1 Introduction

The Tarim Basin and the Tarim River are probably widely known through the Silk Road and the
books of Sven Hedin (e.g. HEDIN, 1905). The Silk Road connected the West with the East as
early as 2000 years ago. It ran along the foothills of the Tianshan and Kurum Mountains as well
as along an ancient lower reach branch of the Tarim River that flowed through the Lopnor
depression. Hedin traveled all along the Tarim River by boat with the objective to investigate the
river course and the Lake of Lopnor. He described the Tarim River as flowing through hardly
accessible areas of swamps, reeds, and forests. This riparian vegetation along the Tarim River and
the various streams in the former Russian Empire is called “Tugai” vegetation.

During and after the land reclamation periods in the Soviet Union and China the Tugai
vegetation was largely replaced by agriculture or destroyed by a growing shortage of water
(HUANG, 1986; CHENG, 1993; WANG et al., 1996: 103; TRESHKIN, 2001). Therefore, only tiny
patchy remnants of Tugai vegetation still exist today. Most of the remaining Tugai vegetation can
be found in Xinjiang, concentrated along the middle reaches of the Tarim River. There, the
Tarim Huyanglin Nature Reserve was established in 1983 to protect the Tugai vegetation
consisting of riparian forests and other forms of riparian vegetation. The reserve extends 100 km
along the middle reaches of the Tarim River (YUAN & LI, 1998: 147-152). The Tarim River
measures 1321 km from the town of Aral, south of Aksu City, to its terminal lake Detama. The
location of the study area is shown in Figure 1.
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Figure 1: Location of the study area within Xinjiang and Central Asia.
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The Tarim Huyanglin Nature Reserve and the adjacent areas planned to be designated for
nature conservation were selected for this study in order to investigate the ecology of a rather
natural and intact area of Tugai vegetation. The aim was to gain insight into the specific
ecological requirements for the conservation of Tugai vegetation. The distribution and the recent
changes of the Tugai vegetation were also studied in order to locate the core areas of this
vegetation which deserve highest conservation priority. The current land use practices and their
impacts on the Tugai vegetation were examined in order to provide suggestions concerning
practices to be avoided or favored in accordance with the Tugai conservation aims.
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The fieldwork for this study was carried out from 2002 to 2005. During that time, from 2003
to 2004, lateral dykes were constructed by the Chinese government nearly all along the Tarim’s
middle reaches. Two weirs are still planned to be built within the nature reserve. In the light of
the ongoing regulation of large segments of the Tarim River within the nature reserve, it has
become all the more important to understand the ecological requirements of Tugai conservation.

This study first provides up-to-date knowledge of the Tugai vegetation and its key species
(Chapter 2). Research hypotheses are derived and the research issues addressed in this study are
introduced. Then the study area is described with regard to its geomorphology, geology, climate,
hydrology, soils, and the human impacts on the hydrological conditions and the vegetation
(Chapter 4). The methods employed are described in Chapter 5. The results and the discussion of
the results are expounded in chapters 6 and 7. The results include a land cover map of the study
area based on the classification of satellite images. The discussion closes with conclusions and
suggestions for the conservation of the Tugai vegetation.

The place names will be presented in Uyghur wherever possible. In the text the Chinese
names are provided in brackets whenever the Uyghur name is first introduced. The place names
are also listed in both Uyghur and Chinese in Appendix III. The Hanyu Pinyin transcription is
used for Chinese words, since it is by far the most commonly used transcription today. Uyghur
words are also transcribed into Latin script which was used for Uyghur in China from the 1970ies
until 1984. This transcription is similar to the Chinese Pinyin, but differs considerably from the
transcription currently used in turkological studies. However, the transcription currently used in
China was mainly adopted in this study because it happens to be the script commonly used by the
Uyghur people today whenever they write their language in Latin script, for example, in e-mail
communication.

The headings of Tables and legends of Figures are given also in Chinese and Uyghur. Each
chapter is followed by a summary in Chinese and Uyghur. Only chapter 6, the results, is not
supplemented by a Chinese and Uyghur summary, because a summary will not explain more than
all Tables and Figures.
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2 State of the art

The Tugai vegetation consists of Tugai forests, Tugai shrub and reed communities, and harbors
most of the biodiversity and important habitat for plant and animal species in the desert regions
of Central Asia. However, most of the Tugai forests existing worldwide have been cleared to
make room for agriculture. Especially in the 20th century, most of the Tugai forests have been
destroyed in the Soviet Union and China. The remaining forests are suffering from the growing
strain of water shortages since increasingly more water is being used for irrigation. This process
has been discussed in detail by HOPPE (1992) in the case of the Tarim Basin and by GIESE et al.
(1998) in the case of the Aral Sea and its tributaries.

