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About

Dostonjon Bakhriev is a researcher from Uzbekistan. He holds a master's degree
in Agriculture and a bachelor's degree in Biology, both from Samarkand State
University.

As a Marion Donhoff Fellow, he began studying the tugay forest in the Zarafshan
Valley (Uzbekistan). His current research under the fellowship is "The health
indicators of the tugay ecosystem along the middle stream of Zarafshan River in
the territory of Samarkand Province." Through this study, he focuses on
assessing health indicators and challenges of the Tugay Forest. To achieve his
aim, he combined GIS, Remote Sensing and Environmental Science.

Abstract

Tugay riparian forests are unique ecosystems in Central Asia that provide critical
ecosystem services but have faced a 90% reduction in area since 1930. This
study investigates the current ecological health of the Zarafshan Natural National
Park (ZNNP) in Uzbekistan, an area under intense pressure from climate change
and anthropogenic activities.

Using an integrated approach, the research combines traditional geobotanical
field surveys with multi-sensor remote sensing. Vegetation dynamics were
analyzed using a decadal NDVI comparison (2014—-2024) from Landsat 8 and 9
imagery, while Land Use/Land Cover (LULC) changes were mapped using 10m
Sentinel-2 data (2017-2024). Field results reveal a critical disappearance of
indigenous Populus communities, replaced by Tamarix and grasses due to a lack
of natural flooding and intensive overgrazing by livestock from 20 surrounding
villages. Satellite data confirms these findings, showing a narrowing of Tugay
forest extent and a decline in biomass.

Keywords: [Zarafshan river, tugay forest, RS, GIS, riverbank ]



The health indicators of the tugay ecosystem along the middle stream of Zarafshan River in the territory of Samarkand
Province

CONTENT

AU . s 3
ADSEraCt. ... 3
List of Abbreviations. ... ... 6
1. INtrOAUCHION. ... 7
1.1, BaCKgroUNd. ... 7
1.1.1. Characteristics of Tugay Forest...........c.ccoiiiiiiiii e, 8
11,2, STUAY @rea. .. . e 9

2. MEtNOS. ... 12
2.1. Ground truth-based geobotanical method................cooiiii 12
2.2. GIS and Remote Sensing method. ... ..o 16
3. RESURS. 17
I oW 11 o] o 1 18
B, CONCIUSION. ... e 18
6. ACKNOWIEAGEMENTS. ... e 20
RefEreNCES. ... 21
List of figures & illustrations........... ..o, 23
APPENAIX .. e #
APPENAIX 2. .ot #



The health indicators of the tugay ecosystem along the middle stream of Zarafshan River in the territory of Samarkand
Province

Abbreviations

GIS Geographical Information Systems
LULC Land Use/Land Cover

NDVI Normalized Difference Vegetation Index
PA Protected Area

RS Remote Sensing

USGS United States Geological Survey

ZNNP Zarafshan National Nature Park
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1. INTRODUCTION

1.1. Background

Tugay ecosystems, the regional name for riparian forests with their soil-climatic
conditions, vegetation cover, and geographic location, are unique and rare
ecosystems in Central Asia (Treshkin, 2001; Zerbe et al., 2010; Khaydarov et al.,
2020). In Uzbekistan, tugay ecosystems play a crucial role in the functioning of
plant and animal life (Thevs et al., 2008). Unfortunately, this unique ecosystem
has been under serious threat for the last century. As a result of intense
anthropogenic activities, only 10% of the tugay ecosystems are now preserved
compared to 1930 in the Amudarya River basin (Kuzmina & Treshkin, 2012). Due
to the increase in the demand for food, a massive area of the tugay forests has
been converted into agricultural land and the soil and vegetation cover of tugay
forests have been severely affected by various anthropogenic factors such as
overgrazing, tree logging, and obstruction of river runoff (Rakhimova et al., 2023).
Natural flooding in tugay ecosystems is becoming rare, thus preventing of the
regeneration of vegetation. Thus, the floristic diversity of the plant species is
under threat due to the increased pressure from human impacts (Korolyuk et al.
2023). Flooding is a natural river dynamic and the majority of the other vegetation-
forming plant species can only grow and establish on flooded sites on the river
banks (Zerbe et al. 2010). In the condition of increased climate change and
anthropogenic  factors, tugay ecosystems are considered fragile
(Kuzmina&Treshkin, 2012).

