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Introduction 

In 2011, the Government of Uzbekistan established the Lower Amu Darya Biosphere Reserve (LABR). 
This protected area aims to conserve the Tugay forest: a natural area specific to the stream banks of 
permanent rivers in Central Asia. The Tugay is a riparian forest gallery over several thousand kilometers 
long, and a few kilometers large along the banks. These forests are located in an ecosystem dominated 
by a cold arid climate. Forests survive only to the presence of a permanent watercourse: the Amu Darya. 
Forests are home to flora and fauna specific to wetlands that need protection from the surrounding 
anthropogenic pressure. 

The Lower Amu Darya Biosphere Reserve (LABR) exists only under Uzbek legalization and, despite 
the name of “Biosphere Reserve”, the protected area is not recognized officially by the UNESCO Man 
& Biosphere (MAB) Programme. To join the World Network of Biosphere Reserves, the competent 
authorities must request by submitting an application form to the MAB Bureau. Several criteria and 
management rules must be set up. The GIZ project so-called “ECOSYSTEM-BASED LAND USE AND 
PRESERVATION OF ECOSYSTEMS IN THE LOWER SECTION OF THE AMU DARYA” aims to 
provide operational support to the LABR managing authorities in this context of an official application. 
This project is throughout two-year from 2018 until 2020 between Uzbekistan and Turkmenistan. 

In this context, the CIRAD mandate is to carry out ecosystem mapping along the Amu Darya River and 
more particularly in the LABR. This mapping aims to define the land cover and land use in the LABR 
and their evolution over thirty years (1988-2018). This type of mapping will provide a comprehensive 
understanding of land cover change and a better understanding of the interactions between different 
actors and factors of land use changes to policymakers and institutions. For the technicians in charge of 
the LABR management and planning, this mapping must provide them with a functional tool to operate 
in this forest environment and plan their activities. 

To carry out a detailed mapping of ecosystems, we analyze different satellite images: LandSat 5-7-8 (30 
m.), Sentinel 2 (10 m.) and SPOT 6 (1.5 m.). However, field surveys are required at different seasons. 
The first mission in November 2018 characterizes the different ecosystems at the beginning of winter. 
This first field survey identified broad classes of land uses but the result was not stable. Additional 
information needed to be collected during the summer period when plant diversity is also at its highest. 
This mapping mission took place from 17 to 29 June 2019. During mapping field surveys, our team 
made an ecological analysis of forest and understory ecosystems. During meeting with official, we also 
carry out a geographical study of the zoning and governance of the LABR about the objectives of the 
MAB program. Thanks to the local support of the GIZ and the NGO KRASS (Khorezm Rural Advisory 
Support Service), the CIRAD team was also able to present the first results from the photo-interpretation 
of satellite images to the Forestry and Ecological Committees of Uzbekistan and the Deputy Director of 
the Environment Department of the Autonomous Republic of Karakalpakstan.  

This report presents in three parts: 
• Data acquisition method and cartographic analyses ;
• Results of the ecological study of ecosystems ;
• Synthetic analysis of the conservation and development issues of the LABR with zoning and

governance.

To conclude the report, the team lists some recommendations according to the objectives of a UNESCO 
biosphere reserve: conservation, development, cooperation; as well as some proposition of training 
courses and actions within the period of the project. 
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Mission objectives 

1. Improve the spatial coverage of the land use surveys of the first mission (November 2018) with
consideration of seasonal effects on vegetation

2. Conduct surveys of woodland and understory vegetation with a definition of dominant species
and measurement of plant communities

3. Meet the competent authorities in the management of LABR and understand their interests in
developing a biosphere reserve

4. Present the first results of land use mapping and gather opinions on the interest of such a product
for different users

Expected outputs 

1. land use and vegetation maps at a resolution of 1.5 metre based on SPOT 6 images (October
2018 and July 2019)

2. Statistical (multifactorial) and spatial analysis of plant community formation
3. Description of the governance rules of the LABR and geographical issues related to zoning
4. Recommendation of activities to be carried out to move towards a comprehensive management

plan consistent with the UNESCO objectives of a biosphere reserve

Mission Synthesis 

• 250 GPS surveys with description and structural features in addition to the 272 surveys
conducted in November 2018.

• X types of land use were determined using LandSat images
• 8 & 12 types of land use were determined using SPOT images
• Land use changes between 1988 and 2018 are mainly:

o Rapid increase in residential areas compared to agricultural areas
o Overall maintenance of natural ecosystems (dense and open forests)
o Localized evolution (growth and decrease) of forest cover
o Insignificant decrease in the width of the Amu Darya price
o Strong variation of the minor bed and banks

• The Tugay forest is dominated by two tree species generally find together, while in the
understory  plant communities type  have been observed

• In forests with a high deer population, there is no understory vegetation. This deer pressure
prevents forest regeneration and gives way to steppe.

• Deer pressure overflows onto cotton fields near core areas, resulting in yield losses. Some
villagers hope to be able to feed deer by growing maize near the forests.

• The presence of human activity, including livestock, is noted in all classified forests even where
the activity is prohibited.

• Human activities (wood, peach, licorice and livestock keeping) are recorded in most of the core
and transition zones. However, before 2011, these levies were still legal and villagers do not
understand the purpose of the LABR.