2.1 Introduction to the term “Tugai vegetation”

The term “Tugai” was defined by OGAR (2003: 318) as “the floodplain forests and shrub or
mixed arboreal-frutescent thickets in the extra-tropical desert areas”. The term has only been
used with regard to riparian vegetation in Central Asia. The floodplain forests within the North
American deserts are called Cottonwoods, named after the poplar Populus deltoides (BRAATNE et al.,
1996). TIAN (1991) defined the Tugai forests as riparian forests along the rivers in the deserts of
Central Asia, formed by Populus euphratica, Populus pruinosa, and Elaeagnus oxycarpa. In this study the
term “Tugai forest” is used according to this definition. Along the Tarim River most Tugai
forests are constituted by Populus euphratica, while P. pruinosa is restricted to the upper reaches of
the Tarim River and its tributaries (WANG et al., 1996: 17-22). The Tugai forests are distributed in
patches alternating with shrub and reed communities. The shrub communities along the Tarim
River are mainly composed of Tamarix species (HUDABERDI & ABDUSALIH, 2002) among which
Tamarix ramosissima is the most common (LIU, 1995: 50-51). Most Chinese literature on the Tugai
vegetation deals with the Tamarix genus rather than individual species (cf. Section 2.3). In this
study, the shrub communities will be referred to as Tugai shrub. The reeds along the Tarim River
consist of Phragmites anstralis (HUDABERDI & ABDUSALIH, 2002; THEVS et al., 2007). Tugai forests,
Tugai shrubs, and reeds thus constitute the components of the riparian vegetation along the
Tarim River referred to here as Tugai

vegetation.
The two key species P. euphratica and

Tamarix ramosissima are phreatophytes, i.e.,
species which can survive the arid climate

The word Tugai: Tugai is derived from the
Kazakh,  Uyghur, or, Tatar word
toghay/ tokhay/ toghay which designates bush
vegetation or open grasslands. Today, it

by maintaining a continuous water supply
from the groundwater (GRIES et al., 1996;
WANG et al., 1996; FOETZKI, 2004). Rather
than adapting to the arid climate by saving
water, the Tugai plants are, on the contrary,
designed to permanently remain in contact
with the groundwater and thus to maintain a
high level of transpiration. Most of the
species of the Tugai vegetation are restricted
to sites with groundwater levels not deeper than 10 m (cf. Section 2.3). Only Tamarix ramosissima
is a facultative phreatophyte, i.e., it is able to survive for some time without groundwater contact
(D1 TOMASO, 1998; SMITH et al., 1998). The groundwater is replenished by the river course along
which the Tugai vegetation is distributed. Thus, the Tugai vegetation is limited to the floodplains
or river valleys (XINJIANG LINKEYUAN ZAOLIN ZHISHA YANJIUSUO, 1989; LIU et al., 1990). The
rivers in Central Asia such as the Tarim, Syr Darya, or Amu Darya are fed by precipitation and
glacier meltwater in the mountains during the summer, resulting in floods which recharge the
groundwater (QU, 1982; X1A, 1993; TRESHKIN, 1997; TANG et al., 1998; ZHANG & HE, 1998;

refers to riparian forests, shrubs, and reeds.
Synonyms of Tugai in the scientific
literature are Tokai, Togai, Tougai, or
Turau. Chinese sources usually use the term
buyanglin which means Populus euphratica
forest, but wusually subsumes associated
species as well.
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XINJIANG WEIWUER ZIZHIQU SHUILI TING & XINJIANG SHUILI XUEHUI, 1999; TSYTSENKO &
SUMAROKOVA, 1999; ZHOLDASOVA, 1999; SONG et al., 2000; TRESHKIN, 2001; NOVIKOVA, 2001;
OGAR, 2003; GIESE et al., 2004; GIESE et al., 2005).

The Tugai forests of Central Asia have their equivalent counterparts in the Cottonwoods of
North America’s arid Southwest. There, the phreatophytic trees such as Populus deltoides, P.
fremontit, P. angustifolia, P. balsamifera, and P. trichocarpa also form riparian forests under arid
conditions (EVERITT, 1968; BRAATNE et al., 1996; SCOTT et al., 1996; AUBLE et al., 1997; ScoTT
et al., 1997; STROMBERG, 1997; ROOD et al., 1998; SHAFROTH et al., 1998; MERRIT & COOPER,
2000; COOPER et al., 2003)