The tugay ecosystems are among the severely threatened ecosystems in
Uzbekistan, and scientifically based information about the current state of existing
forests is insufficient. Tugay along the Zarafshan River is conserved in Zarafshan
Natural National Park (Samarkand region). Different species from the genus of
Populus,  Salix,  Phragmites, Elaeagnus, @ Tamarix, @ Halimodendron,
Calamagrostis, Rosa, and Cerasus are widely distributed within the national park
(Kholbutayeva et al., 2020; Rakhimova et al., 2023).

There are over 40 protected areas in Uzbekistan, among which Zarafshan
National Park (ZNP) is distinguished by its importance and biodiversity. The
protected areas provide many significant ecosystem services that maintain
human well-being in the region. Natural resources of the Zarafshan river basin
are intensively used in industry and agriculture and these uses have a complex
impact on the health of the riparian ecosystem. The current condition of the tugay
ecosystems of ZNNP is severely affected by various types of intensive farming
(Erdonov et al., 2023). Intensive farming combined with other anthropogenic
factors has greatly damaged the vegetation cover, soil condition, and wild nature
of the tugay forests due to mismanagement and overuse.

Another challenge for the ecosystem is climate change, as tugay depends on

surface runoff. The consequences of this damage cannot be studied until

practical methods and techniques are developed to assess the current state of
7
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the tugay ecosystems and health indicators of plant, soil, and hydrological
function. To date, the methods showing the current state of tugay forests have
not been developed, and health indicators have not been established.
Considering these circumstances, the proposed study aims to develop health
indicators that assess the current state of tugay ecosystems in case of ZNP.
Based on the developed indicators current ecological health of tugay ecosystems
can be assessed and practical measures for restoring the degraded vegetation
and soil cover can be implemented in tugay ecosystems.

1.1.1. Characteristics of Tugay Forest

The tugay forest is a fluvial floodplain area between land and a river or stream.
Central Asia is considered the center of origin of the tugay corridors and plays a
crucial role in providing ecosystem services within the territory. “Tugay” means
forest biocenoses and includes the full range of floodplain ecosystems. These
forests are distinguished from other types of forests by their distribution along
river banks. The literature review highlights that tugay is commonly referred to as
a floodplain, riparian, riverside, or riverbed forest (Dimeyeva et al., 2023; Nowak
& Nobis, 2010).

Typical riparian corridors represented by trees, shrubs and herbaceous plants,
characterized by their widespread and main edificator flora such as turanga
(Populus pruinosa), jiyda (Elaeagnus tangustifolia,), willow (Salix songarica),
tamarix (Tamarix ramosissima, T. meyeri, T. florida, T. laxa, T. elongata, etc.),
ching (Halimodendron halodendron), reed (Phragmites australis), reed grass
(Calamagrostis dubia, C. epigeios, C. pseudo phragmites), etc
(Kuzmina&Treshkin, 2012; Rakhimova et al., 2023; Kabulova 2012). Tugay
forests are spread along the Amudarya basin, Syrdarya and Zarafshan River
basin in Uzbekistan.

Unquestionably, riparian zones are the main ecosystem drivers in Central Asia
and according to data, 90% territory of the tugay has disappeared from the Amu-
Darya riverbank. The restoration and search indicator of riparian zones is an
urgent task of global desertification control (Zeng et al., 2020). Thus, many
research papers carried out to analyze the tugay crisis in Central Asia and drastic
climate change, increasing groundwater depth (Zeng et al., 2019), direct and
indirect anthropogenic threats (Kuzmina & Treshkin, 2012), the Aral crisis, no
natural floodplains (Dimeyeva et al., 2023), and agricultural land use (Korolyuk et
al., 2023) were shown as the main factors of degradation of vegetation in
riverbank corridors.