• The LABR still operates under the scheme of a strict nature reserve, where public access to core
areas is prohibited. However, there is a will to develop ecotourism

• The authority of the LABR management is limited to the core area and there is no management
plan at the scale of the biosphere reserve or consultation with other competent administrations
to manage this region according to MAB principles.
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Mission Agenda 

Regional program “Ecosystem based Land Use and Ecosystems Conservation along the Lower 
reaches of Amu Darya”  

Of mission of CIRAD Experts Jean-Daniel Cesaro, Audrey Jolivot, Simon Taugourdeau 

17-29.06.2019 (accompanying through KRASS)

Table 1 Mission Agenda

 Date (June) Activity Accomodation* 

17, Monday Arrival 
Meeting with program team 

Tashkent 

18, Tuesday Meeting with representative of Forestry 
Committee 

Tashkent 

19, Wednesday Early flight to Nukus 
Meeting with representative of - Local 
Government of Karakalpakstan 

- Director of LABR
- Lecture for students at Nukus

agr.University&State
University

Nukus, Hotel “Jipek Joli” 

20-21, Thursday-
Friday 

LABR 
North part of Mangit with continuum part 

Nukus, Hotel “Jipek Joli” 

22, Saturday - Meeting with KRASS (Khorezm Rural
Advisory Support Service)
-Lecture for students at Urgentsh State

University

Urgentsh/Khiva, Hotel 
«Silk Road Caravan Sarai” 

23, Sunday Sightseeing old city Khiva Khiva, Hotel “Silk Road 
Caravan Sarai” 

24-25, Monday-
Tuesday 

North part of LABR Urgentsh, Hotel “Bahor” 

26, Wednesday Practical Workshop in LABR Nukus, Hotel “Jipek Joli” 

27, Thursday Evening flight to Tashkent Tashkent 
28, Friday Meeting with program manager Julian 

Schlubach 
Meeting with representative of 
Environmental Committee of Uzbekistan 
with presentation of results  

Tashkent 

29, Saturday Departure 
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Contexte 

Site and situation : Amu Darya, a permanent river between a desert 

The LABR was created by Resolution No. 243 of the Cabinet of Ministers of the Republic of Uzbekistan 
(26 August 2011) concerning the organization of the Lower Amu Darya National Biosphere Reserve, 
managed by the Forestry Department under the Ministry of Agriculture and Aquatic Resources of the 
Republic of Uzbekistan. It is located on the Beruniy and Amu-Darya districts of the Republic of 
Karakalpakstan. These two districts have 180,500 and 141,000 inhabitants respectively in 2018. The 
two district capitals are Manguit (48,000 inhabitants) and Beruniy (66,000 inhabitants). This classified 
natural area lies between the two main cities of Nukus (312,000 inhabitants, capital of the Republic of 
Karakalpakstan) and Urguentch (170,000 inhabitants, provincial capital of Korhezm) and not far from 
Khiva (89,000 inhabitants, a city whose historic district is classified as a UNESCO World Heritage Site). 

The LABR includes several landscapes ranging from the banks of the Amu Darya with Tugay forest to 
rocky mountain deserts. The biosphere reserve measures a total of 68,717.8 ha, of which 11568.3 ha is 
in the core zone (strictly protected), 6731.4 ha in the buffer zone (partially protected) and 50418.1 ha in 
the cooperation zone. Within the perimeter of the reserve, forests are mainly classified as core or buffer 
zones, while agricultural zones, residential zones, and desert steppes are more in transition and 
development zones. 

Map 1 Zoning of Lower Amu-Darya State Biosphere Reserve 

Source : Borret F. et al., 2019 
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Ecological and environmental interest of Tugay forest 
 

According to the Marmazinskaya report (2018), the LABR has a strong ecological and environmental 
interest due to its bioclimatic and geographical context. Tugay is riparian forest surrounded by arid, 
almost desert areas, and the few lands around them connected to the Amu Darya by groundwater 
networks are intensively cultivated. Despite accelerated deforestation in the 1960s and 1970s, 
populations maintained some of the Tugay to limit erosion of the banks of the Amu Darya River. 

A great diversity of landscapes can be found on the left bank of the Amu Darya river, while on the right 
bank the land is mainly cultivated. The northeast border of the LABR borders the Peski Taskudyk Desert 
and Qyzylqum. The alluvial plain is located between 200 and 300 meters above sea level. In the center 
of the LABR, a mountain range called Sultanuizdag rises with the Gora Achchitau as its highest point 
at an altitude of 1552 meters. Depending on the presence of nearby groundwater and the limit of the 
major bed of the Amu Darya, a gradient exists between dense riparian areas and sandy deserts via dry 
shrub steppes. 

Photo 1 view of the steppe gradient, agricultural areas (left), Tugay forest (right) from the 
Chilpik Dakhma (Tower of Silence) 

Credit : J.-D. Cesaro (2019) 

According to (Bakhiev, 1985), cited by Marmazinskaya (2018), the Amu Darya district has 638 species 
of plants belonging to 304 genera and belonging to 75 families were identified. The main trees that make 
up the Tugay forest are Populus Ariana (Turanga) and Populus pruinosa (Petta). The steppes are marked 
by species such as tamarix and Alhagi pseudalhagi. Sandy soils have more Astragalus and Zygophyllum 
In the Baday-Tugay massif (an area of 6 thousand hectares), 167 species of higher plants are noted, this 
is almost ¼ of the total list of species of the Lower Amu Darya District. Some plants are on Uzbekistan's 
Red List. 

For animals, the reserve has about 116 bird species (Common Pheasant, Little Screech-Owl, etc.), 22 
mammal species (bats, hedgehogs, deer, hares, foxes, jackals), many reptiles (salamander) and insects. 
There is also the lesser-known Amu Darya sturgeon, which is also emblematic of the river. A precise 
study of the terrestrial and aquatic fauna would be necessary to complete the picture of the oases that 
are the Tugay but also the steppe and desert regions.  
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The emblematic species of the Biosphere Reserve remains by far the Bactrian deer (IUCN Red List) 
with an estimated population of 800 individuals. The LABR is the largest reserve of this species in all 
of Central Asia. This species, which originates from these forests in Central Asia, has long been absent 
from them. It was reintroduced in 1971 in the former Baday-Tugay nature reserve. The development of 
the deer population raises forest management issues. 

 

The history of the LABR : from wildlife protection to ecosystem conservation  
 

The history of Tugay conservation in the Republic of Karakalpakstan begins in 1971 with the creation 
of the Baday-Tugay Nature Reserve. This reservation was replaced by the LABR in 2011 but remains 
recognized by international conservation authorities. According to the Protected Planet site, the Baday-
Tugay Reserve represented an area of 129.24 km² with IUCN Ia management status, i.e. strictly 
protected. The Uzbek administration does not communicate data from this protected natural area to the 
Nature Conservation Monitoring Centre (UNEP-WCMC) and the World Commission on Protected 
Areas. It was the Russian office of the NGO WWF that informed the World System of Protected Areas 
of the existence of this reserve. Since the creation of the LABR, the Baday-Tugay State Nature Reserve 
no longer exists. It has been integrated into the management of the LABR as one of the core areas. 