2.2 Distribution of the Tugai vegetation and Tugai forests

The natural distribution area of Populus enphratica is shown in Figure 2. Within this area Tugai
forests and Tugai shrubs are distributed throughout the river floodplains. The largest stands of
Tugai forests are to be found in the Tarim and the Aral Sea basins, especially in the Amu Darya
Delta (HEDIN, 1905; LAVRENKO, 1956; WANG et al., 1996). However, Tugai forests also grow in
the Transaltay Gobi of Mongolia (HILBIG, 1995: 81).
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Figure 2: Natural distribution of Populus euphratica according to WANG et al. (1996: 18).
K 2: A AR S3A (WANG et al., 1996: 18).
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During the 50ies and 60ies of the 20th century large areas of land were opened up for
agriculture in the Aral Sea and Tarim basins. Tugai forests and other Tugai vegetation were
destroyed both directly and indirectly. Large stands of Tugai forests and Tugai shrubs were
cleared for agricultural production and to provide timber and fuel wood. Increasingly more water
was diverted into the expanding irrigation areas, leading to decreased river discharges and
lowered groundwater levels along the rivers and lakes. The lower reaches of the Tarim River and
Lake Lopnor both fell dry in 1972 (XIA, 1998a). Other branches of the Tarim River also dried
out during the 50ies and 60ies (cf. Section 4.7). It was repeatedly reported that the Aral Sea water
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level also declined, and the lower reaches of the Amu Darya and Syr Darya became desiccated
(BELYAEV, 1990; GIESE et al., 1998; TSYTSENKO & SUMAROKOVA, 1999; KOSTIANOY et al., 1999;
GIESE et al., 2004).

Most of the Tugai forests in the Amu Darya Delta and its lower reaches have been destroyed.
The Tugai forest area there became reduced from 500,000 ha in 1950 to about 70,000 ha in 1998
(TRESHKIN, 2001). In the Tarim Basin the area of Tugai forests declined from about 500,000 ha
in 1958 to about 150,000-200,000 ha in 1978 (HUANG, 1986; CHENG, 1993; WANG et al., 1990).
Today most of the worldwide remaining Tugai forests are to be found in the Tarim Basin as
shown in Table 1.

Table 1: Distribution of Tugai forests worldwide in 1993 (WANG et al., 1996: 26)
R 1 AES 1993 SERENEMA AT (WaNe et al., 1996: 26)
AL B LG eliie oy

Country Area [ha] Proportion of
world wide
area [%]
China 395,200 60.9
Tarim Basin, Xinjiang 352,200
Inner Mongolia, Gansu, Qinghai, Ningxia 43,000
Kazakhstan and other countries of Central Asia 200,000 30.8
Iraq 200,00 3.1
Iran 20,000 3.1
Syria 5,818 0.9
Turkey 4,900 0.8
Pakistan 2,800 0.4

The land reclamation campaigns along the Tarim River mainly focussed on the tributaries, the
upper and lower reaches, but left the middle reaches untouched (HOPPE, 1992: 34, 41).
Accordingly, the area of Tugai forests declined dramatically along the upper and lower reaches as
shown in Table 2. Along the middle reaches the Tarim River formed, and in some parts still
forms, an inland delta (cf. Section 4.1). The inland delta along the middle reaches was too
difficult to access during the 1950ies and 1960ies. Therefore, the Tugai vegetation remained
rather undisturbed throughout this area. Along the Tarim’s upper reaches, the area of Tugai
forests apparently increased from 1978 to 1983 due to reforestation (LIU et al., 1990).

Table 2: Distribution of Tugai forests along the upper, middle, and lower reaches of the Tarim
River
20 BEHURI B U IRARIG S0 A

A LS S G B

Year Area of Tugai forest [ha] Source
Upper Middle Lower Total
reaches of the Tarim River
1958 230,000 175,800 54,000 459,800 | WANG et al., 1996: 180
1978 58,200 100,200 16,400 174,800 | WANG et al., 1996: 180
1983 112,400 110,800 7,333 230,533 | Livetal., 1990
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2.3 The Tugai plant communities along the Tarim’s middle reaches
and the biological features of their main species

Many authors have presented classification schemes of the Tugai vegetation or Tugai forests for
the Tarim Basin as well as data on the site conditions associated with the various plant
communities or individual plant species. These references were reviewed by THEVS (2005) and
compiled in Table 3 on the following page. The studies available unfortunately do not clearly
point out the research methods employed, and in most cases the study sites are only roughly
indicated. Nevertheless, the studies reviewed provide valuable information for a basic
understanding of the ecology of the Tugai vegetation and the biological functioning of the main
species. The term “vegetation type” in this study is used as a neutral term to classify the Tugai
vegetation into smaller units.

Since the Tarim River system is very dynamic by nature and its river courses often change
their location, a web of Tugai forest belts has evolved along the current and former waters
courses (LIU et al., 1990). River courses tend to relocate. Thereby they eventually move away
from the stand sites, which in turn change from wet to frequently flooded, fresh, and eventually
to dry conditions with groundwater levels 3-5 m below surface and some accumulation of salts,
and finally to extremely dry conditions with groundwater levels of 8-10 m or deeper (CHOU, 1960;
XINJIANG LINKEYUAN ZAOLIN ZHISHA YANJIUSUO, 1989: 70-71; LIU et al., 1990). The
generative reproduction of most Tugai plants takes place on wet and frequently flooded sites. On
the basis of generative reproduction, the succession in Tugai forests leads to sparse and degraded
Tugai forests whenever the river course moves away from the stand site. On sites close to the
rivers, grasses and herbs normally play a role as accompanying species in Tugai forests. However,
on sites abandoned by river courses, the plant communities containing these species tend to
disappear during the succession (QU et al., 1982: 15-35; LIU et al., 1980).
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