Many previous studies have reported that natural flooding is significant for
riparian vegetation to stand stable and also provides river seed bank regeneration
because establishing new young tugay forests always requires flooding (Dukenov
et al., 2023). As a result of it, Indigenous tugay trees and shrubs formation
disappeared and changed to a grass association
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1.1.2 Study area — Zarafshan Natural National Park

Zarafshan Natural National Park was established by the Cabinet of Ministers of
the Republic of Uzbekistan, decision No. 87 on February 7, 2018, replacing what
was formerly known as Zarafshan Nature Reserve (Zapovednik). ZNNP is located
in the southeastern part of the Samarkand region on the Jambay and Bulungur
districts. It starts from the Chapan-Ata mountain upstream along the right bank of
the Zarafshan River. The total land area of ZNNP is 2426 hectares. Located on
the right bank of the Zarafshan River, it occupies 1169,9 hectares of the territory
of Jambay district and 1257 hectares of the territory of Bulung'ur district
(Khayitmurodov A.O. & Sharipov Sh.M, 2022). The protected area (PA) is also
surrounded by 2 districts (Taylak and Urgut) on the left bank of the river. It
stretches along the right bank of the river for 47 km in a narrow strip 300 to 1500
m wide.

Zarafshan National Park

Legend

— Zarafshan iverr
[ Samargand Region
I Zarafshan National Park

Figure 1. General view of ZNNP

According to Marmazinskaya, ZNNP consists of 7 sites, known as zone. The
administrative office is located in zone 1. The first 4 zones are covered with tugay
forest, whereas zones 5, 6 and 7 are semi-desert areas. Zones 2 and 3 contain
all types of tree-shrubs, tugay communities that are visible on satillite images



The health indicators of the tugay ecosystem along the middle stream of Zarafshan River in the territory of Samarkand
Province

(Figure 3). The main threats to the tugay vegetation are decreasing groundwater
levels, climate change, and the unsustainable use of natural resources from the
area. Gravel-extracting companies are the main cause of the river's reduced
water level. In general, due to natural and anthropogenic threats, the tugay forest
has degraded dramatically over the last few decades.

Figure 2. Tugay Forest in 2004 (from Google Earth)

10
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Figure 3. Tugay Forest in 2025 (from Google Earth)

2. METHODS

To obtain ground truth data, the research employed traditional field geobotanical
methods to assess the vegetation condition of tugay ecosystems (Maylun, 1973).
Species composition, distribution characteristics, and quality indicators were
analyzed during the vegetation assessment. The practical impact of livestock
grazing was assessed by the method developed by Rajabov (2011).

The territory of ZNNP is covered with different plant life forms, including trees,
shrubs, semi-shrubs, annual and perennial grass species, and herbaceous
plants. The amount of water in the river also fluctuates during the seasons.
Therefore, the biomass of the tugay forest may change seasonally. In this regard,
Remote Sensing will support the timely and cost-effective monitoring of riparian
ecosystems on a seasonal basis (spring, summer, autumn, and winter). This
study will utilize widely used vegetation indices, such as NDVI, based on the
freely accessible Landsat imagery.

Ground truth-based geobotanical methods.

Ground truth data were collected during August and September of 2024. The
fieldwork aimed to identify the main plant communities, associations, and on-the-
ground conditions of the tugay forest.