Map 2 Scope of the UNDP-GEF project "Conservation of the Tugay Forest" 

 

Source : UNDP-GEF (2000) 

The LABR project dates back to the early 2000s with the project "Conservation of "Tugay" Forest" and 
Strengthening Protected Areas System in the Amu Darya Delta of Karakalpakstan. "According to the 
authors of the project, the Tugay forest is an ecosystem that is not well represented in Uzbekistan's 
environmental conservation policy and yet remains an ecosystem that is globally disappearing.  
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The objective of the project was to set up the management frameworks of a national park or biosphere 
reserve for the protection of the Tugay ecosystem. The scope of the project ranged from the time of Lake 
Dautkul to the Baday-Tugay Reserve (see map 2). One of the objectives was to promote a biodiversity 
corridor through the establishment of a large protected area on a section of the Amu Darya. The main 
threats observed at the time were: 

• Water stress, salinization and change in hydrological regimes.
• Direct Tugay Forest habitat destruction and fragmentation
• Unsustainable use of forestry and related biodiversity resources by local populations

In 2012, the UNDP-GEF project report (2004-2011) indicates that the objective of creating a buffer and 
transition zone around the Baday-Tugay National Nature Reserve (Zapovednik) was achieved, including 
the development of capacity building for the administration of the new biosphere reserve. Indeed, four 
months before the end of the project, the Cabinet of Ministers of the Republic of Uzbekistan decided to 
create a biosphere reserve on the basis of the Baday-Tugay National Nature Reserve. This decision was 
the most successful advocacy of the project with national authorities.  

However, the report notes that the boundaries are not yet known but that a large part of the area initially 
planned has not been retained. The report nevertheless notes that the classification as a biosphere reserve 
will only be fully effective with the official recognition of the UNESCO MAB Office. On the other 
hand, particular attention is paid to the management of the Biosphere Reserve. Despite the training 
provided by the administration, it still follows a strict protection model. A management plan for the 
biosphere reserve must be defined taking into account development and communication activities. 
Finally, a number of Tugay forests are not protected by the new scheme. 

In 2013, UNDP is strengthening the new LABR with a one-year project (2012-2013) dedicated to the 
implementation of the protected area's internal governance. The objective is to train guards and 
administration in the objectives of a biosphere reserve and provide logistical support for conservation 
activities. In practice, the management of the LABR is strongly rooted in the operating methods of the 
former Zapovednik. There is both a territorial and administrative attachment to this former nature 
reserve that served to protect the deer population. 

Photo 2 Entrance to the Baday -ugay core area 
(with the map of the former nature reserve)  

Photo 3 Entrance to the Baday-Tugay core area 
(with a map of the new protection zones) 

Credit : J.-D. Cesaro (2019) 
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The purpose of the transition to the Forest Committee's supervision of the new biosphere reserve was to 
protect first the Tugay ecosystem and then the deer population. The work of the field guards has been 
transformed with new activities such as wood and nursery management. 

In 2014, the German Development Agency (GIZ) funded a project called Ecosystem based land and 
forest management of the Tugay habitants of the Amu Darya River for improved livelihood of local 
communities and as adaptation strategy to climate change. This project has developed a large number 
of activities in terms of conservation, development and logistical support. This project was supported 
by the European Union and set up the NGO KRASS and the Michael-Succow Foundation. The project 
made it possible to develop an environmental education center and to develop activities open to the 
public and in particular to the populations living near the core and buffer zones. These included nature 
discovery activities for children, discussions with villagers on the role of the biosphere reserve in 
preserving the Tugay forest. A major activity with the villagers was to reforest old crop plots, 
particularly in the Beruniy area. The activity reports could better highlight the relevance between the 
objectives of a biosphere reserve and the results obtained. This would build on the many advances made 
in this first project for the transition from strict natural management from the Baday-Tugay Reserve to 
the man-nature management of the LABR. 

Map 3 Afforestation plots as part of the 2014-2017 project

 

Source : KRASS, Michael-Succow Foundation (2014) 

In 2018, the GIZ strengthened its activities with a second component of the project with the 
ECOSYSTEM-BASED LAND USE AND PRESERVATION OF ECOSYSTEMS IN THE LOWER 
SECTION OF THE AMU DARYA. As part of this new project, CIRAD was commissioned to carry 
out ecosystem mapping and ecological community assessment. This report presents the activities carried 
out and the results of the field work. 
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The method 

The information acquisition phase to carry out the mapping required a systematic field method. We have 
selected sites representative of the diversity of core and buffer zones on the basis of known forests. 

Positioning of study sites 

On the basis of the mapping carried out with LandSat images (see report F. Borret and JD. Cesaro 
(2019)), we extracted information on forest areas from the land cover layer. Thanks to the 
Marmazinskaya report (2019), we obtained the names and descriptions of a number of massifs included 
in the LABR perimeter. This first step allowed us to organize the field trips in a systematic way. The 
other forest massifs all have vernacular names. It would be interesting to have a mapping of toponyms 
in Russian, Uzbek and English. 

Map 4 location of the different forests 

Complete existing field data 

At least in October 2018, the first mission worked on the forests of Nazaran, Khojakul and Baday-
Tugay. The team generated 272 localized observations. We therefore worked on four forest massifs: 
Nazaran, Beruniy, Talliq and Baday-Tugay. These data are complementary to the first mission. It was 
necessary to cover areas already observed to note the seasonal effect on ecosystems. We also covered 
forests in the core and buffer zones to observe the different effects of wildlife protection on the 
ecosystem. Finally, we covered two forests with an actual deer presence and two forests without noting 
the difference in deer population pressure. We generated 250 localized observations 
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People met during the mission 

Photo 4 Visit of the Forestry Committee Photo 5 Presentation to the students of the Eta 
University of Nukus 

Photo 6 Visit of the Nukus GIS center Photo 7 Presentation to students of the Nukus 
Agrarian University 

Photo 8 Presentation at the KRASS centre to the 
students of the University of Ourgentch 

Photo 9 Return to the GIZ headquarters with the 
Ecological Committee and the LABR 
management 

Credits : J.-D. Cesaro (2019) 
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We also had the opportunity to meet with the Deputy Director of the Ministry of Environment of the 
Autonomous Republic of Karakalpakstan. The exchange allowed us to better understand the authorities' 
expectations regarding the protection of the Tugay forest in relation to the actions to defend the Aral 
Sea. He wished to reaffirm the government's interest in the UNESCO recognition of this protected area. 

