya 
argyrophylla. Acta. Ecol. Sin., 19(4): 523-528. 

Xu, H.L., Y.D. Song and Q. Wang. 2003. Response of 
physiological indexes of Populus euphratica to ecological 
water transport in the lower reaches of the Tarim River. 
Res. Environ. Sci., 4(16): 24-27. 

Yang, F.X., S.Q. Wang, H.G. Xu and B.Q. Li. 1991. The theory 
of survival analysis and its application to life table. Acta. 
Ecol. Sin., 11(2): 153-158. 

Ye, Z.X., Y.N. Chen and W.H. Li. 2009. Groundwater 
fluctuations induced by ecological water conveyance in the 
lower Tarim River, Xinjiang, China. J. Arid. Environ., 73: 
726-732. 

Zhang, H.A. and T.S. Yao. 2004. The influence and protection 
measurement proposals on natural vegetation by training 
works in Tarim River main stem. Sci. Soil. Water. Conserv., 
1(2): 94-98. 

Zhang, L.Q. 1991. Density and biomass dynamics of Pinus 
tabulaeformis in Songyang County, Zhejiang Province. 
Acta. Phytoecol. Geobot. Sin., 15(3): 216–223. 

Zhou, L.S. 1959. Natural Conditions of the Xinjiang Uygur 
Autonomous Region. (Ed) Beijing, Science Press. pp. 173-
197. 

 
(Received for publication 13 September 2011) 

 