The following forest plant species were found in zone 1: Berberis integrama,
Gleditsia triacanthos, Elaeagnus angustifolia, Artemisia absinthium, Populus
alba, Platanus hybridus, Prunus cerasifera, Fouquieria splandens, Rubus

1"
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armeniacus, Salix spp, Poacynum venetum, Artemisia ludoviciana, Hypericum
perforatum, etc. According to the administrative office, zone 1 is distinguished by
the fact that trees mainly occupy the area and most of them were planted by
humans. The research compiled a list of flora that grow naturally in PA, presented

in Table 1.
List of main species in ZNNP
Table 1
No Species Family Life form
1 Populus pruinosa Salicaceae tree
2 Salix wilhelmsiana Salicaceae tree
3 Salix babylonica Salicaceae tree
4 Elaeagnus angustifolia Elaeagnaceae tree
5 | Hippophae rhamnoides Elaeagnaceae tree
6 Tamarix ramosissima Tamaricaceae tree
7 | Crataegus turkestanica Rosaceae tree
8 Crataegus songarica Rosaceae tree
9 Rosa canina Rosaceae shrub
10 Rubus caesus Rosaceae shrub
11 Berberis integerrima Berberidaceae shrub
12 Phragmites australis Poaceae herb
13 Halimodendron Fabaceae grass
halodendron
14 Calamagrostis dubia Poaceae grass
15 Poa bulbosa Poaceae grass
16 Convolvulus arvensis Convolvulaceae grass
17 Glycyrrhiza glabra Fabaceae grass

In addition to the above plants, several introduced trees are also widespread in
the national park.

12
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List of planted trees in ZNNP

Table 2

No Species Family Life form
1 Ailanthus altissima Simaroubaceae tree

2 Gleditschia triacanthos | Fabaceae tree

3 Juniperus Cupressaceae tree

zeravschanica

4 Juglans regia Juglandaceae tree

5 Juniperus turkestanica | Cupressaceae tree

6 Morus alba Moraceae tree

7 Malus domestica Borkh | Rosaceae tree

8 Quercus robur Fagaceae tree

9 Vitis vinifera Vitaceae shrub

Populus pruinosa Schrenk is one of the main vegetation types in ZNNP. During
the field data collection, Turanga vegetation was identified along the river bank
with the following species present: Tamarix ramosissima, Salix songarica,
Phragmites australis, and Artemisia in zones 1 and 2. This is a small tree, 10-15
m high, characterized by high salt tolerance in the soil (T. Stikhareva et al., 2020)

view of Populus pruinosa

Photos: Abdurasulov O
The genus Tamarix L consists of 70 evergreen species (Zhang et al., 2018).
These shrubs or trees are tolerant of arid and semi-arid zones. Tamarix
ramosissima is the main dominant species in the degraded area of PA. During

the field survey, Tamarix ramossissima was found in the Semi-desert part of PA.

Figure 5. ' ener

13
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Figure 6. Tamarix
Hippophae rhamnoides L. (sea buckthorn Figure 7) populations occupied mainly
plot 3 of PA and we also observed in plot 2. Sea buckthorn is a 3-6 m tree or
shrub that valuable nutritional, medicinal and ornamental plant in riparian zones
(Kabulova 2012). More than 30 years of research regarding Hippophae
rhamnoides have been conducted on morphological forms. The current research
showed that the population of H. rhamnoides declined under the anthropogenic
threat (M. Ishmuratova et al., 2024)

14
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Figure 7. A general view of Hippophae rhamnoides
Photos: Abdurasulov O

Salix consists of 450 species of trees and shrubs (Marchenko & Kuzovkina, 2023)
which usually grow fast in fertile and wet alluvial soil. Thus, it is easy to see along
the river. Two species of Salix — S. wilhelmsiana and S. songorica are distributed
along the riverbank. Unfortunately, the vegetation distribution of them has
reduced dramatically in the PA.

GIS and Remote Sensing methods.

Nowadays, ecosystem health assessment is an essential task and using GIS and
Remote Sensing with traditional methods to help develop ecosystem services by

15
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bridging gap between ground-truth data and land scale observation (Yan Ding et
al., 2008). These methods can help to study vegetation cover changes in the
study area.

The RS method is actively used in modern research today and is considered a
potentially powerful tool to assess vegetation cover and biomass
(Brogaard&Olafsdaottir, 1997). We used vegetation indices, specifically NDVI,
based on the freely accessible Landsat 8 and Landsat 9 imagery. Landsat images
from the spring seasons of 2014 and 2024 were compared to calculate NDVI
values to show the dynamics of vegetation change in PA. Landsat images were
taken from the USGS database (http://earthexplorer.usgs.gov).