Data collected in the field 
 

In four different areas in the LABR region, 

• Baday-Tugay Forest:  This part of the forest is the oldest part of the protected area. This part is 
also the part of the forest with the highest density of deers.  

• Nazaranan forest: This part is in the core zone in the northern part of the LABR. This area was 
recently included in the core zone. No deer are presented in this area.  

• Talik forest. This part is close to the Baday-Tugay old reserve. This part was recently included 
in the core zone in the LABR definition. Deer are presented in this area. 

• Berruny Forest. This forest is managed by the Forest committee. Wood taking and animal 
production are allowed.This area is in the buffer zone 
 

 

Credit : J.-D. Cesaro (2019) 

In each forest , a way was defined for google map images. The goal was to cover the variability of 
forest cover from the satellite image. During the way,  when we notice a change in vegetation. A 
survey combined with a GPS point was made. For the survey , an estimation of the cover percentage 
of the different layer ( forest and understory).  A survey of the dominant species were made. Braun 
Blanket notation was given for each species: 

- + for the species where only one individual was presented 
- 1 for the species with less 1/20 of the cover 
- 2 for the species with a cover between 1/20 and ¼ of the cover 
- 3 for the species with a cover between  ¼  and ½ of the cover  
- 4 species with a cover between ½ and ¾ of the cover 
- 5 for the species with more than 3/4 of the cover. 

The surveys were not made with  a botanist with local knowledge. Therefore, the identification of the 
species is not sure and in some case, several species were regrouped within the same group (such as 
the Tamarix or the phragramites). 

Photo 10 Planning field trip with LABR director Photo 11 Inside a salt burn forest 
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Photo 12 Team in Baday-Tugay core zone in front of Amu Darya 

 

Photo 13 Team in Talik buffer zone on Fire trail 

 

Credit : S. Taugourdeau (2019) 
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Map 5 Map of GPS Fields data collection for ecosystem mapping in november 2018 & june 2019 
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Mapping : precision based on field survey  
 

Field data acquisition 
 

250 data survey have been acquired in 4 different areas: Nazaran, Baday-Tugay, Talik and Beruni. For 
each point, we collected GPS coordinates and land cover. On field, we used the same land cover type 
than our colleagues during the first mission in November 2018. 

Map 6 Location of 250 data survey 

 

Each point was transform in a polygon in the GIS. These polygons are then used as training polygons in 
the classification treatment. We followed our colleagues recommendation: some land cover types are 
very difficult to separate (for example coppice and forest), that why we decide to regroup these two land 
covers. Some other polygons are added in order to improve the classification, as water, built-up surface, 
crop, bare soil, desert steppe. These land covers are easy to recognize by photo-interpretation. At the 
end of the step, we obtain 916 polygons. 

Table 2 : Number of field data acquisition per land cover class 

Number of field data acquisition per land cover class Number of training polygons per land cover class after 
manual treatment 

Water 2 Field wet 60 
Field 1 Field with crop 59 
Open forest 33 Field harvested 62 
Middle forest 45 water  
Dense forest 27 Open forest 108 
Fallow 3 Dense forest 136 
Open coppice 34 Middle forest 135 
Middle coppice 15 Rock 40 
Dense coppice 31 Open steppe 49 
Open steppe 15 Dense steppe 38 
Middle steppe 16 Middle steppe 35 
Dense steppe 16 Bare soil 63 
Plantation 2 Built up surface 47 
Bare soil 10 Desert steppe 30 
Total  250 Total 916 
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Satellite images 

In our method of mapping, we use a very high spatial resolution image (VHRS) in order to have a very 
precise view of objects. Then we use a time series of lower spatial resolution images and a Digital 
Terrain Model (DEM, 30m). For the VHSR, we bought a Spot6 image (resolution: 1.5m) acquired the 
13/07/2019. For the time series, we chose Sentinel2 images (resolution: 10m). Sentinel2 are European 
free images acquired every 5 days. It is a good opportunity to obtain images free of clouds and during 
all the seasons. A time series of Sentinel2 images has been downloaded between the 01/07/2018 and the 
16/07/2019.  

Map 7 Spot6 images acquired for the project 13/07/2019 

Map 8 Zoom on an area to observe difference of resolution between Sentinel2 and Spot6 
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Spectral bands and indices calculation 
 

Spectral bands used in the classification are blue, green, red and near infrared for Spot6 images. 
In more of these spectral bands, with Sentinel2 we have red edge and short-wave infrared (swir). 

Table 3 Spectral bands used in the classification for Spot6 & Sentinel2 and their wavelengths (nm) 

Spectral band Band Spot6 Sentinel2 
Visible Blue 0.450 – 0.520 0.448 – 0.546 

Green 0.530 – 0. 590 0.538 – 0.583 
Red 0.625 – 0.695 0.646 – 0.684 

Near infrared Red edge 1 - 0.694 - 0.713 
Red edge 2 - 0.731 – 0.749 
Red edge 3 - 0.769 – 0.797 

NIR 1 0.760 – 0.890 0.763 – 0.908 
NIR 2 - 0.848 – 0.881 

SWIR SWIR 1 - 1.542 – 1.685 
SWIR 2 - 2.081 – 2.323 

Source  : LandSat & Airbus (2019) 

Some indices are calculated with these spectral bands and also used in the classification: textures 
(contrast, correlation, energy and variance), vegetation indices (NDVI (Normalised Difference 
Vegetation Index), NDWI (Normalised Difference Water Index) and brightness.  

Land cover map  
 

Map 9 Land cover map of the Lower Amu Darya State Biosphere Reserve 

 

Credit : A. Jolivot (2019) 
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Different steps are realised in order to obtain the land cover map: 
• Pre-treatment of the images (removing clouds, filling by interpolation clouds areas, mosaiquing, 

cutting image on the study area,…) 
• Object Based Image Analysis (OBIA) classification: segmentation of the VHRS and 

classification of each object (Random Forest algorithm) driven by the learning database 
(combining in situ and photo-interpretation measurements) 

• Post-classification: Some manual corrections are done then a filter is applied to the map in order 
to smooth out contours and to remove isolated pixels.  

 

Statistics of the classification show good results: almost 95% of the pixels are well classified. Some 
classes have lower results. The confusion matrix allows seeing some confusions between classes, but 
most of these confusions are between a same type of vegetation (e.g. middle forest and dense forest, 
Fig 7). When we regroup forest classes (open, middle and dense), then steppe classes (open, middle 
and dense), we obtain 97.6% of accuracy (Fig 8). Biggest confusions are between forest and steppe. 
These confusions can be explain by the presence of trees in steppe areas. There is not a net separation 
between the different types of vegetation, but a gradient between low and high vegetation. So the 
accuracy depends of our landscape interpretation when we assign classes during the field survey. 

Table 4 Confusion matrix of the most detailed 

 

Accuracy 94.8% 

Detailed level Crop Water 
Open 
forest 

Dense 
forest 

Middle 
forest Rock 

Open 
steppe 

Dense 
steppe 

Middle 
steppe 

Bare 
soil 

Built-
up 
area 

Desert 
steppe 

Crop 99,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
Water 0,48 99,83 0,00 0,00 0,00 1,09 0,00 0,00 0,00 0,00 0,00 0,00 
Open forest 0,00 0,00 59,36 0,59 13,72 0,00 7,11 0,01 0,00 8,29 0,00 0,00 
Dense forest 0,00 0,01 1,59 85,09 19,82 0,00 0,00 0,18 0,00 0,00 0,00 0,00 
Middle forest 0,01 0,00 13,05 8,42 63,18 0,00 0,07 0,00 0,00 0,85 0,00 0,00 
Rock 0,00 0,00 0,00 0,00 0,00 98,52 0,00 0,00 0,00 0,00 0,02 0,40 
Open steppe 0,10 0,00 7,14 1,48 1,62 0,00 66,22 5,96 3,21 4,12 0,10 0,34 
Dense steppe 0,08 0,00 8,81 4,41 1,06 0,00 0,48 80,50 2,39 0,03 0,04 1,45 
Middle steppe 0,04 0,04 8,73 0,01 0,59 0,00 20,24 13,35 94,41 0,76 0,00 0,00 
Bare soil 0,00 0,11 1,33 0,00 0,00 0,00 5,88 0,00 0,00 84,58 0,00 1,20 
Built-up area 0,17 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 99,84 0,00 
Desert steppe 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,37 0,00 96,60 

Source : A. Jolivot (2019) 

Table 5 Confusion matrix of the regrouped level 

Accuracy 97.6% 

Regrouped level Crop Water Forest Rock Steppe Bare soil Built-up 
area 

Desert 
steppe 

Crop 99,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
Water 0,48 99,83 0,00 1,09 0,00 0,00 0,00 0,00 
Forest 0,01 0,01 88,89 0,00 4,58 9,14 0,00 0,00 
Rock 0,00 0,00 0,00 98,52 0,00 0,00 0,02 0,40 
Steppe 0,22 0,04 10,69 0,00 91,71 4,92 0,14 1,79 
Bare soil 0,00 0,11 0,42 0,00 3,71 84,58 0,00 1,20 
Built-up area 0,17 0,00 0,00 0,38 0,00 0,00 99,84 0,00 
Desert steppe 0,00 0,00 0,00 0,00 0,00 1,37 0,00 96,60 

Source : A. Jolivot (2019) 
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Map 10 Zoom on the land cover map. On the top: most detailed classification 

Map 11 Classification where different levels of forest and steppe are regrouped. 

Source : A. Jolivot (Cirad, 2019) 
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Proposition of official mapping of land cover ecosystems 

Based on this classification, we have mapped the biosphere reserve by adding location information, 
land-use change results and some landscape photos. Archaeological sites have been added. This 
proposal could be improved to produce a tourist map. We will exchange it with the KRASS and GIZ 
team to improve the proposal. 

Map 12 Lanc cover of Lower Amu Darya State Biosphere Reserve in 2019 

Credit : Cesaro, Jolivot, Taugourdeau, Peltier, Gond, Cornelis (2019) 
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Ecological analyses 

During the first field mission in November 2018, the goal of the survey was to characterize the type for 
ecosystems mainly based on the percentage of the cover of the tree layer and the height of the canopy. 
The percentage of the understory layer was also evaluated during the first missions. Some information 
on the plant species were recorded. However due to the season, some plants of the understory were not 
presented. The goal of the survey was to complete the survey of the type of ecosystem to the completed 
the survey of November 18 and be used to produce the map. We also make a quick survey of the 
dominant species especially in the understory to see the change of botanical composition and type of 
vegetation. 

Dominant species survey 

All the pictures come from the book Gintzburger et al, Rangeland of Uzbekistan 2003. 

Photo 14 PD:  Populus diversifolia Schrenk(Turang
a) is the main tree species in the forest . One characte
ristic of this species is that the shape of leave is very
diverse especially between mature tree (picture on the
left ) and young tree (picture on the right). This tree s
pecies is a ripparrien forest, hygrophyte and is a mod
erate salt tolerant species

Photo 15 PP :Populus pruinosa Schrenk (Turrangyl 
) is the second species of tree that we found in the for
est. This species is also an hygrophypte with moderat

e salinity resistance. 