012345km

—=—=_
a0 LEGEND
Za rafSha n Natu ral ’ L g:-?t%?-'g Il Vegetation tendency>2
National Pa rk - A (1 Border of Zarafshan_NP

Figure 9. Changing of biomass and vegetation cover of the Zarafshan
National Nature Park during the years

To determine Land Use / Land Cover estimates, research used the annual
Sentinel 2 10 m Land Use/Land Cover Time series developed by Impact
Observatory (www.livingatlas.arcgis.com). Comparing data from 2017-18 and
2023-24 yielded the visualization presented in Figure 9.
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ZARAFSHAN NATIONAL NATURAL PARK

2023-2024

Succow
Stiftung

LEGEND
Type of land cover
B Water
Il Trees
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Il Buildings
[ Bare land
__ | Shrubs & grassland
[ Border of ZNNP

2017-2018

Figure 10. Land Use Map of the Zarafshan National Nature Park

3. RESULTS

It is known that floodplain forests are covered mainly by tree-shrub communities.
The current research shows that indigenous tugay vegetation was reduced along
the Zarafshan River, which has happened with other riparian forests in Central
Asia because of sharp anthropogenic impact and global climate change.
According to Landsat 8 and 9 images, the natural tugay forest is minimized,
particularly in ZNNP. Tugay vegetation in Central Asia has declined dramaticaly
since 1960.

During the field investigation, we observed that Populus trees switched Tamarix
and grassy vegetation in the floodplain of the Zarafshan River. Tamarix and
grassy vegetation covered it. This has occurred due to global climate change,
and in this regard, research analyzed Landsat images in the area (Figure 8). We
also observed land use changing in the area, which showed that only the tugay
forest land had narrowed in the last decades (Figure 9).

According to the administration office, PA is surrounded by 20 villages and the
distance between PA and the settlements is 50-100 m (Erdonov et al., 2023).
Last but not least, there is no fence between PA and the local people, which
enables direct impact to the national park, e.g. illegal grazing. Observation

17
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revealed that livestock were grazing on the annual shoots of plant, which prevents
young tugay rejuvenation.

Photos: Abdurasulov O
Figure 11. lllegal grazing in PA

4. DISCUSSION

Many investigations studied the distribution of vegetation in riparian zones along
Central Asian rivers such as Amu-Darya, Syrdarya, Tarim, Ili, Zarafshan, etc. In
the case of our study area, vegetation cover is changed to woody, shrubby and
grassy flora compared with the previous research. Genus of Populus, Salix and
Eleagnus completely disappeared in the desert zone of PA and were replaced by
grassy vegetation as well as Tamarix (K. Khaydarov 2020).

The Landsat-based NDVI analysis (Figure 8) provides a spatial visualization of
this ecological decline. The transition from high-biomass, broad-leaf trees to low-
biomass grasses and shrubs results in a measurable decline in the "greenness”
index over the last decade. Furthermore, the Sentinel-2 LULC time series (Figure
9) confirms that the Tugay forest land is narrowing.

5. CONCLUSION

Zarafshan National Nature Park is without a doubt unique and valuable. It is the
main riparian area in the Zarafshan Valley (Uzbekistan), which is considered
ecologically important. Both climate change and human intervention have
affected the vegetation cover of the tugay forest. From the current research
several conclusions regarding ZNNP can be down.

e Anthropogenic pressures, including overgrazing and the use of natural
resources in riparian forests, have harmed the remaining vegetation.

¢ Riparian vegetation is always established in floodplains and natural
flooding plays an important role in the formation of tugay forests, which

18
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have not been observed in recent years, affecting the composition of

forest vegetation.
e Climate change is the main long-term threat to ZNNP. A climate risk
assessment of this area is urgently needed.

19
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