Photo 16 HH: Halimodendron halodendron(Pall.) 
Voss. is a shrub species with spin. Local names are 
“Shengel”, “Dzhingil” and “Koyan-suek” or ‘ 
Chingil”.This species is usefull for honey production 
and could be used as fence. The species is 
Phreatophyte and generaly 

Photo 17 TS: Tamarix Sp: We choose to regroup the 
different Tamarix species whitin a same group. The 
main species of Tamarix in the Tamarix hispida 
Willd with the local name Yulgun. This species is 
Halophyte and Phreatophyte. 
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Photo 18 PS: Phragmites sp  
We choose to regroup within a same group all the 
phragrmites species ( and so time unidentified grass 
species).The most presented species of Phragmites is 
Phragmites communis. This species is hydrophytes 

Photo 19 AL: Aeluropus litoralis (Gouan) Parl.  Is a 
small grass species.This species is true halophyte 
mostly presented in salt soil 

Photo 20 AP: Alhagi pseudalhagi (MB) Desv. 
is a legume species call Yantok.  This species 
is more presented in dry area. This species is a  
Xero-phreatophyte . 

Photo 21ZS: Zygophyllum species were grouped 
together One of the main species could be s 
Zygophyllum oxianum(Tyuya-Tovon).  
Zygophyllum species are more presented in sandy 
soil. 
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Photo 22 GG: Glycyrrhiza glabra is called buyan 
in local language. This species can be used for 
Licorice production. This specie is meso 
xerophyte.   

Photo 23 AS Astragalus sp. Bge is called 
Singren by Uzbek. This species grow mostly 
on sandy soil 

Credit : S. Taugourdeau (2019) 

SS: Salicornia sp regroup all the Salicornia species. The most common species seems to be Salicornia 
herbacea. This species is halophytes species. It is strongly adapted to salinity. 

Two species were not identified. We put our picture of the species. 

Photo 24 LS :Undentified species of Liana. 
Different species of Liana could be presented 

Photo 25 US: Unidentified species of 
herbaceous 

Credit : S. Taugourdeau (2019) 
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Data analysis 
 

We first analyzed the percentage of cover of the different layer. We made based on the percentage of 
tree cover as typology of forest: 

- Steppe with less than 10% of forest cover 
- Clear Forest with a forest cover between 10% and 30% 
- Medium forest with a forest cover between 30% and 60% 
- Dense forest with superior to 60% 

For each type of forest, we compared the percentage of understory cover between the different site. 

For the botanical composition, we transformed the notation in to relative abundance. Thus we used an 
NMDS analysis based on the bray Curtis distance to evaluate the change in botanical composition  

 

Results and discussion.  
 

The percentage of understory cover and the percentage of forest cover are not related for the overall sets 
of measurements and in three sites on four. Only on the Baday-Tugay sites, we find negative correlations 
between the understory percentages. 

Figure 1  Percentage of understory cover for the different type of forest cover category ( S Steppe, CF 
Clear Forest, MF medium Forest , DF dense forest) for the different forest sites ( B Forest close to 
Beruniy, BD Baday-Tugay Forest ,  N Nazaran Forest and T Talik  forest).  
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In Baday-Tugay Forest the percentage of understory in Medium forest and Dense Forest are strongly 
lower than in the three other sites. For the steppe and clear forest, the different sites do not show strong 
difference between the sites. 

Figure 2 NDMS representation of the botanical composition of dominant species including trees ( in 
color the sites and in shape the type of forest cover) 

 

The figure shows the representation of the botanical distance between species. The tree species PD and 
PP are in the bottom right corner of the map. It corresponds mostly to the dense forest. The liana species 
LS and the unidentified species were mostly found in the dense forest with the Populus species.  For the 
less dense forest, clear forest or steppe . Three types of community  were found.  Glycyrrhiza glabra 
(GG) were found in association with Zygophyllum species (ZS), Astragalus sp(AS). , : Aeluropus 
litoralis(AL) and Halimodendron halodendron HH. This species were more presented in clear and 
medium forest than in steppe. Furthermore, we did not find this association in the Baday-Tugay forest. 

Another association was the association of Tamarix species with Salicorne sp and Phragmites sp. This 
association was presented mostly in the steppe ecosystem. 

Lastly, Alhagi pseudalhagi (AP ) was not related with the other species and was mostly presented in 
steppe. This species was mostly presented in the Baday-Tugay reserve. 

This simple analysis show that several types of understory can be found in the Tugay Forest. This 
different association could be  related to  ecological condition of the forest. Alhagi pseudalhagi  could 
be a good indicator of more dry soil. Tamarix and Salicornia associations could be more presented in 
salty soil than the association with Glycyrrhiza glabra. 

 In Baday-Tugay forest theplant commmunity with Glycyrrhiza glabra  is absent. It could be due to the 
impact of deer grazing. Another possibility is that the Baday-Tugay is drier than the other forest. 

This example shows the interest of botanical survey and the used of NDMS analysis to see the type of 
botanical composition present. 
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Recommendation 

Survey of the botanical composition of the understory 
This work show that the understory layer studies could be informative for the understanding of the 
ecological dynamic of the forest. Indeed the diversity of the tree species is quite low. The main factor 
of variability is the understory species composition .Some species could be an indicator of the soil 
dryness or salinity.  Our survey was not made at the top of the vegetation on so the identification of 
some species was difficult. Furthermore, the understory layer could also be a important source of feed 
for wild animals. 

We recommended to make a monitoring of the understory composition layer. This monitoring could be 
repeated in time to see the change of the understory and identify some change in the ecological factors 
(salinity, dryness or grazing) . Especially if some management change are made (deer displacement or 
exclusion, canal opening or closing…). A specific focus was to be made on the young trees of Populus 
species to see the regeneration. 

Herbarium Collection and valorization of the diversity within the forest 
One way to show the diversity of the plant presented in the LABR could be to make a herbarium 
collection. This collection could be very useful to help at the identification of the species in the 
monitoring. The best specimen in the collection could be presented in the “museum” at the center at the 
entrance of LABR. The collection of this herbarium collection could be made in relationships with local 
universities. 

We recommended to make a herbarium collection of the species in the LABR region that could also be 
for scientific research. 

Open access of the diversity data 
Open access data is a very useful tool for the research and also for naturalist amateurs. For example, the 
Global Biodiversity Information Facility ( www.gibf.org)  regroup more than 1 billion of occurrence in 
the world. This database is used from many researches and it is the main data deposit for biodiversity 
information. Putting data on this deposit could be good way to valorize the collection work and put the 
LABR reserve into the eye of research all over the world. 

We recommended to put the data collected on the LABR online as open access data. These data could 
be the data on flora or fauna species. A or several data papers could be produced to present the data in 
open access.  

Management of the understory cover 
The understory is a source of feed for the deer but also can contribute to many ecosystem services ( 
production of licorice, pollination.). Specific management like deer exclusion in some are to regenerate 
the understory cover. In some condition, the clearing of the understory could also be useful and avoid 
some fire. 

We recommended to propose and test adaptive management of the understory layer. 
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Finding a way to fit with UNESCO recommendations for Biosphere Reserve 
zoning and fonction : results of the geographical analyses of the LABR 
 

The objective of the project is to support local and national authorities in submitting an application to 
UNESCO for international recognition of the MAB Programme's biosphere reserve status. This 
application requires that the management of the protected area be brought into line with MAB 
international standards. Given the existing situation, the LABR has developed some activities in line 
with the expectations of the international office but is weak on structural aspects related to the 
geographical organization of the protected area and institutional governance, particularly in relation to 
the development area. Zoning does not do everything.  

Above all, UNESCO expects a set of activities that are consistent with the environmental, social and 
economic challenges of the region. The objective for the LABR would already be to better capitalize 
and communicate on its activities. Then, it is necessary to define a 5 or 10-year action plan to have 
visibility on the activity monitoring indicators. 

In this section, we will examine the problems of the current zoning, the possibilities for evolution 
(without taking into account legal and governance aspects). We will propose ways to create real 
governance of the Biosphere Reserve by creating a multi-stakeholder committee of the LABR. Finally, 
we will come back to some of the changes in activity that should be the protection of watercourses and 
the better consideration of the integration of wildlife and the local community. 

Changing the Reserve Zone: Need to protect the Amu Darya River and better integrate 
local communities 
 

The zoning chosen in 2011 is part of a protection logic of the Tugay forest on the downstream part of 
the Amu Darya. The main forests and banks are within the core zone or the buffer zone. Agricultural 
area and village are mainly in buffer zone and transition zone. The zoning adopted in 2011 does not 
meet UNESCO standards for two main reasons Amu Darya: 

• The banks of core areas are not directly protected by buffer or transition zones.  
• Some core areas are in direct contact with a transition area. 

The most problematic point is that this situation applies to all core areas of the LABR. The design of the 
biosphere reserve must be reviewed. As a reminder, the conceptual framework of zoning and functions 
of the zones in a biosphere reserve are: 

Figure 3 Theorical zoning of a biosphere reserve 
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• Core area(s): securely protected sites for conserving biological diversity, monitoring minimally disturbed ecosystems, and
undertaking non-destructive research and other low-impact uses (such as education). In addition to its conservation function,
the core area contributes to a range of ecosystem services which, in terms of the development functions, can be calculated in
economic terms (e.g. carbon sequestration, soil stabilization, supply of clean water and air, etc.). Employment opportunities
can also complement conservation goals (e.g. environmental education, research, environmental rehabilitation and conservation 
measures, recreation and eco-tourism).

• Buffer zone(s): which usually surrounds or adjoins the core areas, and is used for cooperative activities compatible with sound 
ecological practices, including environmental education, recreation, ecotourism, and applied and basic research. In addition to
the buffering function related to the core areas, buffer zones can have their own intrinsic, ‘stand alone’ functions for maintaining 
anthropogenic, biological and cultural diversity. They can also have an important connectivity function in a larger spatial
context as they connect biodiversity components within core areas with those in transition areas.

• Transition area: area with a central function in sustainable development which may contain a variety of agricultural activities,
settlements and other uses and in which local communities, management agencies, scientists, non-governmental organizations,
cultural groups, economic interests and other stakeholders work together to manage and sustainably develop the area's
resources.

Source : UNESCO 

To remedy this situation, several solutions can be adopted: 

• Amu Darya River as a buffer zone : with specific management rules for surface watercourses.
This protection in the buffer zone of the river would be logical since the biosphere reserve must
also protect the river and not only the forests.

• Extend to all forest in buffer zone or core zone in LABR : numerous Tugaï forest are locadted 
in LABR but under transition rules.

• Build a one-kilometer perimeter around the core areas as buffer zones. If agricultural areas
or residential areas are found in a buffer zone, then a sustainable land development management
plan with reforestation and low-input agriculture activities.

• Increase the transition zone since it is not governed by contractual or regulatory obligations
but by intention. The overall management plan for the biosphere reserve could better integrate
activities to raise awareness of the environment and sustainable development. Another solution
is to integrate all administrative entities (including hakims) into the process.

Figure 4 Different strategies of rezoning the LABR 

Credit : J.-D. Cesaro (2019) 
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The main problems in these areas are territorial in nature, as the border between Uzbekistan and 
Turkmenistan in the northern part of the LABR is not clearly defined. Some islands on the river act as 
border areas with a buffer space between the two Republics.  

These different possibilities also imply an evolution of the governance of the LABR with an opening of 
the direction of the protected area to other administrations managing the territory and to the surrounding 
populations.  

 

Governance of the LABR : from a former State Reserve Directory to a multi stakeholder 
management board 
 

This distribution of ecosystems refers to a specific territorial organization. The LABR management was 
under the supervision of the Forestry Committee between 2011 and 2019. The lands in the core and 
buffer zones were under the management of the same committee, with the exception of certain hydraulic 
infrastructures which were owned by the Ministry of Agriculture and Hydraulics and then by the 
Hydraulics Committee. Since September 2019, the management of the core area is now under the 
Ecological Committee.  

The core areas have been transferred from the forestry committee to the ecological committee. However, 
many forests in the buffer zone are still under the supervision of the Forest Committee. As it were, the 
LABR management has authority only over the core areas and cannot operate in other areas. Transition 
areas are under the authority of hakims (districts). The objective is not that in the long term the LABR 
should have authority over all the areas included in the protected area, but that exchanges between 
administrations should be encouraged in favour of sustainable development. 

Figure 5 : design of a LABR Multistackholder management comity 

 

Based on : J.-D. Cesaro (2011) Territoire de Biosphère du Mont Viso 

This institutional organization with at least four actors (ecology, forest, hakim, hydraulics) requires the 
establishment of a LABR management committee with specific management plans for each group. 
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Set up governance on a shared vision with local communities and administration 

The exchanges with the director of the reserve showed a real commitment of the rangers to the protection 
of the environment. These rangers, often from local rural communities, work under relatively difficult 
conditions and have a heavy responsibility when a problem arises. There are various potential conflicts 
between local communities, poachers and rangers. The growing deer population is overflowing into 
residential areas. Just because the forest is classified as a core area does not mean that the deer will stay 
there. Even if we did not meet any inhabitants living near the LABR, it became clear that this problem 
was growing and had no organized way out in coherence with the local authorities. Similarly, predation 
on firewood is a serious problem for tree regeneration. Penalties and imprisonment can have a deterrent 
effect, but rangers also have to face their own social reality. 

The main finding is that rangers have mainly protective duty. It is necessary to develop a relationship 
with the villages around the reserve. The surrounding populations will be the reserve's green belt, the 
first that can alert the LABR rangers in the event of a problem. However, this development of positive 
interaction between local populations and rangers presupposes that both actors succeed in meeting their 
primary needs: salary, equipment for Rangers, energy, water, food for local communities. 

We strongly encourage the GIZ, KRASS and LABR management to conduct participatory workshops 
in all villages of the Reserve in order to define the conditions for successful implementation of the 
biosphere reserve. The work carried out since 2000, through the various projects, should be capitalized 
in a knowledge management system in order to offer authorities and researchers a follow-up of all the 
activities already carried out. Managers' apprehension to disclose official information and documents 
prevents them from properly measuring all the work already done. Do not be afraid to release some 
knowledge. It is for the good of the community and better management of the Biosphere Reserve. 

Figure 6 : How did you see your future? A prospective approach based on participatory tools 

Credit : J.-D. Cesaro (2019) 
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We have been very interested in all the activities carried out by KRASS since 2014. The role of this 
NGO is fundamental in a participatory process between administrative authorities, biosphere reserve 
managers, and surrounding local populations. The UNESCO concept of biosphere reserve is "Man" 
activities & "Biosphere" sustainability. The authorities and management must not remain in a former 
approach of strictly managing a state reserve. 

The activities carried out by KRASS and LABR in the first GIZ project should be continued. The 
Biosphere Reserve must be promoted and the site potentially opened to tourists in order to give managers 
financial capacity to finance activities. It is also necessary to develop activity content for young 
residents. But above all, it is necessary to develop open meetings where the whole population can 
express itself.  

The LABR must succeed in opening up while maintaining the same level of protection. This challenge 
must be reflected both in the field with the population and tourists and in exchanges with researchers. 
There are many difficulties: legal, organizational, financial, social, but they must not limit the will to 
make a successful transition from a former state reserve to a biosphere reserve. 



Report of CIRAD mission of mapping Amu Darya’s ecosystem riverbanks: Land field mission, June 2019 33 

Recommandation : collective management and opening the reserve 

In this last part, we present some proposals for action. These proposals are grouped according to the 
three functions of a biosphere reserve. We divided our recommendation into different levels: Level I 
Simple and easily implemented recommendation level II more long-term recommendation 

Conservation: give more importance to water resources and manage the conflict between 
wildlife and people 

Level I 

• Improve ranger material (binoculars, GPS, compass, talkiwalki)

• Improve the southern office and, if possible, create a northern office for rangers

• Make a herbarium collection that could be presented to visitors

• Monitoring the forest to combat illegal deforestation with remote sensing

• Make an mapping inventory of understory cover

Level II 

• Propose zoning revision according UNESCO standard : promote Amu Darya River as part of
zoning (core, buffer, transition)

• Restrict livestock access to core zones, anti-animal entry (Canadian barrier)

• Create pastures in buffer zones to integrate deer and livestock

Development: manage eco-tourism and integrate local populations 

Level I 

• Put larger signs at the entrance to signify to tourists (if eco-tourism want to be developed)

• Make an inventory of special craft in surrounding region

• Make an inventory of the architecture in the buffers and transition zones

• Linking archeological sites with LABR

• Set tourist management plan with infrastructure (toilet, rubbish) in the reserve

• Thinking about opening 10% of core zone to tourism, possibility to install light camps (yurt) for
high demand tourist

Level II 

• Promote slow tourism (hiking), limit the entry of tourists per day and limit motor vehicles to
one road
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• Promote access to energy for local communities to limit impact on wood

• Promote biological agriculture pratices in buffer zone

Network: openness to international scientific communities 

Level I 

• Create a Knowledge Management System (KMS) for data, reports, GIS information of LABR

• Create a online portal access for LABR and tourism site

• Publish (inventory) data online, census available data and collected by rangers and reserve
administration

• Create connexion with universities and international researchers

• Make a map of the areas of interest in the reserve: point of view (if eco-tourism)

Level II 

• Promote nature education and nature protection to surrounding local communities

Management: inclusion and multi-governance 

Level II 

• Implement a management plan, in consultation with all the stakeholders in the area

• Establish a plan management committee to monitor the implementation of the management plan

• Establishment of a scientific committee with the universities of Nukus, Urgencht and Taschkent
to monitor scientific activities in the LABR and make the connection with UNESCO

• Develop a social and economic development committee with NGOs and professional
organizations for the economic and social advancement of the communities of the biosphere
reserve
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Conclusion 

Our work on mapping natural resources in the biosphere reserve has provided an opportunity to conduct 
both an analysis of land use change and an ecological analysis of the region's floral diversity. It was also 
an opportunity to discuss with the Director of the LABR the history of the reserve, its daily activities 
and the different development perspectives. We also observed the work done by the NGO KRASS and 
GIZ in partnership with local authorities to promote the protection of the Tugay forest. 

The Amu Darya River, which gives its name to the reserve, should not be forgotten. Numerous studies 
show that this element has been neglected in the past. Fish populations are declining and the aquatic 
ecosystem is deteriorating. This river must be better integrated into the future management plan of the 
biosphere reserve. 

The biosphere reserve site is truly exceptional but must not be managed by prohibitions and 
restrictions on use. This space must be open and protected. This dual requirement may seem 
paradoxical, but it remains an objective of UNESCO's Man & Biosphere programme. 
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